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ABSTRACT

Gamma irradiation is one of the alternative methods for food preservation to prevent food spoilage, insect infestation and extending the shelf life by reducing the microbial load. Therefore, this investigation was carried out to determine the influence of gamma radiation on rheological properties of wheat flour and its baked breads. Commercial wheat (Triticum sativum) flour was irradiated with 2.5, 5.0 and 7.5 kGy using cobalt-60 gamma chamber (1.32816 kGy/h). Slight radiation effects on the farinograph properties included water absorption (%) and degree of softening (B.U.) which increased by irradiation. While values of arrival time (min.), dough development (min.) dough stability (min.), as extensograph properties (elasticity (B.U), extensibility (mm), P.N and energy (cm2) decreased by different gamma irradiation doses. Total bacteria, molds and yeasts counts were reduced and inactivated by the irradiation process. On the other hand, chemical composition of 
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Introduction
Gamma irradiation treatment of foods effective methods to control Food-borne pathogens microorganisms, bacteria, parasites organisms, insect infestation, delay ripening and inhibit sprouting. Food irradiation is a process in which products are exposed to ionizing energy, such as gamma rays, electron beams and X-rays for a specified time (FDA, 1986). It is being used with spices, herbs, fruits, vegetables, meat and meat products. Worldwide standards covering irradiated food were adopted by the Codex Alimentarius Commission, an institution formed with participation of the Food and Agriculture Organization (FAO) and the World Health Organization (WHO), which involve more than 150 governments. More than 42 countries use food irradiation technology; however, USA leads in the food irradiation practices, which includes chicken, beef patties, ground beef and even ready-to-eat food (Sommers et al., 2004, Miller et al., 2003 and Agundez-Arvizu et al., 2006). 
Wheat flour is the main ingredient in formulations and plays a key role, both on structuring the fermented dough and on determining the sensory characteristics of end products (Calvel, 1897 and Suas, 2009). Extensive research showed that the macronutrients (carbohydrates, proteins and lipids) content are relatively stable against irradiation doses up to 10 kGy (WHO, 1994). On the other hand, gamma irradiation has a slight effect on the amino acid profile at recommended doses to foods (WHO, 1999). This effect could be related to the structure of each amino acid as revealed by many authors (Elias and Cohen, 1997; Matloubi et al., 2004 and Erkan and Ozden, 2007). 
Diehl (1995) and Matloubi et al., (2004) reported that there is a mutual protection exerted when different substances are irradiated together. The results of irradiating multiple compounds together will generally not cause much chemical change in any one of the compounds, when irradiated alone. The influence of gamma radiation on technological characteristics of wheat (Triticum sativum) flour and physical properties of pan breads made with this flour was studied. The results indicated that wheat flour ionizing radiation processing may confer increased enzymatic activity on bread making and depending on the irradiation dose, an increase in weight, height and deformation force parameters of pan breads made of it (Christian et al., 2012). 
Several years ago, some studies appear the application of ionizing radiation processing on different aspects of bakery technology on typical Mexican bread as a work described by Agundez-Arvizu et al., (2006). Wheat flour or grains like rice or oat, to find latter it is full of pathogens microorganisms, bacteria and parasites organisms or with insect infestation. The aim of the present work shows the results related to the effects of gamma irradiation on chemical composition and microbiological properties of wheat flour; with the main objectives centered upon the physicochemical, rheological variation caused by the irradiation process. 
MATERIALS AND METHODS
Materials

 Wheat (Triticum sativum) flour was obtained from local market, Benha, Kalubia Governorat, Egypt. It was packed in tightly closed polyethylene bags which were divided into two groups. The first group was used for irradiation process while the second group was left as control sample. 
Methods 

Irradiation process

Three bags from each of wheat flour samples were gamma irradiated at 2.5, 5.0 and 7.5 kGy doses using cobalt-60 gamma chamber (1.32816 kGy/h) in Cyclotron Project, Nuclear Research Center. Atomic Energy Authority, Inshas, Cairo, Egypt. 

Analytical Methods

Chemical analysis

Moisture, oil, protein and ash contents were determined according to the stander methods of the A.O.A.C. (1990). The total carbohydrates were calculated by difference according to (Egan et al., 1981) as the following: Total carbohydrates (%) = [100 – (moisture (%) + crude protein (%) + total lipids (%) + ash (%)]. 
Microbial Analysis:

Colony forming units for total bacterial counts were counted by plating on plate count agar medium and incubated at 30°C for 3-5 days(APHA, 1992).Total molds and yeasts were counted on oxytetracycline glucose yeast extract agar medium according to Oxoid, (1998). 

Rheological properties

Farinograph were obtained in a Brabender farinograph following the A.O.A.C (2000) farinograph method for flour, from which the absorption, dough development time (DDT) and stability were calculated. The extensibility, (P.N) and energy values were determined by using extinsograph.
Bread making 

White breads were made according to Heenan et al., 2009 by the following formulation: wheat flour (54.3%), water (32.4%), salt (0.9%), sugar (7.0%), yeast (2%) and butter (4.3%). Baking time were used 15 min at 180 °C.
RESULTS AND DISCUTION

The effects of gamma radiation doses on the chemical composition of 
Table (2) showed that gamma rays doses had significant changes on total bacteria, yeast and mold counts. Control values of total bacteria, yeast and mold counts for non irradiated wheat flour were 8.5×103 and 5.6×102 CFU/g, respectively. The corresponding values for irradiated wheat flour samples at 2.5 kGy gamma rays  were 78 and 51 CFU/g; respectively. Several methods have been tried for microbial decontamination of various foods and feed products such as fumigation with ethylene oxide or steam. Irradiation has been found a promising method for this purpose (Ley, 1983; Giddings, 1984 and Farkas, 1990). In this work, radiation dose of 2.5 kGy appeared to be sufficient for decreasing bacteria, yeasts and molds counts to below 102 CFU/g, and a radiation dose of 5 and 10 kGy killed the bacteria  and molds in the wheat flour. This finding agrees with several previous reports (Aziz et al., (1990); Aziz and Abd El-Rahman, (1995); Refai et al., (1996) and Aziz et al. (2006).

Table 1:  Gamma irradiation effects on the chemical composition of wheat flour.

	Chemical composition
	0.0 kGy

(Control)
	2.5 kGy
	5.0kGy
	7.5 kGy

	Moisture *
	9.90 ± 0.10
	9.81 ±0.09
	9.77 ±0.09
	9.80 ±0.02

	Total protein *
	12.32 ± 0.13
	12.53 ±0.11
	12.42 ±0.03
	12.31 ±0.30

	Crude oil *
	2.30 ± 0.10
	2.21 ±0.11
	2.31 ±0.09
	2.33 ±0.09

	Ash *
	0.46 ± 0.03
	0.51 ±0.01
	0.50 ±0.02
	0.49 ±0.01

	Carbohydrates 
	75.02 
	74.93 
	75.01
	75.07 


*Mean values of three measurements ± stander deviation with non significantly (P < 0.05).
Table 2: Effect of gamma irradiation treatment on the microbiological parameters of wheat flour.

	Microbiological parameters
	0.0kGy
(Control)
	2.5 kGy
	5.0kGy
	7.5 kGy

	Total bacterial counts (CFU/g) * 

	8.5×103 ±2.16
	78 ± 0.82
	ND
	ND

	Total molds &yeasts (CFU/g) *
	5.6×102 ±3.56
	51 ±4.32
	ND
	ND


* Mean values of four measurements ± stander deviation with significantly (P < 0.05).
ND: not detected

All measured values of rheological evaluation (Farinograph and Extinsograph) of wheat flour samples are shown in Table (3) and as can be clearly seen, there were differences between non-irradiated and irradiated wheat flour samples. The values for water absorption increased from 57.3% for non-irradiated wheat flour sample (0 kGy) to 59.6%, 60.3% and 61.0 %for wheat flour samples treated with 2.5, 5.0 and 7 kGy gamma rays doses, respectively. The same phenomenon was also observed for degree of softening (B.U.) values, which reached (70, 90 and 100 B.U) for irradiated wheat flour samples at 2.5, 5.0 and 7 kGy with gamma rays doses, respectively as compared to non-irradiated wheat flour sample (69 B.U.). On the other hand arrival time (min), dough development (min) and dough stability (min) values of non-irradiated wheat flour sample were 1.0, 1.5 1.2 min, respectively. These values decreased with increasing gamma irradiation doses, which recorded 0.5, 1, 1.5 min for irradiated wheat flour sample at 7.5 kGy doses. Such results are in accordance agreed with those obtained by Koksel et al., (1996) who observed that radiation effects on the rheological properties in dough made of irradiated flour were slight decrease in the dough development time values, as a function of gamma irradiation dose of 1.0, 2.5 and 5.0 kGy. From the same table 2 it could be noticed that values of elasticity (B.U), extensibility (mm), P.N and energy (cm2) of non-irradiated wheat flour sample was 735, 90, 8.2 and 78.4, respectively. These values were decreased with the increasing of gamma irradiation doses. The decreasing in these values could be attribute that some starch alteration occurs as a radiation effect and those effect increase as irradiation dose also increase (Agundez-Arvizu, et al. 2006).
Table 3: Gamma irradiation effects on the rheological properties of wheat flour.
	Rheological properties
	0.0kGy
(Control)
	2.5 kGy
	5.0kGy
	7.5 kGy

	Farinograph:

	Water absorption (%)
	57.3
	59.6
	60.3
	61.0

	Arrival time (min.)
	1.0
	0.5
	0.5
	0.5

	Dough development(min.) 
	1.5
	1.0
	1.0
	1.0

	Dough stability(min.)
	1.2
	3.5
	2.0
	1.5

	Degree of softening(B.U)
	69
	70
	90
	100

	Extensograph:

	Elasticity (B.U)
	735
	220
	180
	130

	Extensibility(mm)
	90
	55
	40
	45

	P.N
	8.2
	4.0
	4.5
	2.8

	Energy(cm2)
	78.4
	18.0
	13.0
	11.0


Measurement of mean attributes (Appearance, taste, texture, color and odor) comparison and analysis of variance for sensory evaluation score of white breads made from non-irradiated and irradiated white flour are reported in Table (4). From data in this showed that there were not significant differences for breads made from the non-irradiated and irradiation doses applied.
Table 4: Mean attributes comparison and analysis of variance for sensory evaluation score of white breads made from non-irradiated and irradiated wheat flour.

	
	Attributes

	
	Appearance 
	Taste
	Texture 
	Color
	Oder

	
	Mean of treatments

	0.0 kGy(Control)
	9.159
	8.424
	7.99
	7.334
	7.038

	2.5 kGy
	9.146
	8.218
	8.012
	7.475
	6.882

	5.0 kGy
	9.335
	8.169
	7.73
	7.313
	6.870

	7.5 kGy
	9.161
	8.193
	7.838
	7.265
	6.928

	                              Analysis of variance between treatments 


	Main square values
	0.081NS
	0.137NS
	0.178NS
	0.081NS
	0.059NS

	F value
	0.643
	1.112
	0.491
	0.839
	0.113

	F crit.
	2.866
	2.866
	2.866
	2.866
	2.866

	Degree of freedom

(Between groups)
	3
	3
	3
	3
	3


NS: Non significant.
Values are means of ten replicates. Data were analyzed by ANOVA (Single factor),   F test means (P ≤ 0.05). 

CONCOLUSION

The effect of gamma irradiation doses (2.5, 5.0 and 7.5 kGy) of wheat flour on chemical, rheological and microbial properties were carried out in the investigation. The radiation effects on the chemical composition of wheat flour are very low while gamma irradiation had some changes in its rheological properties. However, the microbial load was notably reduced and inhibited by the irradiation process. Gamma irradiated treatments did not induced any significant changes in the attributes (Appearance, taste, texture, color and odor) for sensory evaluation score of white breads made from non-irradiated and irradiated white flours. We expected that gamma irradiation will provide.
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تأثير المعاملة باشعة جاما على الخواص الريولوجية والميكروبيولوجية لدقيق القمح 

أحمد عبد الفتاح على أحمد ، عمر أحمد امام ، غادة محمود البسيونى

قسم الاقتصاد المنزلى – كلية التربية النوعية – جامعة بنها

الملخص العربى

يعتبر المعاملة باشعة جاما  واحدة من الطرق المستخدمة لحفظ الغذاء من الفساد والإصابة الحشرية كما يمكن زيادة فترة الصلاحية له من خلال خفض الحمل الميكروبي . لذلك تهدف هذة الدراسة الى معرفة تأثيرالمعاملة باشعة جاما على الخواص الريولوجية للدقيق والخواص الحسية  للخبز المصنع منه علاوة على تأثيره على التركيب الكيماوى والميكروبولوجى لدقيق القمح . فى هذه الدراسة تم التشييع بأستخدام أشعة جاما بالجرعات 2,5 ، 5 ، 7,5 كيلوجراى . وقد تبين من الدراسة وجود تغيرات طفيفة فى خواص الفارينوجراف ومنها زيادة فى قيم water absorption (%) والـ softening (B.U.)  بزيادة الجرعة الأشعاعية المستخدمة ، بينما حدث أنخفاض فى قيم} arrival time (min)  - { dough development and stability (min)  كما حدث انخفاص فى خواص الأكستنسوجراف والتى تشمل  elasticity (B.U) -   extensibility (mm)}  -  P.N -  { energy (cm2) بزيادة الجرعة الإشعاعية . كما لوحظ انخفاض فى أعداد البكتريا والفطريات والخمائر فى دقيق القمح نتيجة المعاملة بالجرعات المستخدمة من أشعة جاما . كذلك أوضحت النتائج عدم وجود تأثير لأشعة جاما على التركيب الكيمائى لدقيق القمح  كما تبين عدم وجود أى تغيرات معنوية فى الخواص الحسية ( المظهر – الطعم – القوام – اللون – الرائحة ) للخبز الأبيض المصنع من دقيق القمح المعامل بأشعة جاما مقارنة بالعينات الغير معاملة ( الكنترول) . وتخلص هذه الدراسة الى أن استخدام الجرعات ال 2,5 ، 5 ، 7,5 كيلو جراى لها تأثير فعال لخفض الحمولة الميكروبية لدقيق القمح دون حدوث أى تأثيرات على جودة الدقيق أو الخبز الناتج .
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