7- الملخص العربي
تهدف هذه الدراسة إلى إيجاد بدائل صحية وآمنة لمواد التعبئة والتغليف التقليدية المحضرة من المواد البلاستيكية وغيره من مواد التعبئة الضارة بالمواد الغذائية وصحة الإنسان والبيئة. وهذه البدائل عبارة عن أغشية طبيعية متكونة من مواد ذات أصل نباتي وحيواني وذات قيمة غذائية ويمكن أن تغلف بها المواد الغذائية وتستهلك مباشرة حيث أن هذه الأغشية الطبيعية آمنة وغير ضارة لصحة الإنسان مع قابليتها للأكل والهضم وامتصاص واستفادة جسم الإنسان منها كما أنها لا تلوث البيئة عند التخلص منها باعتبارها مادة عضوية طبيعية تتحلل تلقائياً بواسطة الإنزيمات في التربة. ولقد اتجه العالم الحديث إلى التوسع في إنتاج هذه الأغشية الطبيعية واستخدامها في تعبئة وتغليف وتغطية أنواع عديدة من الخضر والفاكهة واللحوم والأسماك ومنتجاتها فهي لا تتفاعل مع المواد الغذائية لكونها أغشية طبيعية آمنة كما تفيد في إطالة فترة تخزين الخضر والفاكهة وتفيد في تخزين الخضر والفاكهة على درجة حرارة الغرفة والتبريد والأغذية المجمدة حيث إن هذه الأغشية تقلل من معدل تنفس الأنسجة الحية والتحكم في التبادل الغازي والبخاري مما لا يؤثر على جودة المادة الغذائية ومنع حدوث فقد أو انكماش لها كما أنها تحافظ على الطعم والقوام والنكهة الطبيعية المميزة للأغذية وتقلل الحاجة لاستخدام مادة حافظة وتقلل التكلفة الاقتصادية للمنتج. ويدخل في تحضير تلك الأغشية الطبيعية خامات أولية عديدة منها البروتينات النباتية والمواد النشوية والدهون والشموع الخ والسكريات الكحولية عديدة الايدروكسيل وبعض المواد المحسنة للقوام والتشكيل مثل الجليسيرول والبولي ايثلين جليكول... الخ.


وفى هذا البحث تم إجراء التجارب لإنتاج سبعة أنواع من هذه الأغشية وتم دراسة خواصها الريولوجية والطبيعية والميكانيكية وإمكانية الاستفادة منها وكذلك استخدمت محاليلها في تغطية بعض الخضر (فلفل – طماطم – خيار) والفاكهة (التفاح البلدي) في صورة طبقة رقيقة شفافة تعزل الثمار عن الوسط الخارجي وتم دراسة تأثير تلك الأغشية على صفات الخضر والفاكهة الطازجة المعاملة بها والمخزنة على درجة حرارة الغرفة أو في التبريد سواء في حالة وجودها في علب كرتون أو في صواني فوم مغلفة بطبقة من البولي ايثلين وتم مقارنة كفاءة هذه الأغطية بالشمع النحل الطبيعي الذي تم استخدامه أيضا كغطاء لهذه الخامات وتم أيضا مقارنة هذه المعاملات والفاكهة والخضر الغير معاملة تحت نفس الظروف وأدت هذه الدراسة إلى النتائج الآتية: 

الجزء الأول: تحضير الأغشية الطبيعية ودراسة خواصها الطبيعية والميكانيكية والريولوجية:


تم دراسة الخواص الطبيعية والميكانيكية والريولوجية لسبعة أغشية طبيعية محضرة معملياً من المكونات الرئيسية التالية:

الأول . مكون من بروتين الصويا والجليسرين والماء مع ضبط رقم الحموضة pH للمخلوط الناتج.

الثاني . مكون من جلوتين القمح وكحول الأيثايل 95٪ مع إضافة الجليسرين وهيدروكسيد الأمونيوم والماء مع تعديل رقم الحموضة الـ pH.  

الثالث.  مكون من بروتين الزايين وكحول الأيثايل 95٪ وحمض البالمتيك والأستياريك و والجليسرين مع ضبط رقم الحموضة الـ pH.  

الرابع . مكون من الجيلاتين والماء والجليسرين مع ضبط رقم الحموضة الـ pH.  

الخامس . مكون من بروتين الشرش والماء والجليسرين مع ضبط رقم الحموضة الـ pH.  

السادس . مكون من الميثايل سيليلوز وكحول الأيثايل95٪ والماء والجليسرين.

السابع . مكون من الأيثايل سيليلوز وكحول الأيثايل95٪ والجليسرين وحمض البالمتيك والأستياريك.

كما شمل البحث دراسة الخواص الطبيعية والميكانيكية للأغشية الطبيعية المصنعة منها الصفات التالية:-

ثباتية الفيلم في الماء – السمك – قوة الشد – الاستطالة – معامل يانج – النفاذية لبخار الماء والأكسجين – درجة حرارة التحول للحالة الزجاجية Tg – درجة حرارة التحلل الحراري – الفحص الميكرسكوبي الإلكتروني للتركيب الداخلي للأغشية الطبيعية المحضرة. ويمكن تلخيص نتائج هذه القياسات في الآتي:

1- الفقد في وزن الأغشية عند غمرها في الماء: تعتبر مهمة لمعرفة قدرة الغشاء على الذوبان في الماء ويتوقف ذلك على التركيب الكيماوي وقطبية المواد الداخلة في تكوين الغشاء وطبيعة الروابط بينها ووجد أن نسبة الفقد في الأغشية عند غمرها في الماء يتراوح بين 1 – 12٪ معتمد على التركيب الكيماوي للغشاء ذاته.

2- السمك: يتراوح سمك الأغشية المحضرة بين 22 – 55 مل ميكرون ويعتمد ذلك على نوع البروتين والمكونات الأخرى المستخدمة في تحضير الأغشية، أيضا وجد أن إضافة النشا وحمض الستريك له تأثير على سمك الغشاء حيث أن النشا تزيد السمك بينما حمض الستريك يخفض من تخانة الأغشية.

3- قوة الشد: بدراسة قوة الشد للأغشية المحضرة وجد انها تتراوح بين 0.9 – 6.4 نيوتن/منر2 وتتأثر قوة الشد بنوع المكونات المستخدمة فى تحضير الغشاء وكذلك اضافة النشا وحمض الستريك حيث لوحظ ان اضافة النشا يضعف قوة الشد بينما اضافة حمض الستريك يحسن قوة الشد للغشاء.
4- الاستطالة: وجد انه باضافة النشا وحمض الستريك ينقص معدل استطالة الغشاء المحضر كما ان اعلى زيادة فى قيم الاستطالة 198٪ كانت للغشاء المحضر من الايثايل سليللوز مع جليسيرول.
5- معامل يانج: يعتبر مؤشر مهم على خشونة وتقصف الاغشية الطبيعية حيث وجد ان اضافة النشا للمكونات الاخرى التى تحضر منها الاغشية الطبيعية تزيد من خشونة وتقصف الغشاء بينما اضافة حمض الستريك ادى الى خفض خشونة الغشاء وكانت قيم معامل يانج للاغشية المختلفة فى حدود من 2.4 – 6.5 نيوتن/منر2.
6- النفاذية لبخار الماء والاكسجين: حيث وجد ان النفاذية لبخار الماء والاكسجين للاغشية الطبيعية المحضرة من الميثايل سليلوز كانت الاعلى فى نفاذية الماء والاكسجين 2300 جم/م2 ، 12.15 سم3/م2 على التوالى، بينما الاغشية الطبيعية المحضرة من الجيلاتين كانت الافضل فى نفاذية بخار الماء 1800 حم/م2 اما الاغشية المحضرة من الجلوتين كانت الاقل فى نفاذية الاكسجين 0.32 سم3/م2.
7- درجة حرارة التحول للحالة الزجاجية Tg: للأغشية الطبيعية المحضرة وكذلك للمواد الخام  المصنع منها الأغشية تم تقديرها على جهاز            Differential scanning calorimetry   (DSC) حيث وجد ان قيم Tg لبروتين الصويا وغشاء بروتين الصويا 70.7 و 38.5 أما الجيلاتين وغشاء الجيلاتين 72.6 و 54.09 اما الجلوتين وغشاء الجلوتين 44.9 و 11.2 اما بروتين الشرش وغشاء بروتين الشرش 130 و 44.03 اما بروتين الزايين وغشاء بروتين الزايين 73.5 و 47.9 اما الميثايل سليلوز وغشاء الميثايل سليلوز 68.1 و 48 اما الأيثايل سليلوز وغشاء الميثايل سليلوز 85.08 و 56.83 ºم على التوالي. 
8-وعند قياس درجة التحلل الحرارى للأغشية المصنعة والمقدرة بطريقة (TgA) :Thermogravimetric analysis حيث وجد ان التحلل الحرارى وما يتبعه من الفقد في الوزن اثناء عملية تسخين الاغشية الطبيعية واستخدامها، لوحظ ان بروتين الصويا وغشاء بروتين الصويا عند التسخين فى مجال من 50 °م الى 185 °م ان الفقد فى الوزن كان 12.1٪ و 23.3٪ على التوالى اما الجيلاتين وغشاء الجيلاتين عند التسخين فى مجال من 24°م  الى 190°م كان الفقد 10.5٪ و 25.6٪ على التوالى اما الجلوتين وغشاء الجلوتين عند التسخين فى مجال من 45.9°م الى 185°م كان الفقد 7.7٪ و 20.9٪ على التوالي اما بروتين الشرش وغشاء بروتين الشرش عند التسخين فى مجال من 30°م الى 191°م كان الفقد 14.5٪ و 20.1٪ على التوالى اما بروتين الزايين وغشاء بروتين الزايين عند التسخين فى مجال من 53°م الى 191°م كان الفقد 7٪ و 38.9٪ على التوالى اما الميثيل سليلوز وغشاء الميثايل سليلوز عند التسخين فى مجال 35°م الى 199°م كان الفقد 11٪ و 27٪ اما الايثايل سلسلوز وغشاء الايثايل سليلوز عند التسخين فى مجال من 30°م الى 185°م كان الفقد 4.9٪ و 29.5٪ على التوالى.
9-فيما يتعلق بالتركيب الدقيق للاغشية الطبيعية المصنعة الذى تم دراسته باستخدام الميكرسكوب الالكترونى دلت نتائج الفحص الدقيق للاغشية الطبيعية المحضرة من غشاء بروتين الصويا والجليسرول على تجانس تركيب الغشاء مع وجود بعض الحبيبات الدقيقة مغمورة فى الغشاء اما اغشية بروتين الزايين المحتوية على جليسرول وحمض البالمتيك والاستياريك اظهرت عدم تجانس التركيب الداخلى مع وجود بعض الفقاعات الهوائية المنتشرة فى الغشاء اما اغشية الجيلاتين فقد احتوت على فقاعات هوائية ذات حجم كبير منتشرة فى الغشاء ووجد ان اضافة حمض الستريك الى مستحلب الجيلاتين مع الجليسرول اعطى غشاء رقيق املس وناعم وشفاف خالى من الفراغات الداخلية اما اغشية الجلوتين مع الجليسرول فانها تميزت بمظهر زجاجى شفاف وسطح املس ناعم كما ان اضافة النشا الى المستحلب اعطت تكتلات منتشرة فى الغشاء اما اغشية بروتين الشرش مع الجليسرول فقد تميزت بملمس ناعم على السطح مع بعض التحبب بالقاع كما وجد ان اغشية الميثايل مطاطية القوام وباضافة النشا وحمض الستريك لها تاثير على تركيب الدقيق للغشاء ومع ذلك فان اغشية الايثايل سليلوز ذات تركيب هش قابلة للكسر ايضاً اغشية الايثايل سليلوز مع الستريك كانت متجانسة فى التركيب. 

     الجزء الثانى : دراسة الخواص الريولوجية من المحاليل وا لمكونات المستحلبة المستخدمة لتحضير
الاغشية الطبيعية:
 بدراسة الخواص الريولوجية  للسبع أنواع من المخاليط المستحلبة المحضرة  عند درجات الـ pH (4 , 6, 8, 12) للوقوف على افضل هذه المخاليط كانت عندها ولتحديد سلوك  سريان هذه المخاليط المستحلبة ودرجة لزوجتها وذ لك  لا ستخدامها فى تطبيقات تفيد فى تصنيع الاغشية الطبيعية وتغطية الخضر والفاكهة وقد ساعد ذلك على أختيار درجة الـpH المفضلة وكذلك العلاقة بين معدل الا جهاد shear rate و جهد الانزلاق shear stress بهدف معرفة نوع المحلول وقد اتضح ذلك من نتائج العلاقة بين  سلوك المحلول (n) Flow behavior index ، معامل قوام المحلولconsistency index (k)       حيث افاد معامل القوام و سلوك المحلول فى عملية فرد المحلول على الشريحة الزجاجية لتصنيع الاغشية الطبيعية وكذلك حساب سمك الغشاء على سطح الثمار الخضر والفاكهة   وعلى سبيل المثال وجد ان المحاليل المحضرة من بروتين الصويا كانت افضل عند رقم حموضة الـ pH 12 وقد اتضح ذلك من نتائج العلاقة بين معدل الا جهاد وجهد الانزلاق  حيث كان سلوك المحلول 1.018 نيوتن/م2.ث ومعامل القوام 0.16 نيوتن/م2.ث. ايضا لوحظ انخفاض لزوجة المحاليل مع زيادة معدل الا جهادshear rate  عند درجات الـ pH   وكانت نتائج العلاقة بين اللزوجة ومعدل الا جهاد بين 0.10 – 0.12 نيوتن/م2.ث  اما المحاليل المحضرة من بروتين الزايين كانت القيم افضل عند رقم حموضة الـ pH   12 وكان  سلوك المحلول 0.93 نيوتن/م2.ث  ومعامل القوام 0.55 نيوتن/م2.ث  بينما العلاقة بين اللزوجة ومعدل الا جهاد بين 0.07 – 0.52 نيوتن/م2.ث  أما المحاليل المحضرة من الجلوتين كانت القيم افضل عند رقم حموضة الـ pH 12 وكان سلوك المحلول 1.13 نيوتن/م2.ث  ومعامل القوام 0.19 نيوتن/م2.ث  بينما نتائج العلاقة بين اللزوجة ومعدل الا جهاد بين 0.18 – 0.23 نيوتن/م2.ث  اما المحاليل المحضرة من الجيلاتين كانت افضل عند رقم حموضة الـ pH 12 وكان سلوك المحلول 1.44 نيوتن/م2.ث ومعامل القوام 0.040 نيوتن/م2.ث  بينما كان نتائج العلاقة بين اللزوجة ومعدل الا جهاد بين 0.008 – 0.36 نيوتن/م2.ث اما المحاليل المحضرة من بروتين الشرش كانت القيم افضل عند رقم حموضة 12 وكان سلوك المحلول 0.95 نيوتن/م2.ث ومعامل القوام 0.14 نيوتن/م2.ث  بينما كانت نتائج العلاقة بين اللزوجة زمعدل الا جهاد بين 0.016 – 0.14 نيوتن/م2.ث اما المحاليل المحضرة من الميثايل سليلوز كانت القيم افضل عند رقم حموضة الـ pH 8 وكان سلوك المحلول 1.6 نيوتن/م2.ث  ومعامل القوام 0.03 نيوتن/م2.ث  بينما كانت العلاقة بين اللزوجة ومعدل الا جهاد بين 0.016 – 0.14 نيوتن/م2.ث  اما المحاليل المحضرة من الايثايل سليلوز كانت القيم افضل عند رقم حموضة الـ pH 8 وكان سلوك المحلول 1.6 نيوتن/م2.ث  ومعامل القوام 0.008 نيوتن/م2.ث بينما كانت العلاقة بين اللزوجة ومعدل الا جهاد بين 0.06–  0.10 نيوتن/م2.ث.

    الجزء الثالث: اختيار مكونات الاغشية المثالية لعمل تغطية coating لبعض الخضر والفاكهة ودراسة مدى ملائمتها التخزينية:

تم اجراء تجارب تمهيدية على بعض الخضر والفاكهة الطازجة تمثل التفاح والطماطم والفلفل والخيار وذلك بغمسها فى سبع محاليل تغطية محضرة من المواد الاتية:

بروتين الصويا، بروتين الزايين، جيلاتين، جلوتين، بروتين الشرش، الميثايل سليلوز، الايثايل سليلوز. وكذلك شمع العسل بقصد اكسابها طبقة واقية رقيقة شفافة تعمل على حفظها لاطول مدة ممكنة وكان افضل محاليل تغطية تناسب هذه الثمار لاطالة فترة صلاحيتها مع احتفاظها بجودة عالية كالآتى:

1- التفاح: كان افضل غشاء تغطية له هو المصنع اساساً من الجيلاتين مع الجليسرول مع حمض الستريك مع نيسين (Nisin) مع بيوتايل هيدروكسى تولوين.

2- الطماطم: كان أفضل غشاء تغطية له هو المصنع اساساً من بروتين الصويا مع الجليسرول مع حمض الستريك مع نيسين (Nisin) مع بيوتايل هيدروكسى تولوين.

3- الفلفل: كان افضل غشاء تغطية له هو المصنع اساساً من بروتين الزايين كحول الايثايل 95٪ مع الجليسرول مع حمض الستريك مع نيسين (Nisin)  مع يوتايل هيدروكسى تولوين.
4- الخيار: كان افضل غشاء تغطية له هو المصنع اساساً من الجلوتين مع حمض البالمتيك والاشتياريك مع كحول الايثانول 95٪ مع الجليسرول مع حمض الستريك مع نيسين (Nisin)  مع يوتايل هيدروكسى تولوين مع هيدروكسيد الامونيوم.
5- كذلك تم عمل تجربة مكونة من شمع العسل – بولى ايثلين جليكول – جليسرول (بنسبة 1 : 1: 3) واستخدام هذا المستحلب مع التفاح، الطماطم، الفلفل، الخيار وقد ادى ذلك الى نتائج ايجابية جيدة.
الجزء الرابع: دراسة التغيرات الطبيعية والكيماوية والميكروبيولوجية والحسية الحادثة فى الخضر والفاكهة خلال فترات التخزين على درجة حرارة الغرفة او التبريد بعد تغطيتها بطبقة رقيقة من الاغشية المختارة: 

فى هذا الجزء تم دراسة تاثير طول فترات التخزين وكذلك درجة حرارة التخزين على الخواص الطبيعية والكيماوية والحسية والميكروبية للخضر المختبرة "تفاح، طماطم، فلفل، خيار" وقد تم دراسة المتغيرات الاتية.
سمك الطبقة الرقيقة المغطاة للثمار – نسبة التالف من الثمار – الفقد فى وزن الثمار – صلابة الثمار – تغيرات الكلورفيل، الكاروتين، الأنثوسيانين، الليكوبين – pH، الحموضة – فيتامين C – المواد الصلبة الكلية (TSS) – الرطوبة – السكريات – الكحول – الاسيتالدهيد فى الثمار يتبعها ايضاً التقييم الميكروبيولوجى والتقييم الحسى للثمار والمعاملة والمخزنة طوال فترا التخزين وكانت نتائج هذه الدراسة كما يلى:

1- سمك الغشاء: وجد أن سمك الغشاء الملصق على سطح ثمار الخضر والفاكهة يتراوح بين 0.001 إلى 0.032 مللي ميكرون.

2- نسبة التالف من الثمار المعاملة والغير معاملة أثناء التخزين: كانت نتائج التالف في ثمار التفاح والطماطم والفلفل والخيار المغطاة والغير مغطاة بالأغشية الطبيعية خلال التخزين على درجة حرارة الغرفة أو بالتبريد بالمقارنة بالكنترول. وجد أن محاليل التغطية البروتينية أكثر فاعلية من شمع العسل حيث انخفض معدل التالف في الثمار المغطاة بالأغشية البروتينية أثناء التخزين كما وجد أن تغطية الفلفل بالشمع آو المستحلب البروتين أعطى نتائج مشابهة وعلى سبيل المثال كانت التغطية بالحلوتين وشمع العسل للخيار على نفس الدرجة من الحفظ مع اقل فقد من 4 إلى 5.5٪ لمدة 9 أيام على درجة حرارة الغرفة ومن 4 إلى 7٪ لمدة 12 يوم على درجة التبريد وفى نفس الوقت كان التبريد بالتخزين أكثر فاعلية من التخزين على درجة حرارة الغرفة لكل المعاملات.
3- الفقد في الوزن: وكانت نتائج الفقد في الوزن في ثمار التفاح والطماطم والفلفل والخيار المغطاة بالأغشية البروتينية وشمع العسل متفاوتة وكان الفقد في العينات المخزنة بالتبريد اقل من تلك المخزنة على درجة حرارة الغرفة. بينما معاملة العينات بشمع العسل فقط خفض نسبة الفقد في الوزن مقارنة مع العينات المعاملة بالأغشية البروتينية أو الميثايل والايثايل سليللوز وعلى سبيل المثال كان الفقد في الوزن حتى نهاية فترة التخزين للثمار المعاملة بالأغشية البروتينية وشمع العسل يساوى (14٪ و 9٪)، (15٪ و 12٪)، (26٪ و 18٪)، (20٪ و 18٪) لتفاح والطماطم والفلفل والخيار على التوالي.
4- صفات القوام للثمار المعاملة (صلابة الثمار): حيث لوحظ أن قوة تماسك أنسجة ثمار الخضر والفاكهة المغطاة والغير مغطاة انخفضت أثناء التخزين على درجة حرارة الغرفة أو بالتبريد ومع ذلك كانت مقاومة الثمار المخزنة للتهشم مع التغطية بالشمع للتفاح (70) نيوتن وكانت أفضل من التغطية بالجيلاتين (54) نيوتن خلال التخزين لمدة 17 يوم على درجة حرارة الغرفة أما التخزين بالتبريد حافظ على قوام التفاح لفترة أطول 52 يوم وكانت الصلابة (60) نيوتن. نفس الظاهرة كانت واضحة مع المعاملات الأخرى (الطماطم، الفلفل، الخيار) فمثلاً أيضا لوحظ أن المعاملة بالأغشية الطبيعية للخضر والفاكهة المختبرة مع التخزين المبرد يزيد من طول فترة الصلاحية مع تأخير حدوث ليونة في الأنسجة أثناء التخزين. فضلا عن ذلك كانت الصلابة في الفلفل والخيار المغطى بشمع العسل أفضل من استخدام بروتين الزايين فمثلا فى الطماطم المغطاة بالبروتين (39 ) نيوتن ومع الشمع كانت نفس المعدل (39 ) نيوتن على درجة حرارة الغرفة لمدة (10 ) أيام أما التخزين  بالتبريد حافظ على قوام الطماطم لفترة أطول فى حدود( 53 ) يوم وكانت صلابة الثمار (30 ) نيوتن للبروتين وكانت أفضل من التغطية بالشمع(26 ) نيوتن
5- المواد الصلبة الكلية (TSS): لوحظ أن المواد الصلبة الكلية في الخضر والفاكهة المغطاة والغير مغطاة تزداد خلال التخزين على درجة حرارة الغرفة وبالتبريد. وكان في التفاح المغطى بالجيلاتين (14٪) والمغطى بالشمع (12٪) بعد 10 أيام من التخزين على درجة حرارة الغرفة 0 أيضاً التخزين بالتبريد اثر على محتوى الماد الصلبة الكلية ففي التفاح المبرد وصلت إلى 15.8٪ بعد 90 يوم، التخزين بالتبريد نفس الظاهرة كانت واضحة مع المعاملات الأخرى الطماطم أو الفلفل والخيار مثال الطماطم المغطاة ببروتين الصويا (5.3٪) والمغطى بالشمع (5.2٪) بعد 17 يوم من التخزين على حرارة الغرفة بينما التخزين بالتبريد كانت (7.4٪) بعد 53 يوم من التخزين. وفى جميع المعاملات وجد أن التغطية بالأغشية مع التبريد للخضر والفاكهة أطالت فترة الصلاحية مع زيادة المحتوى للمواد الصلبة الكلية (TSS) خلال التخزين.
6- المحتوى الرطوبى في الثمار: لوحظ أن المحتوى الرطوبى في التفاح والطماطم والفلفل والخيار في الغينات المغطاة بالشمع أو الأغشية الأخرى تنخفض تدريجياً أثناء فترات التخزين على درجة حرارة الغرفة أو بالتبريد ووصلت (82 - 88٪) حتى نهاية فترة التخزين مقارنة بالمحتوى في بداية التخزين (87 -95٪). وعلى سبيل المثال المحتوى الرطوبى حتى نهاية فترة التخزين في الثمار المعاملة بالشمع والأغشية الأخرى على درجة حرارة التبريد كانت (82٪ و 79٪)، (90٪ و 88٪)، (85٪ و 84٪)، (87٪ و 86٪) للتفاح والطماطم والفلفل والخيار على التوالي.
7- الحموضة والـ  pH: حدث تغير واضح في قيم الحموضة والـ pH في الفاكهة والخضر المغطاة والغير مغطاة أثناء التخزين على درجة حرارة الغرفة وبالتبريد حيث وجد أن قيم الـ pH تزداد تدريجياً والحموضة تنخفض أثناء فترة التخزين. فعلى سبيل المثال وجد أن قيم الـpH في التفاح المخزن بالتبريد كانت (4.46 إلى 4.73) بعد90 يوم من التخزين بالمقارنة مع قيم الـ pH في بداية التخزين (3.81). أيضا لوحظ أن الحموضة أثناء تخزين التفاح تنخفض إلى (0.11 – 0.15) بعد 90 يوم من التخزين بالتبريد بالمقارنة بالحموضة الأولية (0.25٪) نفس الظاهرة كانت واضحة مع المعاملات الأخرى للخضر المختبرة فمثلا قيم الـ pH في الطماطم المخزن بالتبريد كانت (5.24 إلى 5.79) بعد 53 يوم من التخزين بالمقارنة مع قيم الـ pH في بداية التخزين (3.90). أيضا لوحظ أن الحموضة أثناء تخزي الطماطم تنخفض إلى (0.20 إلى 0.22) بعد 53 يوم من التخزين بالتبريد بالمقارنة بالحموضة الاولية (36, . ).
8- حمض الاسكوربيك (C0V ): حدث انخفاض تدريجياً في المحتوى من حمض الاسكوربيك في التفاح والخضر المغطاة والغير مغطاة أثناء التخزين على درجة حرارة الغرفة وبالتبريد وكانت نسبة الفقد في حمض الاسكوربيك للخضر والفاكهة أثناء فترة التخزين على درجة حرارة الغرفة في حدود 16٪ من المحتوى الأولى بعد 17 يوم من التخزين بالمقارنة مع 4.5٪ فقد في العينات المخزنة بالتبريد لنفس الفترة. بينما بعد 90 يوم من التخزين بالتبريد للتفاح المغطى والمعبأ في صواني فوم أو علب كرتون فانه حدث فقد حوالي 30٪ من حمض الاسكوربيك. نفس الظاهرة كانت مع المعاملات الأخرى للخضروات المختبرة. فمثلا كانت نسبة الفقد في حمض الاسكوربيك للطماطم أثناء التخزين على درجة حرارة الغرفة في حدود 21٪ من المحتوى الأولى بعد 17 يوم من التخزين بالمقارنة مع 4.6٪ فقد في العينات المخزنة بالتبريد لنفس الفترة. بينما بعد 66 يوم من التخزين بالتبريد للطماطم المغطاة في صواني فوم أو علب كرتون فانه حدث فقد حوالي 24٪ من محتوى حمض الاسكوربيك.
9- محتوى السكر: لوحظ تغير في محتوى السكريات الكلية في الخضروات والفاكهة المغطاة والغير مغطاة والمخزنة على درجة حرارة الغرفة أو بالتبريد فحدث زيادة في السكريات الكلية للخضر والفاكهة أثناء التخزين على درجة حرارة الغرفة بواقع 10٪ من المحتوى الأولى بعد 17 يوم من التخزين للتفاح. بينما في العينات المبردة وصلت الزيادة إلى حوالي 35٪ عند التخزين بالتبريد على نفس الفترة. بعد 90 يوم من التخزين بالتبريد زادت السكريات في التفاح المغطى والمعبأ في صواني فوم أو كرتون بنسبة 100٪ بالمقارنة بالمحتوى في بداية التخزين. كما وجدت تحولات مماثلة مع الخضروات الأخرى المختلفة مثال ذلك في الطماطم المغطاة والمخزنة على درجة حرارة الغرفة أو التبريد حدث زيادة في السكريات الكلية بواقع 14٪ من المحتوى الأولى بعد 17 يوم من التخزين. بينما في العينات المبردة وصلت الزيادة إلى حوالي 15٪ عند التخزين بالتبريد على نفس الفترة. وبعد 61 يوم من التخزين بالتبريد زادت السكريات في الطماطم المغطاة والمعبأة في صواني فوم أو علب كرتون بنسبة 30٪ بالمقارنة بالمحتوى في بداية التخزين.
10- محتوى الايثانول: لوحظ أن محتوى الايثانول في الفاكهة والخضر المغطاة والغير مغطاة والمخزنة على درجة حرارة الغرفة ال بالتبريد كانت متغيرة. حيث وجد أن الايثانول يزداد تدريجياً مع زيادة فترة التخزين في التفاح وعلى سبيل المثال وصل تركيز الايثانول الى (1.02 إلى 1.03٪) من التخزين على درجة حرارة الغرفة. بينما محتوى الايثانول وصل (1.08 إلى 1.09٪) بعد 92 يوم من التخزين بالتبريد. نفس الظاهرة كانت واضحة مع المعاملات الأخرى للخضار. ومثال ذلك وجدان الطماطم المغطاة والمخزنة على درجة حرارة الغرفة يزداد محتوى الايثانول تدريجيا مع زيادة فترة التخزين حيث وصل تركيزه إلى (0.99 إلى 1.008٪) بعد 17 يوم من التخزين على درجة حرارة الغرفة بينما محتوى الايثانول بعد 66 يوم من التخزين بالتبريد وصل (1.07 إلى 1.099٪).
11- الاسيتالدهيد: أيضا لوحظ أن محتوى الاسيتالدهيد في الفاكهة والخضر المغطاة والغير مغطاة والمخزنة على درجة حرارة الغرفة أو بالتبريد تزداد تدريجياً مع زيادة فترة التخزين. فعلى سبيل المثال  في التفاح وصل تركيزه (2.09 إلى 2.96٪) بعد 17 يوم من التخزين على درجة حرارة الغرفة, بينما محتوى الاسيتالدهيد وصل (3.56 إلى 3.99٪) بعد 92 يوم من التخزين بالتبريد مقارنة مع محتوى الاسيتالدهيد في البداية 1.43٪. نفس الظاهرة كانت واضحة مع المعاملات الأخرى للخضروات المختبرة ومثال على ذلك وجد أن الطماطم المغطاة والمخزنة يزداد محتوى للاسيتالدهيد تدريجياً مع زيادة فترة التخزين حيث وصل تركيزه إلى (1.88 ال 2.98٪) بعد 17 يوم من التخزين على درجة حرارة الغرفة. بينما المحتوى الاسيتالدهيد بعد 61 يوم من التخزين بالتبريد وصل (2.84 إلى 3.32٪).
12- محتوى الكلوروفيل والكاروتين والانثوسيانين: حدث تغير ملحوظ في محتوى لكل من الكلوروفيل والكاروتين والانثوسيانين في الخضر والفاكهة المغطاة والغير مغطاة أثناء التخزين على درجة حرارة الغرفة أو بالتبريد حيث حدث انخفاض في الكلوروفيل وزيادة في الكاروتين والانثوسيانين مع زيادة فترات التخزين. فمثلا محتوى الكلوروفيل في التفاح المخزن على درجة حرارة الغرفة انخفضت إلى (108.7 – 118 مجم/لتر) بعد 17 يوم من التخزين مقارنة بالمحتوى الأولى (137.5 مجم/لتر). بينما انخفض الكلوروفيل إلى (22.76 – 57.36 مجم/لتر)بعد 31 يوم من التخزين بالتبريد. أيضا لوحظ ان محتوى الكاروتين والانثوسيانين تزداد إلى (122.66 – 125.71 مجم/لتر)، (6342 – 93.62 مجم/لتر) على التوالي بعد 92 يوم من التخزين بالتبريد. مقارنة مع (40.6 – 8.5 مجم/لتر) للكاروتين والانثوسيانين على التوالي في بداية وقت التخزين. ونفس الظاهرة كانت موجودة مع المعاملات الأخرى للخضار. فمثلاً وجد أن الفلفل المغطى والمخزن على درجة حرارة الغرفة ينخفض محتوى الكلوروفيل والكاروتين مع زيادة فترة التخزين (60.15 ال 76.39 مجم/لتر) ، (123.8 إلى 134.8 مجم/لتر) على التوالي بعد 10 أيام من التخزين. بينما محتوى الكلوروفيل والكاروتين بعد 46 يوم من التخزين بالتبريد تتراوح بين (40.67 إلى 46.35 مجم/لتر)، (47.72 إلى 57.94 مجم/لتر) على التوالي مقارنة مع بداية وقت التخزين (89.8 مجم/لتر) للكلوروفيل، (180 مجم/لتر) للكاروتين.   
التقييم الميكروبيولوجى للخضر والفاكهة المغطاة بالأغشية الرقيقة والغير مغطاة والمخزنة على درجة حرارة الغرفة والتبريد:
1- العد الكلى للبكتيريا (T.C): لوحظ تغير واضح في العد الكلى للبكتيريا في الخضر والفاكهة المغطاة والغير مغطاة أثناء التخزين على درجة حرارة الغرفة وبالتبريد حيث وجد أن العد الكلى للبكتيريا يزداد تدريجياً مع زيادة فترة التخزين. وعلى سبيل المثال وجد أن (T.C) في التفاح المخزن المغطى والغير مغطى وصل إلى (10.2 –   12.5 × 10 2 خلية/جم) بعد 17 يوم من التخزين على درجة حرارة الغرفة مقارنة مع (2 ×  10 2  خلية/جم) من بداية وقت التخزين. بينما بعد 92 يوم من التخزين بالتبريد وصل العد الكلى إلى (16.19 ×  10 2 خلية/جم). نفس هذه الظاهرة كانت مميزة مع المعاملات الاخرى للخضروات فمثلا في الطماطم المغطاة والغير مغطاة والمخزنة على درجة حرارة الغرفة وجد أن العد الكلى للبكتيريا يزداد تدريجياً مع زيادة فترة التخزين حيث وصل إلى (2.6 – 4.5 ×  10 2 خلية/جم) بعد 17 يوم من التخزين مقارنة مع بداية وقت التخزين كان (2 ×  10 2 خلية/جم). بينما بعد 66 يوم من التخزين بالتبريد وصل العد الكلى إلى (14 – 15 ×  10 2 خلية/جم).
2- البكتيريا المحبة للبرودة (Psy) : وجد أن العد الكلى للبكتيريا المحبة للبرودة في الخضر والفاكهة المغطاة والغير المغطاة أثناء التخزين على درجة حرارة الغرفة والتي يزداد تدريجياً مع زيادة فترة التخزين ففي التفاح وعلى سبيل المثال وصل إلى (4 – 6 ×  10 2 خلية/جم) بعد 17 يوم من التخزين على درجة حرارة الغرفة بينما بعد 92 يوم من التخزين بالتبريد وصل (12 – 13 ×  10 2  خلية/جم. نفس هذه الظاهرة كانت واضحة مع المعاملات الأخرى للخضر فعلى سبيل المثال في الطماطم وصل الكلى (Psy) إلى (7 – 8 ×  10 2  خلية/جم) بعد 17 يوم من التخزين على درجة حرارة الغرفة بينما بعد 66 يوم من التخزين بالتبريد وصل العد إلى (12 – 14 ×  10 2 خلية/جم) مقارنة بالعد الإبتدائى الكنترول (1 ×  10 2 خلية/جم).
3- عد الفطريات والخمائر: أتضح من النتائج أن عدد الفطريات والخمائر في الخضروات والفاكهة المغطاة والغير مغطاة يزداد أثناء التخزين على درجة حرارة الغرفة وبالتبريد حيث  وجد أن الفطريات والخمائر تزداد تدريجيا مع زيادة فترة التخزين فى التفاح وعلى سبيل المثال وصل العد إلى (1.5 – 2.5 ×  10 1 خلية/جم) بعد 17 يوم من التخزين على درجة حرارة الغرفة. بينما بعد 92 يوم من التخزين بالتبريد وصل العد إلى (5 – 9 × 10 1 خلية/جم). نفس هذه الظاهرة مميزة مع المعاملات الأخرى للخضر فعلى سبيل المثال في الطماطم وجد أن الفطريات والخمائر وصل العد إلى (4.4 – 6.8 × 10 1 خلية/جم)بعد 17 يوم من التخزين على درجة حرارة الغرفة. بينما بعد 66 يوم من التخزين بالتبريد وصل العدد إلى (11 – 14 × 10 1 خلية/جم).
  التقييم الحسي للخضر والفاكهة المغطاة بالأغشية الرقيقة والغير مغطاة والمخزنة على درجة حرارة الغرفة والتبريد وشمل التقييم الحسي للتفاح والطماطم والفلفل والخيار محل الدراسة صفات (اللون – الطعم – القوام – القابلية العامة):

ودل نتائج التقييم الحسي على تفاوت جودة وصفات عينات التفاح، الطماطم، الفلفل والخيار المغطاة والغير المغطاة أثناء التخزين على درجة حرارة الغرفة وبالتبريد حيث وجد أن التبريد مع التغطية سواء كانت بالأغشية البروتينية أو شمع العسل أعطى صفات جودة عالية للثمار ومقبولة بالمقارنة بالكنترول وكذلك بالمقارنة بالعينات المحزنة على درجة حرارة الغرفة.

وكانت نتائج هذا التقييم الحسي كالأتي:-

1. التفاح:
1- بالنسبة لعينات التفاح الغير معامل بالأغشية والمحفوظ في أطباق فوم تتدهور صفاته الحسية بعد أسبوعين من التخزين على درجة حرارة الغرفة وبعد ثلاثة أسابيع على التبريد أما في حالة الحفظ في علب كرتون احتفظت عينات التفاح بخواصها الحسية لمدة ثلاثة أسابيع على درجة حرارة الغرفة ولمدة أربعة أسابيع على التبريد.
2- بالنسبة لعينات التفاح المعامل بالأغشية الجيلاتينية وشمع العسل والمحفوظ في أطباق فوم لوحظ انه قد احتفظت بخواص حسية بدرجة جيدة حتى ثلاثة أسابيع على درجة حرارة الغرفة أما في حالة الحفظ بالتبريد فقد احتفظت بجودة عالية لمدة أربعة أسابيع أما في حالة حفظ التفاح في أطباق فوم والمغطى بالشمع أو الجيلاتين والمحفوظة بالتبريد فقد احتفظت عينات التفاح المغطاة بالجيلاتين بجودتها لمدة سبعة أسابيع أما في حالة العينات المغطاة بالشمع فقد احتفظت بجودة عالية لمدة ثمانية أسابيع في حالة جيدة. أما في حالة الحفظ بالتبريد في علب كرتون فقد احتفظ التفاح المغطى بالجيلاتين بجودته لمدة ثمانية أسابيع.
2. الطماطم:
1- بالنسبة لعينات الطماطم الغير معاملة والمحفوظة على درجة حرارة الغرفة في أطباق فوم احتفظت بخواصها الحسية لمدة أسبوع أما الطماطم المعاملة بالغطاء بروتين الصويا والمحفوظة على درجة حرارة الغرفة وكذلك المعاملة بالشمع احتفظت بخواصها لمدة أسبوعين في حين أن الطماطم الكنترول المحفوظة بالتبريد احتفظت بخواصها لمدة أسبوعين والمغطاة بالشمع وبروتين الصويا احتفظت بخواصها الحسية خمسة، ستة أسابيع على التوالي.
2- بالنسبة للطماطم المعاملة والغير معاملة والمحفوظة في علب كرتون على درجة حرارة الغرفة والتبريد فنجد أن الكنترول على درجة حرارة الغرفة احتفظت بخواصه الحسية لمدة أسبوعين أما العينات المغطاة بالشمع أو بروتين الصويا والمحفوظة على درجة حرارة الغرفة قد احتفظت بخواصها الحسية أيضا لمدة أسبوعين في حيث تلك المحفوظة على درجة حرارة التبريد احتفظت بخواصها الحسية المقبولة لمدة خمسة أسابيع.
3. الفلفل: 
1- بالنسبة للفلفل الكنترول على درجة حرارة الغرفة والمعبأ في أطباق فوم احتفظت بخواصه الحسية لمدة أسبوع والمحفوظ على درجة حرارة التبريد احتفظ بخواصه الحسية لمدة أسبوعين. في حين العينات المغطاة بالشمع أو بروتين الزايين والمحفوظة على درجة حرارة الغرفة احتفظت بخواصها الحسية لمدة اثنين إلى ثلاثة أسابيع في حين العينات المحفوظة بالتبريد مع التغطية احتفظت بخواصها الحسية في صورة جيدة لمدة خمسة أسابيع سواء كانت المغطاة بالشمع أو بروتين الزايين. 
2- بالنسبة للعينات المخزنة في علب كرتون نجد أن الكنترول المخزن على درجة حرارة الغرفة احتفظ بخواصه الحسية لمدة أسبوعين في حين الكنترول المحفوظ على درجة حرارة الغرفة احتفظ بخواصه الحسية لمدة أسبوعين في حين الكنترول المحفوظ على درجة حرارة التبريد احتفظ بخواصه الحسية لمدة ثلاثة أسابيع. في حين العينات المغطاة بالشمع أو زايين بروتين والمخزنة على درجة حرارة الغرفة فقد تحملت ظروف التخزين لمدة ثلاثة أسابيع أما العينات المغطاة بالشمع أو زايين بروتين والمحفوظة في كراتين بالتبريد احتفظت بخواصها الحسية في صورة جيدة لمدة ستة أسابيع.
4. الخيار:
1- بالنسبة للخيار الكنترول والمحفوظ على درجة حرارة الغرفة في أطباق فوم والمغلفة بالبولى اثيلين فقد احتفظ بجودته لمدة ثلاثة أيام على درجة حرارة الغرفة في حين الكنترول المخزن بالتبريد احتفظ بجودته لمدة 11 يوم وبالنسبة للعينات المغطاة بالشمع أو الجلوتين والمخزنة على درجة حرارة الغرفة لقد احتفظت بجودتها لمدة سبعة أيام أما تلك المخزنة بالتبريد فقد احتفظت بجودتها لمدة 20 يوم. في حين عينات الخيار المخزنة في علب كرتون والمخزنة على درجة حرارة الغرفة لقد احتفظت عينات الكنترول بجودتها لمدة ثلاثة أيام والعينات المغطاة بالشمع والجلوتين احتفظت بجودتها لمدة سبعة أيام في حين نجد أن الكنترول المحفوظ بالتبريد احتفظ بخواصه الحسية في صورة جيدة لمدة سبعة أيام وفى حالة الشمع والجلوتين احتفظ الخيار بدرجة قبول جيدة حتى 15 يوم من التخزين.
ومن ذلك يتضح أن نوع وصنف الخضر والفاكهة ودرجة طزاجته الأولية ونوع الغشاء المستخدم ونوع العبوة المستخدمة ودرجة الحرارة المستخدمة في التخزين تؤثر جميعها في درجة الصلاحية للثمار أثناء التخزين ودرجة المحافظة على الخواص الحسية المرغوبة لدى المستهلك بالنسبة للخضر والفاكهة في صورتها الطازجة.

ومن ذلك نرى أن هذه الدراسة ذات أهمية تطبيقية في مجال حفظ الخضر والفاكهة في صورة طازجة لمدة طويلة سواء بتخزينها على درجة حرارة الغرفة أو بالتبريد بعد معاملاذتها بالتغطية بالأغشية الطبيعية التي تم تحضيرها وتطبيقها في هذه الدراسة كما أن هذه الأغشية المحضرة يمكن استخدامها مع أنواع الأغذية الأخرى كاللحوم والأسماك ومنتجاتها وفى أغراض أخرى متعددة في التصنيع الغذائي دون أن تخلف ورائها أي تلوث للبيئة وتعتبر هذه الأغشية الطبيعية بديل آمن واقتصادي للأغلفة والعبوات البلاستيكية والورقية المستخدمة حالياُ في التصنيع الغذائي. 
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1. INTRODUCTION



Environmental concerns over the use of certain synthetic packaging and coatings have prompted research in the area of alternative packaging materials. Considerable interest in edible films due to their environmentally friendly nature and their potential use in the food Indus try has been renewed. Edible films and coating are natural polymers obtained from agricultural productions such as casein, whey protein, corn zein, wheat, and other materials. They are perfectly biodegradable and therefore perfectly safe for the environment (Khwaldia et al, 2005). 
Packaging protects food from its environment. Quality and shelf-life are reduced when food, through interaction with its environment, gains or loses moisture or aroma, takes up oxygen (leading to oxidative rancidity), or becomes contaminated with microorganisms. In multi component food, quality and shelf-life are also reduced when moisture, aromas, or lipids migrate from one food component to another. Food packaging also, provides important in formation to the consumer and enables convenient dispensing of food. Food packaging, however, has become a central focus of waste reduction efforts. Packaging represents approximately 30 wt% of municipal solid waste but appears more significant because it occupies close to tow. Thirds of tash can volume due to its bulk (Hunt et al., 1990).

 Also; edible and biodegradable polymer films offer alternative packaging with out the environmental costs. Interest and research activity in these films have been especially intense over the past ten years. Although edible films are not meant to totally replace synthetic packaging films, they do have the potential to reduce packaging and to limit moisture, aroma, and lipid migration between food components where traditional packaging connot function. Biodegradable packaging, on the other hand, has been viewed by many as having the potential to totally replace synthetic, non-biodegradble packaging some applications, this scientific status summary presents the challenges and opportunities for using edible and biodegradable polymer films. Non-polymeric materials such as lipids (waxes, acetylated monoglycerides and fatty acids) and resins (shellac and wood rosin) are not addressed in this summary, except when used in combination with edible and biodegradable polymers to make composite films (Krochta and Catherine, 1997). 
Edible films and coating have long been known to protect perishable food products from deterioration and some types of quality loss. However, over the last decade there has been a rapidly growing interest in the development and use of biobased packaging materials to prolong the shelf. Life and improve the quality of fresh, frozen and formulated food products because of the following factors (a) environmental issues related to disposal of conventional synthetic food-packaging materials and the need to develop more ecofriendly and biodegradable materials (b) increasing consumer expectations for a variety of fresh-like foods (Egminimally processed fruit and vegetables, sous vide preparations); (c) the need for food products with extended shelf-life (d) expanding distribution channels for food commodities; and (e) new opportunities for food products with edible barriers. Excellent in depth reviews on edible films and coating are already available. Although many functions of edible films and coatings are identical to those of synthetic films, there are additional requirements pertaining their use in foods (a) acceptable sensorial characteristics; (b) appropriate barrier properties (gas, water, oil) ; (c) good mechanical strength and adhesion; (d) reasonable microbial, biochemical and physico chemical stability; (e) safety for health (free of toxic microorganisms and hazardous compounds); (f) effective carrier for antioxidant, flavor, color, nutritional or antimicrobial additives; (g) raw materials of low cost; and (h) simple technology for production. Many of the current research efforts on biopackaging of foods aim at one or more of these issues, all relevant at the performance of edible films and coating. (Diab, et al. 2001).Also, (Ozdemir and Floros; 2001), reported that edible films and coating are used with foods to prevent moisture permeation. Limit gas transport (O2), related oil and fat migration, retain volatile flavored compounds, and improve mechanical handling of foods. Surface microbial growth, the most common cause of food spoilage, can be controlled through the use of edible films carrying antimicrobial agents. Edible films and coatings with antimicrobials become active barriers to provide additional hurdles against microbial growth. They deliver the preservative on the surface of foods where microorganisms usually graw and cause spoilage, and limit preservative diffusion from the surface to the bulk of the food.Edible films and coatings that are currently on the market include sugar and shellac coating for confectionary products pharmaceutical coating made with corn zein, sausage casing made with collagen, and wax coating for fresh produce. The matrices of soy protein isolate films are formed by disulfide, hydropholic, and hydrogen bonds. Studies have shown that soy protein isolate films are good oxygen and lipid barriers. However, due to their hydrophilic natural, they have limited water barrier properties, (wan, et al. 2005) the films obtained from substances such has protein, chitosan, and alginate present good mechanical characteristics but low water vapor barrier properties due to their hydrophilic nature. In the literature, several studies on edible coatings are reported, dealing with the determination of their water and oxygen transport properties. Some of the papers are aimed to describe the interaction between food and coating or composition factors affecting the water vapor and /or oxygen permeability of edible films. Some of the most common and studied edible films are zein, chitosan, casein, and alginate; in particular investigated mechanical, water uptake, and permeability properties of cross-linked glutamate and alginate films, widely investigated the barrier properties of several zein films, studied the barrier properties of casein-based edible films as far as chitosan is concerned studied the water vapor transport properties of chitosan films. As also, assessed by these authors, the study of the underlying mechanisms controlling mass diffusion and the prediction of their water and oxygen properties is extremely complex. The presence of water strongly influences the way in which the per meant is absorbed and diffuses in the polymeric matrix (Buonocore et al, 2005). 
Gelatin was one of the list materials employed in formation of biomaterials. This biopolymer is still of interest for being an abundant raw materials, produced practically throughout the world other reasons are its relatively low cost and excellent functional and film ogenic properties. For this reason, recently various authors used pure gelatin or gelatin blended with other biopolymers in their works about edible and /or biodegradable films. The production of films based on gelatin involves the addition of plasticizers to reduce interchain inter actions during the dehydration, improving film flexibility, and consequently, the handling of the same. The composition, size and form of the plasticizer molecule influence its ability to interact with protein chains and bind with the molecules of water, causing more plasticization owing to the fact that water is an effective plasticizer on films based on hydrophilic biopolymers. (Thomazine, et al. 2005). 
The film-coating composition is chosen as a function of the desired application of edible food film, for example, when the purpose is to control the moisture balance with in a heterogeneous food, hydrophobic material are required to make a film with good water barrier properties. Generally, materials available for forming edible films and coatings fall generally into the categories of proteins, polysaccharides, waxes, and lipids derived from plants and animals proteins and polysaccharides are good film formers exhibiting excellent oxygen carbon dioxide, aroma and lipid barrier properties, particularly at law relative humidity (Rh) but their predominatly hydrophilic character results in poor water barrier characteristics (Talens and krochta, 2005). These various raw materials from agricultural sources have been used to produce renewable, biodegradable and edible packaging, often called agricultural materials or agro-packaging materials. The agro-packaging concept is generally assowitle use of renewable products and control of end uses (Guilbert, 1992)
.Rheologhy is the study of the flow and deformation of materials; generally, to measure rheological behaviour, a controlled, well-defined deformation or strain is applied to a material over a given time and the resulting force response is measured (or viceversa) to give an indication of material parameters such as stiffness, modulus, viscosity, hardeness, strength or toughness of the material. 
The general aims of the rheological measurements are:     

· To obtain a quantitive description of materials mechanical properties.
· To obtain information related to the molecular structure and composition of the material.
· To characterize and simulate the materials performance during processing and for quality control.
· Rheological principles and theory can be used as an aid in process control and design, and as a tool in the simulation and prediction of the materials response to the complex flows and deformation conditions often found in practical processing situations which can be in accessible to normal rheological measurement (Dobraszczyk and Morgentern, 2003).Many storage techniques have been developed to extend the useful marketing distances and holding periods for fresh horticultural commodities after harvest. Various authorities have estimated that, unfortunately, 25 to 80% of harvested fresh fruits and vegetables are lost due to spoilage. This results in much economic waste in developed countries and more devasting consequences in many tropical regions of the world. One method of extending post harvest shelf-life is the use of edible coatings. Such coatings are made of edible materials that are used to enrobe fresh produce, providing a semipermeable barrier to gases and water vapor to understand and the effect of edible coatings one harvested fruits and vegetables, a background khowledge of postharvest fruit physiology and storage techiquesis necessary (Hong and Krochta, 2003). Since the annual production of fresh apple,570333; Tomatoes, 8576073; Pepper, 684640 and Cucumber, 802644 Tons, (Ministry of Agriculture, 2006)
Aims of investigation: 

1- Preparation of natural coatings and films and testing the prepared coatings with some vegetable and fruit samples for choosing the more proper formulations of these coating films.
2- Study the phesico-mechanical properties of prepared films (thickness, tensile strength, elongation and young's modulus) – water vapor and oxygen permeability – electron microscopy scanning of formed film-light transimition – color and thermal properties of formed films.
3- Study the rhceological properties of prepared coating solutions (shear rate, shear stress and viscosity) under different pHs used.
4- Application of chosen coating solutions for coating cucumber, sweet pepper, tomatoes, and apple and storing the coated vegetable and fruit items under cooling and room temperature for.
Determination of physico–chemical microbiological and sensory changes occurred in coated vegetable and fruit during storage period (3 months).   



5-                      2-  REVIEW OF LITERATURE
2.1. Definition and opportunities:
2.1.1 Edible polymer films:
Krochta and Catherine, (1997),Found that edible films defined as thin layer of edible material formed on a food as acoating or placed (preformed) on or between food components its purpose is to inhibit migration of moisture, oxygen, carbon dioxide, aromas and lipids, etc; carry food ingredients (e.g.,antioxidants, antimicrobials, flavor); and /or improve mechanical integrity or handling characteristics of the food in some cases, standalone edible films with good mechanical properties can and reduce the amount of packaging materials replacesynthetic packaging films and they must be degraded completely by microorganisms in a composting process to only natural compounds such as carbon dioxide, water, methane and biomass.

2.1.2. Safety and health issues:
Determination of the acceptability of materials for edible polymer films follows procedures identical to determining the appropriateness of such materials for food formulation (Heckman and Heller, 1986): (1) an edible polymer will be generally recognized as safe for use in edible films if the material has previously been determined generally recognized as safe and its use in an edible film is in accordance with current good manufacturing practices (food grade, prepared and handled as a food ingredient, and used in amounts no greater than necessary to per form its function ) and with in any limitations specified by the Food and Drug Administrarion (FDA) (2) if edible polymer film material use is not currently generally recognized as safe but the manufactures can demonstrate safety, the manufacture may either file a generally recognized as safe affirmation protein to the FDA or proceed to market the material without FDA concurrence (self- determination); (3) the manufacture may not need to establish that use of the edible polymer in edible films is generally recognized as safe if the material received (FDA) clearance and thus has prior sanction; (4) finally, if the material cannot be demonstrated to lee generally cogniged as safe or "prior sanction"; the manufacture must submit a food additive petition to the FDA. The materials that have received the greatest attention for edible film use are cellulose ethers, starch, hydroxypropylated starch, corn zein, wheat gluten, soy protein and milk proteins. Food processors considering use of protein-based films must be a ware that some consumers have wheat gluten intolerance (celiac disease) milk protein alleragies, or lactose intolerance. Use of such films as coatings on foods must be declared appropriately to the consumer, no matter how small the amount used. The nutritional quality of materials used for edible films may be affected, negatively or positively by the temperature; pH, and/or solvents used in film preparation. Aside from these considerations, no intrinsic nutritional or health problems have been identified edible films. In fact edible films can be carriers of nutritional supplements, and protein-based films, depending on protein quality, can be an important nutritional enhancement of the food. Attention to themicrobial safety of edible film is guided by standard consideration of water activity, pH, temperature, oxygen supply and time importantly; edible films are effective carriers of antimicrobials, which improve the microbial stability of film and food alike. 

2.2. The natural edible film composition:
Film-forming materials available for edible films fall generally into the categories of polysaccharides, proteins, and lipids derived from plants and animals.
Polysaccharide film-forming materials include cellulose derivatives, starch and starch derivatives, carrageenan, alginate, pectinate and chitosan.Protein film formers include collagen, gelatin, casein, whey protein, corn zein, wheat gluten and soy protein (Brody and Marsh, 1997).

2.2.1. Polysaccharide: 

2.2.1.1. starch-basedasa filler:
(Brody and Marsh, 1997) Reported that starch is an inexpensive product available annually from corn and other crops. Produced starch is constituted by two major components: amylase a mostly linear ×-D (1, 4) - glucan; and amylopectine an a-D (1, 4) glucan that has ×-D-(1, 6) linkages at the branch point.The linear amylase molecules of starch have a molecular weight of 0.2-2 million while the branched a mylopectine molecules have molecular weights as high as 100-400 million. In nature, starch is found as crystalline beads of about 15-100 um in diameter in three crystalline designmodifications; A (cereal), B (tuber), and C (smooth pea and variousbeans). Starch as a filler crystalline starch beads can be used as a natural filler in traditional plastics. Starch is added at fairly low concentrations (6-15%); the overall disintegration of these materials is obtained however, by transition metal compounds, soluble in the thermoplastic matrix starch alone can be processed as a traditional plastic; its sensitivity to humidity, however, makes it unsuitable fr most of the application extrusion cooking technology (Griffin, 1974) found that incorporation of biopolymers such as starches and proteins has shown promise in terms of enhancing degradiation plastic. 
While, (Krochta and Catherina 1997) Reported that starch films have moderate oxygen barrier properties but are poor moisture barriers, their mechanical properties are generally inferior to synthetic polymer films. Starch films can be used as edible coating on food by dipping, spraying or panning to provide oxygen or lipid barrier, and to improve appearance, texture and handling 2-2-1-2- cellulose.

(Hui, 1992) Reported that the modified cellulose including methylcellulose hydroxypropyl methyl cellulose, are basis of many edible film coating the methyl cellulose have some hydrophobic character that makes them suitable for components of non polar lipid films having moisture barrier properties. They are rarely the active ingredient in the barrier properties of coatings but play a passive, supportive role.
(Park, et al, 1993) Reported that cellulose is the most abundant organic renewable resource in the plant kingdom; and cellulose derivatives have excellent film-making properties. The first cellulose film, cellophane, was developed cellulose-based films are very efficient oxygen and hydrocarton barriers, and their water vapor barrier properties can be improved by adding lipids cellulose-based films have been investigated for controlling migration of moisture, gas and hydro cartons in several kinds of foods developed an edible lipid-cellulose ether composite as a barrier in a model frozen-food systern. Rico-pena and Torres tested an edible bilayer film of methylcellulose and palmitic acid as an oxygen barrier as a moisture impermeable barrier in sundae ice cream cones developed methyl cellulose films to prevent lipid migration in confectionery products.

 (Park et al, 1993) (Diab et al,2001) Found that the pululan an extracellular polysaccharide produced by aureobasidium pullulans, is capable of forming edible films with several advantages over other polysaccharides, in addition to being of reduced caloric value, puluan films are colourless, tasteless, resistant to oil and heat-sealable, have very low oxygen permeabilities and are amenable to changes in mechanical and gas barrier properties on mixing with other biopolymers and plasticiers.

2.2.2. Proteins:

Plant proteins have the ability to form films that can be used in edible packaging applications. In general, protein films have poor moisture barrier properties due to the hydrophilic nature of their amino acids. Recent studies have concentrated on improving protein film mechanical and barrier properties, (Ghorpade, 1995).
2.2.2.1. Gelatin:

(Hui, 1992) Reported that gelatin films is apartially hydrolyzed form of collagen that is soluble in warm water but retains the properties of their moreversible thermoreversible gelatin and film forming. Gelatin is widely used in the pharmaceutical industry as an edible barrier both in the familiar hard capsule and in soft encapsulated forms. Drugsare also microencapsulated in gelatin matrices and coacervates also the outhas added that the applications range of edible films deign from the use of collagen casings in sausage making, to the use of wax to prevent desiccation of fruits and vegetables to the use of sugar glazes in bakery products and confection, to the use of internal barriers to prevent moisture migration within foods. The choice of a particular protective coating depends on the specific needs of a given food and storage conditions other storage or processing issues may require innovative new coating concepts. The literature, especially the patent literature, is filled with suggestions for new edible films and coatings which could be the basis for new processing and preservation technologies. 

2.2.2.2. Whey protein: 
Krockta and Catherina, (1997) Found that the coatings effectively carried antioxidants for frozen fresh, significantly reduced oxygen up take and rancidity in roasted peanuts, and reduced disintegration of freezedried food. Whey protein and whey protein-acetylated monoglycerid coatings also reduced moisture migration into breakfast cereal and reduced stickiness of raisins. Sothornvit and Krochta, (2000), Determined the effect of reduction of whey protein isolate molecular weight on film water vapor permeability, if little or no increase in film permeability were to occur, reduction in whey protein molecular weight could be a better approach to increasing film flexibility than addition of plasticizers. Effect of whey protein molecular weight on film solubility was also determined. 
Nielsen, (1997) Found that reducing polymer molecular weight may decrease the amount of added plasticizer needed in films; consequently, it may minimize permeability of films while producing needed film flexibility moreover, it has been known that using hydrolyzed whey protein isolate help reduce the allergenicity of milk protein which is attributable to the globular nature of the protein
2.2.2.3. ٍSoy protein.
Krockta and Catherine, (1997) Found that soy protein has also been studied for the manufacture of sausage casings and in the production of water-soluble pruches soy protein in edible coating applications can improve batter adhesion and reduce moisture migration in raisins and dried peas.
According to (Brandenburg et al, 1993), The first film prepared from isolated soy protein (ISP) was in 1970, the theory behind the process is treat (ISP) with high pH and temperature to denature the protein and to change the structure of (ISP) from globular to extended chain. The extended of chain promotes protein chain interactions due to decreasing the permeability and increasing the strength. These soy films have applications in pharmaceutical confectionery products fruits, vegetable and some meat products.

2.2.2.4. Zein protein:

Krockta and Catherine, (1997) Found that the corn zein is the only other protein that has been promoted commercially as an edible film or coating. The barrier, vitamin adhesion and antimicrobial carrier properties of zein film is also used on pharmaceuticals for coating capsules for protection, controlling release, and masking flavors and aromas zein coated paper was juded equal to poly ethylene-laminated papar for quick-service restaurant packaging of fatty foods and was found to have good heat-sealing characteristics. Zein has also been explored as a plant-based replacement for animal-derived collagen in the manufacture of sauage casings and for the production of water-soluble pouches for dried foods.

Lai and Padua, (1998) Were investigated the zein for its potential use as structural matrix in packaging applications the film forming properties of zein have long been recognition. Recent interest in the development of edible and biodegradable films has driven research on the mation of free standing zein films for food and packaging 
2.2.2.5. Wheat gluten:

   Krockta and Catherine, (1997) Cleared that wheat gluten has been explored as aplant-based replacement for collagen in the manufacture of sausage casings and as ameans to improve the adherence of solt and flavorings to nut and of batters to meats and other foods.
Rayas et al,(1997) Developed anew method to produce films from wheat protein in which in soluble components were eliminated from the films from the many variations that affect fabrication two important varieties were studied: pH of the solution, and cross-linking. A second objective was to evaluate films suitability for food packaging by measuring oxygen permeabilities and tensile strength.

2.2.3. Bees wax emulsions:

   Hui, (1992) Reported that waxes are widelyapplied to fresh fruits and vegetables and represent one of the largest uses of edible coatings waxes are composed of long chain alcohols and their fatty acid esters, usually contain paraffin wax, carnauba wax or bees wax. Waxes prevent moisture losses and improve surface luster. Apples, grapes, pears, prunes, tomatoes, peppers and cucumbers have a natural wax coating but an added coating can reduce moisture loss by 50% waxes, however, do not reduce decay. Excess wax can inter fere with oxygen and carbon dioxide gas exchange and cause uneven ripening ordecay. The general rule is that when the wax coating reduces moisture losses by more than one-third, gas exchange begings to be affected waxes may be applied as emulsions of carnauba or paraffin wax dispersed in water either by spraying or by immersion of the fruit into the emulsion followed by drying citrus fruits are treated with wax dissolved in a solvent such as acetone or ethyl acetate. These wax solutions are sprayed or fogged on to the fruit vegetables are often treated with paste waxes of varying melting points and viscosities which are dripped on to brushes which brush the wax on to the vegetables. A patented wax coating for raisins relies on bees wax plasticized with the ubiquitous acetylated monoglyceride.

Gago et al. (2002) Found that waxing of citrus is a normal practice in the packing house industry aimed at replacing natural waxes that are removed during washing. Application of waxes there fore serves to reduce fruit shrinkage and improve appearance moreover, wax application has been proven to reduce the incidence of chilling in jury in citrus. In addition to wax microemulsions, there are several polysaccharide-based coatings commerially available for post harvest use. There composite coatings reported in the literature contain cellulose derivatives, chitosan, and sucrose fatty acid ester emulsifiers, as well as other ingredients such coatings have been applied to citrus, consequently showing some improvement in storage life and fruit quality. 
2.3. Rheological properties of edible films and solutions:
 2.3.1. Relation between shear rate and shear stress at different pHs:

Hagenimana et al, (2007) Shows a representative flow curve of shear rate and shear stress at different temperatures 70°. Reference to the classification of time-independent flow behavior of fluid fids shows that all the curves exhibited shear-thinning behavior, that is a curvature downwards on the shear rate axis and all samples had a non-Newtonian and pseudo plastic behavior.

   Barreto et al,(2003) Found that the plots of shear stress versus shear rate give straight line characterizing Newtonian behavior, in which the viscosity corresponds to the slops, showing that the viscosity increases with the sodium casein ate concentration increase and decrease with temperature for all the plots the linear coefficients considering were equal to zero confirming the Newtonian behavior.

2.3.2. Relation between shear rate and viscosity at different pH:

Perez- gago and Krochta (1999) Found that the emulsion viscosity increased at those pH 4, 5, 6, 7, 8, and a weak gel was formed phase separation occurred in the emulsion films except at pH 5 protein isolate and emulsion viscosity suggested that protein-protein aggregation occurred at the protein isolate. This increase in viscosity at the portion isolate probably lowered lipid mobility, thus impeding phase separation. Thus for minimum water vapor permeability such films should be applied at pH different from the protein isolate of whey protein.

2.4. Factors affecting films loss weight in water:
Munoz, et al. (2004) Found that the glutenins present extremely low solubility in water compared to other proteins such as whey or soy proteins; this is due to the glutenins' high molecular weight and relatively large amounts of amino acids with nonpolar side chains. Glutenin films did not show any sign of physical disintegration after immersion in water for 24h. Nevertheless, unplasticized glutenin films showed a loss of matter I water at room temperature of 5-6g/ 100g of dry protein. The soluble matter may correspond to non protein compounds remaining in the film after casting and low molecular weight poly peptides. In general, the addition of plasticizer increased solute matter of the films because plasticizers are extracted by water following a first-order linear regression (R²= 0.997, 0.996, and0.998 for glycerol, triethanolamine and sorbitol respectively. 
Munoz et al. (2004) Reported that the weight loss in water of films presence of non polar amino acid side groups contributes to the lack of solubility of gluten protein in aqueous solution. Gluten protein insolubility arisespredominantly from the lack of ionizable groups and the very high molecular weight of the glutenins. The solubility of films in water may be required for specific applications such as edible coatings and in the packaging of food ingredients for food processing water resistance of films is an important issue in food packaging. Despite the fact that most of the films studied did not dissolve in water, they did suffer some weight loss owing in water of films formed from gliadins was not evaluated because these films broke up showing that non-covalent intermolecular forces between gliadins could not maintain their integrity. When gliadins were treated with cysteine, the formation of amore compact protein network that did not disintegrate upon immersion in water films made from other proteins such as soy protein isolate, sodium casein ate, cottonseed protein and egg white protein also showed a decrease in their solubility in water when chemical or physical cross-linking treatment was applied. 

2.5. Factors affecting physical and mechanical properties of natural films:
The mechanical properties are tensile strength (TS), elongation (E) and young's modulus.Tensile properties are important for edible films and coatings because they relate to film and coating durability as well as coating ability to enhance mechanical integrity of foods. Tensile strength, elongation and elastic modulus of films can be related to their chemical structures. Tensile strength is the maximum tensile stress that a material can sustain and is taken to be the maximum force exerted on the test specimen during the test divided by the original cross-section of the specimen. Elongation is the maximum tensile strain that a material can sustain and is, thus, a measure of the films ability to stretch, a large value for elongation indicating that the material will absorb a large amount of energy before breaking. Elastic modulus is a measure of the force that is required to deform the film by a given amount. Thus it is also a measure of the intrinsic stiffness of the film. Film toughness is the area under a plot of (TS) and (E) is a measure of the durability or resilience of a film (Talens and Krochta 2005).

Choi and Han (2001) Showed that edible films produced from denatured pea protein concentrate solution possessed the strength and elasticity to resist handling-increasing the concentration of the plasticizer (glycerol) in the film decreased tensile strength and elastic modulus, and increased elongation and water vapor permeability very strong and stretchable films were obtained from 70/30 and 60/40 of pea protein concentrate / glycerol-composition, respectively. The low water vapor permeability value was maintained over a range of glycerol concentration from 20% in the dry film. Film solubility was not affected significantly by the amount of the plasticizer. The physical and mechanical properties of the pea protein concentrate films were comparable with those of soy protein and whey protein films.

Diab et al. (2001) Found that the addition of plasticizers to edible films is required to over come brittleness caused by extensive intermolecular forces plasticizers reduce these forces and increase the mobility of polymer chains, there by improving the flexibility and extensibility of the film. The effect of varying plasticizer and moisture contents on the mechanical properties of pululan microbial poly-saccharide based films, as described by the tensile strength and tensile modulus. According to Krochta and Catherine (1997), elongation percentage was defined as a films ability to stretch and the percentage change in length experienced by amateriol due to pulling stress before breakage. Tensile strength was defined as films strength or the maximum pulling stress (force/cross-sectional area) that a material can sustain before breakage (Newton/m².m²). Young's modulus (stress/strain) is a good indicator for measuring the stiffness.
 Lai and Padua (1997) Prepared film plasticized zein with oleic acid by stretching of zein resin over rigid frames to form thin membranes and conventional casting from zein ethanol solutions. The tensile properties were tested. The results showed that the cast films were stiff and brittle, whereas resin films showed more flexibility and toughness. The glass transition temperature of resin films were measured at -94 and 104, 4 C°, this indicate that the film remained flexible through a wide temperature. Resin film flexibility and toughness were attributed to the effect of plasticization that led to fiber formation and orientation. The same authors in 1998 prepared the same films by the same techniques but the films were coated with linseed oil. The tensile strength showed a maximum at 75% relative humid to and the coating improved the elongation and toughness of  the films. The maximum elongation and toughness were observed for coatied samples at 85% RH. Zein resin film has the highest tensile strength values
2.6. Thermal influence on functionality of the natural films and raw materials:
The glass transition behavior of a food plays a key role in the quality and the storage stability of the product. There fore, glass transition phenomena are important to those seeking to improve product stability and functionality. Knowledge of the relation ship between glass transition temperature and physicochemical changes, (Hsu et al, 2003).

2.6.1. Glass transition (Tg) measurement by differential scanning calorimeter (DSC) for different raw material and natural films:
Madeka and Kokini (1996) Studied the effect of phase transitions on reactivity of food polymers and the resulting changes in rheological properties. Non reactive sunthetic polymers have displayed five regions of viscoelastic behavior at low temperature or below the glass transition of a polymer, the polymer is glassy and brittle in this state the mobility is restricted to viboration and short range rotational motions. The reactivity of the polymer is enhanced. After the Tg the polymer exhibits long-range rubber elasticity and can be stretched often several hundred percent with an increase in temperature of linear polymers the young's modulus (stiffness) drop and ultimately become free flowing. The relatively high glass transition temperature Tg and lack of a sub Tg main-chain relaxation cause the brittleness, which increases with time due to free volume relaxation if the polymer is cross-linked (with starches, citric acid e.g), the network formed suppresses flow. The Tg depends on molecular weight, side branches, steric hindrance, covalent and non covalent bonding (disulfide bonding, hydrogen bonding and hydrophobic interactions) with the molecular structure, ratio of amorphous and crystalline regions, presence of a plasticizer (water, glycerol, e.g.) copolymers and other physical conditions such as pressure.
 Bernardcuq et al. (1998). The thermoplastic behavior of proteins has been studied and used to make agro-packaging materials by thermal or thermomechanical processes under low-moisture conditions the dry process similar to those for thermoplastic starch-based materials. Thermoplastic properties of proteins were defined in relation to the glass transition theory which explains textural changes during thermoplastic polymer processing. The glass transition characterizes changes from a metastable glassy state to an unsteady rubbery state, at a specific glass transition temperature. Glass transition induces variations of material physical properties, and more particularly of thermal and mechanical properties. The molecular response of a glass material as a system transforming from a metastable glassy state to an unsteady rubbery state corresponds to a general increase in disorder, free volume.

2.6.2. Effect of plasticizer content on weight loss (aw) measured by thermo gravimetric analysis (TGA) for different  raw  material and natural films:
Ogale, et al. (2000) Studied the effect of plasticizer content on the thermal degradation of soy-protein films was investigated by TGA conducted in an N2-pured environment. The weight loss and rate of weight loss as a function of temperature for pure soy-protein powder and for protein films containing for the plasticized films, the absolute weight loss is small until approximately 150C°, moderate between 150C° and 180C° for pure soy-protein. The higher-weight loss of plasticized samples can be explained by the high vapor pressure of glycerol starting at about 170C°, thus, the TGA study provides valuable information on the process ability of the protein glycerol inixture, establishing the upper limit of thermal processing window at approximately 150C° it must be noted that the absolute values of weight loss from TGA cannot be used as such in actual processing since weight loss during film formation.

2.7. The permeability of natural films for water vapor and oxygen:
Krochta and Catherine (1997) Studied the permeability of natural films, they measured its tendency to absorb, transfer and desorbs a permeant (e.g., water vapor oxygen) from one side of a film to the other, when the two sides of a film material are exposed to different concentrations of per meant. Also, they the amount of a given per meant that with transfer per unit time through a unit area of a given film material at unit driving force of per meant per unit thickness of film. Dimensions are: amount of per meant/time area driving force/thickness of film.

Gennadios et al. (1993). Reported that the physical properties and permeability to water vapor and oxygen were measured comparisons indicated possible ways to improve the permeability of prepared films were good oxygen barriers but limited water vapor barriers, films containing hydrolyzed keratin had lower oxygen permeability (83%) and lower water vapor permeability (23%) while films containing mineral oil had lower water vapor permeability (25%) and films soaked in calcium chloride solution and in buffer solution at the iso electric point of wheat gluten had higher tensile strength (47% and 9%) respectively and lower water vapor permeability (14% and 13%) respectively.

Gontard et al. (1992) Found that the edible films are usually categorized as hydrocolloid or lipid films interesting research has been reported on oxygen and water vapor transmission through various lipid films protein as edible film forming agents have been studied less extensively than lipids or poly saccharides. pH and ethanol concentration had strong interactive effects on film opacity, water solubility and water vapor permeability. A simultancous variation of ethanol concentration/ and pH between 32.5%, pH 4 and 45% ethanol and pH 2 resulted in homogeneous and transparent film with relatively low water solubility. The lowest water vapor permeability would be expected with 20% ethanol concentration and pH 6. 

 Rayas et al. (1997) Prepared films at two pH values (4 and 11) and tested the films oxygen permeability as related to temperature. Films were also produced with a cross-linked agent and tested for tensile strengths oxygen permeability was 5.9 × 10-20 m³ O2.

The oxygen permeability activation energy varied from 9.1 to 14.5 k. cal. mol-1 depending on type of fluid and pH did not affect oxygen permeability. 

Choi and Han (2002) Reported that transparency is one of the common optical properties of light-permeable materials spectrophotmetry is used to measure the transparency of a material by light-transmittance or absorbance using beer-lamberts low relating the amount of light absorbed or transmitted by a material to the nature of the light absorbing material. Also they edible films produced from denatured proteins have the potential for decreased moisture/gas permeability and solubility and improved mechanical properties for the use of packaging materials.
 Wan et al, (2005) Reported that the water barrier and mechanical properties were measured for soy protein is isolate films plasticized type as well as the plasticizer ratio in the glycerol: plasticizer mixtures affected the film water barrier and mechanical properties. An addition as little as 25% of a less hygroscopic plasticizer in the mixture induced significant reduction in water vapor permeability of soy protein is late films. However, at least 50% of the mixture needs to be glycerol to show significant improvement in tensile strength from our experimental design 50:50 glycerol:sorbitol was the recommended combination be cause of its comparatively low water vapor permeability value and relatively high flexibility and strength incompatibility of glycerol: polyethylene glycol plasticizer mixture in soy protein is late film was observed by surface migration of polyethylene glycol from the film matrix.
3.8. Natural films scanning electron microscopy:

Minlai and Padua (1997) were investigated differences in film morphology by scanning electron microscopy. Micrographs of resin films show aligned protein fibrils embedded in a continuous material, arrangements of oriented ribbonlike structures of zein and entanglements of ribbonlike strands of zein, respectively. The three types of morphology were observed in the same zein fibers similar to those shown in related them to the development of viscoelasticity in zein-starch doughs. The effect of stretching was  apparent, where orientation was induced by applied stress oriented morphology was observed in the middle regin of films along the direction of drawing. The seeminglyentangled morphology. The result of non homogeneous stretching, which was observed to ward the rim of films. The non uniformity of orientation might be related to stress gradients in the sample.

Anker et al, (2000) Studied the micro structural characterization of biopolymeric film as an important element in understanding the film behavior and properties examined casein films with scanning electron microscopy and transmission electron microscopy and showed that the films had a more porous structure in the center than toward the edges they used transmission electron microscopy to reveal the presence of residual milk fat embedded in the protein matrix of whey protein concentrate films used scanning electron microscopy to investigate zein films plasticized by oleic acid and showed that the oleic globules had separated from the zein matrix, which resulted in amore uneven top surface still, relatively few papers have used micro structural techniques to relate the micro structure to the film properties. The present study of the relation ship between the microstructure and the mechanical and barrier properties of whey protein films has been focused on the effect of three different parameters: the concentration, the plasticizer and the pH. 

Ogale et al. (2000) Used scanning microscopy to examine surface differences in compression molded films made from polymeric. The micrographs represent 4 compositions, namely 0, 20, 30 and 40 wt% glycerol it is evident from the micrographs that the 4 film surfaces differ in texture. The pure protein film has a smooth, glassy surface that exhibits a striated pattern. This pattern is similar to that observed in the atomic force microscopy. The 20% glycerol film has a rougher surface. small particulates and air bubbles appear to be scattered across the film surface. The micrographs indicate that the 30% glycerol films would have the best properties among the various compositions investigated in this study.
Fang et al. (2002) Found that the scanning electron micrographs of whey protein: 20% glycerol film prepared with out calcium and with 5 m Mca²+ revealed a level and uniform surface. The cross section of this film revealed a spongelike structure where whey-protein aggregates appear to be linked by fine strands to form a continuous network. The existence of the network was reflected in increased tensile strength of this film.

Wan et al. (2005) Were observed differences in films plasticized with different plasticizer  mixtures. Microstructure of cross-sections of 50:50 glycerols: sorbitol, glycerol: polyethylene and 100% glycerol plasticized films were smoother than those of 50:50 glycerols: sucrose and glycerol: polyethylene glycol plasticized films. Pinholes were observed in the microstructures of all films.

Kunte et al. (1997) Reported that color is an important property of protein films because it could affect consumer acceptance of such films in potential edible non edible packaged applications. Hunter, L, a, and b color values and total color differences for soy protein films were slightly but significantly (p<0.05) darker (lower mean l value) more yellow (greater mean positive be value) than the other three types of film forming soy isolate. This was attributed to the greater amount of impurities present in the soy protein powder. 
(Ghorpade et al. 1995) Mentioned that the film color can be an important factor in terms of consumer acceptance of both edible and in edible films. The l, a, and b hunter color values and total color difference (E) for the different types of films are reported the main observed difference was that films with higher concentrations of poly ethylene oxide had a ligher color (p<0.05) as indicated by increased l values. The mean +b (yellowness) values for films showed an increase from 16.93 for the control film to 17.86 for the 10% polyethylene oxide film but dropped to 14.14 for the 40% polyethylene oxide film. Similar changes were observed in a and (E) values as film color measurements my be affected by film thickness our experience with the control films was that thicker films appeared more yellowish (higher+ b values).

Park et al, (2000) Found that the film appearance is an important property of protein films since it could affect consumer acceptance of such protein films in potential edible or non edible packaging applications. The soy protein gluten films at zero time were studied gluten addition resulted in lighter and more yellow films (higher L and+ b values). The increased yellowness of the composite soy protein –gluten films could be due to gelatinization of the small amount of starch contained in the wheat gluten when the solutions were heated. 

Kim et al, (2002) reported that the color values of control soy protein films had mean L, a and b color values of 89.13, 2.19 and 15.15 respectively heat cured films were more yellowish than unheated films as evidenced by their greater (p<0.05) b values in agreement, increased yellowness has been reported for soy protein films heat cured at atmospheric pressure, films heated for 12, 18 or 24 h had greater (p<0.05) b values than films heated for 6 h. the pressure during the heat treatment did not affect (p<0.05) color values. 
2.9. Application of edible coating for fresh fruits and vegetables; in past, present and future: 

Acoording to Krochta (1994) Many storage techniques have been developed to extend the useful marketing distances and holding periods for fresh horticultural commodities after harvest various authorities have estimated that, unfortunately, 25 to 80% of harvested fresh fruits and vegetables are lost due to spoilage. This result in much economic waste in developed countries and more devasting consequences in many tropical regions of the one method of extending post harvest shelf-life is the use of edible coatings such coatings are made of edible materials that are used to enrobe fresh produce, providing a semi permeable barrier to gases and water vapor. To back ground knowledge of post harvest fruit physiology and storage techniques is necessary. The practice of coating fruits and vegetables dates back to the twelfth and thirteenth centuries, commodities were commonly dipped in hot waxes to encourage fermentation. Today, coatings are used for fresh fruits and vegetables to retard moisture loss, improve appearance by imparting shine to the surface, provide a carrier for fungicides or growth regulators, and create a barrier for gas exchange between the commodity and the external atmosphere. In the early coating procedures was utilized either dipping, brushing, or individual wrapping in oiled papers to disperse the material over the surface of the commodity later, commodities were coated by spraying materials onto rollers or brushes, then allowing the tumbling action of the commodity to evenly spread the coating paraffin and beeswax, dispersed in an organic solvent, castor oil, and mineral oil, were used alone or in combination either in a dip slab-wax process, hot fog or spray current formulations, up on demand of a dynamic fresh fruit and vegetable industry, are applied in a variety of ways and contain a variety of (generally recognized as safe) ingredients or ingredients approved by the FDA code of federal regulations.

Brody and Marsh (1997), Illustrated that the use of edible coatings on fruits and vegetables generally serve to reduce moisture loss, improve glossy appearance, reduce abrasion and in some cases, control oxygen and carbon dioxide exchange or carry a fungicide. Materials commonly used include beeswax, carnauba wax, condelilla wax, shellac and mineral oil. These materials cannot from stand alones films, but from continuous coatings on the fruit or vegetable surface. Currently, film coatings based on polymeric materials such as cellulose derivatives, chitosan, and proteins are being developed to reduce oxygen and carbon dioxide exchange for respiration and ripening rate reduction. Coating solution or emulsion is most typically sprayed or dripped onto the fruit or vegetable and/or onto abed of brushes rotating either below or above the produce, followed by drying. Thorough distribution of the coating over the entire fruit or vegetable is dependent on a clean, dry produce surface and suitable surface tension and viscosity of the coating formulation.
2.10. Some physico-chemical properties of fruits and vegetable coating films:

2.10.1. Properties of coating thickness:
Cisneros and Krochta (2003) Reported that dependence of coating thickness mainly on solution viscosity, and densities, surface tension and speed of coating process of fruit or vegetable. These results indicate the possibility of controlling coating thickness and internal gas composition based on coating solution properties. Internal  atmosphere modification seems to depend on elements such as coating permeability, thickness and surface coverage by the film. However, little is known of the factors that may  influence these elements. Thus, we believe that know ledge of the physical-chemical properties of the coating solutions and coating interactions with the surface of different commodities with allow amore predictable coating performance. Film thickness is considered to influence coating response by defining the distance through which the gas permeant has to diffuse. The internal gas modification in coated fruits has been indirectly related to coating thickness through coating gas resistance parameters and through the solid concentration of coating solution. The coating application was done by dipping. The method involved holding the apples by the stems using clips. The fruits were dipped by hand into a solution for 30 to 60 s for complete equilibrium then with drawn quickly and allowed to drain over the glass vessel containing the solution. The glass vessel was on top of allowing recording of the solution weight overtime. The amount of coating on the fruit at any time was the difference between the initial weight of the solution in the glass vessel and the weight recorded at the respective draining time. After the dipping and with drawal process, the apples were allowed to drain for 2.5 min and then they were dried at 20 C° and 50% RH using a fan with air velocity of 180  m/min. measurements of relative humidity and air velocity were done with a solomat hygrometer.

Bai et al. (2003) Reported that the film thickness was measured using a caliper micrometer taking measurements at six locations on the film and averaging the result. The thickness of the films ranged from 8 to 40 mm depending on coating.

2.10.2. Percentage decay incidence of fresh vegetables and fruits during storage:
(a) Apples:
Han et al. (2004) Found that the coating significantly decreased decay incidence and moisture loss of fresh berry fruits but also to enhance the nutritional quality of products. The decay incidence of fresh fruit stored at 2 C° and 88% RH were reduced (p<0.05) compared to uncoated (control) also decay incidence of the coating samples was only 2% while that of the uncoated ones was larger than 95%.

Patricia et al. (2005) found that the gluten film (except the film wrap) seemed to be more promising for controlling decay fruit strawberry than the coatings. The films and coatings can reduce decay by delaying senescence, which makes the commodity more vulnerable to pathogenic infection as a results of loss of cellular or tissue integrity
(b) Tomatoes: 

Fallik et al. (2003) Were evaluated the effect of a short pre-storage anoxia treatment for 24h significantly reduces decay rot development in tomato fruit artificially inoculated with botrytis cinerea compared with control fruit in fruit treated for 48h anoxia significantly inhibited rot development compared with the control, during the first 4 days of experiment but the rate of rot development was accelerated from day 6 onward. After 8 days incubation at 20C°, there were no changes in fruit physical or sensory quality that could be attributed to the 24h anoxia treatment.

 El-sheikh, (1998) Found that the decay of storage tomato fruit was obsereved during the first 6 days, but it occurred 9days later in both seasons. Decay percentages started slowly and successively increased till the end of storage period, was decay 13.60% 

(c) Peppers:
Lerdthanagkul and Krochta, (1996) Found that flaccidity, shriveling, wilting and decay are major problems that reduce marketability and consumer acceptance of bell pepper fruit after harvest. Flaccidity directly correlated with loss of water during storage.

El-sheikh et al (1997) Studied the effect of storage period on the decay percentage of the various used treatments for both pepper and cucumber during, the two years consistent differences in the increment of decay among the tested treatments with prolongation of the storage period especially after 28 days in sweet pepper and 16 days in cucumber.

Saleh et al (2005) Studied the various comparisons illustrated that within each storage period, pepper fruits which packed in non-perforated polyethylene recorded the lowest percentage of weight loss-stored pepper fruit showed high incidence of decay percent during storage. The period of storage had a pronounced effect, as the decay percentage was increase as the storage period was prolonged, the incidence of decay was higher in non-perforated poly ethylene and unbagged control than of poly ethylene lining of perforated poly ethylene moreover, non-perforated poly ethylene had the highest values, while poly ethylene lining gave the lowest. 

 (d) Cucumbers.

Ezza et al. (2003) Found that the increase in decay percentage at the latter period of storage (after 9 days at 10 C°) might be attributed to tht biological activity in fruits become low and this in turn facilitates  infection of fruit by micro-organisms. Regarding decay percentage, it was show clearly a progressive and con stant increase in the percentage of decayed fruits of all studied cultivars especially those unwrapped with stretch film (control). However, wrapped fruits of all cultivars were the most effective ones in minimizing the decay percentage.
2.10.3. Weight loss in fruit and vegetable during storage:
 (a) Apple.
Gago et al. (2003) Studied eight loss of coated and uncoated apple pieces and was measured at the end of the storage periods for samples stored one day at 20C° or 7 day at 5C° samples remained either  uncovered or covered with polypropylene films as a secondary package covering the samples with polypropylene films significantly reduced weight loss of apple pieces (p≤ 0.05). However, coating application did not significantly improve moisture loss (p≥0.05). Few differences were observed between coating treatments and results based on coating composition, and solid content varied with storage conditions.
 Bai et al. (2003) Reported that retardation of water loss is a nother benefit derived from application of coatings to fruit weight loss of apple reached 4.4% at 20C° in the non-coated control shrinkage was observed and the fruit were less firm to the touch than they had been at the start of the experiment. Zein coatings kept the weight loss to less than 2.8% with the 15% zein coating resulting in fruit with weight loss less than 1.9%. No shrinkage was detected for zein-coated fruit anther even as little as 3.5%-5% weight loss can lead to shrivel in apple.

Patricia et al. (2005) Observed weight loss during storage for all treatments compared to the control fruit coated with the bilayer coating and composite coating showed significantly (p<0.05) lower weight loss. The lowest value being observed for the former. While fruit coated with the gluten coating had  almost the same weight loss than the control.

(b) Tomatoes:
Kantola and Helen (2000) Reported that the weight loss of the organic tomatoes (espero; 1) after three weeks of storage was from 1.7-2.7%, depending on the type of package used, being 1.7% for low density poly ethylene bags and over 2.5% for bags made of biodegradable materials. 
Park et al. (1994) Determined the weight losses of non coated and coated tomatoes during storage. Corn zein film coatings resulted in reduced weight loss during storage. The weight loss values within each group of samples during storage were significantly different (x=0.05) from each other-edible coatings have been applied to reduce weight loss during storage and handling of fresh produce wax coating resulted in marked reductions in weight loss of oranges during storage .
(c) Peppers: 

Lerdthanagkul and Krochta (1996) Reported that respiration as well as diffusion through the cuticle on the skin coating are both involved in fruit water loss since bell pepper is a non-climacteric, its respiration is minor in water loss also leads to shriveling and wilting if it as high as 5%. Bell peppers individually wrapped in plastic film showed marked reduction in weight loss and softening, which extended shelf-life. The application of edible coatings and films in fruits and vegetables has received attention worldwide for improvement of post harvest life, in combination with temperature and relative humidity management. Edible coatings on fruits could serve either as gas or moisture barriers. They could help lessen moisture loss and/or reduce fruit oxygen up take from the environment and thus slow respiration. The coating which provided moisture barrier characterstics was more important for bell pepper which are susceptible to moisture loss. The mineral-oil based coating was a desirable edible coating for commercial application for fresh bell pepper fruit its excellent moisture barrier property resulted in reduced moisture loss, and maintained fruit firmness and freshness.

(d) Cucumber:

Hoover and Grahan (1997) Found that the cucumbers were stored at 16/90% RH. Date treatment carnauba wax coating pored with coated was resulted weight loss deceased of coating than that of un coated this important in reducing decay due to infection at injury sites some wax, shellac, or shellac/wax oil coating improve appearance by providing to fresh fruits and vegetables and confectionery products. 

2.10.4. Firmness in fruit and vegetables during storage:
(a) apple.

Bai et al. (2003) Found that the apple coating exhibited the highest flesh firmness, most likely due to delayed ripening caused by a modification of the internal atmosphere or due to less weight (water). However there were no significant differences for firmness in the sensory test since control fruit lost more water than coated fruit, causing shrinkage.

Hertog et al. (2004) Reported that firmness is a critical quality attribute determining post harvest quality of fruits and vegetable, which is related to the cell wall structure of the tissue. The most important post harvest process responsible for degradation of this cell wall structure is fruit ripening. Besides the structural cell wall components, cell turgor also contributes to firmness under the stress of a compressive load an increased turgor makes the cell fail at a lower load. During acoustic firmness measurements fruit stored at high relative humidity (RH) showed a greater stiffness than fruit stored at low (RH).
Konopacka and Plocharski (2004) Measured firmness of horticulture products, by mechanical methods, which frequently used to determine their maturity and ripeness and important in handling procedures and is a component of texture influencing sensory perception of fruit by consumers. Texture perception and texture acceptability are very important factors in quality evaluation af fruit and vegetable products offered on the market. Although most consumers mention taste as the most important component of fruit quality, tests indicate that consumers can be/are more sensitive to differences in texture than in taste consumers regard texture as appositive quality attribute denoting freshness of produce and contributing to the enjoyment of eating. The width of the acceptable firmness ranges depended on the parabola shape and depicted changes in function around maximal values, reported the acceptable range of firmness of apples as (44.1 -68.7 N). The values are in agreement with those found in the present experiment regardless of the atmosphere used. The optimal value of apple firmness in those experiments 54N and close to the value of normal atmosphere but lower than for those stored under controlled atmosphere conditions.
(b) Tomatoes:
Ketelaere et al. (2004) Reported that the firmness change a linear mixed model for repented measurements showing a significant difference in firmness change among cultivars. Harvest had a significant effect on firmness change, with summer.
Park et al. (1994) Studied the firmness of coated and non coated tomatoes and showed that coating delayed loss of firmness. Firmness of breaker non coated and pink non coated did not change after 11 and 5 days of storage, respectively for breaker coated fruit no significant differences were found for 0 and 2 days 5,7 and 9 days, 9 and 11 and 11 and 13 days storage.

(c) Pepper:
Lerdthanagkul and Krochta (1996) Studied the changes if firmness of controls and coated bell peppers during storage and were also compared mineral oil coating significantly slowed softening of bell pepper fruits during storage all other coating a pared to have no effect on loss of firmness after 20 days storage, all except mineral oil coated fruits had overage firmness levels <24 N, which was considered the minimum for commercial acceptability.

El-sheikh et al. (1997) Reported that the decrease in pepper firmness may be due to the gradual breakdown of proto pectin to lower molecular weight fractions which are more soluble in water and this was directly correlated with the rate of softening of the pepper the interaction between all used treatments and storage period was significant for pepper and cucumber in both seasons. Generally, there was a gradual reduction in fruit firmness with the prolongation of storage period for all treatments.

(d) Cucumber:
Naffa and Rabie (2006) Studied that the polypropylene and polystyrene foam trays with over wrap of firmness cucumber, they found that firmness increased in the two packaging from (78.45 to 73.53 N) after cold storage period respectively, as observed decreased gradually with prolongation of storage period and added that storing under cold temperature resulted in more firmness fruits.

2-10-5- Changes in pH number and titratable a cidity of vegetable and fruit:
(a) Apple:

Patricia et al. (2005) Reported that the titratable acidity strawberry significantly (p<0.05) decreased as a function of storage time for all treatments studied with the exception of the fruit covered with the bilayer coating and packed which showed no significant change with time. The decrease in acidity demonstrates maturity development and also occurred in strawberries coated with a chitoan-based. The bilayer coating and packaged were found to be effective in the retention of titratable acidity compared to the control fruit during the storage time, titratable acidity retention was reported in apple also 
Han et al. (2004) Reported that the pH increased and the titratable acidity decreased in strawberry significantly (p<0.05) along with increased storage time in both uncoated and coated with chitosan based edible coating  fruit that the decreased of acidity during storage demonstrated fruit senescence in both fresh strawberries and red raspberries coatings slowed the changes on pH and titratable acidity effectively delaying fruit senescence, coating did not show a significant (p<0.05) effect on the control of titratable acidity, but showed the increase in pH value during storage.

Boi et al. (2003) Found that the titratable acidity apple it was 2.5-2.9 g kg¯¹ while pH was 4.1 (fresh weight basis ) no difference was apparent in pH or total acidity of coated than non-coated controls but the differences in acidity ratings by the sensory panel were significant, with coated fruit being rated higher in acid flavor than controls.

(b) Tomatoes.

Toor et al. (2006) Determined the titr at able acidity of the three cultivars and found that they varied from 0.47% to 0.57% (excel, 0.45% to 0.55%) (tradiro and 0.60% to 0.71% citric acid ) (flavourine). The flavorine had a significantly (p<0.05) higher mean titratable acidity during the study period than excel and tradiro citric and malic acid are the major organic acids in tomatoes and the malic to citric acid ratio is a varietal attribute and is known to be responsible for variations in the acidity of the different cultivars.

( c ) Pepper.

Artes et al. (2000) Studied the pH and titratable acidity of packaged pepper using un-perforated modified atmosphere packaging and perforated. He found that pH value increased after 12 week at or 5C°. The titratable acidity tend to decrease in all films except the un-perforated films.

(d) Cucumber
Nilsson (2005) Reported that the decrease pH from 5.2 to 3.3 in the endocarp tissue due to accumulation of citric acid as the declining pH was concomitant with loss of chlorophyll, they assumed it was a ripening-related process although decreasing acidity is a common feature of fruit ripening, fruit of several botanical varieties of cucumus melo are more sour, than sweet when ripe.

Naffa and Ratie (2006) Studied the titratable acidity values, were higher for cucumbers packed in polypropylene pouches than those packed in foam trays there was no particular trend for changes in titrable acidity during storage. This my reflect continuous replenish of soluble organic acids in the cell sap by the enzyme system of cucumber fruits.
2-10-6- Changes in ascorbic acid content:
(a) apple:
Holland et al. (1992) Found that the vitamin c of apple raw, peeled 14; apple skin 15, apple flesh only 13 and apple skin 16 mg/100g.

Figueiredo et al. (2002) Studied the changes in vitamin c content, found that the highest value is reached at the end of ripening; the rise in ascorbic acid level during the last phase of cashew apple development may be attributed to a fall in activity of ascorbic acid oxides, the enzyme involved in its degradation.

(b) Tomatoes:
El-sheikh (1998) Found that the total soluble solids and ascorbic acid in tomato fruit at room increased till 6 days from storage and then decreased till the end of storage period. The reduction in total soluble solids and ascorbic acid during the lost period of storage might owe much to the higher rate of sugar and vitamin c loss through respiration than the water loss through transpiration.

Chang et al. (2006) Proposed that the loss of ascorbic acid was primarily due to chemical degradation in olivine oxidation of ascorbic acid to dehydro ascorbic acid followed by hydrolysis to 2.3- dike togulonic acid and further polymerization to from other nutritionally inactive products heating process is supposed to speed up ascorbic acid oxidation- accordingly –hot –air- dried process resulted in high loss of ascorbic acid in fruit and vegetables.
(c)  Pepper:
Koide and Shi (2006) Reported that the ascorbic acid concentration of green peppers showed no remarkable charges during the 7 days of storage treatment in all the different packages it is reported that in storage atmosphere with low levels of 02 preserves the vitamin c level. In this experiment, oxygen concentration in the poly lactic acid film packaging was observed to drop to 11.6 ± 4% and the low- density polyethylene film package to 14.8% after 7 days of storage it appears that the 02 concentration in the package is not detrimental to the green pepper during the storage period at 10C°.

Hussein et al. (2000) Studied the effects of vitamin c in broccoli and green pepper of processing; packaging and storage on the levels of these nutrients in both unprocessed and processed ready to use vegetable were determined. There was a statistically significant decrease in vitamin c over a 10 day storage period of unpacked and packaged vegetables including all four packaging systems pillow packaging (involved sealing the vegetables in a poly ethylene bags) and vacuum packaging. (p<0.001, overall average decrease of 11%). The difference in loss of vitamin c from the processed and unprocessed vegetable also, the difference appeared to be more pronounced in the sliced green pepper probably due to accelerated enzymatic activity as a result of cellular disruption which allowed substrate and enzyme to come in contact in fact, depending up on the product quality, a substantial number of processed and packaged green pepper.

El-sheikh et al. (1997) Found that the of sweet pepper T.S.S and ascorbic acid contents increased till a peak was attained then it decreased till end of storage period.

(d) Cucumber:
Ezzat et al. (2003) Showed that the decline in vitamin c might be due to
the higher rate of the oxidation of ascorbic acid and other organic acids in respiration process with prolongation of storage period.

Shi et al. (2006) Showed that the contents of reduced ascorbate and dehydro ascorbate and total ascorbate in the cucumber were decreased under low light intensity from 13.2 mg/100g to 11.2 mg/100g.

2-10-7- Total soluble solids in fruit and vegetable during storage:
(a) Apples:
Wand et al. (2006) Found that fruit firmness and total soluble solide were reduced or increased respectively, at similar rates in apple fruit during storage (1-4 months) in regular atmosphere cold at -0.5C°, but total soluble solids levels were lower out n treated fruit. However, after one or more months of cold storage this condition decreased rapidly and finally disappeard. However they, found evidence of delayed ripening in grann smith (fuji and honeycricp apples) during tow seasons as shown by lower percentage starch conversion at harvest and lower total soluble solids and starch conversion. Reduced total soluble solids was probably also, related to the larger fruit size.

Patricia et al, (2005) Found that total solids significantly (p<0.05) increased in strawberry with storage time in all treatments with the exception of fruit covered with the bilayer film, which had no significant change with time. The trays wrapped with pvc film showed a small increase in total soluble solids on day 6 and no significant (p<0.05) change with time after that. On each day of analysis, there were significant differences between the treatments, on day one, the gluten-coated fruit had significantly (p<0.05) the lowest total soluble solids and on the other dayes of analysis, the bilayer-coated fruit had the lowest value.

(b) Tomatoes:
Toor et al. (2006) Mentioned that soluble solids tomatoes grown in green house varied from 4.0 to 5.5 (excel) 3.9 to 6.3 (tradiro) and 5.2 to 5.9 (flavourine). The mean soluble solids of flavourine during the study period were significantly (p<0.05) high tan excel and tradiro. The mean soluble solids of the three cultivars were significantly (p<0.05) higher in the samples collected during summer (December-February) compared with spring (September-November).

Djedidi et al. (2003) Reported that tomatoes were harvested at the orange stage, the best level of total soluble solid content presented a good matter range, 4.76 and relatives high pH.
(c) Pepper:
Saleh et al. (2005) Cleared that the total soluble solids of pepper fruit was significantly affected by the period of storage. He demonstrated that there was a gradual and continuous decrease in total soluble solids till the end of storage period.

(d) Cucumber.

El-sheikh et al. (1997) Found that total soluble solids of cucumber and sweet pepper fruit were significantly increased at the beginning of storage and then decreased with the prolongation of the storage period. The increase in total soluble solid in the first period might due to the higher rate of moisture loss through transpiration than the rate of dry matter loss through respiration.

Ezzat et al. (2003) Reported that cucumber fruits had treated with calcium lactate as antitranspirant caused slight differences in all chemical composition under study against the control (untreated), i.e total soluble solid was 3.79 in treated fruits against 3.72 controls under two seasons.
2-10-8- The moisture and sugar content fruit and vegetable:

 (a) Apple:
Beirut (1963) studied the chemical composition of apple and found that, water and sugars were 84% and 6.3% respectively while. Holland et al. (1992) reported that the chemical composition of apple skin and core for moisture and total sugar were 87.7% and 6.4% respectively.

Figueierdo et al. (2002) Reported that total sugars present in apple during maturation mostly comprise reducing sugars, glucose and fructose with sucrose occurring only in traces. The results reported here similar, as can be deduced from the fact that reducing sugars are the main constituents of soluble solids.

Patricia et al. (2005) Determined the reducing sugar content of all coated, packed and control apple fruit which significantly (p<0.05) increased with storage time and was resulted as 3.75, 4.17, 5.20 and 6.0 (after, 1,6,12 and 16 days) respectively.
(b) Tomatoes:
Beirut (1963) Studied of chemical composition of tomatoes for water and sugar it were 93.8% and 2.3% respectively while, Grierson and Kader (1986) studied the composition of fresh tomatoes for moisture 93.5% and total sugar from 2.19% to 3.55%. 

Holland et al. (1991A) Reported that the composition of raw tomatoes water and total sugar was 93.1% and 3.1% respectively while Stanley (1991) found that the total sugar of tomatoes was 2.8%.
(c) Peppers:
Beirut (1963) and Holland et al. (1991B) studied the chemical composition of pepper for water and sugar and they found thatpapper contained 92.6 – 93.3% and 2.4 – 2.9% water and sugar respectively.

(d) Cucumber:
Beirut (1963) Studied the chemical composition of cucumber for; water 95.4% and sugar 1.7% while, Ezzat et al. (2003) found that the total sugar of cucumber 2.97%.

2.10.9. Ethanol and acetaldehyde content of coated fruit and vegetables:

Krochta (1994) Studied the effect of coating treatments storage temperature, thickness and type of coating, maturity at harvest, variety and condition of fruit on its characterizations coated immature apples were more inclined to develop anaerobic respiration, resulting in increased ethanol, acetaldehyde and general off flavor some coatings promoted an internal disorder called "brown heart" due to excess build up of c02. Fruit is sensitive to anaerobic conditions for as the fruit matures aerobic respiration with a shellac wax to citrus. This treatment resulted in fruit with higher turgidity, less decay, and good flavor, although ethanol levels were increased where as was coatings have been reported to adversely affect flavor in citrus after long-term storage, fruit coated with simper fresh exhibited enhanced flavor.

Park et al. (1994) Found that ethanol production is an indicator of degree of anaerobic fermentation taking place. No ethanol production was observed in any coated pink or breaker tomatoes accumulation of ethanol and alcoholic aff-flavors, have been reported when internal atmosphere was affected by restricting gas exchange. Extremely low 02 contents for broccoli and cauliflower resulted in aff-flavor as soon as the product changed from aerobic to an aerobic metabolism tomatoes coated with corn-zein film produced ethanol during storage. The internal 02 concentration of green pink and red stage tomatoes coated with corn-zein was 4.2, 5.9 and 7.8% respectively. The lock of observable ethanol production in our study suggested that the thickness of edible coating applied was with beneficial limits that did not cause deleterious modification in internal atmospheres.
 Petracek et al. (1998) Found that application of shellac-based waxes significantly reduced (x=0.01) internal 02 levels and increased internal C02 ethanol, and acetaldehyde levels of grapefruit with in one day after application near steady state 02, co ethanol, and acetaldehyde levels were attained within 3 days after wax application-pitting was observed 3 days after wax application and increased through 21 days of storage. Pitting was not seen on non-waxed fruit.
D'aquina et al. (1998) Studied the levels of acetaldehyde in some fruit, they found that the declined during storage for all treatments after the first 10 day of storage, with exception of fruits wrapped with micro per cryovac film; after 20 days, acetaldehyde in the juice of non-wrapped and wrapped fruit was significantly higher than in the juice of micro perforated and pvc film-wrapped fruit "Minneola" tangelos and at 30 days for all the treatments it dropped to the some values as at harvest-an increase in ethanol content was detected only after the two second week of storage, and the only factor which contributed to ethanol changes was the storage period.

Gogo et al. (2002) Reported that coating induce an increase ethanol in the amount of some internal volatiles associated with anaerobic conditions, and a build up can develop into off-flavor and poor quality ethanol has been found to be the volatile component undergoing the greates change occurring in citrus during storage. Generally, coated fruit had higher internal co2 lower internal 02 and higher ethanol content than uncoated fruit, which indicated the creation of an internal modified atmosphere.

Bai et al. (2003) Studied ethanol content of apple stored 14 days at 20 C° after application of different coatings. The apples were coated when freshly harvested (upper) or after 5 months storage (bottom) for zein coating treatment, non-coated; poly ethylene; this was high risk of excessive ethanol accumulation in granny smith apples with any of the coatings containing shellac and candelilla wax. 

Polenta et al. (2005) Studied the storage of fruit under a low-oxygen environment for a period longer than to lerable provokes detrimental effects such as abnormal ripening, flesh brownin and alarge increase in ethanol and acetaldehyde tow arguments are generally given to explain the correlation found between increased fermentation and tissue disorders.

2.10.10. Factors affecting of pigments contents of total chlorophyll,  caroteniodes, lycopene and anthocyanine contents in fruit and vegetables:
El-sheikh et al. (1997) Reported that the total chlorophyll concentration of pepper and cucumber fruits during storage diminished gradually with the elapase of the storage period. This gradual decrement in chlorophyll contents significantly occurred in these fruits with prolongation storage period.The decrease in chlorophyll concentration with storage may be due to the destruction of chlorophyll and the trans formation of chloroplasts to chromoplasts. This might be attributed to the activity of enzymes and harmony.

Hussein et al. (2000) Determined the overall loss of B-carotene during the 10 days storage period was not statistically significant (p=0.14), or B- carotene between the processed and unprocessed vegetables, and the packaging systems. The change in concentration during storage was not significantly different between packaging methods or vegetables except for unprocessed broccoli, where the concentration of B-carotene decreased an average of 92 ug/ 100g during storage (p=0.02).

Figueiredo et al. (2002) Reported that the loss of chlorophyll (from 53.3 to 6.82 mg/100g) was paralleled by gradual increase in carotenoid pigments (from 1.25 to 32 mg/100g) and anthocyanins (from 4.49 to 21.5 mg/100g) during maturation of apples. The changes in color of apple during maturation are caused by chlorophyll loss as well as synthesis of other pigments.

Chang et al. (2003) Cleared that the chlorophyll concentrations, in contrast to anthocyanin decreased during the period storage of apple fruits.

Rababah et al. (2005) Found that the anthocyanins content was, 11mg/kg of fresh apple while apple pure 35mg/kg.

Chang et al. (2006) Determined the amounts of lycopene in various processed tomatoes. The lycopene contents of fresh were 3 and 2.3 mg per 100g of tomatoes and lycopene contents were reduced to 33% and 48% of the fresh ones. 
Saleh et al. (2005) Studied the total chlorophyll content of pepper was significantly affected by the period of storage in both seasons. Holding pepper at 8 C° for 28 days resulted in significant loss in chlorophyll content (94.3 mg/100g).The reduction in chlorophyll content with the elapse of the storage period may be due to the destruction of chlorophyll and transformation of chloroplasts to chromoplasts. This might be attributed to the activity of enzymes. 
Naffa and Rabie (2006) Found that the amount of total chlorophyll (A+B) in cucumber fruits treated with salts solutions was in higher magnitudes increased more than the untreated ones, also, packaging polypropylene pouches increased chlorophyll content compared with the polystyrene foam trays after 4 weeks of storage at the aforementioned conditions.

2.11. Microbiological evaluation of coated fruit and vegetable:

(a) apple:

Sapers et al. (2000) Studied effective treatments to decontaminate fresh apples that might contain this or other human pathogens. Recent studies have demonstrated the inability of washes containing chlorine or commercial sanitizing agents for fruits and vegetables to reduce populations of generic E-coli on inoculated apple surfaces by more than 1 to 2 log CFU/g when apples were immersed in the wash solution for 1 min with agitation. In contrast, washing with solutions containing hydrogen peroxide (H2O2), alone or with commercial sanitizing agents, achieved population reductions as great as 3 to 4 to g10 CFU/g. however, the 5 log reduction proposed by the u.s. Food and drug administration for fruit and vegetable juices and juice products (FDA 1998) could not be attained by washing also, under some laboratory and field conditions, even the most promising experimental washes were only marginally effective. These shortcomings indicate the need for further research to elucidate factors limiting the efficacy of washing treatments. There fore, studies were carried out to investigate constraints on decontaminating apples by washing and to suggest alternative strategies when required.
 Chen et al. (1999) Reported that the spoilage fruits is mainly due to the surface contamination during storage and the manufacture process in addition, fruit preserves are inter mediate moisture food with a relatively high content of sugar. The major spoilage microorganisms are osmophilic molds and yeasts that are usually aerobic and grow on the food surfaces. Thus, techniques to concentrate the preservative on the surface would reduce the preservative dosage currently applied to fruit preserves although the edible coating containing preservative could inhibit yeast growth with much less preservative, it might influence the consumer acceptability of the fruit preserves.

Bustillos et al. (1997) Found that the spoilage could be rapid for such coatings in moist environments because of their high nutrient value for microbial growth. Penicillum Species were a major source of microbial contamination on uncoated apples but was not found where formulations included potassium sorbate in contrast; growth of monascus purpurea also grows in high CO2 environments and produces red colonies after several weeks. This mold was found in blossom end sections using ymagar plates under aerobic conditions, A potentially negative factor for use potassium sorbate on apples under atmosphere packaging conditions could be that it inhibits competitive flora which could promote the growth of monascus purpurea, other microorganisms growing on apples coated with edible films formulated with potassium sorbate were identified as Bacillus Megaterium (found normally in soil) and Aspergillus Niger and alternaria species; pathogens that are common in fruits and vegetables.

(b) Tomatoes:
Mohamed (2005) Studied the effect of grown in tomatoes under green house conditions on the microbial load status (CFUX 10³/g). He found that the total colony count, psychrophilic and molds and yeasts count, 38.33, 19.33 and 3.33 respectively of raw tomatoes while washing was, 11.65, 2.33 and 0.33 respectively. 

 Gil et al. (2002) Found that the fungal development on tomato was not detected at any time probably due to initial sample selection, chlorine treatment, short storage time and low temperature. The total microbial count slightly increased throughout storage although an acceptable level at the end of the storage period for all conditions was found. The maximum values for safe consumption is suggested by French legislation to be 5×107 CFU/g (log CFU/g = 7.7) microbial count was particularly low for samples kept at 0 C° and at this temperature no differences among different films was observed in contrast, at 5 C° moderate or high increases in CFU counts were found depending on the film and gas composition Compared with those at 0 C° in air, in samples at 5 yeasts and moulds counts increased more than 3 log units. However, compared with air, under poly propylene film with 6 kpa CO2 a reduction in vitro microbial growth was found. In slices under 20kpa CO2 at 5C°, only slight microbial development occurred.

Albrecht et al. (1995) were analyzed for total plate count, coliforms, yeasts and molds some vegetable salad ingredients lettuce, tomatoes, broccoli and cauliflower purchased from three grocery-store deli operations. The temperature of the vegetable ingredients was measured at the time of purchase and the pH was measured on all samples within one-half hour after purchase-in the second phase, fresh broccoli was processed into florets, inoculated with E.coli and subjected to three washing treatments. The pH ranges for the vegetables were broccoli, 5.46 to 6.39; cauliflower, 5.82 to 6.65; lettuce, 4.92 to 6.38; and tomatoes 3.30 to 4.47. The total aerobic count for the vegetables ranged from 5.51 to 6.63 log CFU/g coli forms on the vegetables ranged from 4.89 to 6.30 log CFU/g yeasts and molds were found on all vegetables. The results of the study indicate that the temperature conditions and pH ranges for the broccoli, cauliflower, and lettuce could support microbial growth. The pH range of the tomatoes was below 4.6 but if contaminated and added to low acid foods, the tomatoes may also act as a vehicle for microbial contamination.

 (c) Pepper:
Koide and Shi (2006) Found that the microbial levels of aerobic bacteria, coli form bacteria and yeast and moulds did not show remarkable changes during storage period. The microbial levels in coli form bacteria was increased by less than 1 log CFU/g (0.21 log CFU/g) in the biodegradable film packaging, 2.3 log CFU/g in low density polyethylene film (LDPE) package, and less than 1 log CFU/g (0.9 log CFU/g) in the perforated (LDPE) film package, after 7 days storage period.

Mohamed (2005) Studied the effect of growing of pepper under green house conditions on the microbial load status (CFU 10³/g) he found that the total colony count, psychrophilic and molds and yeasts count, 79.27 and 2.66 respectively of raw pepper while washing was, 13.33, 3.33 and 0.33 respectively. 

Lerdthanagkul and Krochta (1996) Found that the modified atmosphere packaging (MAP) appeared to reduce bell pepper fruit moisture loss; some limitations have inhibited commercial use. One problem is development of aerobic microorganisms due to water condensation caused by temperature fluctuations during storage or transportation noted that film wrapping increased the incidence of bacterial soft rot in bell pepper compared to non wrapping also showed that shrink-wrapped pepper developed higher populations of total aerobic microorganisms yeasts and molds than did unpackaged pepper.
Howard and Dewi (1995) Found that edible coating treatment did not affect microbial quality of the product. No significant differences in aerobic plate count (APC), yeast, mold or lacto bacilli were observed between coated with an edible cellulose based polymer and non coated samples. Lactic acid bacteria have typically proliferated on vegetables stored in modified atmospheres. Lactics increased readily during storage, but were not affected by coating treatment. Lactobacilli increased two log cycles during 3 week storage (3.6-5.7 log/CFU), while total aerobic counts increased almost three log cycles (3.9-6.6 log /CFU). Microbiological analysis was discontinued after 3 week due to excessive microbial growth. These results indicated that the product shelf life was 3 week. Toxic substances may be produced when microbiological counts exceed 106 CFU/g. the high relative humidity imparted by the coating apparently did not promote microbial growth. This was unexpected, since high relative humidity in packages typically favors the growth. The aseptic condition of the product and an acidulant in the formulation may have suppressed microbial growth.

(d) Cucumber:
Mohamed (2005) Studied the effect of growning cucumber under green house conditions on the microbial load status (CFU 10³/g) he found that the total colony count, psychrophilic and molds and yeast count, 73.33, 21.33 and 3.66 respectively of raw cucumber while washed was, 12.33, 3.66 and 0.66 respectively.

Jacxsene et al. (2002) Studied the changes in sensory quality and proliferation of human pathogenic and spoilage micro-organisms on three lightly processed and packaged products as a function of storage temperature were measured sensory quality limited the shelf-life of mixed lettuce and cucumber slices before the limiting effects of microbial proliferation. Shelf life periods were: for equilibrium modified atmosphere EMA packaged cucumber slices, stored at 2,4,7 and 10 C°, 4,7,5, and 4 days, respectively; for EMA-packaged mixed lettuce 9,7,5 and 3 days, respectively. For bell peppers, on the other hand, the shelf-life was limited by microbial proliferation due to a lower initial microbial quality of the product and extensive availability of water and nutrients. 
Koseki et al. (2004) Reported that the sanitization of produce play an important role in the preservation of food quality and safety of consumption. The control of spoilage and pathogenic bacteria is a requirement for both distributors and consumers. Numerous sanitizers have been examined for their effectiveness in killing or removing pathogenic bacteria on fresh product, such as E coli-washing produce with tap water cannot be relied on to completely remove pathogenic and naturally occurring bacteria.

2.12. Sensory evaluation of coated fruit and vegetables:

(a) Apple: 

Patricia et al. (2005) Studied the sensory evolution and the shelf life of the strawberries. The study showed that the consumers approved the global appearance, color and brightness of control, gluten and composite-coated fruit. Link an over-ripe fruit. Bilayer-coated fruit was rejected the consumers on all days tested because they thought. This sample was artificial with no characteristic color, an opaque, waxy appearance and, especially because with this coating, it was difficult to see the natural color of the fruit from the results of the sensory evolution of the shelf-life of the strawberries, it can be seen that the gluten and the composite coating significantly (p<0.05) improved the shelf-life of the strawberries maintaining the visual quality during the storage time as compared to control fruit moreover, consumers would only buy composite coated fruit, which received scores 7,4 on day 16.

Perez-Gago et al. (2005) Found that the whey protein-based treatments resulted in higher sensory scores than uncoated apples. Even though HPMC-coated samples scored slightly higher than the control, no significant differences were found for apples slices coated with whey protein-based coatings covered with poly propylene films were evaluated as being with in the limits of commercialization after 7 days of storage at 5 C°, even though the formulations did not carry any antioxidant, whereas, the control was considered inedible. 

(b) Tomatoes:
Kantol and Helen (2000) Reported that nine trained panelists
evaluated the sensory attributes of orangic tomatoes, color intensity, smoothness of the surface, firmness; tomatoes flavor intensity, sweetness and sharpness of taste. 

Park et al. (1994) Determined the sensory attributes of tomato during storage at 21 C°. Acidity, overall flavor and off-flavor attributes were not affected by coating by corn zein film. Increased perception of sweetness was observed later in the coated tomatoes than those not coated. Firmness and color are magor factors in price and market value of tomatoes softening (loss of firmness) and color development were noticeably delayed in the coated tomatoes color change, firmness loss and weight loss during storage sensory studies indicated an increase in sweetness and reduction in firmness in both coated and non coated fruit. However, loss of firmness was slowed in coated tomatoes as was color development shelf-life was extend by 6 days with film coating as determined by sensory evaluation.

(c) Pepper:
Lerdthanagkul and Krochta (1996) Carried out sensory evaluation of control and coated with a mineral-oil based or cellulose-based coating bell peppers during storage coating significantly slowed softening of bell pepper fruit during storage all other coating appeared to have no effect on loss of firmness after 20 days all except coated fruit had average firmness levels <24N showed the some trends. The coated fruit always had the highest sensory scores throughout storage, except on day 2 when there were no significant differences in texture among treatment at the end of storage, only uncoated control fruits.
(d) Cucumber:
Howard and Dewi (1995) Studied the edible coating treatment had a beneficial effect on sensory properties. In addition to retarding white discoloration, coating treatments resulted in higher sensory scores for orange intensity, fresh carrot aroma, fresh carrot flavor, and overall acceptability than non-coated carrots. As expected, orange color intensity scores were inversely related to white discoloration scores. Higher fresh carrot aroma and flavor scores higher fresh carrot aroma and flavor scores may indicate the coating retarded losses of flavor volatiles from abraded carrot surfaces. We observed a large loss of volatile terpenoids from mini-peeled carrot during storage at 2 C°.
Flow sheet of preparing edible films and coating emulsions and application   study on some fruit and vegetables
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3- MATERIAL AND METHODS              

3.1. Materials:
1- Soy protein concentrate was obtained from food technology research institute, agriculture research center.
2- Corn zein protein prepared from maize meal products obtained from national company in 10th of Ramadan city.
3- Wheat gluten was obtained from dough and bread research department, food technology research institute, Agriculture research center. 
4- Gelatin was obtained from El-gamhoria chemical company.
5- Whey protein concentrate was prepared from sweet whey obtained from Domty Company in 6 October.

6- Methyl cellulose was obtained from acros-organics company New jersey U.S.A.
7- Ethyl cellulose was obtained from win lab company, (U.K).
8- Glycerol produced by El-gamhoria Company.
9- Poly ethylene glycol produced by El- gamhoria Company.
10- Stearic and palmitic acids produced by gamhoria company.
11- Oxidized starch and citric acid produced by El- gamhoria Company.
12- Nisin exparted by technogeen company, Egypt.
13- Ethyl alcohol 95% produced by El- gamhoria Company.
14- Bees wax produced by El-gamhoria Company.
15- Calcium hypochloride was obtained from local market.
16- Ag-zeolite cryctals was obtained from across-organies company Newgersey U.S.A.
17- Butyl hydroxy toloune (B.H.T) was obtained from across-organies company Newgersey U.S.A.
18- Parafin oil was obtained from El-gamhoria chemical company.
19- Foom trats, karton boxs (paper board), wrapped stretch sylofan, wrapped paper were obtained from local market.
20- Apples fruit "anna", tomatoes "lamus", pepper "khyrat" and cucumber "seana, 1" fresh fruit and vegetables were obtained from kaha experimental station for harticlture research.

3.2. Methods:

3.2.1. Preparation of edible coating and films:
3.2.1.1. Soy protein film formation:
Film-formation solutions was prepared by stirring commercial soy protein concentrate (9 gm) in 100 ml distilled water, then 5 gm glycrene was added. The pH of the solution was adjusted to pH 11.25 with 2N sodium hydroxide, subsequently; the solution was heated on magnetic heater at 85 C° for 15 min, heating the solution cause protein denaturation which can affect protein. Protein interachans physical properties and polymer morphology. Edible film praduced from denaturated protein have the potential for decreased moisture and gas permeability, and improved mechanieal properties for the use of packaging material and improved physical properties, (CHOi) and (Han), (2002). Filtered through cheese cloth to remove foam and undissolved impurities. Aliquats of solution was poured (about 25 ml) onto glass plates cast solutions were allowed to dry at room temperature (25 C°) for 15 hr and were then peeled off the plates (According to, Kunte, et al. 1997).
3.2.1.2. zein protein film formation:
Preparation of solution of zein protein was carred out as follow; (12.5g) zein protein were added to 105 ml ethanol and stirred 2 gm of stearic and palmitic acids blends at ratio (1+1) were added to the solution in the presence of 15.8 gm glycerin. The solution pH was adjusted for 10 and heated until the solution temperature reached 85 C° then cooled to (40-50C°)and (25-30 ml) of solution was poured on glass plates and dried at room temperature (Park, et al. 1996).
3.2.1.3. Gluten protein film formation:
A mixture made of 15 g wheat gluten, 72 ml 95% ethanol and (6g) glycerol was prepared. Dispersion of gluten in the solution was achieved by adding 12 ml 6 N ammonium hydroxide and 48 ml distilled water, the pH was adjusted at 11 and the solution was heated at 25-77C° and stirred on a magnetic stirrer then solution at the end of preparation was coaled and poured on glass plates at room temperature (Gennadios, et al, 1993).

3.2.1.4. Gelatin protein film formation:
The films were prepared from gelatin and glycerol. The solution contained (8.75g) gelatin in 100ml water and 3.35 gm glycerol when adgusted pH for 7 and heating solution on at 85C° for 15 min, then cooling to (40-50C°). The film forming solution was poured onto glass plate at room temperature (Lim et al, 1990).

3.2.1.5. Whey protein film formation.

Preparation of film-forming solution was carred out by heating solutions containing, 5% whey protein and 2.5% glycerol in distilled water, then adgusted pH for 7 and heated at 80C° for 30 min. the solution was cooled at room temperature at 20C° for (1-2h). The solution was poured onto glass plate at room temperature (Tien et al, 2000).

3.2.1.6. Methyl cellulose film formation:
The film formation solution consisting of (4.5) methyl cellulose and 1 gm glycerol in (100 ml) ethanol and (50 ml) distilled water. The solution was homogenized for 5 min and then heated at 80 C° for 10 min then cooled and poured on glass plates at room temperature (Park et al. 1993).

3.2.1.7. Ethyl cellulose film formation:
The film formation solution consisting of 4.5. Ethanol cellulose + gm glycerol and (2g) stearic/ palmitic acid (1:1), and 100 ml ethanol. The solution was homogenized for 5 min and then heated to 60C° and cooled to room temperature poured on glass plates (Greener and Fennema, 1980).
3.3. Modification of matrix composition of studied natural film and coating solutions:
A. In this part of investigation, we used polyethylene glycol instead of glycerol in preparing film formulas as plasticizer at the same level of glycerol addition.
B. Citric acid and corn starch were added to the studied basic film emulsion at level of 1.5%.
C. Wax-polyethylene glycol-glycerin emulsion (1:1: 3 by weight) was used for coating  apples, tomatoes, peppers and cucumbers besides the other preposed  formulas.

3.4. Coating of  Fresh fruit and vegetables with film solutions:
3.4.1. Pretreatment of tested fruits and vegetables before coating.

Four selected best coating solutions were prepared to the application study these four coating solution were prepared as follow:

1. Tomatoes: (9g) soy protein concentrate were added to 100 ml distilled water and (5g) glycerol with added (1g) Nisin, 1ml citric acid (1.5%) and (1g) B.H.T. The pH values of the solutions were adjusted to 11.25 with stirring and heating solution on water both (100C°) for 15 min.
2. Peppers: (12.5g) zein protein were added to 105.5 ml ethanol and stirred stearic and palmitic acids blends at ratio (1+1) with added (6.08 ml) glycerol and (1g) Nisin, (1ml) citric acid, (1g)B.H.T. solution pH was adjusted for 10 and heating solution on water both (100C°)for 15 min.

3. Apples: (8.75g) gelatin/85ml distilled water and 3.35ml glycerol and (0.005%w/w) sodium azid with added (1gram) Nisin, 1ml citric acid and 1gram B.H.T, in buffer solution (pH7) heating solution on water both for 15 min.

4. Cucumbe: 15gram wheat gluten, 72ml 95% ethanol and (6gram) glycerol was prepared dispersion of gluten in the solution was achieved by added 12ml 6N ammonium hydroxide and 48ml distilled water with added 1ml citric acid, 1gram Nisin and (1g) B.H.T, heating solution on water both for 15min.

5. While selected best pretreated from bees wax coating solution were prepared as follow: (3ml) glycerol: (1g) bees wax:( 1g) poly ethylene glycol. Transparency, durable, distribution thickness coating on surface fruits

3.4.2. Storage treatments  of studied fruit and vegetables:
  Fresh Fruit and vegetables were washed with tap water then rinsed   with disinfectant solution (calcium hypo chlorides 2%) and air dried.the cleaned fruit and vegetable were divided into groups.
The first:  group of cleaned fruit and vegetable was dipped in coating emulsion containing waxe for 10 sec (the solution was kept constant in the beaker) and sample were subsequently air  dried.

The second: group was stoaed with the other chosen coating emulsions then the coated and uncoated samples (control) were divided into two groups.one group was packaged in foam trays capacity of each 5-6 fruits and stretshed with selofan thickness (0.02mm),the other group was rapped in butter paper and kept in carton boxes.the packaged in foam trays and carton box samples were divided into two groups; one kept at room temperature  and the other kept at referagrator(4 C°)  temperature and relative humidity (85-95%).The cooled storage was carried out in the post harvest research department ,Horticulture research institute ,Agriculture research center- Giza.

During storage period samples of investigated fruit and vegetables were periodically withdrown for analysis.
3.5. Rheological measurements:
Rheological characteristics (shear rate, shear stress, and viscosity) of seven basic film and coating emulsions studied were determined using a brook field rheometer DV III at 30C°, (According to Barreto et al. (2003). The samples were placed in a small sample adapter and a constant temperature water bath was used to maintair the desired temperature. The viscometer was operated between 10 and 60 r.p.m and shear rate, shear stress and viscosity data were obtained directly from the instrument, the sc4-25 spindle was selected for the measurement. The rheological measurements were also, made at different pH values of the samples, (4, 6, 8, 12) at 30C° using spindle sc4-25 rotating at different r.p.m (According to Perez-Gago and Krochta, 1999).
3.6. Glass transition temperature measurement:
The glass transition is a property of the polymer, and whether the polymer is glass or rubbery properties depends on whether its application temperature is above or below its glass trans temperature. Glass transition was determined according to the method of (Hsu, et al. 2003). The glass transition temperature of seven basic films and raw materials were measured using differential scanning calorimetry apparutus modal (DSC 50) Japan.
Thermal analysis system equipped with a liquid nitrogen cooling accessory during the measurement, dry helium gas was purged into the sample holder at a flow rate of 20 ml/min to obtain uniform heat-transfer characteristics. Desiccant was placed in the dry box and the the dry box was flushed with dry nitrogen at a flow rate of 2000 ml/min to reduce. The amount of ice accumulation on the differential scanning calorimetry heat. A sealed 20ml volatile sample pan and lid were used as the reference sample callbration was performed using n-Decane (mp=29C°) and indium (mp=156C°, DHF=28.45j/g). The differential scanning calorimetry sensitivity was 0.02 C° and 0.01 mw.

3.7. Thermo graphomateric analyzis of prepared film:
The effect of range of temperature (0C°-200C°) on the weight loss of prepared films and the weight loss of raw materials and natural films used in preparing such films was studied using thermo graphomateric analyzer(TGA) (shimadzu, 50) Japan. According to the method reported by (Ogale et al, 2000). The estimation was carried out in the microanalytical center, faculty of science, Cairo University.
3.8. Loss of film weight in water:
The films specimens were first dried in a desicator containing dry calcium sulfate. Dry film sample of 500mg were immersed in beakers containing 50ml of distilled water at room temperature during 24h with periodical gentle manual agitation. Films were removed from the water and placed back in the desicator until constant weight. Loss weight in water was reported as a percentage of weight loss in water on dry film basis as follow: % weight loss= initial dry weight -final dry weight ×100/ initial dry weight . according to (Munoz et al. (2004)
3.9. Determination of Physical and mechanical properties of  prepared       
natural films:
3.9.1. Film thickness measurement:

Film thickness was measured using a digital micrometer (mitutoyo digimatic indicator corporation, model: pk-1012 E, Japan). Film strips were placed between the micrometer jaws and gap and was slowly reduced until the first contact was noted. The measurements were taken at average 4 different locations on each natural film as reported by (Tien et al, 2000).

3.9.2. Measurement of mechanical properties(tensile strength, elongation and young's modulus):
These three properties were measured by machine mode (zwick 4201 to evaluate the tensile strength and percentage of elongation at break of films were cut into 1.5cm wide strips. The instron grip separation was set at 15 cm these were gripped at each end by a jaw and then the jaws were moved a part at the controlled speed until and young's modulus was automatically recorded according (Hernandez 2004). The ultimate tensile strength is the amount of force necessary to break the strip and was calculated as follows:
TS =L/c.s.a,                                               TS=L/W×T
Where: TS: tensil strength (Newton /mm2)

                L: load (Newton)
           CSA: capacity of surface area (mm2)

              W: the sample width (mm)

        and T: the material thickness (mm) 

Elongation is the percent increase in length of the sample at the instance of break and was calculated as follows:
Elongation = E/c.d ×100

Where: E= extension, and cd=controlled distance.

3.9.3. Determination of oxygen transmission rate (OTR):
Oxygen transmission through the prepared films was evaluated using GLC system. Base mnite carlo-erbo, vega series 6000 and integrator spectra photometer. The measure unit used was (cm3. m-2. day-1) according to the methods described by( Eustace, 1981) as follows: packaging material under test was placed in z parts divided cell, where the test gas (O2) passed in upper part and the reference gas (N2) passed in lower part of the cell. The sample was sealed with the cell by special grease to prevent the leak of gases. The whole system was first vacuumed to 1mm Hg. The test gas (O2) and reference gas (N2) were then passed in the cell for 45mm and the gasses flow was controlled by a flashing bottle. The test gas (O2) and reference gas valves were closed and the (O2) percentage in the reference gas was measured by ingection in the GLC. The reference gas value was opened again and lower part of the cell was refill and then the value was closed the test gas flow controlled by an average of 1-2 bubble/sec for 4-16 hours according to film type. The leakage of test gas (O2) passed from the upper part to the lower part the cell through the flexible film was measured at the end of the experiment time. The reference gas (N2) from the lower part was ingected into the GLC. The integrator computed the passing oxygen percentage through the film in reference gas. (At room temperature) and relative hymidity (50-60).

3.9.4. Determination of water vapour permeability (WVP):
The (WVP) was determined using the standard test methods described by (Gennadios,et al 1998). The testing specimens were conditioned (laid flat on Teflon-coated glass plates) in an environmental chamber at 25C° and 50% RH. Briefly, film specimens were mounted on poly (methyl-methacrylate) cups. The filled with distilled water to 1cm from the film underside. Assembled cups were placed in an environmental chamber (25C° and 50% RH) and an air velocity of 198m/min was maintained over the top surface of the cups by a fan. From periodically weighing the cups (about every 1h for a period of 8h) steady state weight loss vs time curves were developed and water vapor transmission rates were calculated WVP (gmm/m2h kpa) values were then calculated from: 
WVP = (WVTR-L) (P

Where: - WVTR: was measured water vapor transmission rate (g/m2h) through a films specimen 
L: was mean thickness (from 5 measurement) of a film specimen (mm) 

(P: was partial water vapor pressure difference

Kpa between the two sides of a film specimen WVP values were calculated after accounting for resistance of the stagnant air layer (initially 1 cm) between film under sides and the water surface in cups.
3.9.5. Measurement of prepared natural  films using scanning electron                           
microscopy surface microstructure


Surface of the natural films was examined using the scanning electronic microscope. The samples were mounted directly on the aluminum stub, coated with 60% (gold) and 40% palladium with a 40m A current in a sputter coater for 1 min [s 150A –sputter coater-Edwards. England. The samples were scanned using the scanning electronic microscope model JEOL, JXA-8 40A Electron prob micro analyzer with an accelerating voltage of 2-10 KV and magnification from 500x to 1000x. According to the method described by( Lai et al. (1997). The microscopic photograph pictures were taken by stereoscope camera (model smz, Nikon, 96873, Japan) to show the coating process of natural films.

3.10.Determination Physico-chemical properties of studied fruit and

vegetables:

3.10.1. Determination of coating film thickness of tested fruit and vegetable:
According to the methods of(Cisneros and Krochta, 2003), the raw and fresh, apple, pepper, tomatoes and cucumber were thoroughly washed with running water to eliminate any visible contaminants and then allowed to dry at room temperature. Coating application was done by dipping and the method involved holding the fruit and vegetable by the stems using clips. Samples were dipped in coating solution for (60 sec) for complety equilibrium and then withdrawning quickly and allowed to drain over the glass vessel containing the coating solution for (2.5 min) and then they were dried at 20C° and 50% RH using a fan with air velocity of 180 m/min. The coating film thickness was calculated by the following equations have been proposed to described the thickness of coating:

h= 0.944 ca 1/6 (η u/ρ g) 1/2 (1)
h= K (ή u/ρ g) 1/2 (2)
Where:
h: liquid film thickness (cm)

ca: capillary number (ή u/γ)

h: viscosity pa.sec

u: withdrawal, speed, cm/s of u=z/t,   z:area,   t: time

ρ: liquid density, gm/cm3

g: gravity acceleration cm/s

Equation (1) holds for low capillary (ca< 10 -3)

Equation (2) defines thickness as a competition between viscous and gravity forces for high capillary number (ca >1). I both cases, the proportionality constant K can be experimentally calculated.
3.10.2. Determination of Percentage of Decay incidence in fresh fruits and vegetable during storage:    
Fresh apple, tomatoes, peppers and cucumber were examined for mold on dyring periods storage. A fruit and vegetable was considered infected when a visible lesion was observed. The decay incidence was expressed as percentage of fruit infected 30kg all fruits and vegetable were used for each measurement.

% Decay = weight fruit infected / weight bases ×100 .according to methods(Han;et al. 2004)
 3.10.3. Weight loss in fruit & vegetable during storage: 

Fresh fruit and vegetable during cold and room temperature storage was measured by monitoring the weight changes of periods storage weight loss was calculated as percentage loss of initial weight: as reported by (Han et al. 2004) using the following equation:-

Weight loss%= g/wb×100

Where: 
g: fruit weight (gain or loss) 

Wb:initial fruit weight. 

3.10.4. Firmness of fruit and vegetables during storage:
The firmness of fresh fruit and vegetable was determined by measuring the comporession force of the samples using a texture analyzer (shimpo, digital force gauga, ser. No/N928 G006 DC 9V.200 MA (FGN)-20.20.00kg /200.0N/50.00 ibt) 
According to methods (Han et al. 2004) 

3.10.5. The pH measurement:

A digital pH meter (fisher scientific accumet ® pH meter 25 USA) was used for pH measurement ten grams of sample with 50ml distilled water were blended for 2 sec as the method described by( A.O.A.C. 2000).
3.10.6. Determination of titratable acidity (TA):
Titratable acidity  was determined using (10g) aliquots of fruit and vegetable puree in 50ml of distilled water and titrated with 0.1N Na OH to an end-point of pH 8.1. The (TA) was expressed as percentage of citric acid  and was calculated using the method  reported by (Han et al. 2004)
3.10.7. Determantion of ascorbic acid content

The ascorbic acid content (mg/100g fresh weight) was determined by using 2, 6 dichlorophenol indophenol titration method as described in (A.O.A.C.2000).
3.10.8. Total soluble solids (TSS)

Tss was determined by the refractometric method at room temperature using an Abbe refractometr (carl-zeiss jena) in juice pressed from a sample of homogenized fruit and vegetable slices according to (Konopacka and Plocharski, 2004).
3.10.9. Total sugar content:
Total sugars were determined in fresh fruit and vegetable using lane and eynon method according to( A.O.A.C .2000).
3.10.10. The moisture content: 

The moisture content was determined by drying samples under vacuum at 70 ºC according to A.O.A.C. 2000).
3.10.11. Ethanol and acetaldehyde content of coated fruit and vegetables:
 Ethanol and acetaldehyde content of coated fruit and vegetables was determined according to (A.O.A.C.2000). 100 g samples was taken from fresh fruit and vegetable and  mixed with 100 ml distilled water then homoginzed in brown blinder and distilled by rotary evaporator ethanol and acetaldehyde was received in conecal flask. The ethanol was determined by specific gravity and acetaldehyde was determined by titration by sodium thiosulfate. 
3.10.12. Factors affecting of pigments contents:

3.10.12.1. Total chlorophy and carotenoids contents:
The total carotenoids were determined in the fresh, fruit and vegetable according to (Askar and Treptow ,1993).
10g from fruit and vegetable were mixed with 30 ml 85% acetone solution in a dark bottle, and left 15 hours before whatman filter paper No 1 into a 100 ml volumetric flask and made up to volume by 85% acetone solution. The absorbance of the acetone extract was measured at 440, 642 and 660 nm against 85% acetone as a blank using spectrophotometer. The amounts of the total chlorophyll and carotenoids were calculated according to the following equations:- 
Chlorophyll (A) = 9.93×A 660) - (0.777×A 642. mg/L

Chlorophyll (B) = 17.6×A 642 – 2.81 ×A 660. Mg/L

Total Chlorophyll= 7.12×A 660 + 16.8 × A 642 mg/L

Total caroteniods= (4.695 ×A 440) - 0.268 (chl. (A) +chl (B). mg/L  
3.10.12.2. Determanation of lycopene:
A weight of 5-10 g tomatoes were mixed in the determanation of lycopene was carried out according to the method described by  (Ranganna ,1979). blender with 30 ml acetone.The mixture was transferred to a separating funnel containing 10-15 ml of petroleum ether and mix gently. Take up the caroteinoid pigments into the petroleum ether by diluting the acetone with water or water containing 5% Na2 SO4. transfer the lower phase to another separating funnel and the petroleum ether extract containing the carotenoid pigments to another colored bottle. To the petroleum ether extract, add a small quantity of anhydrous Na2 SO4,then transfer to a 50 ml volumetric flask and dilute to mark with petroleum ether,then measure the colour in a 1cm cell at 503, nm in a spectrophotometer  using  petroleum  ether as  a  blank.

mg of lycopene=3.1206×absorbance×volume×dilution×100÷1×weight of
           
  sample×1000 (per100g)

3.10.12.3. Total anthocyanine:
The total anthocyanine was determined as described by (Ranganna, 1979). The anthocyanins were extracted from fruit and vegetable by adding a solvent containing Ethanolic HCL: 95% ethanol-1.5N HCL (85:15).The solvent was added at level (2:1) solvent to sample then the mixture was store overnight at, 4ºC. Then filter on a filter paper watman No 1 and centrifuge at 1000 r.p.m for 15 minutes.The supernatant intensity was measured at   spectrophotometer on wave length 525nm.
3.11. Microbiological analysis:
The microbiological analysis comprised the determination of total colony count, psychrophilic bacterial count and molds and yeasts was carried out as following ;
3.11.1. Preparation of sample for microbiological analysis:

Under aseptic conditions, 50 gram of each sample were added to 450 ml of sterilized peptone water (1 gm/liter) in sterilized glass blender jar. The weighed samples were blended for 5 min. The provided a dilution of 10. appropriety serial dilution were made, and then samples were plated by standard microbiological pour plat technique for enumeration (FAO/WHO, 1995). All the microbiological  counts  were carried out in duplicates.
3.11.2. Total colony count:

Total colony count of bacteria was estimated using plate count agar medium according to the procedures, described (FAO/WHO,1995) Inoculation and pour plating; 1ml of each dilution was pipetted into each of appropriately marked duplicate Petri dishes. 15-20 ml of plat count agar medium was poured into each Petri dish, cooled to 45ºC mixed thoroughly and allowed to solidify. The plates were incubated at 37ºC for 24-48 hours. When the colonies were more than 30, the colonies were counted in both plate of a dilution and the average calculaed .
      Formulation of plate count agar medium:

	Peptone
	5g

	Glucose
	1g

	Yeast extract
	2.5g

	Agar
	15g

	Distilled water
	1L


The pH of medium was adjusted to 7±0.1 and sterilized by autoclaved 15 minut at 121 ºC  
3.11.3. Psychrophilic bacterial count:

Psychrophilic bacterial count was estimated as described in typical procedure of the total colony count method, except incubation was carred out at 7ºC for 5-7 days in refrigerator according to(Diliello ,1982)

3.11.4. molds and yeasts count:

The mold and yeast were determined using the methods for the microbiological examination of foods described by American public Health association (AP.H.A, 1976) by using malt extract agar medium, incubation at 20-25 ºC  for 5 days if excessive growth develops, count colonies first after 3 dys and then again after 5 days, and reported as mold and yeast count per/g.
     Formulation of malt extract agar medium
	Malt extract
	30g

	Peptone
	5g

	Agar
	15g

	Distilled water
	1L


The pH of medium was adjusted to 3.5 -4 ± 0.2 and sterilized by outoclaved 15 min at 121ºC
 3.12. Organoliptic evaluation :  

Different products of fruit preserve were evaluated organoliptically as reported by(Chen et al,1999).The products were presented to well trained ten nembers of staff from the food technology research institute,agriculture researchcenter for sensory evalution .The panelists were a sked for their decision concerning ,color,texture,taste and overall acceptability .The following scale was  applied for samples under investigation 9-10 equal excellent ,6-8 equal good 3-5 equal poor and 0-2 equal refused.So the score 6 was considered as the limit of acceptability .
                                4-Results and Discussion
Part I
4.1. Preliminary experiments for using the seven prepared edible  
emulsion for coating some fresh fruit and vegetables:
In this part of investigation the seven prepared edible films emulsions were used for coating application of some fresh fruit and vegetables (sweet pepper, cucumber and tomatoes balady varuietes) and apples fruit. The fruit and vegetables were immersed in the prepared emulsions for few seconds and then drained to remove the excess of emulsion then air dried kept at room and cooling temperatures with control samples. The weight loss and quality  of treated samples were followed.

4.1.1. Apples.

(A) Loss weight occurred in coated  apple samples kept at room    temperature in the presence of Ag-Zeolite and packaging in foam trays.
(Table, 1) showed that the weight loss at the end of storage period ranged between 0-42% to 12.2% depending on the type of coating emulsion used.However, the control samples and zein protein and methyl cellulose coated samples were found in satisfied sensory quality for 5days only. On the other hand, apples coated with whey protein, gelatin, gluten and soy protein emulsion retained its quality for (9 days). At the end of storage period at room temperature, the weight loss reached to (8-12%) after which apple samples become of low quality and the microbial decay, softening and browning were spreaded on apple surfaces. However, apple coated with gelatin and whey protein emulsion have shine surface while, gluten, soy protein and ethyl cellulose gave apple Simi bright and unbright surface. 
Table (1): Loss weight occurred in apples samples kept at room temperature in the presence of Ag-Zeolite .
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.42
	0.44
	0.10
	0.67
	0.70
	0.63
	0.71
	0.39

	2
	1.26
	1.09
	0.88
	1.53
	1.70
	1.51
	1.75
	1.28

	3
	1.97
	1.64
	1.53
	2.35
	2.61
	2.35
	2.60
	2.05

	4
	2.59
	2.15
	2.10
	3.07
	3.42
	3.08
	3.38
	2.79

	6
	3.81
	3.10
	3.27
	4.54
	4.95
	4.79
	5.70
	4.46

	7
	4.57
	3.72
	3.93
	5.52
	6.10
	10.70
	6.33
	5.95

	8
	5.23
	4.29
	4.54
	6.36
	7.30
	-
	7.50
	6.82

	9
	5.82
	4.80
	5.06
	7.14
	8.52
	-
	8.70
	7.64

	10
	6.08
	5.28
	5.53
	7.96
	-
	-
	-
	-

	11
	6.24
	5.86
	5.90
	11.02
	-
	-
	-
	-

	13
	6.75
	6.47
	6.54
	12.17
	-
	-
	-
	-


Generally, coating of apple, with soy protein,gelatin and gluten emulsions 5.8, 4.8 and 5% respectively minimized the weight loss for 5-6% as compared with control 7.6% after 9days of storage at room temperature.

(B) Coated apple and packaged in poly ethylene pags stored at cooling   
temperature in the presence of Ag-zeolite:
Concerning, coated apple sample which was preserved at cooling temperature see (Table, 2). It was observed that preserving of samples at cooling temperature lowered the rate of weight loss by nearly 50% compared with samples preserved at room temperature for the same period of storage (13 days) and by (10-15%) after (34 days) of storaged.However, soy protein, gelatin, gluten, methyl cellulose and whey protein coatings prolonged the shelf-life of coated apple for (21 days) comparing with control which retained its quality for (17 days) only. After this period of storage undesired rappid changes were appeared. In addition zein protein coating retained the quality of apple for (18 days) while, ethyl cellulose coating retained the quality for (11 days) only. The weight loss reached 4.6-5.9% at the end of storage time for methyl cellulose and whey protein respevtevbely. .

Table (2): Coated apple stored at cooling temperature in the presence of Ag-zeolite:
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.13
	0.11
	0.01
	0.07
	0.093
	0.032
	0.15
	0.26

	2
	0.52
	0.34
	0.09
	0.18
	0.24
	0.20
	0.20
	0.31

	3
	0.74
	0.62
	0.21
	0.26
	0.32
	0.22
	0.29
	0.34

	4
	0.84
	0.71
	0.44
	0.32
	0.44
	0.42
	0.47
	0.76

	6
	1.53
	1.34
	1.24
	1.29
	0.82
	1.19
	1.15
	0.86

	7
	1.57
	1.64
	1.29
	1.64
	0.90
	1.46
	1.44
	0.97

	8
	1.85
	2.06
	1.42
	2.92
	1.0
	2.29
	1.55
	1.08

	9
	1.95
	2.29
	1.51
	3.0
	1.14
	2.80
	1.67
	1.18

	10
	2.17
	2.55
	1.57
	3.2
	1.40
	3.0
	1.74
	1.31

	13
	2.56
	3.24
	1.75
	3.4
	1.69
	3.6
	1.91
	1.55

	14
	2.57
	3.32
	2.02
	3.10
	1.81
	4.50
	2.40
	1.69

	15
	2.88
	3.70
	2.29
	3.64
	2.11
	-
	2.56
	1.93

	16
	2.89
	3.76
	2.46
	3.72
	2.23
	-
	2.80
	2.01

	17
	2.90
	3.85
	2.76
	3.86
	2.40
	-
	3.21
	2.20

	21
	3.12
	4.09
	3.24
	3.95
	2.90
	-
	4.29
	2.93

	22
	3.30
	4.38
	3.47
	4.20
	3.17
	-
	4.79
	3.29

	23
	3.75
	4.99
	3.82
	4.30
	3.52
	-
	-
	4.18

	24
	3.91
	5.18
	3.83
	4.50
	3.57
	-
	-
	4.49

	27
	4.10
	5.43
	4.10
	4.70
	3.94
	-
	-
	4.81

	28
	4.49
	5.60
	4.20
	4.90
	4.14
	-
	-
	5.93

	29
	4.56
	5.67
	4.27
	5.09
	4.15
	-
	-
	-

	30
	4.65
	5.27
	4.32
	535
	4.32
	-
	-
	-

	33
	5.05
	5.75
	4.46
	5.26
	4.56
	-
	-
	-

	34
	5.22
	5.86
	4.59
	5.90
	4.67
	-
	-
	-


(C) Coated apple preserved at room temperature after packaging in
poly ethylene bags:
Coated apple with the seven prepared edible emulsions was kept at room temperature for 19 day in the absence of antimicrobial factor. Results of these study are found in table (3), from table (3), it could be noticed that packaging of coated apple in polyethylene bags fastened the deterioration of coated apples as will as control samples. At the same time the weight loss percentage was minimized to a lower rate about 1.7 to 4.4%. However, ethyl cellulose coated sample retained its quality for (12 days) compared with control sample (4 days) and whey protein (10 days), methyl cellulose (9 days), soy protein (7 days), zein protein, gelatin and gluten (6 days). However, packaging of coated samples in poly ethylene bags shortened the shelf-life of apples as compared with un packaged samples.This may be due to condensation of water inside bags and on apple surface which incourage microbial growth and apple decay.

Table (3): Coated apple preserved at room temperature after packaging in poly ethylene bags:
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.03
	0.20
	0.10
	0
	0.20
	0.36
	0.12
	0.41

	2
	0.33
	0.41
	0.27
	0.33
	0.35
	0.55
	0.46
	0.59

	3
	0.68
	0.59
	0.85
	0.47
	0.48
	0.44
	0.73
	0.75

	5
	1.01
	1.48
	1.46
	0.62
	0.64
	0.84
	1.06
	1.67

	6
	1.18
	1.90
	1.84
	0.75
	0.72
	0.95
	1.30
	10.49

	7
	1.29
	2.07
	2.07
	0.81
	0.80
	0.98
	1.48
	-

	8
	1.42
	2.40
	-
	0.89
	0.88
	1.09
	1.72
	-

	9
	1.71
	-
	-
	1.02
	1.0
	1.25
	-
	-

	12
	-
	-
	-
	1.50
	1.46
	1.74
	-
	-

	13
	-
	-
	-
	1.77
	-
	1.97
	-
	-

	14
	-
	-
	-
	2.17
	-
	2.13
	-
	-

	15
	-
	-
	-
	-
	-
	2.50
	-
	-

	16
	-
	-
	-
	-
	-
	2.96
	-
	-

	19
	-
	-
	-
	-
	-
	4.40
	-
	-


(D) Weight loss occurred in coated apples  packaged in foam trays and  
preserved under cooling.
Samples of coated apples were stored at cooling temperature in open foam trays for (66 days).As shown in table (4) the cooled storage of coated apple with soy protein, gelatin, gluten, whey protein, methyl and ethyl cellulose emulsions prolonged the storage period of apples for (60 days). As compared with samples stored at room temperature. The loss in apple weight was gradually increased from 0.04 to 0.2% at initial time of storage to 11 to 19% at the end of storage period. The lowest loss was obtained with gelatin coating (11.8%) and the higher loss was obtained with soy protein coating (19%). However, after 45 days of storage the loss weight was at level of 7 to 10%. On the other hand, the ethyl cellulose coated apple retained its quality for 16 days while, zein protein coated apple retained its quality for 37 days compared with control samples which lost its quality after 20 days of storage. After 40 days of storage the appearance and quality of coated apples was the best with whey protein coating emulsion followed by methyl cellulose, gelatin, gluten and soy protein respectively. However, after 40 days of storage till the end of storage period the quality of stored apple was gradually decreased. 
Table(4): Weight loss occurred in coated apples preserved under cooling:
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.07
	0.08
	0.23
	0.04
	0.23
	0.56
	0.07
	0.17

	2
	0.62
	0.39
	0.36
	0.78
	0.65
	0.16
	0.45
	0.55

	3
	0.99
	0.65
	0.39
	0.83
	0.98
	1.48
	0.66
	0.64

	5
	1.52
	0.90
	0.42
	1.0
	1.51
	2.18
	0.93
	0.95

	6
	1.71
	1.36
	0.58
	1.17
	1.74
	2.51
	1.13
	1.12

	7
	2.02
	1.21
	0.82
	1.34
	2.03
	3.13
	1.32
	1.37

	8
	2.44
	1.48
	1.16
	1.74
	2.46
	3.80
	1.76
	1.83

	9
	2.75
	1.66
	1.43
	1.98
	2.78
	4.26
	1.98
	2.16

	12
	3.36
	2.08
	1.92
	2.46
	3.38
	5.33
	2.44
	2.69

	13
	3.62
	2.27
	2.15
	2.71
	3.70
	5.78
	2.68
	2.98

	14
	3.92
	2.45
	2.38
	2.94
	3.96
	6.20
	2.88
	3.21

	15
	4.19
	2.64
	2.61
	3.18
	4.26
	6.71
	3.12
	3.52

	16
	4.41
	2.75
	2.83
	3.37
	4.49
	7.10
	3.30
	3.73

	19
	5.47
	3.46
	3.68
	4.19
	5.40
	8.57
	4.12
	4.54

	21
	5.95
	3.78
	4.04
	4.62
	5.86
	9.42
	4.52
	4.98

	22
	6.28
	3.99
	4.35
	4.91
	6.18
	9.94
	4.82
	5.27

	23
	6.53
	4.22
	4.83
	5.33
	6.57
	-
	5.21
	5.56

	26
	6.84
	4.48
	5.26
	5.61
	6.79
	-
	5.56
	5.98

	27
	7.44
	4.93
	5.81
	6.08
	7.37
	-
	7.0
	6.55

	28
	7.64
	5.07
	5.94
	6.24
	7.36
	-
	7.51
	-

	29
	7.98
	5.34
	6.25
	6.53
	7.84
	-
	8.21
	-

	32
	8.77
	5.88
	6.85
	7.12
	8.50
	-
	9.59
	-

	33
	8.88
	6.05
	7.19
	7.37
	8.76
	-
	10.10
	-

	35
	9.45
	6.18
	7.60
	7.67
	9.09
	-
	10.84
	-

	36
	9.76
	6.35
	7.85
	8.01
	9.33
	-
	11.34
	-

	39
	10.67
	6.84
	8.60
	8.47
	9.94
	-
	12.56
	-

	40
	10.89
	6.96
	8.83
	8.62
	10.12
	-
	12.93
	-

	42
	11.46
	7.31
	9.35
	9.02
	10.63
	-
	13.71
	-

	43
	11.74
	7.48
	9.65
	9.24
	10.86
	-
	14.16
	-

	45
	12.50
	7.90
	1021
	9.83
	11.44
	-
	-
	-

	46
	12.90
	8.20
	10.70
	10.07
	11.78
	-
	-
	-

	47
	13.24
	8.35
	11.04
	10.31
	12.05
	-
	-
	-

	49
	13.70
	8.65
	11.41
	10.56
	12.35
	-
	-
	-

	52
	14.46
	9.11
	12.16
	10.69
	12.94
	-
	-
	-

	53
	14.64
	9.19
	12.28
	11.20
	13.04
	-
	-
	-

	54
	14.84
	9.29
	12.43
	11.31
	13.17
	-
	-
	-

	56
	15.19
	9.52
	12.72
	11.49
	13.48
	-
	-
	-

	59
	15.90
	9.86
	13.49
	12.25
	14.21
	-
	-
	-

	60
	16.25
	10.0
	13.86
	12.42
	14.52
	-
	-
	-


Generally, it could be concluded that coating apple with gelatin emulsion 6.9% may be retain its quality during cooling storage for long period 40 days as compared with control 4.5% for 21 days. Also, it could be added that keeping apple in open atmosoher at cooling temperature gave shelf-life period longer than that found with coated and packaged in polyethylene pags apples.

4.1.2. Tomatoes. 
(A) Weight loss occurred in tomatoes samples kept at room temperature 
      in open atmosoher the presence of Ag-zeolite ;
In this experiment, tomatoes were coated with seven prepared edible emulsions and the coated tomatoes were put in open foam trays and kept at room temperature for 27 day. As for coated tomatoes see table (5) the weight loss ranged between (19.6%) to (31.98%) for soy protein and zein proten respectevely at the end of storage period, depending on the type of coating emulsion used. However, the methyl cellulose and gluten coated samples and control were found in satisfied sensory quality for 8 days only. On the other hand tomatoes coated with soy protein retained its quality for (13 days) gelatin (15 days), whey protein (17 days), ethyl cellulose and zein protein (17 days) after which the signs of deterioration, mould growth, tenderness, shriveling and discoloration were appeared and increased with increasing the storage period. After 15-17 days of storage period at room temperature, the weight loss reached to maximum value and tomatoes samples become of low quality and the microbial decay and softening were spreaded on tomatoes surface. However, coating tomatoes with soy protein and gelatin emulsion gave tomatoes bright surface while, zein portion, ethyl cellulose and whey protein gave tomatoes simibright hazy surface.

Generally,it could be concluded that coating of tomatoes with soy protein, gelatin and ethyl cellulose emulsions minimized the weight loss for(11-15%) and prolonged the shelf-life of tomatoes for 15-17day as compared with control.

Table (5): Weight loss occurred in tomatoes samples kept at room temperature in the presence of Ag-zeolite and without packaging:
	Storage
Period 
(Days))
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.91
	0.94
	0.13
	0.82
	1.41
	0.94
	1.6
	0.72

	2
	2.20
	2.21
	2.33
	1.83
	3.0
	2.29
	3.58
	1.96

	3
	3.61
	3.27
	3.15
	2.78
	4.42
	3.51
	6.01
	3.10

	4
	4.78
	4.25
	5.53
	3.57
	5.84
	4.64
	6.70
	4.10

	6
	7.01
	6.27
	8.85
	5.03
	9.34
	6.61
	8.91
	6.20

	7
	8.93
	7.77
	10.57
	6.13
	11.62
	7.36
	10.40
	7.77

	8
	10.34
	9.07
	11.40
	6.99
	11.81
	8.78
	11.63
	9.04

	9
	11.6
	10.16
	12.92
	7.75
	12.10
	9.71
	12.68
	10.10

	10
	12.67
	11.19
	-
	8.43
	-
	10.56
	13.64
	-

	13
	12.95
	14.14
	-
	10.34
	-
	12.92
	16.62
	-

	14
	13.08
	15.17
	-
	10.96
	-
	13.74
	17.62
	-

	15
	13.92
	15.95
	-
	11.46
	-
	14.45
	18.53
	-

	16
	14.10
	16.86
	-
	12.04
	-
	15.23
	19.58
	-

	17
	14.31
	17.82
	-
	12.62
	-
	16.03
	20.61
	-

	20
	14.65
	20.59
	-
	14.19
	-
	18.24
	23.34
	-

	22
	14.92
	22.39
	-
	15.18
	-
	16.61
	25.43
	-

	23
	16.20
	23.41
	-
	15.70
	-
	20.40
	26.61
	-

	24
	17.85
	24.56
	-
	16.25
	-
	21.23
	27.92
	-

	27
	19.60
	26.62
	-
	20.70
	-
	23.73
	31.98
	-


(B) Coated tomatoes and packaged in polyethylene bags stored at 

      cooling temperature in the presence of Ag-zeolite.

Concerning, coated tomatoes samples which was preserved at cooling temperature see (table 6). It was observed that preserving of samples coated with soy protein and whey protein at cooling temperature lowered the rate of weight loss by nearly (50-70%) after 22 days of storage compared with samples preserved at room temperature for the same period since the total weight loss reached 5-7% at the end of storage period. However, soy protein and whey protein coating prolonged the shelf-life of coated tomatoes for (13 days) compareing with control which retained its quality for (3 days) only. After this period of storage undesired and rappid changes were appeared. In addition, zein protein coating retained the quality of tomatoes for (4 days) while, gelatin, gluten, methyl and ethyl cellulose coating retained the quality for (6 days) only.

Table (6): Coated and packaged in polyethylene bags tomatoes stored at cooling temperature in the presence of Ag-zeolite:
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.001
	0.38
	0.08
	0.07
	0.27
	0.046
	0.41
	0.08

	2
	0.40
	0.57
	0.67
	0.29
	0.50
	0.50
	0.95
	0.44

	3
	0.69
	0.97
	1.02
	0.37
	0.69
	0.75
	1.35
	0.73

	4
	0.78
	1.17
	1.09
	0.53
	0.77
	0.88
	2.67
	-

	6
	1.35
	1.59
	2.42
	0.85
	1.16
	1.24
	-
	-

	7
	1.47
	4.53
	3.73
	1.04
	2.53
	3.21
	-
	-

	8
	2.01
	-
	-
	1.50
	-
	-
	-
	-

	9
	2.30
	-
	-
	1.67
	-
	-
	-
	-

	10
	2.69
	-
	-
	1.91
	-
	-
	-
	-

	13
	3.09
	-
	-
	2.86
	-
	-
	-
	-

	14
	4.37
	-
	-
	3.05
	-
	-
	-
	-

	15
	4.66
	-
	-
	3.19
	-
	-
	-
	-

	16
	4.89
	-
	-
	3.33
	-
	-
	-
	-

	17
	5.63
	-
	-
	4.05
	-
	-
	-
	-

	20
	6.45
	-
	-
	5.12
	-
	-
	-
	-

	22
	7.26
	-
	-
	-
	-
	-
	-
	-


(C) Coated and packaged in poly ethylene bags tomatoes preserved at 

room temperature.
Coated tomatoes with the seven prepared edible emulsions was kept at room temperature for (19 days) in the absence of antimicrobial factor. From table (7), cleared that packaging of coated tomatoes in poly ethylene bags fastened the deterioration of coated tomatoes  as  will as control samples. On the other hand, the weight loss percentage was minimized  to  a  lower  rate  about (1.2 to 4.3%) as  compared  with  samples  stored  at  room  temperature  without 

packaging (table 5) which lost about 12-20% of its weight after the same period of storage (19 days). However, gluten coated sample retained its quality for (12 days) compared with control sample (3 days) and zein protein (13 days), whey protein (13 days), gelatin and methyl cellulose (9 days) and soy protein and ethyl cellulose (5 days). Also, packaging of coated samples in poly ethylene bags shortened the shelf-life of tomatoes as compared with unpackaged samples. This phenomena may be due to condensation of water inside bags on tomatoes surface which encourage microbial growth and tomatoes decay.
Table (7): Coated and package in poly ethylene bags tomatoes preserved at room temperature:
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.36
	0.26
	0.11
	0.49
	0.25
	0.45
	0.20
	0.39

	2
	0.77
	0.44
	0.59
	0.74
	0.47
	0.57
	0.49
	0.56

	3
	1.07
	0.55
	0.79
	0.87
	0.61
	1.08
	0.69
	1.71

	5
	2.1
	0.71
	1.01
	1.05
	0.80
	2.24
	0.88
	1.57

	6
	2.3
	0.85
	1.12
	1.17
	0.90
	-
	1.01
	-

	7
	2.6
	0.90
	1.19
	1.8
	0.95
	-
	1.06
	-

	8
	3.2
	1.05
	1.32
	1.34
	1.15
	-
	1.19
	-

	9
	3.4
	1.26
	1.41
	1.49
	1.52
	-
	1.37
	-

	12
	-
	-
	1.94
	1.80
	-
	-
	1.87
	-

	13
	-
	-
	2.08
	1.85
	-
	-
	1.95
	-

	14
	-
	-
	2.10
	2.04
	-
	-
	2.0
	-

	15
	-
	-
	2.49
	2.34
	-
	-
	2.27
	-

	16
	-
	-
	3.51
	-
	-
	-
	3.22
	-

	19
	-
	-
	4.37
	-
	-
	-
	-
	-

	20
	-
	-
	-
	-
	-
	-
	-
	-


(D) Weight loss occurred in coated tomatoes preserved under cooling in 

open foam trays:
Samples of coated tomatoes were stored at cooling temperature in open foam trays for (21 days). As shown in table (8) the cooled storage of coated tomatoes with soy protein, gluten, whey protein, methyl and ethyl cellulose emulsions prolonged the storage period of tomatoes for (12-18 days). The loss in tomatoes weight was gradually increased from (0.02 to 0.46%) at intial time of storage to (9.4 to 14%) at the end of storage period. The lowest loss was obtained with soy protein coating (9.4%) and the higher loss was obtained with whey protein (14.9%). However, after 15 days of storage the loss weight was at level of 6-8%. On the other hand, the zein protein and gelatin coated tomatoes retained its quality for (9 days) while, whey protein and ethyl cellulose coated tomatoes retained its quality for (12 days) compared with control samples which lost its quality after (6 days) of storage. After (16-18 days) of storage the appearance and quality of coated tomatoes was the best with soy protein coating emulsion followed by gluten and methyl cellulose respectively, after this period of storage the quality of stored tomatoes gradually decreased.

Table (8): Weight loss occurred in coated tomatoes preserved under cooling in open foam trays:
	Storage
Period 
(Days)
	Soy 
protein
	Gelatin
	Gluten 
	Whey 
protein
	Methyl 
cellulose
	Ethyl 
cellulose
	Zein 
protein
	Control

	1
	0.46
	0.02
	0.41
	0.18
	0.15
	0.30
	0.13
	0.33

	2
	1.09
	0.34
	0.44
	0.65
	0.54
	0.91
	0.83
	0.92

	3
	1.67
	0.68
	0.84
	1.16
	1.13
	1.56
	1.48
	1.59

	5
	2.63
	1.36
	0.95
	2.12
	2.18
	2.61
	1.98
	2.79

	6
	3.04
	1.63
	2.14
	2.42
	2.47
	3.09
	2.77
	3.17

	7
	3.31
	1.86
	2.56
	2.79
	2.71
	3.49
	3.0
	3.49

	8
	4.04
	2.36
	3.29
	3.68
	3.72
	4.44
	4.11
	-

	9
	4.55
	2.92
	3.67
	4.33
	4.22
	4.99
	4.84
	-

	12
	5.66
	3.92
	4.75
	5.94
	5.35
	6.47
	7.0
	-

	13
	6.19
	4.62
	5.26
	6.71
	6.39
	7.20
	7.89
	-

	14
	6.66
	5.24
	5.76
	7.49
	6.92
	7.95
	8.71
	-

	15
	7.22
	6.0
	6.23
	8.28
	7.49
	8.74
	-
	-

	16
	7.77
	-
	6.85
	9.26
	9.38
	9.33
	-
	-

	18
	8.49
	-
	8.68
	12.40
	10.49
	12.08
	-
	-

	20
	9.46
	-
	9.72
	14.08
	-
	13.66
	-
	-

	22
	-
	-
	-
	-
	-
	-
	-
	-


Generally, it could be concluded that coating tomatoes with soy protein emulsion may be retain its quality during cooling storage for long period (18 day) as compared with control (6 days). Also, it could be added that keeping coated tomatoes in open atmosphere at cooling temperature gave shelf-life period longer than that found with coated and in polyethylene bags packaged tomatoes.

4.1.3. Pepper.

(A) Loss weight occurred in pepper samples kept at room temperature 

in the presence of Ag-zeolite and without packaging.
As for coated peppers (table 9) the weight loss ranged between (39.17 to 69.85%) for control and gluten at the end of storage period depending on the type of coating emulsion used. However, the control samples and zein protein coated samples were found in satisfied sensory quality for (4 days) only. On the other hand, peppers coated with soy protein, gelatin, gluten, whey protein, methyl and ethyl cellulose emulsion retained its quality for (7-10 days). At the end of storage period at room temperature, the pepper samples become of low quality and the microbial decay, softening and browning were spreaded on pepper surfaces. 
Table (9): Loss weight occurred coated  in pepper samples kept at room temperature in the presence of Ag-zeolite and without packaging:
	Storage
Period 
(Days)
	Soy
protein
	Gelatin
	Gluten
	Whey
protein
	Methyl
cellulose
	Ethyl
cellulose
	Zein
protein
	Control

	1
	2.05
	0.51
	1.94
	3.65
	2.30
	3.45
	4.71
	2.26

	2
	4.90
	5.84
	6.66
	8.64
	5.99
	8.56
	11.08
	7.56

	3
	5.59
	10.70
	10.29
	13.50
	9.54
	12.47
	16.33
	13.46

	4
	11.48
	14.57
	14.07
	17.69
	12.45
	16.75
	20.37
	18.05

	6
	17.81
	22.15
	21.05
	25.96
	17.99
	24.28
	30.36
	27.72

	7
	22.53
	27.69
	26.13
	31.55
	22.05
	29.28
	32.34
	32.02

	8
	25.70
	32.06
	30.49
	35.98
	25.23
	33.21
	34.95
	39.17

	9
	28.89
	36.09
	33.67
	39.74
	27.97
	36.88
	35.25
	-

	10
	32.07
	39.41
	37.10
	43.40
	30.67
	40.32
	-
	-

	13
	40.29
	48.89
	48.0
	53.26
	38.41
	49.69
	-
	-

	14
	43.58
	52.59
	51.65
	56.67
	41.32
	53.54
	-
	-

	15
	46.12
	55.48
	54.33
	59.19
	43.53
	56.31
	-
	-

	16
	48.96
	58.86
	57.65
	62.21
	45.81
	59.48
	-
	-

	17
	52.10
	-
	61.0
	-
	48.48
	62.69
	-
	-

	20
	60.62
	-
	69.85
	-
	56.76
	-
	-
	-

	22
	-
	-
	-
	-
	-
	-
	-
	-


Also, coating of pepper, with soy protein, gelatin, gluten, whey protein, zein protein methyl cellulose and ethyl cellulose emulsion minimized the weight loss for (25 to 35%) as compared with control (39%) after 8 days of storage at room temperature. However, keeping the coated pepper samples at room temperature outside polyethylene bags accelerated the water loss for about 40-50% of its initial weight at the end of shelf-life period (13 days). Through the later period of storage the pepper became of red color, and have flaccidity texture and wrinkling appearance.

(B) Coated pepper stored at cooling temperature in the presence of Ag- 
zeolite and packagd in polyethylene bags.
Concerning, coated pepper samples which was preserved at cooling temperature see (table 10). It was observed that preserving of samples at cooling temperature lowered the rate of weight loss by nearly (5-9) times than the amount of loss occurred with samples preserved at room temperature for the same period of storage (22 days). At the end of storage period (27 days) the total loss reached to about (10-14%) of initial weight. However, gelatin, methyl cellulose and zein protein coating prolonged the shelf-life of coated peppers for (17 days), compared with control which retained its quality for (13 days) only. After this period of storage undesired and rappid changes were appeared. In addition, ethyl cellulose coating retained the quality of pepper for (7 days) while, whey protein and gluten coating retained the quality for (4 day) and soy protein coating for (2 days) while control sample retained its quality for 10 days only.

Generally, it could be concluded that pepper coated with zein film showed the lower loss of weight through the period of cooled storage.

Table (10): Coated pepper and packagd in polyethylene bags stored at cooling temperature in the presence of Ag-zeolite:
	Storage
Period 
(Days)
	Soy
protein
	Gelatin
	Gluten
	Whey
protein
	Methyl
cellulose
	Ethyl
cellulose
	Zein
protein
	Control

	1
	2.46
	2.85
	0.34
	0.55
	1.32
	1.22
	0.23
	2.13

	2
	2.76
	3.13
	1.06
	1.43
	2.06
	1.28
	0.72
	2.38

	3
	15.70
	3.41
	1.20
	1.68
	3.07
	1.39
	1.03
	2.82

	4
	-
	3.85
	2.16
	2.02
	3.13
	2.60
	1.30
	3.49

	6
	-
	5.34
	2.28
	2.46
	3.60
	3.03
	1.86
	5.43

	7
	-
	5.79
	-
	3.92
	4.48
	3.21
	2.42
	6.02

	8
	-
	6.15
	-
	-
	4.71
	4.14
	3.35
	6.86

	9
	-
	6.55
	-
	-
	5.38
	4.82
	4.05
	7.55

	10
	-
	7.13
	-
	-
	5.99
	-
	5.49
	8.81

	13
	-
	8.51
	-
	-
	7.45
	-
	4.10
	8.29

	14
	-
	9.03
	-
	-
	8.11
	-
	4.69
	8.82

	15
	-
	9.41
	-
	-
	9.70
	-
	4.84
	8.92

	16
	-
	11.06
	-
	-
	10.98
	-
	7.25
	10.47

	17
	-
	11.13
	-
	-
	11.52
	-
	8.03
	11.59

	20
	-
	12.73
	-
	-
	12.59
	-
	8.59
	-

	22
	-
	13.63
	-
	-
	13.36
	-
	9.20
	-

	23
	-
	13.79
	-
	-
	13.88
	-
	9.86
	-

	24
	-
	13.97
	-
	-
	14.27
	-
	10.50
	-

	27
	-
	-
	-
	-
	14.75
	-
	10.70
	-


(C) Coated and packaged in polyethylene bags peppers preserved at  
room temperature.
Coated pepper with the seven prepared edible emulsions was kept at room temperature for (9 days) in polyethylene bags and in the absence of antimicrobial factor. Results of these study are given in table (11) from table (11), It is clear that packaging of coated pepper in polyethylene bags fastened the deterioration of coated peppers as will as control samples. Also, the weight loss percentages and shelf-life period were minimized to a lower values to be about (4%) to (18.74%) and (3-6) days respectively. However, zein protein coated sample retained it quality for (6 days) compared with control sample (3 days) and methyl cellulose 7 days, soy protein 6 days, gluten 4 days, gelatin, ethyl cellulose and whey protein (2-4) days. However, storing of coated pepper samples in polyethylene bags at room temperature shortened the shelf-life of pepper as compared with unpakaged samples due to condensation of water inside bags which incourage microbial growth and pepper decay (Bustilios, et al. 1997). 
Table (11): Coated and packaged in polyethylene bags peppers preserved at room temperature:
	Storage
Period 
(Days)
	Soy
protein
	Gelatin
	Gluten
	Whey
protein
	Methyl
cellulose
	Ethyl
cellulose
	Zein
protein
	Control

	1
	1.11
	1..50
	0.19
	0.64
	0.21
	0.11
	0.63
	2.22

	2
	2.08
	2.04
	2.03
	3.64
	0.46
	0.96
	4.29
	2.69

	3
	2.49
	2.84
	3.0
	4.6
	0.83
	-
	4.74
	3.17

	5
	3.08
	5.1
	3.74
	5.2
	1.42
	-
	5.28
	3.93

	6
	3.58
	6.2
	5.35
	5.8
	1.81
	-
	5.85
	-

	7
	5.21
	-
	-
	-
	2.04
	-
	6.25
	-

	8
	-
	-
	-
	-
	2.50
	-
	6.41
	-

	9
	-
	-
	-
	-
	4.02
	-
	8.38
	-


(D) Weight loss occurred in coated peppers preserved under cooling   
temperature without packaging.
Samples of coated pepper were stored at cooling temperature in open foam trays for (58 days). As shown in table (12) the cooled storage of coated pepper with zein protein, ethyl cellulose, whey peotein, gluten, gelatin and methyl cellulose prolonged the storage period of pepper for (23 days) in satisfied quality as compared with samples stored at room temperature. The loss in pepper weight was gradually increased from (0.04 to 1.9%) at initial time of storage to (61.21 to 73.40%) at the end of storage periods (58 days). The weight loss obtained at the end of safty period of storage (23day) was 36 to 48%. On the other hand the soy protein coated pepper and control sample retained its quality for (5 days) only. After 23 days of storage the appearance and quality of coated peppers was the best with zein protein coating emulsion followed by methyl cellulose, ethyl cellulose, gelatin, gluten and whey protein respectively. After 23 days of storage till the end of storage period the quality of stored pepper gradually decreased.

Table (12): Weight loss occurred in coated peppers preserved under cooling temperature without packaging.
	Storage
Period 
(Days)
	Soy
protein
	Gelatin
	Gluten
	Whey
protein
	Methyl
cellulose
	Ethyl
cellulose
	Zein
protein
	Control

	1
	0.16
	1.38
	0.04
	1.04
	0.26
	0.36
	0.63
	1.92

	2
	1.56
	2.76
	1.85
	3.58
	1.48
	1.22
	1.75
	2.42

	3
	2.48
	4.11
	2.63
	4.56
	2.84
	2.34
	3.52
	4.27

	5
	5.42
	7.40
	5.41
	8.80
	5.98
	4.43
	6.92
	7.94

	6
	6.88
	8.85
	7.21
	10.87
	7.75
	6.41
	9.04
	10.27

	7
	7.99
	9.94
	8.04
	11.66
	7.85
	7.26
	12.92
	10.85

	8
	10.98
	12.58
	11.10
	15.12
	11.42
	9.92
	14.44
	-

	9
	-
	14.05
	12.58
	16.55
	12.79
	11.26
	18.29
	-

	12
	-
	17.38
	16.12
	19.65
	17.21
	13.96
	19.86
	-

	13
	-
	18.76
	17.76
	21.47
	19.13
	16.34
	21.0
	-

	14
	-
	20.09
	19.39
	22.59
	20.77
	17.87
	22.69
	-

	15
	-
	21.87
	21.09
	24.41
	22.74
	19.83
	24.35
	-

	16
	-
	23.62
	22.77
	26.26
	24.43
	21.69
	29.34
	-

	17
	-
	27.74
	27.32
	31.86
	30.03
	27.33
	32.69
	-

	20
	-
	31.03
	30.81
	35.41
	33.63
	30.78
	34.62
	-

	21
	-
	32.85
	32.49
	37.57
	35.49
	32.75
	36.35
	-

	22
	-
	35.06
	35.22
	39.73
	37.63
	33.58
	39.79
	-

	23
	-
	36.94
	36.10
	44.41
	38.77
	36.26
	48.92
	-

	26
	-
	38.50
	38.99
	-
	40.16
	37.28
	50.41
	-

	27
	-
	39.51
	40.05
	-
	41.27
	38.33
	50.95
	-

	28
	-
	40.84
	41.59
	-
	42.55
	39.50
	54.31
	-

	29
	-
	44.05
	45.59
	-
	45.81
	42.49
	55.67
	-

	32
	-
	45.25
	47.13
	-
	47.06
	43.49
	57.13
	-

	33
	-
	47.17
	49.79
	-
	48.97
	45.23
	58.09
	-

	34
	-
	48.13
	51.11
	-
	49.97
	46.10
	60.68
	-

	35
	-
	50.58
	54.46
	-
	52.58
	48.30
	61.91
	-

	38
	-
	51.49
	55.65
	-
	53.60
	48.94
	64.18
	-

	39
	-
	53.15
	57.83
	-
	55.45
	50.67
	64.75
	-

	41
	-
	54.15
	59.09
	-
	56.50
	51.60
	65.20
	-

	42
	-
	56.14
	61.83
	-
	59.86
	52.76
	66.50
	-

	45
	-
	48.33
	64.13
	-
	60.68
	55.60
	66.90
	-

	46
	-
	59.83
	65.70
	-
	62.04
	56.89
	67.0
	-

	47
	-
	61.81
	67.59
	-
	63.66
	58.43
	67.30
	-

	49
	-
	64.96
	70.71
	-
	66.25
	61.21
	67.80
	-

	52
	-
	-
	
	-
	67.06
	-
	68.80
	-

	53
	-
	-
	
	-
	67.96
	-
	69.80
	-

	54
	-
	-
	
	-
	69.63
	-
	70.0
	-

	55
	-
	-
	
	-
	71.90
	-
	70.10
	-

	58
	-
	-
	
	-
	73.40
	-
	-
	-


Generally, it could be concluded that coating pepper with zein protein emulsion may be retain its quality during cooling storage for long period as compared with control sample. Also, it could be added that keeping coated pepper in open atmosphere at cooling temperature gave shelf-life period longer than that found with coated and packaged in polyethylene bags peppers. Also, it was remarked physiological changes occurred in cooled pepper at early stage of storage included changes for red and yellow color, flaccidity of the flesh and wrinkling and withering of the  whole pepper.

 4.1.4. Cucumbers.

(A) Loss weight occurred in cucumber samples kept at room temperature in the presence of Ag-zeolite without packaging.

As for coated cucumber (table, 13) the weight loss ranged between (34%) to (66%) after one week of storage at room temperature depending on the type of coating emulsion used. However, the control sample, gluten, gelatin, soy protein, whey protein, methyl and ethyl cellulose and zein coated samples were found in satisfied sensory quality for (2 days) only after which deep and rapped deterioration in stored cucumber was observed. However, cucumber "balady variety" is conseder as perishable food commodity, since it lost large amount of its weight with appearing molding, softening and wrinkling after 2-3 days of storage at room temperature. At the end of storage period at room temperature, the weight loss reached (34%) with gluten film as compared with 58-69% for the other tested samples. However, coating cucumber with gluten and methyl cellulose emulsion gave cucumber bright surface.

Table (13): Loss weight occurred in cucumber samples kept at room temperature in the presence of Ag-zeolite without packaging:
	Storage
Period 
(Days)
	Soy
protein
	Gelatin
	Gluten
	Whey
protein
	Methyl
cellulose
	Ethyl
cellulose
	Zein
protein
	Control

	1
	13.14
	9.92
	9.79
	10.67
	9.56
	17.73
	13.42
	14.61

	2
	36.85
	25.51
	18.50
	23.62
	24.19
	31.0
	26.89
	29.60

	3
	49.23
	37.96
	25.0
	36.84
	35.99
	42.49
	36.23
	41.64

	4
	56.78
	47.53
	30.60
	44.60
	43.15
	51.14
	43.16
	51.82

	6
	62.08
	-
	32.60
	63.08
	53.24
	68.66
	56.61
	69.34

	7
	-
	-
	33.28
	-
	58.36
	-
	66.96
	-


(B) Coated cucumber stored at cooling temperature in the presence of Ag-zeolite and packaged in polyethylene bags.
Concerning coated cucumber samples which was preserved at cooling temperature in polyethylene bags see (table, 14). It was observed that preserving of coated samples at cooling temperature lowered the rate of weight loss by nearly 70% as compared with samples preserved at room temperature for the same period of storage, since it reached, (5-9%) for coated samples, while control sample lost (24.5%) of its weight after (6 days) of storage. However, coating of balady cucumber with edible films retained its quality for 4 days and minimized the weight loss for accebtable rate.

Table (14): Coated cucumber stored at cooling temperature in the presence of Ag-zeolite and packaged in polyethylene bags:
	Storage
Period 
(Days)
	Soy

protein
	Gelatin
	Gluten
	Whey

protein
	Methyl

cellulose
	Ethyl

cellulose
	Zein

protein
	Control

	1
	5.31
	4.78
	2.20
	4.64
	2.93
	3.20
	2.55
	6.09

	2
	6.18
	5.59
	3.07
	5.35
	3.83
	4.02
	2.95
	7.06

	3
	6.81
	6.07
	3.62
	6.03
	4.55
	4.33
	3.29
	7.68

	4
	7.40
	6.81
	4.65
	6.97
	6.01
	6.02
	4.72
	7.76

	6
	8.67
	7.57
	5.59
	7.84
	6.95
	9.15
	5.64
	24.45


(C) Coated cucumber preserved at room temperature after packaging in polyethylene bags.

Coated cucumber with seven prepared edible emulsions was kept at room temperature in polyethylene bags for (5 days) in the absence of antimicrobial factor. Results of these study are found in table (15) from the table (15). It is clear that packaging of coated cucumber in polyethylene bags accelerated the deterioration of coated cucumber as will as control samples, since after 2 days of storage the sign of decay was appeared in all stored samples. On the other hand packaging of cucumber in polyethylene bags minimized the weight loss to reach about 4.6 to 10.5% after five days of storage as compared with samples stored without packaging since the weight loss reached 35-70% at the same period of storage (table, 13).

Table (15): Coated cucumber preserved at room temperature after packaging in polyethylene bags:
	Storage
Period 
(Days)
	Soy

protein
	Gelatin
	Gluten
	Whey

protein
	Methyl

cellulose
	Ethyl

cellulose
	Zein

protein
	Control

	1
	2.96
	5.82
	5.20
	4.31
	3.20
	3.27
	2.13
	7.24

	2
	6.74
	6.36
	8.09
	4.77
	4.52
	4.39
	3.71
	8.16

	3
	7.41
	7.04
	8.10
	5.14
	4.89
	4.31
	4.20
	8.86

	5
	10.68
	9.47
	8.64
	5.53
	6.04
	4.67
	7.35
	9.56


 (D) Weight loss occurred in coated cucumbers preserved under cooling without packaging:

Samples of coated cucumbers were stored at cooling temperature in open foam trays for 6 days. As shown in table (16) the cooled storage of coated cucumber with all treatments prolonged the shelf-life of cucumber for (3 days) after which the, sign of deterioration was appeared. The loss in cucumber weight reached to a value of 40-60% at the end of storage period( 6 days) as compared with samples stored in polyethylene bags which lost (5-24%) of its weight at the same period of cooled storage. However, coating of cucumber with edible film emulsion minimized the weight loss of treated samples as compared with control.
Table (16): Weight loss occurred in coated cucumbers preserved under cooling without packaging:
	Storage
Period 
(Days)
	Soy

protein
	Gelatin
	Gluten
	Whey

protein
	Methyl

cellulose
	Ethyl

cellulose
	Zein

protein
	Control

	1
	10.56
	10.67
	10.10
	8.43
	8.30
	8.84
	9.36
	16.51

	2
	16.43
	21.28
	15.06
	13.59
	10.76
	16.63
	19.46
	27.10

	3
	18.84
	25.54
	17.18
	19.45
	20.42
	20.13
	26.46
	33.87

	5
	31.16
	38.35
	28.42
	30.46
	33.04
	32.29
	38.89
	49.49

	6
	39.23
	46.18
	36.87
	37.63
	40.55
	41.08
	47.39
	58.85


4.1.2. Additional preliminary treatments of tomatoes and pepper with edible coating emulsions containing bees wax, glycerol, parafin oil and polyethylene glycol.
 
It was proposed the use of other coating emulsion formulas consisting of combination of bees wax, glycerin, par fin oil and polyethylene glycol to apply with tomatoes and pepper in order to study its effect on the storage ability and keeping quality of coated tomatoes and pepper stored at room temperature.Results of this part of study are shown in (table, 17).

Table (17): Shelf-life of fresh tomatoes and pepper coated with edible coating emulsions containing bees wax, glycerol, parafin oil and polyethylene glycol.

	Emulsion constituents
	Shelf-life per day at room temperature

	
	Pepper
	tomatoes

	1. one part wax + 4 part glycerin
	15
	12

	2. One part wax + one part poly ethylene glycol + 3 part glycerin  
	13
	16

	3. One part wax + one part poly ethylene glycol+ 2 part parafin oil
	13
	10

	4. One part wax + 2 part parafin oil 
	16
	20

	5. One part wax +4 part parafin oil
	10
	23

	6. One part wax + one part poly ethylene glycol+ 2 part parafin oil
	15
	10


The obtained results indicated  that the use of coating emulsion containing bees wax, glycerin, poly ethylene glycol and parafin oil as indicated in table (17) could prolonged the shelf-life of pepper and tomatoes for a period ranged between (10 to 20 days) with acceptable quality. However, addition of Bees wax in the emulsion formula resulted in dry coating surface while, the addition of parafin oil gaves the product sticky surface. On the other hand the formula consisting of three part glycerin and one part bees wax gave transparent and spreeded coating film. Also, the coating emulsion containing 2 part parafin oil and one part  bees wax and one part polyethylene glycol gave spreeded and stable coating film on tomatoes and pepper surface similar, results was obtained by authors (Hui, 1992), (Hagennaier and Baker, 1996), (Petracek et al, 1998) and (Phuaprodit et al, 2002).

Part II
4.2. Rheology properties of seven prepared coating film emulsions   
containing different sources of protein and cellulose:
The rheological properties i.e viscosity shear rate and shear stress for the seven prepared coating emulsions containing; soy protein, zein protein, gluten, gelatin, whey protein, methyl cellulose, ethyl cellulose and bees waxs were determined. Results of this study are illustrated in tables  (18-40)and figures(1-16).Relation between "shear rate and shear stress or "shear rate and viscosity" at different pH values were obtained as follow:

4.2.1. Relation between shear rate and shear stress at different pHs:
4.2.1.1. Relation between shear rate and shear stress at different pH for 

soy protein:
The rheological behavior of forming solution soy protein were studied at different pHs. The relation between shear rate and shear stress at different pH (4,6,8,12) for soy protein forming solution were tabulated in table (18,19) and figure (1).
The relation fits the constitutive equation (1)   τ=kγn → (1)
Table (18): Relation between shear rate and shear stress at different pH for soy protein: 

	Shear rate
	Shear Stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.106
	0.1
	0.101
	0.211

	4.4
	0.206
	0.24
	0.215
	0.528

	6.6
	0.422
	0.406
	0.311
	0.633

	8.8
	0.632
	0.611
	0.411
	0.84

	11
	0.82
	0.811
	0.606
	1.27

	13.2
	1.022
	1.006
	0.806
	1.48

	15.4
	––
	––
	––
	1.66

	17.6
	––
	––
	––
	1.69


Table (19): Relation between consistency index (k) and flow behavior index (n) at different pH for soy protein:
τ = k γn
	pH
	K
	n

	4
	0.0000000000000349
	1.3205

	6
	0.0355
	1.3106

	8
	0.3977
	1.1284

	12
	1.0168
	1.0183


Where: τ: shear stress, pa 
           γ: shear rate 1/sec 
           k: consistency index 
           n: flow behavior index 
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Figure (1): Relation between Shear rate and Shear Stress at different pH for soyprotein:

The relation between shear rate and shear stress approximately exhibits non-Newtonian pseudoplastic (shear rate increases with viscosity decreases)and fits the power low equation (1), while for pH (4, 6, 8) the flow behaviour index is different n>1 but we can approximate that it behaviors as pseudoplastic where it doesn't increase very much than one. From table (19), the consistency index (k) increases with increasing pH. At pH 12, the consistency index were increased to k=1.0168. At pH 12  where it reaches the best forming solution for the  applications of  naturally films and for coating of fruit and vegetables. Also,the consistency affected by changes in concentrate and interaction effect was performed with the average value of (k) and( n) for each treatment level, indicating that( n) and( k) might be correlated, if absolute correlated one of the parameters should be eliminated by expressing it as a function of other creating a one parameter model to investigate this possibility (Dail and Steffe, 1990) and (Hagenimana et al. 2007).
4.2.1.2. Relation between shear rate and shear stress at different pH for  
zein protein:
The relation between shear rate and shear stress at different pH (4, 6, 8, 12) for zein protein were tabulated in table (20) and figure (2). In this figure the shear rate-shear stress exhibits non-Newtonian pseudoplastic behavior and fits the power low equation (1), table (21) indicates that consistency index (k) shows fluctuations with increasing pH (4,6,8,12), it may be due to the change in structure of the forming solution as pH increases. Also, the flow behavior index (n) shows fluctuation with increasing pH Value, k=0.5547 and n=0.9318 when At pH 12  where it reaches the best forming solution for the  applications of  naturally films and for coating of fruit and vegetables (Dobraszczyk and Morgenstern, 2003) and (Xu et al. 2007).
Table (20): Relation between shear rate and shear at different pH for zein protein:
	Shear rate
	Shear stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.107
	34.7
	0.106
	1.16

	4.4
	0.311
	49.73
	0.206
	2.11

	6.6
	0.511
	61.66
	0.411
	3.27

	8.8
	0.706
	89.58
	0.811
	4.317

	11
	0.91
	106.97
	1.006
	4.84

	13.2
	––
	––
	1.2
	––


Table (21): Relation between consistency index (k) and flow behavior index (n) at different pH for zein protein.

τ = k γn
	pH
	K
	n

	4
	0.04
	1.3266

	6
	18.765
	0.6969

	8
	0.03
	1.4419

	12
	0.5547
	0.9318
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Figure (2): Relation between Shear rate and Shear Stress at different pH for zein protein
4.2.1.3. Relation between shear stress and shear rate at different pH for   glutein.

 
The shear rate –shear stress data exhibits non-Newtonian pseudo plastic behavior at different pHs and fits power low equation (1) as shown in table (22) and figure (3). From table (23) it is showed that the consistency index (k) shows fluctuations with increasing pH and increasing flow behavior index(n) with pH increases except pH12 it decreases to n=1.1377,it may be due to the change in structure of the forming solution as (pH) increases. At pH 12  where it reaches the best forming solution for the  applications of naturally films and for coating of fruit and vegetables (Dobraszczyk and Morgenstern, 2003) and (Xu et al. 2007).
Table (22): Relation between shear rate and shear stress at different pH for Glutein:
	Shear rate
	Shear stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.106
	0.02
	0.106
	0.528

	4.4
	0.211
	0.411
	0.4
	0.95

	6.6
	0.311
	0.717
	0.806
	1.37

	8.8
	0.417
	1.011
	1.21
	2.64

	11
	0.517
	1.406
	1.61
	3.17

	13.2
	0.628
	1.622
	2.011
	––


Table (23): Relation between consistency index (k) and flow behavior index (n) at different pH for Glutein: 
τ = k γn
	pH
	K
	n

	4
	0.0485
	0.9888

	6
	0.0791
	1.1744

	8
	0.0321
	1.6599

	12
	0.1947
	1.1377
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Figure (3): Relation between Shear rate and Shear Stress at different pH for Glutein:

4.2.1.4. Relation between shear rate and shear stress at different pH for Gelatin:
The shear rate –shear stress data exhibits non-Newtonian pseudoplastic behavior at different pH values for gelatin; data tabulated in table (24) and figure, (4). The relation fits power low Equation (1) as shown 
Table (24): Relation between shear rate and shear stress at different pH for Gelatin:
	Shear rate
	Shear stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.1
	0.1
	0.2
	0.1

	4.4
	0.32
	0.26
	0.401
	0.35

	6.6
	0.51
	0.406
	0.6
	0.606

	8.8
	0.85
	0.82
	0.8
	1.011

	11
	1
	1.006
	1.01
	1.417

	13.2
	1.306
	1.2
	1.2
	1.606


Table (25): Relation between consistency index (k) and flow behavior index (n) at different pH for Gelatin


τ = k γn
	pH
	K
	n

	4
	0.0351
	1.4218

	6
	0.0758
	1.0452

	8
	0.0906
	1.0113

	12
	0.0401
	1.443


in table (25), it couild be observed that the consistency index (k) increases as pH increases except at pH 12  it decreases to (k=0.0401). the flow behavior index (n) shows fluctuations as pH increases (n=1.443) may be due to the change in viscosity of gelatin solutions with increases concentration and changes in molecular shape and charge distribution. At pH 12  where it reaches the best forming solution for the  applications of naturally films and for coating of fruit and vegetables was observed by (Ottone et al, 2005) .
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Figure (4): Relation between Shear rate and Shear Stress at different pH for Gelatin:

4.2.1.5. Relation between shear rate and  shear stress at different pH for  
whey protein:
The shear stress –shear rate data exhibits non-Newtonian pseudo plastic behavior at different pH values for whey protein and fits power low equation (1) from table (26) and figure (5),it is remerked increases of shear stress with increases shear rate at different pH (4,6,8,12).Also, from table (27) it was show that consistency index (k) decreased with increase of pH, except for pH 12 it increases to (k=0.1405).The flow behavior index (n) increases as pH     increases, except pH=12 it decreases to (n=0.9588). At the isoelectric point, pH 7.Forming solution as pH of the emulsion approached a sharp change in viscosity occurred due to an increase in protein aggregation. At pH 12  where it reaches the best forming solution for the  applications of naturally films and for coating of fruit and vegetables, was obtained by (Perez-Gago and Krochta 1999) and (Barreto, et al. 2003).

 Table (26): Relation between shear rate and shear stress at different pH for whey protein:
	Shear rate
	Shear stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.106
	0.2
	0.106
	0.317

	4.4
	0.206
	0.406
	0.317
	0.528

	6.6
	0.311
	0.528
	0.511
	0.822

	8.8
	0.411
	0.711
	0.811
	1.217

	11
	0.617
	0.914
	1.211
	1.417

	13.2
	0.86
	1.117
	––
	1.66


Table (27): Relation between consistency index (k) and flow behavior index (n) at different pH for whey protein:
τ = k γn
	pH
	K
	n

	4
	0.04
	1.1322

	6
	0.0309
	1.3195

	8
	0.0046
	2.1651

	12
	0.1405
	0.9588
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Figure (5): Relation between Shear rate and Shear Stress at different pH for whey protein:

4.2.1.6 Relation between shear rate and shear stress at different pH for methylcellulose:
The relation between shear rate and shear stress exhibits non-Newtonian pseudoplastic behavior and power low equation (1)Table (28) and figure (6) show that the shear stress increase with increase shear rate at different pHs also, from table (29), it was observed that the relation between shear rate and shear stress the take  same trend as with zein protein.At pH 8  where it reaches the best forming solution for the  applications of naturally films and for coating of fruit and vegetables, according to(Peressini et al, 2003) 
Table (28): Relation between shear rate and shear stress at different pH for methylcellulose:
	Shear rate
	Shear stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.16
	5.8
	0.106
	29.14

	4.4
	0.211
	7.39
	0.406
	44.34

	6.6
	0.528
	10.11
	0.806
	59.12

	8.8
	0.822
	11.4
	1.233
	72.64

	11
	1.211
	13.09
	1.528
	90.37

	13.2
	1.633
	14.57
	1.817
	100.8


Table (29): Relation between consistency index (k) and flow behavior index (n) at different pH for methylcellulose
τ = k γn
	pH
	K
	n

	4
	0.0415
	1.3747

	6
	36.664
	0.527

	8
	0.0342
	1.6021

	12
	16.136
	0.7047
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Figure (6): Relation between Shear rate and Shear Stress at different pH for Methyl cellulose:

4.2.1.7. Relation between shear rate and shear stress at different pH for ethyl cellulose.

The relation between shear rate and shear stress exhibits non-Newtonian pseudoplastic behavior and fits the power low, table (30),figure(7),which show that increase in shear rate with increase shear stress at different pH values, however, table (31) revealed behavior forming prepared edible emulsion, there is a fluctuation in (k) and (n) may be due to that changes in molecular shape and distribution cross-linkase.At pH 8 where it reaches the best forming solution for the applications of naturally films and for coating of fruit and vegetables, according to (Marcotte,et al, 2001) 

 Table (30): Relation between shear rate and shear stress at different pH for ethylcellulose:
	Shear rate
	Shear stress, Pa

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.106
	40.2
	0.106
	17.95

	4.4
	0.211
	51.42
	0.211
	23.23

	6.6
	0.311
	68.52
	0.35
	34.71

	8.8
	0.422
	84.36
	0.59
	46.82

	11
	1.122
	95.44
	0.78
	51.15

	13.2
	––
	104.62
	––
	––


Table (31): relation between consistency index (k) and flow behavior index (n) at different pH for ethylcellulose:
τ = k γn
	pH
	K
	n

	4
	0.2285
	0.4132

	6
	3.477
	0.3642

	8
	0.0084
	1.613

	12
	9.6138
	0.6925
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Figure (7): Relation between Shear rate and Shear Stress at different pH for ethyl cellulose:

4.2.2. Effect of shear rate on viscosity at different pHs:
The viscosity characteristic displayed by a given solution grade are primarily related to the molecular weight distribution of the solution molecules. Being a polymer, materials macromolecular produces a viscosity in solution which at most temperatures and concentrations displays rheological properties non-Newtonian in nature.

4.2.2.1. Effect of shear rate on viscosity at different pH for soy protein.
The values of apparent viscosity behavior of forming soy protein solutions were platted against shear rate at different pH (4, 6, 8, 12) it can be seen that table (32) and figure (8) show that the apparent viscosity decreases with increasing shear rate at different pHs, so the forming solution exhibits pseudoplastic behavior, at different pHs  so, best peak was at pH 12.Studied whey protein emulsion viscosity at different pH (4,5,6,8).He determined  apparent viscosity as related to shear rate for emulsion since,he found that viscosity decresed with increasing shear rate at different pH values at pH away from isoelectric point of the whey protein exhibited complete Newtonian behavior;whereas around whey protein samples exhibited shear thining behavior, according to (Perez-Gago and Krochta, 1999). 
Table (32): Effect of shear rate on viscosity at different pH for soy protein:
	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.064
	
	0.038
	0.12

	4.4
	0.048
	0.032
	0.035
	0.1152

	6.6
	0.042
	0.024
	0.032
	0.112

	8.8
	0.038
	0.019
	0.024
	0.1097

	11
	0.032
	0.016
	0.0196
	0.1053

	13.2
	0.024
	0.009
	0.0142
	0.096

	15.4
	0.0904
	––
	––
	––

	17.6
	0.096
	––
	––
	––
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Figure (8): Effect of shear rate on viscosity at different pHs of Soyprotein:

4.2.2.2. Effect of shear rate on viscosity at different pH for zein protein:
The effect of shear rate on viscosity at different pH (4, 6, 8, 12) exhibit behavior of forming solutions for zein protein, from tabulated  data in table (33) and figure (9). It can be observed that the apparent viscosity decreases with increasing shear rate at different pH, so the forming solution exhibits, such as it as, pseudoplastic behavior at different pH,so the best peak pH12. this relation explain protein-stabilized emulsions, the net charge of the adsorbed protein layer is highly dependent on pH when pH is close to the isoelectric point of the protein, the net charge approaches  to zero. electrostatic repulsions become weak, and attractive interactions become important ,was observed by (Yaseen et al. 2005.) 

Table (33): Effect of shear rate on viscosity at different pH for zein protein:
	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.156
	0.015
	0.03
	0.524

	4.4
	0.096
	0.011
	0.024
	0.4799

	6.6
	0.0592
	0.009
	0.02
	0.192

	8.8
	0.036
	0.007
	0.016
	0.136

	11
	0.022
	0.006
	0.012
	0.0768
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Figure (9): Effect of Shear rate on viscosity at different pH for zein protein:
 

4.2.2.3. Effect of shear rate on viscosity at different pH for Gluten:
The siven data in table (34)  and figure (10), show the effect of shear rate on viscosity at different pH (4, 6, 8, 12) for Gluten. from table (34) and figure (10), it can be observed that the apparent viscosity of forming solutions decrease with increasing shear rate at different pH for Gluten, as well forming solution exhibits pseudoplastic behavior decrease of emulsion viscosity with increasing shear rate,so best peak at pH12  may be due to distribution particles with cross-linked, according to (Xu et al. 2007) 
Table (34) effect of shear rate on viscosity at different pHs for Gluten:

	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.048
	0.096
	0.028
	0.2399

	4.4
	0.04
	0.048
	0.024
	0.216

	6.6
	0.036
	0.032
	0.02
	0.208

	8.8
	0.032
	0.024
	0.016
	0.2009

	11
	0.0288
	0.0096
	0.012
	0.1879

	13.2
	0.024
	0.0032
	0.008
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Figure (10): Effect of Shear rate on viscosity at different pH for Gluten:

4.2.2.4. Effect of shear rate on viscosity at different pH for Gelatin.

Effect of shear rate on viscosity at different pH (4, 6, 8, 12) for Gelatin from tabulated in  table (35) and figure (11), it can be seen that apparent viscosity decreases with increasing shear rate at different pH for gelatin, so the forming solution exhibits pseudoplastic behavior at different pH the viscosity 
 Table (35) effect of shear rate on viscosity at different pH for Gelatin:
	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.044
	0.024
	0.02
	0.036

	4.4
	0.0401
	0.02
	0.018
	0.032

	6.6
	0.0362
	0.016
	0.0142
	0.0288

	8.8
	0.031
	0.012
	0.012
	0.024

	11
	0.024
	0.0096
	0.008
	0.016

	13.2
	0.0182
	0.007
	0.006
	0.008


of gelatin solutions increases with increasing concentration and with decreasing temperature.The viscosity of gelatin in forming solution as a function of concentration At pH 12  where it reaches the best forming solution for the  applications of naturally films and for coating of fruit and vegetables, according to (Wolf, et al., 2000).
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Figure (11): Effect of shear rate on viscosity at different pHs of Gelatin:
4.2.2.5. Effect of shear rate on viscosity at different pH for whey protein:
 
The effect of shear rate on viscosity at different pH (4, 6, 8, 12) for whey protein is shown in table (36) and figs (12),from tabulated data in table (36) and figure (12), it can be observed that the forming solution exhibits trend of pseudoplastic behavior at different pH, while it reaches the best forming solution at pH 12  in whey protein lipid systems. This makes it very difficult to prepare complete bilayer film by using the emulsion technique. However, different emulsion composition and preparation factors can affect film morphology such that close to a "bilayer like" emulsion may be achieved. At pH 12 where it reaches the best forming solution for the applications of naturally films and for coating of fruit and vegetables, has been reported. (Barreto et al. 2003) and (Hamberg et al. 2001) 

Table (36): Effect of shear rate on viscosity at different pH for whey protein:

	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.048
	0.0
	0.0
	0.144

	4.4
	0.032
	0.048
	0.048
	0.12

	6.6
	0.024
	0.038
	0.028
	0.096

	8.8
	0.018
	0.028
	0.024
	0.056

	11
	0.128
	0.0192
	0.019
	0.0288

	13.2
	0.008
	0.016
	0.016
	0.016


Figure (12): Effect of shear rate on viscosity at different pHs of  Whey protein:
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4.2.2.6. Effect of shear rate on viscosity at different pH for methyl cellulose:
 The effect of shear rate on viscosity of forming methyl cellulose solution at different pH (4, 6, 8, 12) is tabulated in table (37) and figure (13) it can be observed that apparent viscosity decreases with increasing shear rate at pH6 the  solution has  pseudoplastic behavior At pH 12 where it reaches the best forming solution for the applications of naturally films and for coating of fruit and vegetables, according to (Peressini et al. 2003) and (Yaseen et al. 2005) 
Table (37): Effect of shear rate on viscosity at different pH for methyl cellulose:
	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.11
	2.1
	0.14
	0.0132

	4.4
	0.08
	1.68
	0.072
	0.011

	6.6
	0.048
	1.472
	0.048
	0.0089

	8.8
	0.032
	1.296
	0.0027
	0.0062

	11
	0.0192
	1.19
	0.024
	0.0042

	13.2
	0.008
	1.004
	0.016
	0.0023
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Figure (13): Effect of shear rate on viscosity at different pHs of methyl cellulose: 
4.2.2.7.Effect of shear rate on viscosity at different pH for ethyl ellulose:
 The effect of shear rate on viscosity at different pH (4, 6, 8, 12) for ethyl cellulose is illustrated in table (38)and fig(14). From table (38) and figure(14) it can be observed that apparent viscosity decreases with increasing shear rate at different pHs, while best treatment is at pH8 at which the emulsion appear pseudoplastic behavior. (Peressini et al. 2003) and (Yaseen et al. 2005). 
Table (38): Effect of shear rate on viscosity at different pH for ethyl cellulose:
	Shear rate
	Viscosity, Pa.s

	
	pH 4
	pH 6
	pH 8
	pH 12

	2.2
	0.132
	0.046
	0.104
	0.008

	4.4
	0.102
	0.031
	0.096
	0.0056

	6.6
	0.086
	0.0255
	0.0864
	0.0035

	8.8
	0.048
	0.021
	0.0709
	0.002

	11
	0.032
	0.018
	0.06
	0.0018

	13.2
	0.028
	0.014
	––
	––
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Figure (14): Effect of shear rate on viscosity at different pHs of  ethyle cellulose:

4.2.3. Relation between shear rate and shear stress for Bees wax:
The relation between shear rate and shear stress for Bees wax was studied. This relation might explain exhibit behavior of forming solution for Bees wax. In table (39)and figure (15), it can be observed that the relation fits the constitutive equation (1). In this case the shear rate –shear stress exhibits non-Newtonian pseudoplastic behavior and fits power low. Also figure (15) shows that the shear rate increases with increasing shear stress (Phvapradit et al, 2002)  

Table (39): Relation between shear rate and shear stress for Bees wax:
	Shear rate
	Shear stress

	9.3
	2.23

	18.6
	4.28

	27.9
	6.32

	37.2
	8.37

	46.5
	10.42

	55.8
	12.37
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Figure (15): Relation between (k) consistancy index and (n) flow behavior index for Bees waxes:

4.2.4. Effect of shear rate on viscosity for Bees wax:
The  resultes might explain effect of shear rate on viscosity for bees wax and exhibit behavior of forming solution. From table (40) and figure (16) it can be observed that apparent viscosity decreases with increasing shear rate (Phuapradit, et al. 2002) and (Ding et al. 2005)
Table (40) effect of shear rate on viscosity for Bees wax

	Shear rate
	Shear stress

	9.3
	0.24

	18.6
	0.23

	27.9
	0.2267

	37.2
	0.225

	46.5
	0.224

	55.8
	0.2213
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Figure (16): Effect of shear rate on viscosity for Bees waxes

Part III
4.3. Physical and mechanical properties of prepared edible natural films:

The physical and mechanical properties of prepared edible natural films having different structures and properties depending on their chemical composition, processing method, kind of plasticizing and binding agents used and processing conditions especially pH and temperature were studied.

4.3.1. Loss weight of formed edible  films when emerged in water:
The weight loss of different prepared protein and cellulose films when dipped in water at room temperature is given in table (41), it can be observed that the loss of weight of natural films in water reached to a maximum value of 1-12% of initial weight of all prepared films. This is may be due to that most materials used in prepering tested films are of polar characteristics. According to (Munoz et al. 2004) the whey and soy protein are more soluble in water than glutenin films. However, all tested films showed high sign of physical disintegration after immersion in water for 24 hr. The authers added that the soluble matter may correspond to non protein compounds, remaining in the film after casting (low molecular weight polypeptides and polar amino acids). Also, it was reported that gluten show very low solubility in water owing to their low content of ionizable amino acids side chains and hight content of no polar amino acids. In general, the addition of plasticizer increased soluble matter of the films because plasticizers are easily extracted by water. According to (Moller et al. 2004), they reported that addition of citric acid as cross-linking agent reduce the solubility of chitosan –hydroxypropyl methylcellulose film in water at 40%, such result did not appear in our study due to the variation of film formulus composition and the level of citric acid added. According to (Bernardcuq et al. 1998), They reported that soy protein films have good mechanical properties but generally slightly water resistant. 

Table (41): Stability of different prepared protein films when dipped in water at room temperature:
	Type of film
	% loss in weight after dipping in water and drying.

	1- Soy protein + glycerol
	6.2   

	2- Soy protein +poly ethylene glycol
	5.9

	3- Soy protein +glycerol +citric acid
	7.2

	4- Soy protein + glycerol +starch
	6.8

	5- Zein protein + glycerol
	1.0

	6- Zein protein+ poly ethylene glycol
	1.3

	7- Zein protein +glycerol +citric acid
	2.9

	8- Zein protein + glycerol +starch
	2.8

	9- whey protein + glycerol
	8.6

	10- whey protein + poly ethylene glycol
	8.9

	11- whey protein + glycerol +citric acid
	9.4

	12- whey protein + glycerol +starch
	9.8

	13- Gluten + glycerol
	12.0

	14- Gluten + poly ethylene glycol
	10.2

	15- Gluten + glycerol +citric acid
	9.3

	16- Gluten + glycerol +starch
	8.2

	17- Gelatin  + glycerol
	5.2

	18- Gelatin + poly ethylene glycol
	5.8

	19- Gelatin + glycerol +citric acid
	5.9

	20- Gelatin + glycerol +starch
	6.2

	21- Methylcellulose + glycerol
	1.0

	22- Methylcellulose + poly ethylene glycol
	1.0

	23- Methylcellulose + glycerol +citric acid
	1.1

	24- Methylcellulose + glycerol +starch
	1.2

	25- Ethyl cellulose + glycerol
	1.0

	26- Ethyl cellulose + poly ethylene glycol
	1.2

	27- Ethyl cellulose + glycerol +citric acid
	1.4

	28- Ethyl cellulose + glycerol +starch
	1.9


4.3.2. Effect of plasticizer (glycerol and poly ethylene glycol) and additive starch and citric acid as cross-linked agent on thickness of prepared  edible natural films.

The effect of added plasticizer a glycerol and poly ethylene glycol and starch and citric acid (as cross-linked agent) on thickness of prepared natural films was determined. The results are tabulated in table (42) it can be observed that the highest thickness values of prepared natural films was found in films prepared from gelatin with glycerol (55um) and methyl cellulose + poly ethylene glycol, gelatin with polyethylene glycol (54 um) followed by whey protein + glycerol and whey protein + glycerol + starch (47 um). While zein protein + glycerol + srarch and gluten + glycerol and methyl cellulose + glycerol + starch gave thickness in the range of (44.45 um), gelatin + glycerol + citric acid and gelatin + glycerol +  starch (52 um) respectively. Also, the films containing starch seemed to have higher film thickness than the other formulation studied.
On the other hand ,the lowerst thickness of prepared films was noticed for films containing, soy protein with poly ethylene glycol as plasticizer (18 um) followed by soy protein with glycerol and citric acid (22 um) and ethyl cellulose + glycerol + citric (28 um), methyl cellulose + glycerol (30 um) and soy protein + glycerol (30 um). A medium thickness (between, 29-40 um) was observed for zein protein + poly ethylene glycol (32 um), whey protein + glycerol + citric (32 um), zein protein + glycerol (36 um), gluten + poly ethylene glycol (35 um), gluten +glycerol + citric and ethyl cellulose + glycerol (38 um) followed by soy protein + glycerol + starch (42), zein protein +glycerol +citric (40 um), gluten + glycerol + starch (42 um), whey protein + poly ethylene glycol (40 um), ethyl cellulose + poly ethylene glycol (40 um) and ethyl cellulose +glycerol+ starch (40 um).Besides from table (42) it could be concluded that the different plasticizer compounds with different protein sources give different values of film thickness (Wan et al., 2005) and (Kim et al., 2002). Also, it was observed that addition of starch raised the thickness of most prepared films especially with soy protein and zein protein films. The addition of citric acid in most formulas led to an decrease in the thickness of prepared films.

Table (42): Effect of plasticizer and different additive matter on thickness of natural films: 

	Type of film
	Thickness (um)

	1- Soy protein + glycerol
	30

	2- Soy protein +poly ethylene glycol
	18

	3- Soy protein +glycerol +citric acid
	22

	4- Soy protein + glycerol +starch
	42

	5- Zein protein + glycerol 
	36

	6- Zein protein+ poly ethylene glycol
	32

	7- Zein protein +glycerol +citric acid
	40

	8- Zein protein + glycerol +starch
	44

	9- Whey protein + glycerol
	45

	10- Whey protein + poly ethylene glycol
	35

	11- Whey protein + glycerol +citric acid
	38

	12- Whey protein + glycerol +starch
	42

	13- Gluten + glycerol
	47

	14- Gluten + poly ethylene glycol
	40

	15- Gluten + glycerol +citric acid
	32

	16- Gluten + glycerol +starch
	47

	17- Gelatin  + glycerol
	55

	18- Gelatin + poly ethylene glycol
	54

	19- Gelatin + glycerol +citric acid
	44

	20- Gelatin + glycerol +starch
	52

	21- Methylcellulose + glycerol
	30

	22- Methylcellulose + poly ethylene glycol
	55

	23- Methylcellulose + glycerol +citric acid
	28

	24- Methylcellulose + glycerol +starch
	44

	25- Ethyl cellulose + glycerol
	38

	26- Ethyl cellulose + poly ethylene glycol
	40

	27- Ethyl cellulose + glycerol +citric acid
	28

	28- Ethyl cellulose + glycerol +starch
	40


4.3.3. Effect of plasticizer "glycerol and poly ethylene glycol" and starch and citric acid as cross-linked agent on tensile strength of natural films.
The effect of plasticizer agent (glycerol and poly ethylene glycol) and starch and citric acid as cross-linked added to studied of different protein sources on the strength property of formed films was studied. Tensile strength of prepared natural films was determined  as resistance obtained to rupture when subjected to a pulling force or maximum load. The results are listed in table (43) and expressed as the tensile strength of prepared films was greatly affected by the type of plasticizing agent used and starch and citric acid added. The maximum tensile strength was found for whey protein poly ethylene glycol film (6.4 N.M.M2), followed by soy protein + glycerol+ citric acid film (5.6 N.M.M2), zein portion+ poly ethylene glycol(5.28 N.M.M2), whey protein + glycerol +citric acid (5.2 N.M.M2) and than soy protein + glycerol (4.84 N.M.M2), zein protein + glycerol (4.5 N.M.M2), zein protein +glycerol + citric acid (4.2 N.M.M2), gluten + poly ethylene glycol (4.70N.M.M2), gelatin + glycerol + citric acid (4.6 N.M.M2). The lowest tensilestrength determined was for ethyl cellulose +glycerol+ starch (0.9 N.M.M2) followed by ethyl cellulose +poly ethylene glycol (1.23 N.M.M2), and methyl cellulose +glycerol + starch (1.46 N.M.M2). The other values given were between (1.6-3.6 N.M.M2) from the obtained results it could be concluded that the addition of starch in film fromalation weakened the tensile strength of prepared films, while addition of citric acid (as cross-linking agent) improved the tensile strength of films prepared from soy protein, gluten, whey protein, gelatin and methyl cellulose. The same improvement effect was found when poly ethylene glycol was added to zein protein, gluten and whey protein films. According to (Kim et al., 2002) tensile strength and elongation can be used to describe how the mechanical properties of film materials relate to their chemical structures plasticizers are theorized to decrease the intermolecular forces along polymer chains, imparting increased film flexibility. Also, They indicated that the tensile strength values decreased and elongation values increased as the concentration of plasticizer increased in wheat and corn zein protein films. Also, in whey protein films increasing of glycerol resulted in significant decrease in tensile strength and increased in elongation. However, the films must be strong and flexible enough to be handled.

Table (43): Effect of plasticizer agents, starch and citric acid (as cross linked agent) matter on tensile strength of natural films.

	Type of film
	Tensile strength (N.M.M2)

	1- Soy protein + glycerol
	4.84

	2- Soy protein +poly ethylene glycol
	3.62

	3- Soy protein +glycerol +citric acid
	5.60

	4- Soy protein + glycerol +starch
	3.65

	5- Zein protein + glycerol 
	4.50

	6- Zein protein+ poly ethylene glycol
	5.28

	7- Zein protein +glycerol +citric acid
	4.20

	8- Zein protein + glycerol +starch
	2.40

	9- Whey protein + glycerol
	2.76

	10- Whey protein + poly ethylene glycol
	4.70

	11- Whey protein + glycerol +citric acid
	3.60

	12- Whey protein + glycerol +starch
	3.20

	13- Gluten + glycerol
	3.20

	14- Gluten + poly ethylene glycol
	6.40

	15- Gluten + glycerol +citric acid
	5.20

	16- Gluten + glycerol +starch
	2.30

	17- Gelatin  + glycerol
	3.18

	18- Gelatin + poly ethylene glycol
	2.86

	19- Gelatin + glycerol +citric acid
	4.60

	20- Gelatin + glycerol +starch
	1.62

	21- Methylcellulose + glycerol
	2.96

	22- Methylcellulose + poly ethylene glycol
	1.60

	23- Methylcellulose + glycerol +citric acid
	3.40

	24- Methylcellulose + glycerol +starch
	1.46

	25- Ethyl cellulose + glycerol
	2.62

	26- Ethyl cellulose + poly ethylene glycol
	1.23

	27- Ethyl cellulose + glycerol +citric acid
	2.60

	28- Ethyl cellulose + glycerol +starch
	0.90


4.3.4. Effect of plasticizer agents (glycerol and poly ethylene glycol) and starch and citric acids (as cross linked agent) on elongation of natural films:
The elongation property of flexible natural films measures the extent to which a material will stretch before breaking. Therefore, in this part of investigation we determined the elongation property of prepared films containing different proteins sources and plasticizers. The obtained results are tabulated in table (44). From these results, it can be observed that the highest value of elongation (198%) was belonging to ethyl cellulose glycerol film which at the same time was the lowest tensile strength value. Also, gluten glycerol, whey protein glycerol and ethyl cellulose poly ethylene glycol films showed higher elongation values (170%). On the hand other gluten poly ethylene glycol and methyl cellulose glycerol films exhibited elongation values of (150%). The lowest elongation values were remarked for gelatin and soy protein films in all formulation used (39-54%) and (59-90%) respectively while in zein. Protein films the increase in elongation reached about 88-115%. However, the given results indicated that glycerol plasticizer gave the highest elongation increase in all tested formulas, followed by poly ethylene glycol.At the same time starch caused little increase in elongation percentages for all tested formulas. It could be concluded that the decrease in tensile strength of tested films was connected with an increase in elongation percentages. Similar conclusion was reported by other researches, (Kim et al. ,2002) and (Choi and Han, 2001).Also, it could be added that the tensile strength and elongation properties of formulated films are depend on the chemical composition of the formulated mix and the type and concentration of plasticizer used and method of film preparation (Simelane and Ustunol, 2005)

Table (44): Effect of plasticizer agents and different additive matter on elongation natural film.

	Type of film
	Elongation (%)

	1- Soy protein + glycerol 1.5
	90.38

	2- Soy protein +poly ethylene glycol
	86.40

	3- Soy protein +glycerol +citric acid
	70.4

	4- Soy protein + glycerol +starch
	56.34

	5- Zein protein + glycerol 
	115.50

	6- Zein protein+ poly ethylene glycol
	104.60

	7- Zein protein +glycerol +citric acid
	96.50

	8- Zein protein + glycerol +starch
	88.34

	9- Whey protein + glycerol
	170

	10- Whey protein + poly ethylene glycol
	150.20

	11- Whey protein + glycerol +citric acid
	120.50

	12- Whey protein + glycerol +starch
	105.70

	13- Gluten + glycerol
	170.60

	14- Gluten + poly ethylene glycol
	130.60

	15- Gluten + glycerol +citric acid
	107.60

	16- Gluten + glycerol +starch
	96.20

	17- Gelatin  + glycerol
	54.50

	18- Gelatin + poly ethylene glycol
	49.60

	19- Gelatin + glycerol +citric acid
	42.40

	20- Gelatin + glycerol +starch
	39.20

	21- Methylcellulose + glycerol
	152

	22- Methylcellulose + poly ethylene glycol
	130.70

	23- Methylcellulose + glycerol +citric acid
	110.20

	24- Methylcellulose + glycerol +starch
	98.90

	25- Ethyl cellulose + glycerol
	198

	26- Ethyl cellulose + poly ethylene glycol
	170.30

	27- Ethyl cellulose + glycerol +citric acid
	120.60

	28- Ethyl cellulose + glycerol +starch
	105.40


4.3.5. Effect of plasticizer ( glycerol and poly ethylene glycol )and starch and citric acids (as cross linked agent) on young's modulus of natural films.

The young's modulus (stress / strain) is agood indiator for measuring the toughtness of different films. The young's modulus as the other mechanical properties was affected by the polymer structure. The obtained results in table (45) showed that all films with added starch had higher toughtness (hight modules values) than the other films glycerol was added to methyl and ethyl cellulose minimized young's modulus values (2.5 N.M.M2) which indicated more film softening and flex ability. On the other hand gluten + glycerol film exhibited high modulus values (6.6 N.M.M2), while soy protein glycerol film gave modulas values (3.3N.M.M2). 
Table (45): Effect of plasticizer agents and different additive matter on young's modulus.  

	Type of film
	young's modulus (N.M.M2)

	1- Soy protein + glycerol 
	3.20

	2- Soy protein +poly ethylene glycol
	4.21

	3- Soy protein +glycerol +citric acid
	3.90

	4- Soy protein + glycerol +starch
	5.60

	5- Zein protein + glycerol 
	5.2

	6- Zein protein+ poly ethylene glycol
	5.4

	7- Zein protein +glycerol +citric acid
	4.40

	8- Zein protein + glycerol +starch
	6.20

	9- Whey protein + glycerol
	6.60

	10- Whey protein + poly ethylene glycol
	5.20

	11- Whey protein + glycerol +citric acid
	4.60

	12- Whey protein + glycerol +starch
	6.20

	13- Gluten + glycerol
	3.6

	14- Gluten + poly ethylene glycol
	4.10

	15- Gluten + glycerol +citric acid
	3.80

	16- Gluten + glycerol +starch
	5.50

	17- Gelatin  + glycerol
	4.30

	18- Gelatin + poly ethylene glycol
	5.3

	19- Gelatin + glycerol +citric acid
	4.90

	20- Gelatin + glycerol +starch
	5.60

	21- Methylcellulose + glycerol
	2.40

	22- Methylcellulose + poly ethylene glycol
	3.40

	23- Methylcellulose + glycerol +citric acid
	4.60

	24- Methylcellulose + glycerol +starch
	5.20

	25- Ethyl cellulose + glycerol
	2.50

	26- Ethyl cellulose + poly ethylene glycol
	3.30

	27- Ethyl cellulose + glycerol +citric acid
	4.40

	28- Ethyl cellulose + glycerol +starch
	6.50


Finally, it could be concluded that the recipe composition used in preparing of edible film affect the mechanical properties of formed film i.e tensile strength, elongation and young's modulus. (Diab et al, 2001)
4.3.6. Factors affecting permeability of natural films:
The permeability is a good measure of tendency to absorb, transfer and adsorb apermeate (e.g., water vapor or oxygen) from one side of a film to the other. There dimensions are: amount of permeate / time area. Driving force / thickness of films. The natural films produced characterized with different oxygen transmission rate and water vapor permeability, values depending on their composition, therefore, the higher or lower oxygen transmission rate and water vapor permeability values are good indicators of films quality these result were in agreement with (Krochta and Catherine 1997).

Table (46): Measurement of water vapor and oxygen permeability  of different  prepared natural films.
	Type of film
	Water vapor Permeability (g/m2.24hr)
	Oxygen permeability (cm3/m2.24hr)

	Soy protein
	2200
	4.32

	Zein protein
	2100
	3.25

	Gluten
	2000
	0.32

	Whey protein
	1900
	6.12

	Gelatin
	1800
	2.31

	Methyl cellulose
	2300
	13.15

	Ethyl cellulose
	2200
	13.5


4.3.6.1. Determination of oxygen permeability of prepared seven natural   films:
The prepared seven edible natural films were tested for oxygen permeability; the results are shown in table (46). The results were expressed as, (cm3 / m2. 24 hr). From table (46) it was appeared that gluten film was
Characterized with minimum oxygen permeability rate (0.32 cm3 /m2.24hr) followed by gelatin, (2.31 cm2 /m2.24hr) then zein protein, (3.25 cm3 /m2.24hr). while soy protein and whey protein films had a medium values of oxygen permeability (4.32 – 6.12 cm3 /m2.24hr). On the other hand methyl cellulose and ethyl cellulose films gave maximum oxygen permeability rate (13.0 – 13.5 cm3 /m2.24hr). The permeability of edible natural films is variable due to the variation in the composition of formulus used, the physico chemical and rheological properties of their compounds, the method of preparation and thickness of produced films. According to (Buonocore et al. 2005) zein films have the lower oxygen permeability and casein film has an intermediate behavior which confirmed our obtained results. Also, the same authers added that the oxygen permeability coefficient depends on water concentration and on the ability of water plasticizing the polymeric matrix.

4.3.6.2. Water vapor permeability of prepared natural films:
As previously mentironed, water vapor permeability throught natural films affect the quality of coated vegetable and fruits. Therefore the water vapor permeability of prepared seven natural films was measured and the results are listed in table (46). From table (46) it can be observed that on contrary of water vapor permeability, the lower water permeability was characterized for gelatin films (1800 g/m2.24hr) followed by whey protein films (1900 g/m2.24hr). While, zein and soy protein films had water permeability between (2100-2200 g /m2 .24hr). The more pronouneed results were obtained for methyl and ethyl cellulose films which were characterized with higher water permeability (2200-2300 g /m2.24hr). These obtained results may help for chosing the more proper coating film for individual fruit and vegetable item. According to (Talens and Krochta, 2005) they reported that, cellulose has hydrophilic structure which adsorb the water vapor from atmosphere and attached it into the films structure which prevent passing of water vapor through out the film. On the opposite glycerin had three hydroxyl groups (hydrophilic groups) which might increase the water vapor permeability values of the films, therefore the water vapor permeability values increased with glycerin percent increasing. These results may be agree with those previously reported for different protein films at different conditions by other authors which indicate that protein film ability to act as a barrier to moisture decreases with increase of hydrophilic plasticizer content. Hydrophilic plasticizers reduce polymer chain-to-chain hydrogen bonding and increase intermolecular spacing, there by decreasing brittleness and increasing permeability of film materials. When the amount of glycerol was lower (films made with 3 parts of whey protein to 1 part of glycerol), the film was brittle and curled during drying and it was not possible to measure the water vapor permeability (Buonocore et al, 2005). In generally, protein films are good oxyger barrier but poor moisture barriers due to the predominantly hydrophilic natural of protein. However, the presence of hydrophopic amino acids, (Leucine, prolene and alanine at approximately 35 wt %) in corn zein protein provides farly good moisture barriers properties thus the, lamination of the hydrophilic soy protein films with hydrophopic (Like corn zein) may decrease the over all water vapor permeability of the biopolymer films (Dawsan et al. 2002). Therefore it could be produced edible bilayer films of wheat gluten and lipids and whey protein lipid bilayer films.
 4.3.7. Determination of glass transition temperature (Tg) of tested raw materials and films formed from it:

The differential scanning calorimetry (DSC) apparentes was used for determination the glass transition temperature of seven raw materials used in film formation i.e, soy protein, zein protein, gluten, gelatin, whey protein, methyl cellulose and ethyl cellulose and the edible films prepared from such materials. Glass transition temperature characterized the thermomechanical behavour of tested materials and has been considered as an important parameter in the study of polymers, since, above the glass transition, polymeric materials exist in a soft, rubbery state, whereas below the glass transition polymer assure glass and brittle state (Ferry, 1980). The value of glass transition is governed primarily by chemical composition and the presence of added plasticizer, chain branching cross-linking and cristallinity. In the case of hydrophilic natural polymers, water functions as plasticizer depressing the glass transition of the material, (Rogers, 1985).

Table (47): glass transition temperature (Tg) of used raw material and films as measured by differential scanning calorimetry (DSC):
	
	Raw materials ºC 
	Films ºC 

	Soy protein
	70.79
	38.58

	Gelatin
	73.50
	47.92

	Gluten
	44.96
	11.20

	Whey protein
	130
	44.08

	Zein protein
	72.65
	54.09

	Methyl cellulose
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	Ethyl cellulose
	85.08
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4.3.7.1. Glass transition temperature (Tg) of raw materials and films:
4.3.7.1.1.  Soy protein and soy protein film:
 
The glass transition temperature of soy protein and soy protein edible film containing glycerol as plasticizer was studied. Results are shown in table (47) and figure (17), (18) from the curves illustrated in fig (17),(18) it is clear that the glass transition temperature of soy protein was 70.79 ºC  and for soy protein film was 38.58 ºC . below 70.79 ºC  and 38.58 ºC  the tested material and film are in glassy state and above 70.79 ºC  and 38.58 ºC  the tested material and film are in rubbery state.
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4.3.7.1.2. Gelatin and Gelatin films.
The glass transition temperature of gelatin and gelatin film containing glycerol as plasticizer was studied .Results are shown in table (47) and figure (19), (20), from the curves illustrated in fig (19),(20) it can be observed that the glass transition temperature of gelatin was 72.65 ºC  and for gelatin film was 54.09 ºC . Below 72.65 ºC and 54.09 ºC the tested material and film are in glassy state and above 72.65 ºC and 54.09ºC the tested of material and film are in rubbery state.

4.3.7.1.3. Gluten and Gluten films:
The glass transition temperature of gluten and gluten film containing glycerol as plasticizer was studied and results are shown in table (47) and figure (21),(22). From the curves illustrated in fig (21),(22) it is clear that the glass transition temperature of gluten was 44.96 ºC  and for gluten film was 11.20ºC. Below 44.96ºC and 11.20 ºC tested material and film are in glassy state and above 44.96 ºC and 11.20 ºC tested of material and film are in rubbery state. 
4.3.7.1.4. Whey protein and Whey protein films.

The glass transition temperature of whey protein and whey protein film containing glycerol as plasticizer was studied. Results are shown in table (47) and figure (23),(24), from the curves illustrated in fig (23),(24) it is clear that the glass transition temperature of whey protein was 130 ºC  and for whey protein film was 44.08ºC. Below 130 ºC and 44.08ºC tested material and film are in glassy state and above 130 ºC and 44.08ºC tested of material and film are in rubbery state. 

4.3.7.1.5. Zein protein and zein protein films.
The glass transition temperature of zein protein and zein protein film containing glycerol as plasticizer was studied . Results are shown in table (47) and figure (25),(26), from the curves illustrated in fig (25),(26) it could be noticed that the glass transition temperature of zein protein was 73.50 ºC  and for zein protein film was 47.92ºC. Below 73.50 ºC and 47.92ºC tested material and film are in glassy state and above 73.50 ºC and 47.92ºC tested material and film are in rubbery state.
4.3.7.1.6. Methyl cellulose and Methyl cellulose films.

The glass transition temperature of methyl cellulose and methyl cellulose film containing glycerol as plasticizer was studied . Results are shown in table (47) and figure (27),(28), from the curves illustrated in fig (27),(28) it is clear that the glass transition temperature of methyl cellulose was 68.12 ºC  and for methyl cellulose films was 48.0 ºC. Below 68.12ºC and 48.0 ºC tested material and film are in glassy state and  above  68.12 ºC and 48.0 ºC tested of material and film are in rubbery state.

4.3.7.1.7. Ethyl cellulose and Ethyl cellulose films.

The glass transition temperature of ethyl cellulose and ethyl cellulose film containing glycerol as plasticizer was studied  . Results are shown in table (47) and figure (29),(30), from the curves illustrated in fig (29),(30) it is clear that the glass transition temperature of ethyl cellulose was 85.08 ºC  and for ethyl cellulose films was 56.83ºC. Below 85.08 ºC and 56.83ºC tested material and film are in glassy state and above 85.08 ºC and 56.83ºC tested material and film are in rubbery state. According to (Kolesch and Labnzal, 1992), they reported that edible methyl cellulose fatty acids film was in rubbery state at ambient conditions and recorded glass transition values in the approximate range, of -11 to 50 ºC. also, (Kalichersky et al., 1992) studied the glass transition of glycerin plasticized wheat gluten films and expected to increase when glycerin is partially replaced with sucrose, they also added that most likely such as increasing glass transition will be compained by an improvement of the water vapor barrier characteristics of the film. However, (Davies, 1986) observed an increase in fluidity with increasing temperature of gluten up to 85ºC. Also, according to (Madeka and Kokini, 1996), it was reported that zein showed a networking reaction in the temperature range of 65-160 ºC. Below 65ºC zein behaved like an entangled polymeric fluid in the presence of 25% moisture content. As the temperature exceeded 160 ºC the aggregated zein softened. The mid point of glass transition of dry zein was 139ºC (134-144ºC), which was lower than that glass transition of gluten and glutenin. One possible reason for this is the much lower molecular weight of zein as compared to gluten and glutanin. 
Thus, they reasoned the higher permeance of the film may be due to the rubbery state. The glass transation is a reversible phenomenon that causes an amorphous material to be transformed from a rigid glassy state into viscoelastic rubbery state at a temperature known as the glass transation temperature (Tg). The incorporation of compounds with a lower (Tg) that is plasticizers such as water into a glassy system can also, promote a glass transation. The glass transation is accompanied by increasing molecular mobility decreasing solution viscosity and increasing elasticity in the rubbery state (D'Cruz and Bell, 2005).          
4.3.8. Determination of thermal loss degradation of different raw materials and natural films as measured by thermogravaamateric analysis, (TGA)
Thermogravaamateric analyses indicate the thermal degradation temperature of tested protein film and at the same time indicate the more proper processing temperature of such films. Also, thermal analysis (thermogravaamateric analysis) provides information on the thermal stability including thermal degradation of protein films, (Ogale et al., 2000).
Table(48):Thermal weight loss measured by thermogravimetric analysis (TgA) for different raw material and natural films used.

	Material

examined
	Total weight

mg
	First 

stages
	Second 

stages
	Third 

stages
	Total 

samples
	Total loss 

percentage %
	start

loss ºC 
	End 

loss ºC 

	
	
	Weight  loss   
	Weight  loss 
	Weight   loss
	
	
	
	

	
	
	mg
	%
	mg
	%
	mg
	%
	
	
	
	

	Soy protein
	2.84
	0.168
	5.879
	0.178
	6.244
	-
	-
	0.346
	12.123
	32.02
	199.19

	Soy protein film
	3.82
	0.192
	5.028
	0.233
	6.089
	0.47
	12.297
	0.891
	23.313
	48.0
	185.67

	Gelatin
	8.39
	0.117
	1.399
	0.768
	9.151
	-
	-
	0.886
	10.559
	30.7
	193.46

	Gelatin films
	3.57
	0.212
	5.946
	0.313
	8.756
	0.393
	10.995
	0.915
	25.615
	49.47
	189.55

	Gluten
	9.0
	0.227
	2.524
	0.403
	4.474
	0.075
	0.830
	0.696
	7.734
	57.94
	183.33

	Gluten films
	3.13
	0.094
	3.018
	0.185
	5.916
	0.377
	12.030
	0.656
	20.971
	45.96
	188.35

	Whey protein
	2.75
	0.126
	4.578
	0.184
	6.671
	0.249
	9.045
	0.556
	20.191
	30.0
	191.13

	whey protein films
	12.25
	1.744
	14.244
	-
	-
	-
	-
	1.251
	14.592
	32.89
	145

	Zein protein
	5.89
	0.099
	1.673
	0.17
	3.010
	0.161
	2.735
	0.433
	7.348
	53.39
	191.39

	Zein protein films
	2.74
	0.146
	5.311
	0.099
	3.604
	-
	-
	0.244
	8.901
	60.32
	190.05

	Methyl cellulose
	12.13
	0.569
	4.689
	0.782
	6.448
	-
	-
	1.35
	11.17
	30.0
	199.75

	methyl cellulose films
	3.46
	0.161
	4.645
	0.25
	7.441
	0.478
	13.796
	0.889
	27.4
	43.15
	178.18

	Ethyl cellulose
	6.43
	0.142
	2.203
	0.160
	2.492
	0.017
	0.262
	0.315
	4.904
	47.47
	200

	Ethyl cellulose films
	4.40
	0.204
	4.633
	0.353
	8.014
	0.748
	16.967
	1.304
	29.594
	30.51
	185.84


4.3.8.1.Soy protein and soy protein films.

The results obtained of thermogravimeteric analysis of soy protein and soy protein films are present in table (48) and figure (31),(32). From the given results. It could be noticed that the total weight loss occurred for soy protein and soy protein film when heated at temperature of 50 and 185ºC, was about 12.12% and 23.31% respectively. Also, the rate of loss was increased by increasing the heating temperature, the minimum loss (5%) was observed at temperature of (50-55ºC) and a medium loss at 55-110 ºC and maximum loss at (110-180 ºC). However, at the maximum temperature the material may be completely degradated and the origin structure changed. These results may be useful in choosing the proper temperature for processing edible films used as coating for food stuff and for preparing the films for packaging industry. Similar results were obtained by (Kouassi and Roos, 2002) and (Ogale, et al. 2000).
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4.3.8.2.Gelatin and Gelatin films.

The results obtained of thermogravimeteric analysis of Gelatin and Gelatin films are presented in table (48) and figure (33), (34), from the given results, It could be observed that the total weight loss occurred for Gelatin and Gelatin films,  when heated at temperature between 24 and 190 ºC was about 10.55% and 25.615% respectively. Also, the rate of loss was increased by increasing the heating temperature. The minimum loss   was ranged between 1.4 and 4.5% at the first stage of heating for both gelatin and gelatin films. Such loss was observed at temperature of   30and 49Cº and a medium loss at 90and 112ºC and maximum loss was obtained at 112 and 190 ºC. However, at the maximum temperature the material may be degradated and the origin structure changed. These results may be usefull in choosing the proper temperature for processing coating films of food stuff and preparing the edible films for packaging industry. Similar results were obtained by (D'cruz and Bell, 2005) and (Ogale, et al., 2000).
4.3.8.3.Gluten and Gluten films.
The results obtained of thermogravimeteric analysis of Gluten and Gluten films are presented in table (48) and figure (35), (36), from the given results, it could be observed that the total weight loss occurred for Gluten and Gluten films When heated at temperature of (45.9 - 188ºC) was  7.73% and 20.97% respectively. Also, it was remarked that the rate of loss of gluten films was increased by increasing the heating temperature, the minimum loss (3%) was observed at temperature of (45 – 57ºC) and medium loss (5.9%) at (57.9-122ºC) and maximum loss (12%) at (122-188ºC). At contrary the thermographic curve of gluten, appeared maximum loss at temperature ranged between (50-150 ºC), at which the material lost about 7% of its origin weight, while the minimum loss was found at the final period of heating (0.8%) which happened at temperature of 150-185ºC.  However, at the maximum temperature the material may be degradated and the origin structure changed. These results may be useful in choosing the proper temperature for processing the coating films and preparing the films for packaging industry similar results were obtained by (Ogale, et al., 2000).
4.3.8.4.Whey protein and whey protein films.

The results obtained of thermogravimeteric analysis of Whey protein and whey protein films are presented in table (48) and figure (37), (38), from the given results, it could be observed that the total weight loss occurred for Whey protein and whey protein films When heated at temperature between (30ºC-191ºC) was about14.59% and 20.19% respectively. However, the thermograph curve of degradation of whey protein films appeared one stage of degradation between temperature of 32 and 145ºC, while the whey protein curve appeared 3 stages of degradation at temperature between (30-195ºC). Also, the rate of loss was increased by increasing the heating temperature, the minimum loss (4%) was observed at the first stage of heating at  temperature of (30-70.8ºC) and a medium loss at (70.8-115ºC) and maximum loss at (115-191ºC).However, it could be reported that the thermoplastic behaviour and response of whey protein film for high temperatures is differ than that of the origin raw material, i.e, whey protein concentrates. similar results were obtained by (Kouassi and Roos, 2002).
4.3.8.5.Zein protein and Zein protein films.

The results obtained of thermogravimeteric analysis of Zein protein and Zein protein films are presented in table (48) and figure (39), (40), from the given results, it could be observed that the total weight loss occurred for Whey Zein protein and Zein protein films When heated at temperature of (53 - 191ºC) was about   7.34% and 8.9% respectively. As for zein protein the rate of loss was increased by incrasing the heating temperature till 135ºC then the rate of loss was decreased. The minimum loss (1.67%) was observed at temperature of (53-60.8ºC) and increaseable loss (3%) at (60-135ºC) and at the final period of heating loss amounted to about 2.7%. On the other hand the thermogravic curve of zein protein film gave two stages of film loss. At the first stage the sample lost 5.3% of its initial weight at temperature range of 40-115ºC and at the second stage the loss was 3.6%. However, at the maximum temperature the material may be decomposed and the origin structure changed. These results may be useful in choosing the proper temperature for processing the coating films and for preparing the films used in packaging industry. Similar results were obtained by (Ogale, et al. 2000).
4.3.8.6.Methyl cellulose and Methyl cellulose films.

The results obtained of thermogravimeteric analysis of methyl cellulose and methyl cellulose films are presented in table (48) and figure (41), (42), from the given results, it could be observed that the total weight loss occurred for methyl cellulose and methyl cellulose films When heated at temperature of (35 - 199ºC) was about   11.17% and 27.4% respectively. Also, the rate of loss was increased by increasing the heating temperature, the curve of methyl cellulose showed two stages of thermal degradation, the amount of loss was at level of 4.6 and 4.6%. On the other hand the thermogravic curve of methyl cellulose film showed four periods of thermal effect. The loss percentages were variables for each. For example, the percent of loss at first stage was 4.6%, at the second was 2.4%, at the third was 1.4% and at final stage was 13.7%. However, the maximum loss was at temperature of 75-125ºC and the largest loss was at temperature of 30-75ºC and 125-195ºC. These results may be used for choosing the proper temperature for processing the methyl cellulose films and in preparing the films for packaging industry .Similar results were obtained by (Ogale,et al., 2000).
4.3.8.7.Ethyl cellulose and Ethyl cellulose films.
The results obtained of thermogravimeteric analysis of Ethyl cellulose and Ethyl cellulose films are presented in table (48) and figure (43), (44), from the given results, it could be observed that the total weight loss occurred for Ethyl cellulose and Ethyl cellulose films When heated at temperature of (30 - 185ºC) was about   4.9% and 29.5% respectively. However, ethyl cellulose showed the minimum loss as affected by high temperatures and ethyl cellulose films showed the maximum loss as affect by high temperature as compared with other tested materials and films. Also, the rate of loss was increased by increasing the heating temperature, of ethyl cellulose films. The major amount of loss 2.2% and 2.4% was happened for ethyl cellulose at the first and second period of heating (35-55ºC) and (55-135ºC) and the lowest loss was observed at the third period of heating (130-190 ºC), which was about 0.2% of total weight. These finding may be important in edible film making and edible film used. Similar results were obtained by (Agale et al. 2000) and (Kouassi and Roos.2002).
4.3.9. Determination of the microstructure of produced natural films using scanning electron microscopy technique:
The microscopic images of 21 natural films (soy protein films, zein protein films, gelatin films, gluten films, whey protein films, methyl cellulose films and ethyl cellulose films) are presented in figure (45 until 65).

 4.3.9.1. Soy protein films.

The scanning electron microscopic images of prepared soy protein glycerol containing films are shown in  figure (45), (46), (47). From the figure (45) it can be noticed that the film have smooth surface and creamy color, the scanning micrograph of soy protein glycerol films indicated that the film has homogeneous and compacted structure. Addition of citric acid to soy protein glycerol film gave also, smooth surface films and light creamy color, (figure,46). The film has homogeneous structure with some micro granules embedded in a continuous matrix. However, the addition of starch as natural polymer to soy protein glycerol emulsion produced films The characterised with smooth surface and rough hilly bottom fig (47). Also, addition of starch raised the thickness of produced films and gave increase the degree of creamy color. Also, the vesual examination of scanning electron micrograph of soy protein glycerol film appeared large granules dispersed in a continuous homogeneous matrix.
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   4.3.9.2.Zein protein films.
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As seen in figure (48),(49),(50), the produced zein glycrol palmetic and steric acid films has yellow browning color and rought and hilly top and bottom. The addition of citric acid to the zein protein emulsion give films characterised with smooth surface and rought bottom while, the addition of starch gave films having more intense browning color and rough touch.  Also,The scanning micrographs of such films ( figure, (48), (49), (50), appeared unhomogeneous hilly structure and presece of many micro air bubbles scattered in the matrix and clumps and pinholes was formed.

    4.3.9. 3. Gelatin films.
As shown in figure (51), (52), (53) it was found that the produced gelatin glycerol and gelatin glycerol citric acid films have transparent appearance near to cellophane films. The gelatin glycerol films contained many large visual bubbles spreaded through the films while addition of citric acid to gelatin glycerol emulsion produced thin, smoothe and more transparent film, also, the addition of citric acid gave homogeneous matrix without bubbles and, with glassy texture. On the other hand, addition of starch to the formula gave less transparent films with light creamy color and homogeneous matrix and at the same time it has more rubbery state.
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    4.3.9. 4. Gluten films.

The microstructure of  produced gluten glycerol film are shown in figure (54), (55), (56) such film was characterized with creamy color and relatively high thickness and glassy appearance. The films have smooth surfaces and rought bottom. Also, the gluten glycerol films appear to have many fine clumps which was more visuals when citric acid was added. The addition of starch to gluten glycerol emulsion resulted in more thickness and clumps.
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    4.3.9. 5. Whey protein films.
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The results of scanning electron microscopy of whey protein glycerol film are illustrated in figure(57),(58),(59).The formed whey protein glycerol films characterized with smooth surfaces with some agglomerated protein granules and creamy color.The addition of citric acid to whey protein glycerin film gave more homogeneous film with fine spreaded air bubbles and simismooth surfaces,while the addition of starch gave semitransparent film with homogeneous structure and presense of some clumps and fine bubbles.
    4.3.9. 6. Methyl cellulose films.

From the figure (60), (61), (62) it, was seen that the methyl cellulose glycerol film are transparent and more rubber. The addition of citric acid to methyl cellulose emulsion produced more compact and elastic films. While, the addition of starch to methyl cellulose film give spongy film . However, this film contained spreaded fine air bubbles which, was more clear in film containing starch .While the addition of citric acid produced compact film       containing fine air bubbles and simi brittle texture.
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    4.3.9.7. Ethyl cellulose films.

Figure (63), (64), (65), illustrated the scanning micrograph of ethyl cellulose glycerol palmetic and stearic acid films. The produced films were more transparent than containing starch. The texture of the films was glassy especially that containing citric acid.Also, the films contained microspreaded air bubbles which was more clear in  starch film.However, the scanning micrograph of such films showed more homogeneous structure and uniformity. 
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Generally, the scanning microscopy study may be useful for recognizing the microstructure and morphology of the produced films which can be help in choosing the proper film formuls for coating and packaging.  Purposes .Also, the color appearance of produced films may be of important because it could affect consumer acceptant of coated items. (Dawson et al. 2002), (Chick and Hernandez. 2002), (Wan .2005) and (Kim et al. 2002a).   
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 Part IV
4.4. Application of choosen proper edible coating emulsion with fruit and vegetables:
Based on the previous resultes we choosed four edible coating emulsions to                      applying it in part study as follow:

(a) Apple, coating emulsion composed of gelatin, glycerin, nisin, citric acid and butyl hydroxy toloune (B.H.T)

(b) Tomatoes, coating emulsion composed of soy protein, glycerin, nisin, citric acid and B.H.T.

(c) Pepper, coating emulsion composed of zein protein, ethyl alcohol, glycerin, palmitic and stearic acid, citric acid and B.H.T.
(d) Cucumber, coating emulsion composed of gluten ethyl alcohol, glycerin, ammoinium hydroxide, citric acid, nisin and B.H.T.

(e)Wax-polyethylene glycol-glycerin emulsion (1:1: 3 by weight) was used                                           for coating apples, tomatoes, peppers and cucumbers besides the other preposed  formulas.

The treated with coating films fruit and vegetable, were divided into two groups; the first group was individually rapped with butter paper and put in carton boxes. The other group was put in foam trays and shrinked with poly ethylene film. A part of the two treatments was kept at room temperature (95±5) and the other part was kept at cooling temperature (4ºC) and (RH,85%). Samples of treated and stored fruit and vegetable were periodcally withdrawn for physical, chemical, microbiological and sensory analysis.Since the main purpose of this part of study was to through light on the effect of coating on the extend of postharvest life of fresh vegetables and fruit and minimizing quality changes during storage period, Fruit and vegetable quality was evaluated by following changes in weight loss, percent of decay, coating thickness, firmness, titratable acidity, pH, ascorbic acid, total soluble solides, total sugar, moisture, ethanol, acetaldehyde, chlorophyll, caroteniodes, anthocyanine, liycopene, microbiological and sensory changes during the period of storage at room and cooled temperature.
4.4.1. Measurement of edible coating thickness.

Coating film thickness is considered to influence coating response by defining the distance through which the gas permeant has to diffuse the internal gas modification in coated fruits has been indirectly related to coating thickness. Studies have shown that the thickness of deposited liquid film coatings depends on the coating solution properties such as density, viscosity and surface tension. Results indicated that coating thickness varied with viscosity, concentration density and draining time of the biopolymer solution. However, coating thickness relates to the square root of viscosity and the inverse square root of draining time, (Cisneros and Krochta. 2003).
Results of this study are shown in table (49). From table (49) it was observed that the thickness of soy protein coating film deposited on, apple, tomato, pepper and cucumber was in the range of 0.0984 to 0.099 mm and for gelatin coating film between 0.044 to 0.446 mm and for gluten coating film from 0.156 to 0.1586 mm and for zein protein film between 0.2632 to 0.2650 mm in both apple and pepper and for whey protein coating film from 0.096 to 0.0974 mm for apple and tomatoes and from 0.264 to 0.265 mm for pepper and cucumber. While, the thickness of methyl cellulose coating film ranged between 0.0225 to 0.0228 mm and for ethyl cellulose coating film was 0.249 for apples and tomatoes and 0.0012 for pepper and cucumber. As for wax coating film its thickness was 0.0447 for apple, 0.0984 for tomatoes and 0.283 for both pepper and cucumber.
 Generally, it could be concluded that the thickness the coating layer adhered to the surface of fruit and vegetable depended mainly on the type of coating emulsion and the varaiety of  treated fruit and vegetable. 
Table (49) Determination of coating thickness (mm) adhered to fruit and vegetable surface after dipping in coating emulsions.
	Type of emulsion
	Apples
	Tomatoes
	Peppers
	Cucumber

	1-soy protein
	0.099
	0.0984
	0.0989
	0.0984

	2-gelatin
	0.0438
	0.044
	0.0446
	0.044

	3- gluten
	0.156
	0.1586
	0.1582
	0.156

	4-whey protein
	0.0974
	0.0969
	0.03307
	0.3289

	5-zein protein
	0.2632
	0.2642
	0.2650
	0.264

	6-methyl cellulose
	0.02269
	0.2254
	0.02278
	0.0225

	7-ethyl cellulose
	0.249
	0.249
	0.0012
	0.0012

	8-waxes emulsion 
	0.0447
	0.0984
	0.283
	0.282


4.4.2. Changes occurred in physico-chemical, microbiological, and sensory properties of coated fruit and vegetables during storage period at room and cooled temperature
4.4.2.1.Percentage of decay incidence of coated fresh fruit and vegetable during storage

 The stored fruit and vegetables showed higher incidence of decay during storage at room temperature compared with refrigerated sample. Furthermore, it was noticed that the coating films can reduce decay by delaying senescence and pathogenic infection of fruit and vegetable, also, it may be reduce water loss during the storage at room and cooled temperature.
(a) apples
The fruits were sorted, washed with sanitized solution air dryed and dipped in gelatin, glycerin emulsion (formula,4.4,a) and in wax-polyethylene glycol-glycerin emulsion (1:1:3 by weight) then divided for two groups and packaged as described previously (in material and method) then kept at room and cooled temperature. The results obtained for decay percentages are present in table (50), from this table it was noticed that the decay began to appear in apple stored at room temperature in apple Packaged shrinked foam tray and or in carton box after 13 days of storage. The shrinked foam tray treatment indicates higher decay rate than that found in carton treatment. Also, it was observed progressive decay rate in control samples (uncoated) with reducing the period of storage compared with gelatin and wax coating treatments. As shown in table (50) the percentage of decay of coated apple with gelatin and wax coating after (24 days) of storage reached 33-40% compareing with control (76%) at the same period of storage, the raped in butter paper and packaged in carton box apple appeared lower decay percentage 23-30% after 24days of storage at room temperature compared control 51%. The control sample completly spoiled after short period of storage and the percentage of decay reached to 60-70% in all treatment at 30 days of storage, and completely spoiled after this date. On the other hand the cooled treatments including control retained its quality and no decay signs were appeared till 27 days of cooled storage. However, decay signs were appeared in control samples after 30 day of cooled storage at percentage between (3.5-5.5%) and gradually increased to reach about 50% after 42 day of storage while, apple coated with gelatin retained its freshness till (42 days) at cooled storage either for shrinked samples or paper board carton samples. The decay signs at cooling temperature began to appear after 45 days of storage and the percentage of decay reached to about 20 to 22% after 50 days of storage. Similar results were obtained with wax coated samples since decay percentage reached to about 20-30% at the end of storage period(45 days).

Generally, it could be concluded that coated with gelatin apples retained its quality with minimum decay loss at cooled temperature for a period longer than that obtained with wax coating and at the same time, cooled storage was more effective than room temperature storage. However, decay are magor problem that reduce marketability and consumer acceptability of fruit after harvest, also, according to (Bustilos et al. 1997) commercial coating of apple is done to emprove appearance and post harvest shelf-life (Patricia et al, 2005).

      (b) Tomatoes.

The tomatoes were sorted washed with sanitized solution, air dryied and dipped in soy protein glycerin emulsion and in wax poly ethylene glycol emulsion (4.4,b), then packaged and kept at room and cooled temperature. The results obtained fordecay percentage are presented in table (51), from this table, it was noticed that the decay began to appear in control samples of tomatoes stored at room temperature after 6 days in both shrinked foam tray and carton treatment 5.7 to 7.6% . After 9 days of storage at room temperature the decay percentage of control samples folded 3 time to reach 19-23% of total tomatoes weight, while after 15 days of storage tomatoes (control samples) completely spoiled. On the other hand, tomatoes coated with soy protein glycerin emulsion and wax emulsions retained its quality without decay sings for 6 day of storage and after 9 day of storage sings of decay appeared at level of 4-6% of its initial weight. After this period of storage the decay percentages progressively and gradually increased to reach 60-80% after 21 days of storage at room temperature. On the other hand the cooled treatments retained its quality and no decay signs were appeared till 12 days of cooled storage as compared with cooled control (9 days) only. However, decay signs were appeared in control samples 
   after 12 days of cooled storage at percentage between (7-9%) and gradually increased to reach about (63-68%) after 24 days of storage. While, tomatoes coated with soy protein retained its freshness till 15 days at cooled storage either for shrinked or packaged in board carton box samples. The decay signs began to appear in waxed cooled samples at level of 7-10% after 15 days of storage, followed progressive and gradual increase in decay rate of soy protein and wax coated samples. However, the rate of decay in waxed samples was higher than that found in soy protein samples. In addition, it was observed that after 27 days of cooled storage 40-48% of soy protein coated tomatoes and 80% of waxed tomatoes was spoiled.
   Generally, it could be concluded that coating of tomatoes with soy protein and or wax prolonged the shelf life of tomatoes stored at room and cooled temperature as compared with control. At the same time soy protein coating was more effective with tomatoes than bees wax.

      (c) Peppers.

Fresh pepper was sorted washed with sanitized solution air dryied and dipped in zein protein glycerin emulsion (formula) (4.4, c) and or in wax-poly ethylene glycol – glycerin emulsion (1:1:3 by weight) then divided to groups and packaged as described previously in (material and methods) then kept at room and cooled temperature. The results obtained for decay percentages are present in table (52) from this table, it was noticed that the decay began to appear in pepper control sample stored at room temperature after 6 days at percentages of 6.3 to 6.7%. after 9 days of storage the decay percentage in control samples reached to 21-23.5%, while, in coated pepper (by zein or wax) it reached to 6.0-8.5% only, indicating that coating process improved the storagability of fresh pepper at room temperature. Also, it was observed progressive 
decay rate in control samples as will as in coated samples with prolonging the period of storage. As shown in table (52) the percentage of decay of coated pepper with zein protein and wax reached 66-83%  after 21 days of storage compareing with control (100%) at the same period of storage. However, it could be concluded that the safty period of storage of coated pepper at room temperature about 6-9 days only. Also, method of packaging slightly affected the decay rate and safe limit of storage. The coated samples completely spoiled after 27 days of storage at room temperature. On the other hand, the coated and cooled treatment retained it, quality and no decay signs were observed till 15 days of storage, as compared with control samples (9 days of storage). However, decay signs were appeared in control samples after 12 days of cooled storage at percentage between (7-8%) and gradually increased to reach about (82-84%) after 24 days of storage while, signs of decay appeared in cooled coated samples after 18 days of storage by nearly the some level of decay. The decay signs at cooling temperature gradually increased and reached its maximum after 33-39 days of storage and the percentage of decay reached to about (86-89%).

Generally, it could be concluded that coating of pepper with zein protein pepper retained its quality with minimum decay loss at cooled temperature for a period similar to that obtained with wax coating and at the same time cooled storage was more effective than room temperature storage. However, decay are magor problem that reduce marketability and consumer acceptability of pepper after harvest, also, according to (Bustilos et al. 1997) commercial coating pepper is done to emprove appearance and post harvest shelf-life (Brady and Marsh, 1997), it was noticed that coating reduced percentage of decay with increased storage period.Film coating such as cellulose and protein are being developed to reduce oxygen and carbon dioxide exchange for respiration and ripening rate reduction (Han et al. 2004), (Saleh et al. 2005) and (Lerdthanagkul and Krochta 1996)    

(d) Cucumber.
Fresh cucumber was sorted washed with sanitized solution air dryied and dipped in gluten glycerin emulsion, formula (4.4,d) and in wax-poly ethylene glycol-glycerin emulsion (1:1:3 by weight) then divided to groups and packaged as described previously in (material and method) then two groups were kept at room and at cooled temperature. The results obtained for decay percentages are presented in table (53), from this table, it was noticed that the decay began to appear in cucumber stored at room temperature after (6 days) in both shrinked foam tray and carton box treatment. The shrinked foam tray treatment indicates low decay rate than that found in carton treatment 6.9 and 8.9% respectively. Also, it was observed progressive decay rate in control samples with reducing the period of storage for 15 days (100% decay) compared with gluten and wax coating treatments. As shown in table (53) the percentage of decay of coated cucumber with gluten and wax coating after 9 days of storage reached to 4-5% only. The rapped in butter paper and packaged in carton box cucumber appeared lower decay percentage 12% after 12 days of storage at room temperature. Also, after 18 days of storage the decay reached 40-60% in stored at room temperature coated cucumber. In addition; it was observed that wax coated samples deteriorated rapidly than gluten coated samples. On the other hand the coated cooled treatments and control retained its quality and no decay sign was appeared till 9 days of cooled storage, while, decay signs were appeared in control samples after 9 days of cooled storage at percentage of 4-5%. The spoilage was gradually increased to reach about 42-48% for control sample after 18 days of storage at cooling temperature after which the cucumber 
completely decayed at 21 days of storage, while cucumber coated with gluten retained its freshness with low decay rate 16% till 18 days of storage at cooled temperature comparing with 32% for wax coated samples. The decay signs at cooling temperature began to appear after 12 days of storage (4-6%) and the percentage of decay reached to about 60-63% after 27 days of storage for gluten coated samples and up to 74% for wax coated samples.

Generally, it could be concluded that coated with gluten and wax cucumber retained its quality with minimum decay loss (4-5.5%) for 9 day at room temperature and 12 days with 4-7% loss for coated and cooled samples. At the same time cooled storage was more effective than room temperature storage. However, decay are magor problem that reduce marketability and consumer acceptability of perishable vegetable, after harvest. Also, according to (Bustilos et al. 1997) commercial coating of cucumber is done to emprove appearance and post storage shelf-life (Ezzat et al. 2003) and (Nilsson, 2005).
4.4.2.2. Changes in weight loss of coated fruit and vegetables during  storage period.
(A) Apples.

The loss in weight of coated with gelatin and or wax fresh apple was followed at room and cool temperature. The results obtained are presented in table (54), from this table; it could be observed that the weight loss was increased with increasing the storage period at room and cool temperature for samples packaged in both foam tray and carton box. The foam tray treatment indicates higher weight loss than the carton. On the other hand the cooled sample, also, appeared the same trend with foam tray and carton. The control samples at room temperature lost 10-13% of its initial weight and retained Shelf-life till 23 days either with foam tray or carton packaged samples. At the same time weight loss reached 2.3-3.3% for coated cooled 
samples. After 33 days of storage at room temperature, samples coated lost 15-16% of its weight compared with samples stored at cooling temperature
which lost 2.5-5.5% of its weight at the same period of storage. On the other hand at cooled storage control apple sample appear shelf-life period till 50 days in both foam tray and carton with weight loss 9-9.6%. However, the coated samples retained its appearance and freshness till 90 days of cooled storage with maximum loss of 10-15%.

Generally, it could be concluded that weight loss of apple samples coated with gelatin and or wax and packaged in both foam tray and carton box and stored at cooling temperature lower than that occurred in samples kept at room temperature. While, samples treated with wax has lower weight loss as compared with samples coated with gelatin.

According to (Patrica et al. 2005) the waxe coating delayed migration of moisture on the surface of the apples, thus reducing weight loss during the period of storage at room temperature compared to the control, also, it was observed that the storage of fruit at a cooling temperature and high relative humiditly sourrounding media was suitable for reducing weight loss and increase fruit storability.  
(b) tomatoes

The loss in weight of coated with soy protein and or wax fresh tomato was followed at room and cool temperature. The results obtained are presented in table (55), from this table; it could be observed that the weight loss was increased with increasing the storage period at room and cool temperature for samples packaged in both foam tray and carton box. The foam tray treatment indicates higher weight loss than the carton. On the other hand the cooled sample, also, appeared the same trend with foam tray and carton. The control samples at room temperature lost 5.5-7% of its initial weight and retained shelf-life till 8 days either with foam tray or carton 
packaged samples. At the same time weight loss reached 2-4% for coated cooled samples. After 24 days of storage at room temperature, samples coated lost 9-11% of its weight compared with samples stored at cooling temperature which lost 6-8% of its weight at the same period of storage. On the other hand at cooled storage tomatoe (control) appeared shelf-life period of till 24 days in both foam tray and carton box with weight loss 8-9%. However, the coated samples retained its appearance and freshness till 53 days of cooled storage with maximum loss of 12-15%.
Generally, it could be concluded that weight loss of tomatoe samples coated with soy protein and or wax and packaged and stored at cooling temperature in both foam tray and carton box was lower than that occurred in samples kept at room temperature, while samples treated with wax has lower weight loss as compared with samples coated with soy protein .Most likely soy protein coating caused reduction of moisture condensation on the fruit surface (Park et al. 1994) reported that edible coating have been applied to reduce weight loss during storage and handling of fresh produce. 
(c) Pepper.
The loss in weight of coated with zein protein and or wax fresh pepper was followed at room and cool temperature. The results obtained are presented in table (56), from this table, it could be observed that the weight loss was increased with increasing the storage period at room and cool temperature for samples packaged in both foam tray and carton box. The carton box treatment indicates higher weight loss than the foam tray. On the other hand the cooled samples, also, appeared the same trend with carton box and foam tray. The control samples at room temperature lost 9-13% of its initial weight and retained shelf-life till 10 days either with foam tray or carton packaged samples. At the same time weight loss reached 2-7% for 
coated cooled samples. After 17 days of storage at room temperature, coated samples lost 9-12% of its weight compared with samples stored at cooling temperature which lost 4-8% of its weight at the same period of storage. On the other hand at cooled storage uncoated pepper (control) appear shelf-life period till 24 days in both foam tray and carton box with weight loss 20-21%. However, the coated samples retained its appearance and freshness till 53 days of cooled storage with maximum loss of 18-27%. 
Generally, it could be concluded that weight loss of pepper samples coated with zein protein and or wax and packaged in both foam tray and carton box and stored at cooling temperature lower than that occurred in samples kept at room temperature, while, samples treated with wax has lower weight loss as compared with samples coated with zein protein. Most likely zein and wax coating limited and reduce migration of condensation water on the surface of the pepper during storage due to transpiration and respiration (Lerdthanagkul and Krochta, 1996) .
(D) Cucumber.
The loss in weight of coated with gluten and or wax fresh cucumber was followed at room and cool temperature. The results obtained are presented in table (57) from this table; it could be observed that the weight loss was increased with increasing the storage period at room and cool temperature for samples packaged in both foam tray and carton box. The carton treatment indicates higher weight loss than the foam tray. On the other hand the cooled sample, also, appeared the same trend with carton and foam tray. The uncoated control samples at room temperature lost 8-9% of its initial weight and retained shelf-life till 11 days either with foam tray or carton packaged samples. At the same time Weight loss reached 3-5% for coated cooled samples. After 18 days of storage at room temperature, coated samples lost 11-12% of its weight compared with samples stored at cooling 
temperature which lost 8-10% of its weight at the same period of storage. On the other hand at cooled storage uncoated cucumber (control) appear shelf-life period till 22 days in both carton and foam tray with weight loss 16-17%. However, the coated samples retained its appearance and freshness till 37 days of cooled storage with maximum los of 19-20%. 
Generally, it could be conclude that weight loss of cucumber samples coated with gluten and or wax and packaged and stored at cooling temperature in both foam tray and carton box was lower than that occurred in samples kept at room temperature. While, samples coated with gluten has lower weight loss as compared with samples coated with wax. (Naffa and Rabie, 2006) and (Ezzat et al, 2003)

 4.4.2.3.Change in Firmness of fruit and vegetables during storage:
Firmness of fresh fruit and vegetable as measured by mechanical methods is used to determine their maturity and ripeness; also, it is important in handling procedures and is a component of texture influencing sensory perception of fruit and vegetable by consumers. Since, consumers regard texture as a positive quality attribute denating freshness of produce and contributing to the enjoyment of eating (Konopaka and Plocharski. 2004).
(a) Apples.
The measurement of apple texture during storage was studied.The results obtained were tabulated in table (58) it could be noticed that the firmness of uncoated and coated apples was gradually decreased with increasing the storage period at room and cooled temperatures. In both samples filled in foam tray and or carton box. For examples, in uncoated control samples the firmness decreased from 84.4N at initial storage at room temperature to 44N after 17 days of srorage i.e, decreaseing by 47.8% while, in gelatin coated samples the firmness reached to 54N. However, wax coated apple retained its firmness to accepted level 70N. Also, it was 

 noticed that firmness of wax coated apple was better than firmness of gelatin coated apple during storage in shrinked trays; 70N and 54N after 17 days of storage. However, cooling storage greatly affected apple firmness which reached ≈ 60N after 52 days of cooled storage. Furthermore, after 17 days of cooled storage the decrease rate of firmness was at the same level either for control or coated samples after which a deep drop in firmness values was observed . According to (Konopacka and Plocharski. 2004) the firmness values of some foreign varieties of apples ranged between 87-106N at harvest and the optimal firmness values after storage at 3ºC in normal atmosphere for a period of 30-60 days were ranged between 50-63N. (Bai et al., 2003) and (Patricia et al., 2005) found that increased respiration activates increasing water loss most likely decreased potentia texture l depression.
(b) Tomatoes:
The results obtained were tabulated in table (59) it could be noticed that the firmness of uncoated and coated tomatoes was gradually decreased with increasing the storage period at room and cooled temperatures in both samples kept in foam tray and carton box. For examples in control samples the firmness decreased from 44.60N at initial storage at room temperature to 32.28N after 10 days of storage i.e decreaseing by 27.8%. While, in soy protein and wax coated samples the firmness reached to 39N. Furthermore, it was noticed that firmness of soy protein and wax coated tomatoe was better than firmness of control samples during storage period (29.6N and 26.7N) after 24 days of storage. However, cooling storage greatly affected tomatoe firmness which reached  ≈ 30N after 53 days of cooled storage. Furthermore, after 10 days of cooled storage the decrease rate of firmness was at the same level either for control or coated samples after which a deep difference in firmness values was observed .(Park et  al  1994). Studied  the  firmness
 measures of coated and non coated tomatoes and showed that coating delayed loss of firmness than the non coated. Reduction in respiration rates of coated tomatoes could be responsible for delaying ripening which resulted in reduction of firmness loss during storage. 
Generally, it could be concluded that coating protected fruit and reduce depression attribute of firmness of tomatoes. Treatement of tomatoes with soy protein and wax coating extend shelf-life during storage and lowered  loss  of  firmness  especially  at  cooling  temperature .
(c) Peppers.

 
The results obtained were tabulated in table (60) it could be noticed that the firmness of uncoated and coated pepper was gradually decreased with increasing the storage period at room and cooled temperatures in both samples filled in foam tray and carton box. For example in control samples the firmness decreased from 38.6N at initial storage at room temperature to 27.35N after 10 days of storage i.e decreaseing by 33%. While, in zein protein coated samples the firmness reached to 33.2N. However, wax coated pepper retained its firmness to accepted level 34.3N. Also, it was noticed that firmness of wax coated pepper was better than firmness of zein protein coated pepper during storage in shrinked tray 33N and 34N after 10 days of storage. However, cooling storage greatly affected pepper firmness which reached 18N after 53 days of cooled storage. Furthermore, after 10 days of cooled storages the decrease rate of firmness was at the same level either for control or coated samples after which a deep difference in firmness values was bereaved. The decrease in fruit firmness most likely due to the gradually breakdown and depression to lower molecular weight fraction which are more soluble in water and this was directly correlated with the rate of softening of the fruit (El- sheikh et al, 1997), (Brady and Marsh, 1997) and (Lerdthanagkul and Krochta, 1996).
(d) Cucumber.

 The results obtained were tabulated in table (61) it could be noticed that the firmness of uncoated and coated cucumber was gradually decreased with increasing the storage period at room and cooled temperatures in both samples kept in foam tray and carton box. For example in control samples the firmness decreased from 74.6N at initial storage at room temperature to 50N after 11 days of storage i.e decreaseing by 33.5%. While, in gluten coated samples the firmness reached to 59N. However, wax coated cucumber retained its firmness to accepted level 69N. Also, it was noticed that firmness of wax coated cucumber was better than firmness of gluten coated cucumber during storage in shrinked trays, 59 and 63N after 11 days of storage. However, cooling storage greatly affected cucumber firmness which reached 40N after 31 days of cooled storage. Furthermore, after 11 days cooled storage the decrease rate of firmness was at the some level either for control or coated samples after which a deep difference in firmness values was observed. (Ezzat et al, 2003) reported that the suitable refrigeration at (4ºC and controlled RH) improved and delayed loss of firmness compared with room temperature. this reduce exchangeable gas and subsequently reduce respiration and enzymes activity and in turn conversion of protopectin to soluble pectins. These results are in agreement with (Naffa and Rabie, 2006).
4.4.2.4. Total soluble solides (TSS).
(a) Apples.
Changes occurred in TSS of fresh coated apple during storage was studied.The results obtained were tabulated in table (62), it could be noticed that the total solubles of uncoated and coated apples was gradually increased with increasing the storage period at room and cooled temperatures in both samples kept in foam tray and or carton box. For example in control samples 
the TSS increased from 10.1% at initial storage at room temperature to 12% after 10 days of storage i.e increased by 20%. While, in gelatin coated samples the TSS reached to 14%. However, wax coated apple has TSS at level of 12%. Also, it was noticed that TSS of gelatin coated apple was better than wax coated apples during storage in shrinked trays; 14% and 12% after 10 days of storage. However, cooling storage greatly affected apple TSS which reached 15% after 52 days of cooled storage. Furthermore, after 10 days of cooled storage the increased rate of TSS was at the same level either for control or coated samples after which a gradual increase in TSS values was observed.
According to (Konopacka and Placharski, 2004), the results of natural metabolic processes occurred in fruits during storage as a results of moisture losses from the fruit and/or hydrolysis of starch to from (ripening) which lead to the increase of the total soluble solids. Positive correlation was found between the decrease in fruit firmness and the increase in TSS as the fruit continued to loss their resistance to puncture, TSS continued increase (Patricia, et al, 2005), the total soluble solids significantly (p<0.05) increased with storage time in all treatment with the exception of fruit covered with the bilayer film, which had no significant change with time. The foam tray wrapped with PVC film showed a small increase in total soluble solids (Wand et al, 2006) and had higher total soluble solids and slightly advanced starch breakdown. 

(b) Tomatoes.

The results obtained were tabulated in table (63) it could be observed that the total soluble solids of uncoated and coated tomatoes was gradually increased with increasing the storage period at room and cooled temperatures in both samples kept in foam tray and carton box. For example in control samples the TSS increased from 4.4% at initial storage at room temperature to 4.9% after 10 days of storage i.e increased by 11%. 

While, in soy protein coated samples the TSS reached to 5.3%. However, wax coated tomatoes retained its TSS to a level of 4.9%. Also, it was noticed that TSS of soy protein coated tomatoes was better than wax coated tomatoes during storage in shrinked trays, 5.3% and 4.9% after 10 days of storage. However, cooling storage greatly affected tomatoes TSS which reached 7.2% after 53 days of cooled storage. Furthermore, after 10 days of cooled storage the increased rate of TSS was at the same level either for control or coated samples after which a deep difference in TSS values was observed. According to (EL-sheikh,1998)they found that TSS of tomatoes increased  with increasing time at room temperatures.
(c) Pepper.
The results obtained were tabulated in table (64) it could be observed that the total soluble solides of uncoated and coated peppers was gradually increased with increasing the storage period at room and cooled temperatures in both samples kept in foam tray and carton box. For example in control samples the TSS increased from 4.7% at initial storage at room temperature to 5% after 10 days of storage i.e increased by 6.3%. While, zein protein coated samples the TSS reached to 5.4%. However, wax coated peppers has TSS at level  of 5.2%. Also, it was noticed that TSS of zein protein coated peppers was higher than wax coated peppers during storage in shrinked trays, 5.4% and 5.2% after 10 days of storage. However, cooled storage greatly affected peppers TSS which reached ≈ 7.10% after 53 days of cooled storage. Furthermore, after 10 days of cooled storage the increase rate of TSS was at the same level either for control or coated samples after which deep difference in TSS values was observed. According to (El- sheikh et al, 1997) and (Saleh et al. 2005) the increased in total soluble solids in the fruit at storage period might owing much to the higher rate of moisture loss through transpiration than the rate of dry matter loss through respiration. 

(c) Cucumbers.

From the results listed in table (65), it could be noticed that the total soluble solids of uncoated and coated cucumber was gradually increased with increasing the storage period at room and cooled temperatures in both samples kept in foam tray and carton box. For example in control samples the TSS increased from 4.4% at initial storage at room temperature to 4.7 after 11 days of storage i.e increased by 6.8%. While, gluten coated samples the TSS reached to 5.2%. However, wax coated cucumber has TSS at level of 4.9%. Also, it was noticed that TSS of gluten coated cucumber higher than that of wax coated cucumbers during storage in shrinked tray, 5.2% and 4.9% after 11 days of storage. However, cooled storage greatly affected cucumber TSS which reached ≈ 6.4% after 34 days of cooled storage. Furthermore, after 11 days of cooled storage the increased rate of TSS was at the same level either for control or coated samples after which deep changes in TSS values was observed. According to (Naffa and Rabia, 2006) and (Sheikh et al. 1997). The increased in TSS in cucumber   during storage period might owe much to the higher rate of moisture loss through transpiration than the rate of dry matter loss through respiration . 

4.4.2.5.Changes in moisture content.
(a) Apples.

The moisture content of coated with gelatin and or wax fresh apple was followed at room and cooled temperature. The results obtained are presented in table (66), from this table, it could be observed that the moisture content was decreased with increasing the storage period at room and cooled temperature for samples packaged in both foam tray and carton box .The moisture content in fresh coated and uncoated apple reached to about 79.7-84.4%at the end of storage period at room and cooling temperature as compared with control (87%) . The foam tray treatment indicates higher moisture content than the carton box either at room or cooled temperature . The control samples at room temperature lost 3% 
moisture after 10 days of storage . At the same time moisture loss  reached 3.5%-4% for gelatin and wax coated treatment. While, at cooled temperature apple lost 7%-8% moisture content after 90 days of storage for both coated with gelatin and wax samples. The moisture loss from the fresh fruit and vegetable during storage was widely disscressed by (Holland, et al, 1991) and (Konopacka and Placharski, 2004)
(b) Tomatoes.

The moisture content of coated with soy protein and or wax fresh tomatoes was followed at room and cooled temperature. The results obtained are presented in table (67), from this table; it could be observed that the moisture content was decreased with increasing the storage period at room and cooled temperature for samples packaged in both foam tray and carton box. The moisture content was decreased from 95.8% at the beggining of storage at 88-92%at the end of storage period. The foam tray treatment indicates higher moisture content than the carton box. On the other hand the cooled samples, also, appeared the same trend with foam tray and carton box . The control samples at room temperature lost 2.5% after 10 days. At the same time moisture loss reached 1.4%-1.7% for soy protein and wax coated treatment. While, at cooled temperature tomatoes lost 6-7% of its moisture content after 66 days in both samples coated with soy protein and wax at the end period of storage. According to (Holland, et al, 1991) and (Mohamed, 2005),moisture content of fresh tomatoes decrease during period of storage.


 .
(c) Peppers.

The moisture content of fresh peppers coated with zein protein and or wax was followed at room and cooled temperature. The results obtained are present in table (68), from this table; it could be observed that the moisture content was decreased with increasing the storage period at room and cooled temperature for samples packaged in both foam tray and carton box. The moisture content was decreased from 93.5% at the beginning of storage to 
about 83-90.1%at the end of storage period depending on the storage temperature used and type of coating and packaging . The foam tray treatment indicates higher moisture content than the carton. On the other hand the cooled samples, also, appeared the same trend with foam tray and carton. The control samples at room temperature lost 2.1% after 10 days of storage. At the same time moisture  loss reached 2.1% for zein protein and wax coated treatment. While, at cooled temperature pepper lost 7-10% moisture content after 66 days in both zein protein and wax coated samples at the  end of storage period. 

(d) Cucumber.

The moisture content of coated with gluten and or wax fresh cucumber was followed at room and cooled temperature. The results obtained are present in table (69), from this table; it could be observed that the moisture content was decreased with increasing the storage period at room and cooled temperature for samples packaged in both foam tray and carton box. The moisture content of cucumber decreased from 93% at zero time of storage to 86-88%at the end of storage period . The foam tray treatment indicates higher moisture content than the carton one. On the other hand the cooled samples, also, appeared the same trend with foam tray and carton box . The control samples at room temperature lost 7% after 10 days of storage and at the same time moisture content reached 6-7% for gluten and wax coated treatment. While, at cooled temperature cucumber lost 5-6% moisture content after 34days in both gluten and wax coated samples till end of storage period . 

4.4.2.6. Changes occurred in pH and titratable acidity of investigated coated fruit and vegetables during storage at room and refrigerator temperature.

(a) Apples.

The changes in pH and acidity of apples were determined during storage period (17-90 days) at room and refrigerator temperature. The obtained results are recorded in table (70 and 71). The results indicated that the pH increased and total acidity decreased with increasing of storage period for apples packaged in both foam tray and carton boxes. However, the results indicated that the acidity was slightly increased within 3 and 6 days of storage at room and refrigerator temperature respectively, Then decreased with increasing of storage period. For example the pH value of apple stored at room temperature reached to pH value of (4.72 and 4.46) after 17 days of storage for packaged in foam tray and carton boxes apple as compared with initial pH value (3.87). While, pH values reached to (4.73 and 4.63) and (4.46 and 4.56) after 90 days in samples filled in foam trys and carton boxes at cooled temperature. Also, it was noticed that the acidity of stored apples was decreased to (0.18 and 0.21%) and (0.16%) after 17 days of storage at room temperature for samples packeged in foam tray and carton boxes respectively. While, it was decreased to (0.15 and 0.13%) and (0.13 and 0.11%) after 90 days of cooled storage for samples packaged in foam tray and carton boxes respectively, as compared with initial acidity (0.25%). In addition, it could be reported that the coating material used has slight effect on changes of acidity and pH value during storage at room and refrigerator temperature.

Generally, it could be concluded that the pH and acidity of coated apple with gelatin and or wax and stored at room and cooling temperature in foam tray and carton box were remarkably changed. Since the pH values 
were gradually increased and titratable acidity was decreased during the storage period, i.e, the change in pH values was inversely proportional to the titratable acidity change. Our results are in agreement with those obtained by (Bai, rt al, 2003) and (Konopacka and Plocharski, 2004)Who found that the titrable acidity of apple was gradually decreased with increasing the storage time. Also, the pH of fruits was increased and the titratable acidity decreased along with increased storage time in both uncoated and coated fruits (Han, et al. 2004). However, the decrease of acidity during storage demonstrated fruit senescence. The same authers outlined that coatings may be slowed the changes in pH and titratable acidity and effectively delaying fruit senescence. This was probably because the semi-permeablity of coating films formed on the surface of the fruit might have modified the internal atmosphere i.e. the endogenous CO2 and O2 concentration of the fruit, thus retarding ripening process.   

(b) Tomatoes.

The changes in pH and acidity of tomatoes were determined during storage period (17-61 days) at room and refrigerator temperature. The obtained results are recorded in table (72 and 73). The results indicated that the pH increased and total acidity decreased with increasing of storage period for tomatoes packaged in both foam tray and carton boxes. However, the results indicated that the acidity was slightly increased within 3 days of storage at room and refrigerator temperature respectively. Then the acidity continued to decrease with increasing of storage period. For example the pH value of tomatoes stored at room temperature reached to pH value of (5.36 and 5.25) and (5.20 and 5.10) after 17 days of storage for packaged in foam 
tray and carton boxes as compared with initial pH value (3.90). While, pH values reached to (5.22 and 5.79) and (5.46 and 5.78) after 53 days in samples packaged in foam and carton boxes respectively at cooled 

 temperature. Also, it was noticed that the acidity of stored tomatoes was decreased to (0.28 and 0.31%) and (0.30 and 0.28%) after 17 days at room temperature for samples packaged in foam tray and carton boxes respectively. While, it was decreased to (0.22 and 0.21%) and (0.20%) after 53 days of cooled storages for samples packaged in foam tray and carton boxes respectively, as compared with initial content of acidity (0.36%). 
Generally, it could be concluded that the pH and acidity of tomatoes samples coated with soy protein and wax stored at room and cooling temperature in both foam tray and carton boxes were remarkably changed. Since the pH values were gradually increased and titratable acidity was decreased during the storage period, i.e, the change in pH values was inversely proportional to the titratable acidity change. (Djedidi et al, 2003) found that the reduce of organic acid concentration with decreasing acidity during period of storage demonstrated fruit ripening and senescence.This may be caused by the respiration activites in tomatoes. The changes in pH value of tomatoes was higher during storage. 

(c) Pepper.

The changes in pH and acidity of pepper were determined during storage period (17-66 days) at room and refrigerator temperature. The obtained results are recorded in table (74 and 75). The results indicated that the pH increased and total acidity decreased with increasing of storage period for pepper packaged in both foam tray and carton boxes. However, the results indicated that the acidity was slightly increased within 3 days of storage at room and refrigerator temperature respectively. Then the acidity continued to decrease with increasing of storage period. For example the pH value of peppers stored at room temperature reached to pH value of (5.39 and 5.96) and (5.86 and 5.85) after 17 days of storage for samples packed in foam  tray  and  carton  boxes  as  compared  with  initial  pH  value  (5.25). 
While, pH values reached to (6.63 and 6.80) and (6.60 and 6.77) after 66 days in samples packaged in foam and carton boxes respectively at cooled temperature. Also, it was noticed that the acidity of stored peppers was decreased to (0.18 and 0.17%) and (0.17 and 0.16%) after 17 days of storing samples at room temperature for samples packed in foam tray and carton boxes respectively. While, it was decreased to (0.12 and 0.11%) and (0.11%) after 66 days of cooled storage for samples packed in foam tray and carton boxes respectively, as compared with initial content of acidity (0.20%).
 Generally, it could be concluded that the pH and acidity of peppers coated with zein protein and or wax and stored at room and cooling temperature were remarkably changed. Since the pH values were gradually increased and titratable acidity was decreased during the storage period, i.e. the change in pH values was inversely proportional to the titratable acidity change. (Artes et al, 2000) found that the pH value of peppers increased with increasing of storage period to 12 week at 5ºC. While, the titratable acidity tend to decrease during storage in all treatment.

(d ) cucumber
The changes in pH and acidity of cucumber were determined during storage period (11 and 33 days) at room and refrigerator temperature. The obtained results are recorded in table (76 and 77). The results indicated that the pH increased and total acidity decreased with increasing of storage period for cucumber packaged in both foam tray and carton boxes. However, the results indicated that the acidity was slightly increased within of 3 days of storage at room and refrigerator temperature respectively. Then the acidity continued to decrease with increasing of storage period. For example the pH value of cucumber stored at room temperature reached to pH value of (6.80 and 6.72) and (6.70) after 11 days of storage for samples
 packed in foam tray and carton boxes as compared with initial pH value (5.90). While, pH values reached to (5.90 and 5.95) and (5.89 and 5.86) after 33 days in samples packaged in foam tray and carton boxes respectively at cooled temperature. Also, it was noticed that the acidity of stored cucumber was decreased to (0.12 and 0.10%) and (0.13 and 0.12%) after 11 days of storage at room temperature. While, it was decreased to (0.10 and 0.09%) and (0.10%) after 33 days of cooled storage as compared with initial content of acidity (0.15%). Generally, it could be concluded that the pH and acidity of cucumber coated with gluten and or wax and stored at room and cooling temperature in both foam tray and carton boxes were remarkably changed. Since the pH values were gradually increased and titratable acidity was decreased during the storage period, i.e. the change in pH values was inversely proportional to the titratable acidity changes. (Nilsson, 2005)  remarked an increase in pH from 3.81 at zero time to 5.90 in coating cucumber stored at refrigerated temperature, Although decreasing  of acidity in cucumber fruit my be due to ripening and senescence during period of storage. As observed by (Ezzat et al, 2003) increase of  pH of cucumber during storage my be due to degradation cell sap by the enzyme system of cucumber fruits. 

4.4.2.7. Changes occurred in ascorbic acid of investigated coated fruit and vegetables during storage at room and refrigerator temperature.

(a) Apples.

The changes in ascorbic acid of apples were determined during storage period (17-90 days) at room and refrigerator temperature. The obtained results are recorded in table (78). The results indicated that the ascorbic acid decreased with increasing of storage period for apples packaged in both foam tray and carton boxes. For examples, the ascorbic 
acid of apples stored at room temperature reached to (21.11 and 20.17 mg/100g) and (22.60 mg/100g) after 17 days of storage for packaged in foam tray and carton boxes respectively, as compared with initial ascorbic acid (24.60 mg/100g). While, it was decreased to (17.20 and 18.10 mg/100g) and (17.60 and 17.0 mg/100g) after 90days of cooled storage for samples packed in foam tray and carton boxes respectively, as compared with initial content of ascorbic acid (24.6 mg/100g). In addition, it could be reported that the coating material used has slight effect on changes rate of ascorbic acid at room and refrigerator temperature. However, the amount of vitamin C loss at short-term of storage at room temperature reached 16% of initial content after 17 days of storage comparing with 4.5% loss in samples stored at cooled temperature for the same period. While, after 90 days of storage at cooled temperature the coated apple packaged in foam tray or carton box lost about 30% of its vitamin C content. (D' aquino, et al. 1998) outlined that the vitamin C content of fruit was decreased progressively from harvest to the end of 30 days storage period at room temperature. 

(b) Tomatoes.

The changes in ascorbic acid of tomatoes were determined during storage period (17-66 days) at room and refrigerator temperature. The obtained results are recorded in table (79). The results indicated that the ascorbic acid decreased with increaseing of storage period for tomatoes packaged in both foam tray and carton boxes. For examples, the ascorbic acid of tomatoes stored at room temperature reached to (20.20 and 18.98 mg/100g) and (21.08 and 20.73 mg/100g) after 17 days of storage for packaged in foam tray and carton boxes respectively, as compared with initial ascorbic acid (23 mg/100g). While, it was decreased to (17.38 and 18.02 mg/100g) and (19.54 and 19.20 mg/100g) after 66 days of cooled storage for samples packed in foam tray and carton boxes respectively, as 
compared with initial content of ascorbic acid (23 mg/100g). In addition, it could be reported that the coating material used has slight effect on changes of ascorbic acid at room and refrigerator temperature. However, the amount of vitamin C loss at short-term storage at room temperature reached 21% of initial content after 17 days of storage comparing with 4.6% loss in samples stored at cooled temperature for the same period. While, after 66 days of storage at cooled temperature the coated tomatoes packaged in foam tray or carton box lost about 24.43% of its vitamin C content according to  (Greierson and Kader, 1986) and (El-sheik, 1998) The reduction in vitamin C during the lost period of storage might be due to the higher rate of vitamin C loss through the respiration than the water through transpiration . 
(c) Pepper.

The changes in ascorbic acid of pepper were determined during storage period (17-66 days) at room and refrigerator temperature. The obtained results are recorded in table (80). The results indicated that the ascorbic acid 
decreased with increaseing of storage period for peppers packaged in both foam tray and carton boxes. For examples, the ascorbic acid of pepper stored at room temperature reached to (38.96 and 40.60 mg/100g) and (37.65and 36.55 mg/100g) after 17 days of storage for pepper packaged in foam tray and carton boxes respectively, as compared with initial ascorbic acid (47.60 mg/100g). While, it was decreased to (33.95 and 31.67 mg/100g) and (32.87 and 30.88 mg/100g) after 66 days of cooled storage for samples packed in foam tray and carton boxes respectively, as compared with initial content of ascorbic acid (47.60 mg/100g). In addition, it could be reported that the coating material used has slight effect on changes of ascorbic acid at room and refrigerator temperature. However, the amount of vitamin C loss at short-term storage at room temperature reached 23.40% of initial content after 17 days of storage comparing with 8.5% loss in samples 
stored at cooled temperature for the same period. While, after 66 days of storage at cooled temperature the coated peppers packaged in foam tray or carton box lost about 29.78% of its vitamin C content .according to(Hussein et al, 2000) and (Saleh et al, 2005) There was significant decrease in vitamin C over a 10 day of storage period of unpacked and packaged vegetable including  fresh green  pepper .The amount of decrease was about 11% after 10 day of storage . Also,they found that the packages types did not have any  in  significant effect on  ascorbic acid content of stored pepper .(d) cucumber:
The changes in ascorbic acid of cucumber were determined during storage period (14-34 days) at room and refrigerator temperature. The obtained results are given in table (81). The results indicated that the ascorbic acid  decreased  with  increasing  of  storage  period  for  cucumber 
packaged in both foam tray and carton boxes. For examples, the ascorbic acid of cucumber stored at room temperature reached to (16.52 and 14.75 mg/100g) and (15.36and 14.53 mg/100g) after 14 days of storage for   samples packaged in foam tray and carton boxes respectively, as compared with initial ascorbic acid (17.32 mg/100g). While, it was decreased to (14.30 and 13.55 mg/100g) and (13.16and 12.81 mg/100g) after 34 days of cooled storage for samples packed in foam tray and carton boxes respectively, as compared with initial content of ascorbic acid (17.32 mg/100g). In addition, it could be reported that the coating material used has slight effect on ascorbic acid content at room and refrigerator temperature. However, the amount of vitamin C loss at short-term storage at room temperature reached 17.64% of initial content after 14 days of storage comparing with 7.8% loss in samples stored at cooled temperature for the same period. While, after 34 days of storage at cooled temperature the coated cucumber packaged in foam tray or carton box lost about 24% of its vitamin C content.according to 
(Ezzat et al, 2003) The decling in vitamin C during storage  might be reffer to the higher rate of the oxidation of ascorbic acid and other organic acids in respiration process with prolongation of storage period.

4.4.2.8. Changes occurred in total sugar of investigated coated fruit and vegetable during storage at room and refrigerator temperature.

(a) Apples.

The changes in total sugar content of apples were determined during storage period (17-90 days) at room and refrigerator temperature. The obtained results are recorded in table (82). The results indicated that the total sugar increased with increasing of storage period for apples packaged in both foam tray and carton boxes. For examples, the total sugar of apple stored at room temperature reached to (3.7 and 3.8 %) and (4.91and 4.82 %) after 17 days of storage for packed samples in foam trays and carton boxes respectively, as compared with initial total sugar (3.50%). While, it was increased to (6.96 and 6.93 %) and (7.25 and 7.10 %) after 90 days of cooled storage for samples packaged in foam tray and carton boxes respectively, as compared with initial content of total sugar (3.50%). In addition, it could be reported that the coating material used has slight effect on the rate of sugar changes at room and cooled temperature. However, the increase in total sugar at short-term storage at room temperature reached to about  (10%) of initial content after 17 days of storage. While, it reached to about (35%) in samples stored at cooled temperature for the same period . After 90 days of storage at cooled temperature accumulated sugars in coated apple packaged in foam tray or carton box reached to about 100% of its initial  content. However, it could be concluded that the cooled storage of coated balady apple (anna) for 90 days duplicate the amount of sugar content in the fruit, which indicated that cooling temperature encourage the 
inversion of apple starch to simple sugars and sequently increased the sweetness of apple fruits. The obtained results are in agreement with results obtained by (Bai et al, 2003) who reported that the total soluble sugar increased gradually in coated apples during storage at cooling temperature , the authers found that the total sugar increased with increasing storage from (2.19 to 3.55%).(Patricia, et al, 2005) Who found that the total sugar content of all coated ,packed and control fruit and vegetable  quality significantly increased with increasing period of storage at refrigerated temperature reached to(3.75-6.0) .

(b) Tomatoes.

The changes in total sugar content of tomatoes were determined during storage period (17-61 days) at room and refrigerator temperature. The obtained results are shown in table (83). The results indicated that the total sugar increased with increasing of storage period for tomatoes packaged in both foam tray and carton boxes. For examples, the total sugar of tomatoes stored at room temperature reached to (3.73 and 3.52 %) and (3.89and 3.58 %) after 17 days of storage of packed samples in foam trays and carton boxes respectively, as compared with initial total sugar (3.25%). While, it was increased to (4.10 and 4.25 %) and (4.16 and 4.35 %) after 61 days of cooled 
storage for samples packaged in foam tray and carton boxes respectively, as compared with initial content of total sugar (3.25%). In addition, it could be reported that coating material used has slight effect on the rate of sugar changes at room and cooled temperature. However, the increase of total sugar at short-term storage at room temperature reached to about (14%) of initial content after 17 days of storage. While, it reached to about (15%) in samples stored at cooled temperature for the same period . After 61 days of storage at cooled temperature sugars increase in coated tomatoes  packaged

in foam tray or carton box reached to about (30%) of its initial  content.
However, it could be concluded that the cooled storage of coated tomatoes for 61 days duplicate the amount of sugar content in the fruit, which indicate that cooling temperature encourage the inversion of tomatoes starch to simple  sugars  and  sequently  increasing the  sweetness  of  tomatoe  fruits.

 (c) Pepper.

The changes in total sugar of tomatoes were determined during storage period (17-61 days) at room and refrigerator temperature. The obtained results are shown in table (84). The results indicated that the total sugar increased with increasing of storage period for pepper packaged in both foam tray and carton boxes. For example, the total sugar of pepper stored at room temperature reached to (2.67 and 2.25 %) and (3.24and 3.18 %) after 17 days of storage of packed samples in foam trays and carton boxes respectively, as compared with initial total sugar (2.10%). While, it was increased to (3.86 and 4.49 %) and (4.32 and 3.99 %) after 61 days of cooled storage for samples packaged in foam tray and carton boxes respectively, as compared with initial content of total sugar (2.10%). In addition, it could be reported that coating material used has slight effect on the rate of sugar changes at room and cooled temperature. However, the increase in total sugar at short-term storage at room temperature reached to about (27%) of initial content after 17 days of storage. While, it reached to about (80%) in samples stored at cooled temperature for the same period after 61 days of storage . At cooled temperature accumulated sugars in coated peppers packaged in foam tray or carton box reached to about (108%) of its sugar initial  content. However, it could be concluded that the cooled storage of coated pepper for 61 days duplicate the amount of sugar content in the fruit, which indicated that cooling temperature may be encourage the inversion of 
pepper polysaccarides starch to simple sugars and sequently increased the sweetness of pepper fruits.

 (d) Cucumber.

The changes in total sugar of cucumber were determined during storage period (14-31 days) at room and refrigerator temperature. The obtained results are shown in table (85). The results indicated that the total sugar increased with increasing of storage period for cucumber packaged in both foam tray and carton boxes. For example, the total sugar of cucumber stored at room temperature reached to (2.99 and 3.10 %) and (3.24and 3.10 %) after 14 days of storage of packed samples in foam tray and carton boxes respectively, as compared with initial total sugar (2.80%). While, it was increased to (3.31 and 3.9 %) and (3.22 and 3.19 %) after 31 days of cooled storage for samples packaged in foam tray and carton boxes respectively, as compared with initial content of total sugar (2.80%). In addition, it could be reported that coating material used has slight effect on the rate of sugar changes at room and cooled temperature. However, the increase in total sugar at short-term storage at room temperature reached to about (7%) of initial content after 14 days of storage, While, it reached to about (10%) in samples stored at cooled temperature for the same period .After 31 days of storage at cooled temperature accumulated sugars in coated cucumber reached to about (19%) of its sugar initial  content. However, it could be concluded that the cooled storage of coated cucumber for 31 days duplicate the amount of sugar content in the fruit, which indicated that cooling temperature encourage the inversion of cucumber starch to simple sugars and sequently increased the sweetness of cucumber fruits. According to(Bai et al, 2003) who reported that the total soluble sugar increased gradually in coated apples during storage at cooling temperature , the authers found that the total sugar increased with increasing storage from (2.19 to 3.55%).
4.4.2.9. Changes in ethanol and acetaldehyde content of coated fruit and vegetables during storage at room and cooled temperature.

4.4.2.9.1 Ethanol.

(a) Apples.

The ethanol content of apple was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (86) it could be noticed that the ethanol slightly increased with increasing period of storage in apple packaged in both foam tray and carton boxes at room and cooled temperature. For example ethanol reached to (1.027 and 1.032%) and (1.025 and 1.028%) after 17 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively, as compared with initial content (0.99%). While, ethanol content reached to (1.094 and 1.096%) and (1.082 and 1.092%) after 92 days of storage at cooled temperature, for samples packaged in both foam tray and carton boxes respectively.

(b) Tomatoes.

The ethanol content of tomatoes was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (87) it could be noticed that the ethanol slightly increased with increasing period of storage in tomatoes packaged in both foam tray and carton boxes at room and cooled temperature. For example ethanol content reached to (0.998 and 0.999%) and (1.000 and 1.008%) after 17 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively, as compared with initial content (0.999%). While, ethanol content reached to (1.092 and 1.072%) and (1.0998 and 1.126%) after 66 days of storage at cooled temperature, for samples packaged in both foam tray and carton boxes respectively.

 (c) Peppers.

The ethanol content of pepper was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (88) it could be noticed that the ethanol slightly increased with increasing period of storage in pepper packaged in both foam tray and carton boxes at room and cooled temperature. For example ethanol content reached to (0.994 and 0.998%) and (1.0013 and 1.002%) after 17 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively, as compared with initial content (0.997%). While, ethanol content reached to (1.120 and 1.185%) and (1.098 and 1.254%) after 66 days of storage at cooled temperature, for samples packaged in both foam tray and carton boxes respectively.

(d) Cucumbers.

The ethanol content of cucumbers was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (89) .It could be noticed that the ethanol slightly increased with increasing period of storage in cucumber packaged in both foam tray and carton boxes at room and cooled temperature. For example ethanol reached to (1.0067 and 1.008%) and (1.0136 and 1.0184%) after 14 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively, as compared with initial content (1.00%).While,ethanol content reached to (1.046 and 1.086%) and (1.045 and 1.047%) after 34 days of storage at cooled temperature, for samples packaged in both foam tray and carton boxes respectively.According to data given by (Bai et al, 2003) the zein coating induced 17- fold increased in ethanol content of apples stored at 21ºC for 14 days compared with non coated control.However, (D'Aquino et al, 1998) found an increase in ethanol content of fruits after the second week of storage at 20 ºC and the only factor which contributed to ethanol changes
 was the storage period. The less permeable to gas coating films may be incourage anaerobic respiration and conversion of pyruvate to ethanol and acetaldehyde. Therefore coatings and packaging developed for one type of fruit may not be suitibale anuther fruit. Also, (Bai et al, 2003) reported that there was a high risk of excessive ethanol accumulation in apple with eny of the coating containing shellac and candelille wax.  

4.4.2.9.2. Acetaldhyde:
(a) Apples.

The acetaldhyde content of apple was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (90), it could be noticed that the acetaldehyde slightly increased with increasing period of storage in apple packaged in both foam tray and carton boxes at room and cooled temperature. For example,it reached to (2.09 and 2.53%) and (2.75 and 2.96%) after 17 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively as compared with initial content (1.43%) while, acetaldehyde content reached to (3.56 and 3.73%) and (3.70 and 3.99%) after 92 days of storage at cooled 
temperature for samples packaged in both foam tray and carton boxes respectively. 

(b) Tomatoes.

The acetaldhydes content of tomatoes was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (91),it could be noticed that the acetaldehyde slightly increased with increasing period of storage in tomatoes packaged in both foam tray and carton boxes and stored at room and cooled temperature.For example,it reached to (1.88 and 1.98%) and (2.09 and 2.98%) after 17 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively. As  compared  with  initial content (1.21%) while, acetaldehyde 
content reached to (2.84 and 3%) and (3.06 and 3.32%) after 61 days of storage at cooled temperature for samples packaged in both foam tray and carton boxes respectively. 

(c) Peppers.

The acetaldhydes content of peppers was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (92), it could be noticed that the acetaldehyde slightly increased with increasing period of storage in pepper packaged in both foam tray and carton boxes and stored at room and cooled temperature. For examples, it reached to (2.03 and 2.42%) and (2.14 and 2.42%) after 17 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively as compared with initial content (1.15%). while, acetaldehyde content reached to (4.10 and 4.08%) and (3.10 and 3.96%) after 66 days of storage at cooled temperature for samples packaged in both foam tray and carton boxes respectively. 

(d) Cucumbers.

The acetaldhydes content of cucumbers was determined during storage period at room and cooled temperature. The obtained results are tabulated in table (93), it could be noticed that the acetaldehyde slightly increased with increasing period of storage in cucumbers packaged in both foam tray and carton boxes and stored at room and cooled temperature. For examples,it reached to (1.87 and 1.98%) and (1.58 and 1.65%) after 14 days of storage at room temperature for samples packaged in foam tray and carton boxes respectively as compared with initial content (1.25%). while, acetaldehyde content reached to (2.99 and 2.89%) and (2.39 and 2.8%) after 34 days of storage at cooled temperature for samples packaged in both foam tray and carton boxes respectively. (D'Aquino et al, 1998) and (Polenta et 

al, 2005) Reported that the levels of acetaldhyde in, pepper, cucumber, tomatoes and apples during storage increased with increasing storage period of 30 days, The authors also, found that the application of shellac wax increased internal acetaldehyde level of grape fruit.Accoding to (Hasan and nurhan,2003),they reported that aprincipal disadvantage to coatings is the development of  off-flavours,which are attributed to the inhibition of O2 and CO2 exchange thus resulting in anaerobic respiration and elevated ethanol acetaldehyde content .At high levels,these volatiles are considered off-flavours and reduce fruit and vegetables quality.
4.4.2.10. Changes in pigments content of coated fruit and vegetables during storage at room and cooled temperature.

4.4.2.10.1. Apples pigments (chlorophyll, caroteiniod and anthocyanine):
The changes in chlorophyll, caroteiniod and anthocyanin of apples were determined during storage period (17-90 days) at room and refrigerator temperature. The obtained results are shown in table (94, 95 and 96). The results indicated that the chlorophyll decreased and caroteiniod and anthocyanin increased with increasing of storage period for apples packaged in both foam trays and or carton boxes. For example, the chlorophyll of apple stored at room temperature was decreased to reach 111.20 and 108.7 mg/l and 118.51 and 110 mg/l after 17 day of storage for packaged in foam tray and carton boxes, as compared with initial chlorophyll content (137.50 mg/l).While, it was decreased to 24.10 and 28.5 mg/l and 22.76 and 57.36 mg/l after 31 days of cooled storage of samples packaged in foam tray and carton boxes respectively. Also, it was noticed that the caroteinoid of stored apples was increased to reach (69.91 and 70.47 mg/l) and (61.30 and 65.68 mg/l)after17days of storage,while, anthocyanin reached to(22.31and31mg/l) and(23.40and22.32mg/l)after the same period of storage at room temperature for samples packaged in foam tray and carton boxes, as compared with initial 
caroteiniod (40.65 mg/l) and anthocyanin (8.50 mg/l).whereas,such pigments were increased to (125.71 and 123.66 mg/l) and (122.50 and 124.65 mg/l) after 92 days of storage for caroteind at cooled temperature while, anthocyanin reached to (75.58 and 63.42 mg/l) and (93.62 and 70.96 mg/l) after the same period of storage at cooled temperature for packaged in foamtray and carton boxes samples (Chang et al 2003) and (Figueiredo et al 2002),reported that  apple a losses of chlorophyll with increase in carotenoid and anthocyanin during storage .General speaking, coating and cooling of apple minimized the rate of chlorophyll degradation during storage either at room and cooling temperature.The amount of loss in chlorophyl reached to about 85% of initial content after 52 days of storage.On the other hand caroteinie and anthocyanin content increased by3 and10 folds its initial concentration after 92 days of cooled  storage.  

4.4.2.10.2. Tomatoes lycopene.


The changes in lycopene of tomatoes were determined during storage period (17-61 days) at room and refrigerator temperature. The obtained results are shown in table (97) The results indicated that the lycopene increased with increasing of storage period for tomatoes packaged in both foam trays and carton boxes. For example, the lycopene of tomatoes stored at room temperature reached to (79.34and 82.07 mg/l) and (82.17 and 83.58 mg/l) after 17 days of storage of packaged samples in foam trays and carton boxes, respectively, as compared with initial lycopene (73 mg/100g). While, it was increased to (98.35 and 99.40 mg/100g) and (97.20 and 98.46 mg/100g) after 61 days of cooled storage of samples packaged in foam tray and carton boxes respectively, as compared with initial content of lycopene (73 mg/100g). In addition, it could be reported that the coating material used has slight effect on the rate of lycopene changes at room and cooled temperature.
4.4.2.10.3. Peppers pegmints( chlorophyl and total caroteiniods):
The changes in chlorophyl and caroteiniods of peppers were determined during storage period (17-66 days) at room and refrigerator temperature. The obtained results are shown in table (98 and 99). The results indicated that the chlorophyl and caroteiniods decreased with increasing of storage period for pepper packaged in both foam trays and carton boxes. For examples, the chlorophyl and caroteiniods of pepper stored at room temperature for 10 day was decreased to (60.15and 76.39 mg/l) and (70.73 and 72.10 mg/l)and  (123.88and 131.20 mg/l) and (134.80 and 127.12 mg/l) 

respectively for samples packaged in foam trays and carton boxes, as compared with initial chlorophyl (89.8 mg/l) and caroteiniod (180 mg/l). In addition,after 46 days of storage it was appeared that chlorophyl and caroteiniods of pepper stored at cooling temperature decreased by 50% of its intial content to be(40.67and 46.35 mg/l) and (47.72 and 57.94 mg/l) for chlorophyl and caroteiniod . (79.68and 48.39 mg/l) and (101.94 and 96.76 mg/l) for caroteiniods in samples packaged in foam trays and carton boxes, as compared with initial chlorophyl (89.8 mg/l) and caroteiniod (180 mg/l) (Hussein et al, 2000) and (Salah et al, 2005) indicated a reduction in chlorophyll and caroteiniods content of  packaged and unpacked pepper during storage period 10-28 days at room (26ºc) and cooled (4ºc)temperature. The destruction of chlorophyll may be due to trans formation of chloroplasts to chromoplasts.
4.4.2.10.4. Chlorophyl and caroteiniod of cucumber:

The changes in chlorophyl and caroteiniods of cucumber were determined during storage period (11-34 days) at room and refrigerator temperature. The obtained results are shown in table (100 and 101). The results indicated that the chlorophyl and caroteiniods decreased with increasing  of  storage period  for cucumber packaged in both foam trays and 
carton boxes. For example, the chlorophyl and caroteiniods of cucumber stored at room temperature was decreased to about (30.08and 38.01 mg/l) and (40.83 and 42.30 mg/l) respectively after 11 days of storage for packaged in foam trays and carton boxes, as compared with initial chlorophyl (65 mg/l) and caroteiniod (57.40mg/l). On the other hand at cooling storage,cucumber chlorophyll was decreased to (36.28and 23.66 mg/l) and (28.76 and 21.10 mg/l) while, caroteinoid decreased to (15.10and 17.10 mg/l) and (14.76 and 14.20 mg/l) after 34 days of storage for samples packaged in both foam tray and carton boxes, as compared with initial chlorophyl (65 mg/l)and caroteiniod (57.40mg/l). The loss in chlorophyll and caroteiniods in stored cucumber ranged between 50-75% depending on the temperature and storage time and type of packaging of stored cucumber. 

4.4.2.11. Microbial evalution of coated of fruit and vegetable stored at room and cooling temperature.

The microbiological analysis included, total baeterial count, psychrophilic bacteria and molds and yeasts counts, of coated apples, tomatoes, peppers and cucumbers during storage period at room and refrigerator temperature.

4.4.2.11.1 Total colony counts:-

(a) Apples.

The changes in total counts of coated apples were determined during storage period (17-92 days) at room and cooled temperature. The obtained results are recorded in table (102) the results indicated that the counts gradually increased with increasing of storage period at room and cooled temperature in both samples packaged in foam tray and carton boxes. The carton treatment indicates higher counts than foam tray. The bacterial count reached to 10.2 and 12.5 ×102 (CFU/g) after 17 days at room temperature in both foam trays and carton box samples respectively. On the other hand the 
refrigerated samples, also, take the same trend. The counts reached to (16.19) × 102 CFU/g after 92 days of storage for samples packaged in both foam tray and carton boxes, as compared with initial counts 2, × 102 (CFU/g).a great load of bacterial count was characterized control samples (uncoated) to be 17-18 × 102 (CFU/g) at room temperature and 9-10× 102 (CFU/g) at cooling temperature after 10 days of storage. In addition, it could be reported that coating of apple with gelatin and waxe has remarkable effect on rate of microbial counts during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating emulsion improved the fruit microbial quality and decreased microbial counts (Petracek, et al., 1998), (Chen, et al 1999) and (Lee, et al 2004) found that the coating treatment of fruit and vegetable allowed a limited gases exchange and respiration, moreover, prevent the occurrence of fermentation process and minimized the microbial count. Also, they added that high microbial counts, appeared after three weeks in control samples stored at room temperature. In addition it was remarked that samples treated with waxe showed higher counts after storage than that treated with gelatin coating. This may be due to relative high thickness of the wax which prevent the respiration and led to anaerobic conditions and fruit degradation.

(b) Tomatoes.

The changes in total counts of tomatoes were determined during storage period (17-66 days) at room and cooled temperature. The obtained results are shown in table (103)and indicated that the counts gradually increased with increasing storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates highly counts than foam tray the bacterial counts reached to 2.6-4.5 × 102 (CFU/g) after 17 days  at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, 
appeared the same trend. The counts reached to (14-15 ×102 CFU/g) after 66 days of storage for samples packaged for foam tray and carton box, as compared with initial counts (2, ×102 (CFU/g). However, coating and waxe treatment may be increased the storability fruit and preservation of studied fruit and vegetable . In addition, it could be reported that the coating of tomatoes with soy protein and wax has remarkable effect on rate of microbial counts during storage at room and cooled temperature. Most likely the addition of nisin as antimicrobial agent to coating emulsion improved the fruit microbial quality and decreased microbial counts (Mohamed, 2005), (Lee, et al, 2004) and (Gil, et al, 2002).
(c) Peppers.

The changes in total counts of peppers were determined during storage period (17-73 days) at room and cooled temperature. The obtained results are shown in table (104) the results indicated that the counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates higher counts than foam tray. The bacterial count reached to 8-9 ×102 (CFU/g) after 17days of storage at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appears the same trend. The counts reached to (18-20 ×102 CFU/g) at cooling temperature  after 66 days of storage for samples packaged for foam tray and carton box, as compared with initial counts 3× 102 (CFU/g). In addition, it could be reported that the coating of pepper with zein protein and has waxe material has remarkable effect on rate of microbial counts during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating emulsion improved the vegetable microbial quality and decreased microbial counts. The results are in agreement with (Lee, et al, 2004) and (Lerdthanangkul and Krochta, 1996) 
(d) Cucumbers.

The changes in total counts of cucumbers were determined during storage period (14-34 days) at room and cooled temperature. The obtained results are shown in table (105). The results indicated that the counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates higher counts than foam tray. The bacterial count reached to 23-33 ×102 (CFU/g) at room temperature in both foam trays and carton boxes samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The counts reached to 17-21 ×102 (CFU/g) after 34 days of storage for samples packaged in both foam tray and carton boxes, as compared with initial counts (3× 102 (CFU/g). In addition, it could be reported that the coating of cucumbers with gluten and waxes material has remarkable effect on rate of microbial counts during storage at room and cooled temperature. (Jacxsens et al, 2002) and  (Koseki, et al, 2004)) reported that the cucumber microbial quality during storage at cooled temperature is better the that occurred at room temperature.

4.4.2.11.2.  Psychrophilic bacteria count :
(a) Apples.
The changes in psychrophilic bacteria count of apples were determined during storage period (17-90 days) at room and cooled temperature. The obtained results are recorded in table (106). The results indicated that the counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates higher psychrophilic bacteria count than foam tray. The psychrophilic bacteria count  reached to 4-6 ×102 (CFU/g) after 17days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the 
same trend. The psychrophilic bacteria count  reached to (12-13 ×102 (CFU/g) after 90 days of storage for samples packaged in both foam tray and carton box, as compared with initial psychrophilic bacteria count  (all samples at zero time were nill). In addition, it could be reported that the coating of apple with gelatin and wax has remarkable effect on rate of psychrophilic bacteria count microbial during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating emulsion improved the fruit microbial quality and decreased microbial psychrophilic bacteria count  .(Gil, et al, 2002) and (Chen, et al, 1999) found that coating of apple increased period of storage and delayed ripening depending on sourrounding media in combination with cooled temperature (4 ºC) and RH (85%) management which exhibit continuity improvement of fruit life. 

(b) Tomatoes.

The changes in psychrophilic bacteria count of tomatoes were determined during storage period (17-66 days) at room and cooled temperature. The obtained results are shown in table (107) the results indicated that the psychrophilic bacteria count gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates higher psychrophilic bacteria counts than foam tray. The psychrophilic bacterial counts reached to 7-8 ×102 (CFU/g) after 17 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The psychrophilic bacterial counts reached to 12-14 × 102 (CFU/g) after 66 days of storage for samples packaged in both foam tray and carton box, as compared with initial psychrophilic bacterial counts (1 × 102 (CFU/g). In addition, it could be reported that the coating of tomatoes with soy protein and waxes material has remarkable effect on rate of psychrophilic bacterial counts during storage at 
room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating solution improved the fruit microbial quality and decreased psychrophilic bacterial counts microbial (Gil, et al, 2002) found that the increased cooled storage period of tomatoes may be caused delayed ripening and psychrophilic bacterial counts, depend on sourrounding media exhibit continuity improvement of fruit life, in combination with cooled temperature (4 ºC) and RH (85%) management.

(c) Peppers.

The changes in psychrophilic bacteria counts of peppers were determined during storage period (17-66 days) at room and cooled temperature. The obtained results are shown in table (108). The results indicated that the psychrophilic bacteria counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates higher psychrophilic bacterial counts than foam tray. The psychrophilic bacterial counts reached to 4-5 × 102 (CFU/g) after 17 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The psychrophilic bacterial counts reached to 11-12 × 102 (CFU/g) after 66 days of storage for samples packaged in both foam tray and carton box, as compared with initial psychrophilic bacterial counts (1 × 102 (CFU/g). In addition, it could be reported that the coating of peppers with zein protein and waxes material has remarkable effect on rate of psychrophilic bacterial counts microbial during storage at room and cooled temperature. (Koide and Shi, 2006) and (Lerdthanagkul and Krochta, 1996) found that coating of pepper increased storage period with delayed ripening through conditions sourrounding media for improvement of fruit life, in combination with temperature (4ºC) and RH (85%) management.

(d) Cucumbers.

The changes in psychrophilic bacteria counts of cucumber were determined during storage period (14-34 days) at room and cooled temperature. The obtained results are shown in table (109), the results indicated that the psychrophilic bacteria counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton treatment indicates higher psychrophilic bacteria counts than foam tray. The psychrophilic bacterial count reached to 8-11 × 102 (CFU/g) after 14 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The psychrophilic bacterial counts reached to (12-17) × 102 (CFU/g) after 34 days of storage for samples packaged in both foam tray and carton box, as compared with initial psychrophilic bacterial counts (all sample at zero time were nill). In addition, it could be reported that the coating of ucumbers with gluten and wax has remarkable effect on rate of psychrophilic bacterial counts microbial during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating solution improved the fruit microbial quality and decreased psychrophilic bacterial counts microbial . (Jacxsens, et al, 2002) and (Koseki, et al, 2004) found that  coating of cucumber prolonged period of coold storage and delayed ripening stage with improvement of fruit life.
4.4.2.11.3. Molds and yeast counts.

(a) Apples.

The changes in molds and yeast counts of apples were determined during storage period (17-90 days) at room and cooled temperature. The obtained results are shown in table (110), the results indicated that the molds and yeast counts gradually  increased  with  increasing  of  storage period  at 
room and cooled temperature in both foam tray and carton boxes samples. The carton boxes treatment indicates higher mold and yeast counts than foam tray. The mold and yeast counts reached to 1.5-2.5 × 101 (CFU/g) after 17 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The mold and yeast counts reached to 5-9 × 101 (CFU/g) after 90 days of storage for samples packaged in both foam tray and carton box, as compared with initial molds and yeast counts (all samples at zero time were nill (CFU/g). In addition, it could be reported that the coating of apples with gelatin and waxes material has remarkable effect on rate of microbial mold and yeast counts during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating solution improved the fruit microbial quality and decreased microbial mold and yeast counts. 

Generally, the results indicated that the use of (calsium hypo-chloride) disinfectant retarded molds and yeast growth at zero time. The absence of molds and yeast was observed during the first week of storage. After this period the mold and yeast was appeared during 2rd ,3th , and 4th weeks in all treatment. 

(b) Tomatoes.

The changes in molds and yeast counts of tomatoes were determined during storage period (17-66 days) at room and cooled temperature. The obtained results are shown in table (111) the results indicated that the molds and yeast counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton boxes treatment indicates higher mold and yeast counts than foam tray. The mold and yeast counts reached to 5.4-6.8 × 101 (CFU/g) after 17 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. 
The mold and yeast counts reached to 11-14 × 101 (CFU/g) after 66 days of storage for samples packaged in both foam tray and carton box, as compared with initial mold and yeast counts (all samples at zero time were nill (CFU/g). In addition, it could be reported that the coating of tomatoes with soy protein and wax has remarkable effect on rate of microbial mold and yeast counts during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating solution improved the fruit microbial quality and decreased microbial mold and yeast counts. 

(c) Peppers.

The changes in molds and yeast counts of pepper were determined during storage period (17-66 days) at room and cooled temperature. The obtained results are shown in table (112), the results indicated that the mold and yeast counts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton boxes samples. The carton boxes treatment indicates higher mold and yeast counts than foam tray. The mold and yeast counts reached to 6-7 × 101 (CFU/g) after 17 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The mold and yeast counts reached to 12-14 × 101 (CFU/g) after 66 days of storage for samples packaged in both foam tray and carton box, as compared with initial mold and yeast counts (all samples at zero time were nill (CFU/g). In addition, it could be reported that the coating of peppers with zein protein and wax has remarkable effect on rate of microbial mold and yeast counts during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating solution improved the fruit microbial quality and decreased microbial mold and yeast counts. This is may be due to the increasing of RH in refrigerating champer and suitability of the refrigerator temperature for yeast growth according to (Koide and Shi, 2006)
(d) Cucumber
The changes in mold and yeast counts of cucumber were determined during storage period (14-34 days) at room and cooled temperature. The results obtained are recorded in table (113), the results indicated that the mold and yeasts gradually increased with increasing of storage period at room and cooled temperature in both foam tray and carton box samples. The carton boxes treatment indicates higher mold and yeast counts than foam tray. The mold and yeast counts reached to 12-14 × 101 (CFU/g) after 14 days at room temperature in both foam tray and carton box samples respectively. On the other hand the refrigerated samples, also, appeared the same trend. The mold and yeast counts reached to 19-22 × 101 (CFU/g) after 34 days of storage for samples packaged in both foam tray and carton box, as compared with initial mold and yeast counts (all samples at zero time were nill (CFU/g). In addition, it could be reported that the coating of cucumber with gluten and wax material has remarkable effect on rate of microbial mold and yeast counts during storage at room and cooled temperature. Moreover, the addition of nisin as antimicrobial agent to coating solution improved the fruit microbial quality and decreased microbial mold and yeast counts. This is may be due to improvement of postharvest life, in combination with temperature and relative humiditly management (Jacxsens, et al 2002) and (Koseki, et al, 2004).

4.4.2.12.Organoliptic evaluation of studied coated fruit and vegetables      
during storage at room and refrigerated temperatures.

 (A)Apples:

From table (114) it is clear that the sensory properties of storage apple (color, taste, texture and overall acceptability) were gradually decreased with increasing the storage period either at room or refrigerated temperature. However, the keeping quality of apple stored at refrigerated 
temperature was better than that kept at room temperature and coated samples were better than control. For examples, the control samples kept its quality for two to three weeks at room and cooled temperature respectively, when packaged in foam trays. While, those samples packaged in carton box kept its quality for three to four weeks at room and cooled temperature respectively. and, the coated samples stored at cooling temperature kept its quality for seven to eight weeks of storage in foam trays or carton box. 

 (B)Tomatoes: 

From Table (115) it is clear that fresh tomato (control) retained its quality for 7 days at room temperature and 14 days at cooled temperature when packaged in foam tray or carton box. While, coated and waxed samples retained its quality for 14 days at room temperature and 35 days at cooled temperature either for samples packaged in foam trays or carton box. At these periods of storage tomatoes characterized with good color, taste, texture and overall acceptability. 

  (C )Pepper:

From table (116) it is clear that fresh pepper (control) retained its quality for one week at room temperature when packaged in foam trays and two weeks at cooled temperature. While, coated and waxed samples retained its quality for two weeks at room temperature. On the other hand, pepper samples (control) packaged in carton box retained its quality for two weeks at room temperature and three weeks at cooled temperature. While, coated and waxed samples retained its quality for five weeks and six weeks when stored at cooling temperature in foam trays and or carton box respectively. After these periods of storage remarkable deterioration in sensory quality of pepper was observed.      

 (D)Cucumber:  

Cucumber is consider as perishable vegetable due to its high moisture content and change of its quality in short time after harvest. From table (117) it was observed that non coated cucumber (control) retained quality for 3 days at room temperature and 7 days at cooled temperature. On the other hand the coated and waxed samples retained its quality for 7 days at room temperature and 20 days at cooled temperature, when packaged in foam trays. While, cucumber packaged in carton box retained its quality for 7 days at room temperature and 15 days at cooled temperature.


Generally, it could be concluded that many factors such as the variety of vegetable and fruit, degree of freshness after harvest, storage temperature and relative humidity and type of coating and packaging used play great rule in keeping freshness and eating quality of consumed vegetable and fruits. 

These results were agreement with those obtained by (Chen et al., 1999), (Bai et al., 2003)  and (Patricia et al., 2005)
5.SUMMARY 

The present study aimed to produce edible coating and packaging films for packaging and coating the vegetables, fruits and food products. These coating films are processed from organic materials such as: carbohydrates, proteins, fats and its derivatives, also, emulsifying and plasticizing agents was used for preparing these films. However, the produced films are unharmufull for environment since it enzymatically degradated and or it may be directly consumed  with the food item. The coating materials may be used for coating vegetables, fruits, meat, fish, chickens and its products.Thus in our study we made trials to produce edible packing films and coatings from natural materials and the study revealed the following results:

Part I:  

1.We prepared seven films emulsion formulas composed of soy protein, zein protein, gelatin, gluten, whey protein and methyl and ethyl cellulose bees wax, as main components used in preparing these coating and packaging films. Also, palmitic and stearic acid, and glycerol and poly ethylene glycol were used as plasticizer agents. However, we succeeded in preparing the edible biodegradable films and the prepared films were subjected to further study.

2.The prepared seven coating films were used for coating fresh         Apple, Tomatoes, Pepper and Cucumber in priminary study to choose the most proper coating matter for each item. The coated fruit and vegetable were stored at room and refrigerator conditions. However, soy protein, gelatin, gluten, methyl cellulose and whey protein coatings prolonged the shelf life of coated apple (Anna var) for 21 days comparing with control (17 days). Also, coating of apple with soy protein and gluten emulsions minimized the weight loss during storage to (5 – 6%) as compared with control (7.6%) at room temperature. However, storage of coated apples under cooling conditions prolonged shelf life for 60 days with weight loss (10 – 16%) as compared with control, 27 days only. Similar results were obtained with tomatoes, pepper, cucumber, since coating of tomatoes with soy protein, gelatin and ethyl cellulose prolonged the shelf life and minimized weight loss of these products either at room or cooling temperature. However, the use of coating emulsion containing bees wax, glycerin, poly ethylene glycol and paraffin could prolonged the shelf life of pepper and tomatoes to a period of 10 – 20 days with accepted quality. Based on the forementioned results we choosen the most proper coating formulas for examined fruit and vegetables to carry out further studies with the tested vegetables and fruits.     

Part II:  

Rheology study of seven prepared coating film emulsions:              


The rheology properties (shear rate, shear stress, viscosity) of seven prepared protein and cellulose emulsions (soy protein, zein protein, gelatin, gluten, whey protein and methyl ethyl cellulose) were studied at different pHs. The study revealed that the prepared solutions behavior as non – Newtonian pseudoplastic liquid.

* The shear rate and shear stress values were measured at different pHs    (4, 6, 8, 12). 

*The study help us for choosing the preper pH of prepared coating emulsion 

Which gave the best emulsion viscosity proper for coating fruit and vegetables.     
Part III:

Study of the physical and mechanical properties of prepared edible films:              
The physico – mechanical properties of the prepared edible films i.e stability in water, thickness, tensile strength, elongation, young's modulus, water vapor and oxygen permeability, glass transition temperature (Tg), degradation temperature (TgA) and microstructure of produced natural films were determined .The study  revealed  the  following  results :
1.Weight loss of natural films when dipped in water is important property for produced films depending on their chemical composition polarity of composed compounds… etc. The weight loss in our study ranged between 1 – 12% depending on the chemical nature of the produced films.

2.The thickness (µm) of tested prepared films ranged between 22 – 55 µm depending on the kind f protein and plasticizer used. Also, addition of modified starch and citric acid greatly affected thickness of the films, since starch led to increasing the thickness while citric acid decreased the thickness  of prepared  films.

3.Also, tensile strength of studed films ranged between 0.9 – 6.4 N.N.m2, it greatly affected by the type of plasticizer used and added starch and citric acid. It was observed that addition of starch weakened the tensile strength, while, addition of citric acid improved the tensile strength.

4.However, it could be reported that starch and citric acid caused an decrease in elongation of studied films. The highest elongation value (198%) was belonging to ethyl cellulose glycerol film.

5. In addition, all films containing added starch had higher (toughtness) young's modulus values.

6.Regarding permeability of produced natural films for oxygen and water vapor, it was found that methyl cellulose film has the higher water and oxygen permeability and gelatin film has the lower water permeability, while, gluten film had the lower oxygen permeability.

7.Glass transition temperature (Tg) of processed natural film were determined . It was found that (Tg) of soy protein and soy protein film 70.7 and 38.5 ºC respectively, for gelatin and gelatin film 72.6 and 54.0 ºC, for gluten and gluten film 44.9 and 11.2, for whey protein and whey protein film 130.0 and 44.08, for zein protein and zein protein film 73.5 and 47.9, for methyl cellulose and methyl cellulose film 68.1 and 48.0 ºC and for ethyl cellulose and ethyl cellulose film 85.08 and 56.83 ºC respectively.Tg is important for forming film sheets into bags and tubes .
8.As for degradation temperature and thermal weight loss of processed natural films, it was noticed that soy protein and soy protein film when heated at 50 °C to 185 °C, the weight loss was 12.1 and 23.3% respectively, gelatin and gelatin film heated at 24 to 190 °C lost 10.5and 25.6%, gluten and gluten film heated at 45.9 to 185 °C lost 7.7 and 20.9%, whey protein and whey protein film heated at 30 to 191 °C lost 14.5 and 20.1%, zein protein and zein protein film heated at 53 to 191 °C lost 7.0 and 8.9% respectively. Methyl cellulose and methyl cellulose film when heated at 35 to 199 °C lost 11 and 27% and ethyl cellulose and ethyl cellulose film when heated at 30 to 135 °C, the weight loss was 4.9 and 29.5% respectively.

9.Concerning the microstructure of produced film, it was studied using scanning electron microscopy technique. The scanning micrograph of soy protein glycerol film indicated homogeneous and compacted structure with some micro granules of protein embedded in the film. zein protein film containing glycerol, palmitic and stearic acids appeared inhomogeneous hilly structure containing many micro air bubbles scattered in the matrix. The gelatin glycerol film contained many large visual bubbles spreaded into the film and addition of citric acid to gelatin glycerol emulsion gave thin smooth and transparent film; Gluten film composed of gluten and glycerol characterized with high thickness, glassy appearance, smooth surface and rough bottom. Addition of modified starch to the prepared film resulted in spreaded clumps in the film. The formed whey protein glycerol film characterized with smooth surface and some protein agglomerate. As for methyl and ethyl ceeulose films containg glycerol, palmatic and stearic acids, it was found that methyl film has rubbery texture. The addition of starch and citric acid affected the micro structure of such films. However, the ethyl cellulose film that containing citric acid  was more transparent and has Simi brittle texture Also, the ethyl cellulose film has homogeneous and uniform structure.          

Part IV:

 Determination of changes occurred in physico – chemical, microbiological and sensory properties of coated fruit and vegetable during storage period at room and cooled temperature.


In this part of investigation fruit and vegetables were coated with the more proper chosen coating emulsion obtained in the provious part of this study and the effect of storage period and storage conditions on the physico – chemical properties of coated apple, Tomato, cucumber and pepper was studied. Changes in decay percentage, weight loss, firmness, thickness, chlorophyll, charotienoids, anthocyanine, lycopene, pH, acidity, ascorbic acid, total soluble solids, moisture, sugar, ethanol, acetaldehyde content were followed. Also, microbiological and sensory evaluations were carriedout.

(1) Coating thickness.

It could be concluded that thickness of coating layer adhered to surface of fruit and vegetable depend on the coating emulsion properties such as, density, viscosity and surface tension. The thickness of coated films was ranged between (0.001-0.32mm) .
(2)Percentage of decay incidence:
It could be concluded that coating apple, pepper, cucumber and tomatoes with chosen coating emulsions prolonged the shelf – life of storage at room and cooled temperature as compared with control. At the same time the protein coating emulsion were more effective than bees wax in lowering the rate of decay during storage except that in case of pepper since wax and protein coating gave similar results. For example coated with gluten and wax cucumber retained its quality with minimum decay loss (4 to 5.5%) for 9 days at room temperature and (4 to 7%) after 12 days at cooled temperature. At the same time cooled storage was more effective than room temperature.

(3)Weight loss: 

It could be concluded that weight loss in apple, pepper, tomato and cucumber samples coated with coating emulsion and or wax was lower at cooling temperature than that occurred in samples kept at room temperature. While, sample treated with wax has more lower weight loss as compared with samples coated with protein and cellulose emulsion. For example weight loss at the end of storage period for composed emulsion and wax was 14 and 9%; 15 and 12%; 26 and 18%; and 20 and 18% for apple, tomato, pepper and cucumber, respectively.

(4)Firmness:

It was noticed that firmness of uncoated and coated fruits and vegetables was decreased during storage at room and cooled temperature. However, firmness of wax coated apple (70 N) was better than gelatin coated apple (54 N) during storage for 17 days at room temperature. Cooling storage greatly retained apple firmness which reached to ≈ (60 N) after 52 days of cooled storage. The same phenomena were remarked with the other treated vegetables. Also, it could be concluded that coating and cooling of studied fruit and vegetables extend the shelf life and lowered loss of firmness during storage. However, in case of pepper and cucumber firmness of wax coated samples was better than zein protein coated one.

(5)Total soluble solids (TSS):

It was noticed that (TSS) of uncoated and coated fruit and vegetables was increased during storage at room and cooling temperature. However, (TSS) of gelatin coated apple reached to (14%) and higher than wax coated apples (12%) after 10 days of storage. Also, at cooling storage (TSS) of apples raised from  10% at zero time to ≈15.8% after 90 days of cooled storage. The same phenomena was remarked with the other treated vegetables. Also, it could be concluded that coating and cooling of studied fruit and vegetables extend the shelf – life and increased of (TSS) during storage. However, in case of tomato and cucumber, no significant difference in (TSS)content was found either in case of using protein emulsion or wax.  

 (6)Moisture content:

It could be concluded that moisture content of apple, tomato, pepper and cucumber samples coated with protein coating emulsion and or wax was gradually decreased during storage period at room and cooled temperature. It reached to 82 – 88% at the end of storage period as compared with its value at zero time (87 – 95%). For examples, moisture content at the end of storage period at cooling temperature was 82 and 79%; 90 and 88%; 85 and 84% and 87 and 86% for apple, tomatoes, pepper and cucumber respectively.

(7)pH and acidity:

It could be concluded that the pH and acidity of uncoated and coated fruit and vegetable were remarkably changed during of storage at room and cooled temperature. Since, the pH values were gradually increased and titratable acidity was decreased during the storage period. For example the pH value of apple stored at cooling temperature reached to (4.46 and 4.73) after 90 days of storage as compared with a value of 3.87 at zero time. Also, it was noticed that the acidity of stored apples was decreased to (0.11 and 0.15%) after 90 days of cooled storage. The same phenomena were remarked with the other treated vegetables. 

(8) Ascorbic acid:

It could be reported that ascorbic acid of uncoated and coated fruit and vegetable stored at room and cooled temperature was remarkably changed. However, the amount of ascorbic acid loss at short term storage period at room temperature reached 16% of initial content after 17 days of storage, comparing with 4.5% loss in samples stored at cooling for the same period. While, after 90 days of cooled storage the coated apple packaged in foam tray or carton box lost about 30% of it ascorbic acid content. The same phenomena was remarked with the other treated vegetables.

(9)Total sugars:

It was noticed that the total sugar of uncoated and coated fruit and vegetable at room and cooled temperature were remarkably changed. However, the increase in total sugar at short-term storage at room temperature reached to about 10% of intial content after 17 days of storage. While, it reached to about 35% in samples stored at cooled temperature for the same period. After 90 days of storing at cooled temperature sugars in coated apple packaged in foam tray or carton box reached to about 100%of  its initial content. However, it could be concluded that the cooled storage of coated apple for 90 days duplicate the amount of sugar content in the fruit, which indicated that cooling temperature encourage the inversion of apple starch to simple sugars and increase the sweetness of apple fruits. Similar results was obtained with studed vegetables.

 (10)Ethanol content:


It was noticed that the ethanol content of uncoated and coated fruit and vegetable at room and cooled temperature was remarkably changed. Since, the ethanol slightly increased with increasing period of storage of apple. For example, it reached to (1.02 to 1.03%) after 17 days of storage at room temperature. While, ethanol content reached to (1.08 to 1.09%) after 92 days of storage at cooled temperature. The same phenomena was remarked with the other treated vegetables. 

(11)Acetaldehyde:

It was noticed that the acetaldehyde content of uncoated and coated fruit and vegetable at room and cooled temperature were remarkably changed. Since, the acetaldehyde slightly increased with increasing period of storage of apple. For example it reached to (2.09 to 2.96%) after 17 days of storage at room temperature. While, acetaldehyde content reached to (3.56 to 3.99%) after 92 days of storage at cooled temperature as compared with its initial content (1.43%). The same phenomena was remarked with the other treated vegetables. 

(12)Chlorophyll, caroteiniod and anthocyanine content:

It could be concluded that the chlorophyll, caroteiniod and anthocyanine in uncoated and coated fruit and vegetable stored at room and cooled temperature were remarkably changed. Since, the chlorophyll decreased and caroteiniod and anthocyanine increased with increasing of storage period. For example the chlorophyll of apple stored at room temperature was decreased to reach (108.7 to 118 mg/L) after 17 days as compared with initial concentration 137.5 mg/L. while, it was decreased to (22.76 and 57.36 mg/L) after 31 days of cooling storage. Also, it was noticed that the caroteiniod and anthocyanine were increased to (122.6 and 125.71 mg/L) and (63.42and 93.62 mg/L) for caroteiniod and anthocyanine respectively after 92 days of storage at cooled temperature as compared with 40.6 and 8.5 mg/L for caroteiniod and anthocyanine at the initial time of storage. The same phenomena was remarked with the other treated vegetables. 

(13)Microbiological evaluation of studied vegetables and fruits:

   1.Total colony count (T.C):          

It could be concluded that the total colony counts of uncoated and coated fruit and vegetable during of storage at room and cooling temperature were remarkably changed. Since, the total counts gradually increased with increasing period of storage. For examples (T.C) of stored apple reached to (10.2 – 12.5 × 102 CFU/g) after 17 days at room temperature comparing with 2 × 102 (T.C) at the begging of storage period. While, after 92 days of storage at cooling temperature it reached to (16.19 × 102 CFU/g). The same phenomena was remarked with the other treated vegetables.         

2.Phychrophilic bacteria content (psy):

It could be concluded that the (psy) of uncoated and coated fruit and vegetables during of storage at room and cooled temperature were remarkably changed. Since, the (psy) gradually increased with increasing period of storage of apple. For example ,it reached to (4 – 6 × 102 CFU/g) after 17 days at room temperature. While, after 92 days of storage at cooling reached to (12 – 13 × 102 CFU/g). The same phenomena was remarked with the other treated vegetables.       

3. Molds and yeast counts:

It could be concluded that the mold and yeast of uncoated and coated fruit and vegetables during storage at room and cooled temperature were remarkably changed. Since, the mold and yeast gradually increased with increasing period of storage of apple. For example it reached to (1.5 – 2.5 × 102 CFU/g) after 17 days at room temperature. While, after 92 days of cooled storage it reached to (5 – 9 × 101 CFU/g). The same phenomena was remarked with the other treated vegetables.   

Generally, it could be proposed that, the addition of nisin as antimicrobial agent in coating emulsion and washing raw vegetables and fruit with sanitary solution improved the fruit and vegetables microbial quality and decreased microbial load. 

(14)Sensory evaluation of coated vegetable and fruits stored at room and          
cooled temperature:  

The analysis of panelists scores of organoleptic properties of the uncoated and coated fruit and vegetable during storage at room and cooled temperature appeared remarkably change in quality and the results of acceptability indicated that the sensory properties studied (color, texture, taste, overall acceptability) were changed with prolongation of storage periods depending on type of coating emulsion, type of packaging and temperature used. For example; 

(A)Apple:

The control samples kept its quality (color, texture, taste and overall acceptability) for two to three weeks at room and cooled temperature respectively when packaged in foam trays. While, those samples packaged in carton box kept its quality for three to four week at room and cooled temperature respectively. The coated samples stored at cooling temperature kept its quality for seven to eight weeks of storage in foam trays or carton box.

(B)Tomatoes:

The control sample retained its quality for 7 days at room temperature and 14 days at cooled temperature when packaged in foam trays or carton box. While, coated and waxed samples retained its quality for 14 days at room temperatures and 35 days at cooled temperature either for samples packaged in foam trays or carton box .At these periods of storage tomatoes were characterized with good color, taste, texture and overall acceptability.

 (C ) Pepper:

The pepper samples packaged in carton box retained its quality for two weeks at room temperature and three weeks at cooled temperature for control. While, coated and waxed samples retained its quality for five weeks and six weeks when stored at cooling temperature in foam trays and or carton box respectively.

(D )Cucumber:

The control sample retained its quality for 3 days at room temperature and 7 days at cooled temperature. While, coated and waxed samples retained its quality for 7 days at room temperatures and 20 days at cooled temperature when packaged in foam trays. While, samples packaged in carton box retained its, quality for 7 days at room temperature and 15 days at cooled temperature.

Generally, it could be concluded that coating of studied vegetable and fruit with edible degradable coating films prolonged its shelf life, freshness and eating quality upon storage at room and cooling temperature. However, storage the coated vegetables and fruits at cooling temperature more effective than storage at room temperature; Also, packaging the coated vegetables and fruits in foam trays and carton box showed little effect on the keeping quality and shelf life of examined samples. Based on the obtained results in this study it could be concluded that these findings may be of application  benefit  in  the  field  of  food  industry.  
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Figure (20): DSC Gelatin 








Figure (18): DSC Soy Protein 








γ = 0.2616 × 0.9584





Figure (17): DSC Soy Protein Films








Figure (19): DSC Gelatin films





Figure (22): DSC Gluten  





Figure (21): DSC Gluten films








Figure (24): DSC Whey protein 














Figure (23):  DSC Whey protein films





Figure (26): DSC Zein  protein 








Figure (25): DSC Zein protein films 





Figure (28): DSC methyl cellulose 








Figure (27): DSC methyl cellulose films





Figure (30): DSC Ethyl cellulose 








Figure (29): DSC Ethyl cellulose films





Figure (36): TGA Gluten. 








Figure (35):  TGA Gluten films.





Figure (34): TGA Gelatin. 








Figure (33):  TGA Gelatin films.





Figure (32):  TGA Soy protein 








Figure (31): TGA Soy protein films. 





Figure (38):  TGA Whey protein. 








Figure (37): TGA Whey protein films.





Figure (40): TGA zaen protein. 








Figure (39): TGA zaen protein films.








Figure (42): TGA methyl cellulose. 








Figure (41): TGA methyl cellulose films.





Figure (44): TGA ethyl cellulose 





Figure (43): TGA ethyl cellulose films.
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Figure (22): DSC Gluten  





Figure (21): DSC Gluten films








Figure (20): DSC Gelatin 








Figure (19): DSC Gelatin films





Figure (18): DSC Soy Protein 
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Figure (17): DSC Soy Protein Films
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