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ABSTRACT 

 The present study aimed to study the effect of adding Iraqi rice bran protein 

isolate, Amber 33 variety, at different ratios (100, 200, 300) mg to manufactured yogurt to 

extend its storage life, in addition to the two control treatments Yc- without any addition 

and Yc+ to which the industrial antioxidant BHT was added at a concentration of 200 

mg. The results showed no significant differences in pH values between all treatments 

immediately after manufacturing, and a decrease in pH values was observed with 

increasing storage period. The results also showed that the PV and ADV values were 

close immediately after manufacturing, and these values increased with increasing 

storage period. The total bacterial counts varied for the control treatments and the 

yogurt supplemented with protein isolate, as they increased with increasing refrigerated 

storage period. The results showed that all treatments were free of coliform bacteria, 

Psychrotrophic bacteria, yeasts, and molds throughout the storage period, while yeasts 

and molds appeared at the end of the storage period of 21 days for all treatments. 
Keywords: Functional foods, pH, peroxide, fat decomposition, milk. 

 

 في اطالة العمر الخزني لليوغرت المصنع  الرز نخالة بروتين معزول دراسة فعالية
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  خلاصةال

  مختلفة  وبنسب 33 عنبر صنف العراقي الرز نخالة بروتين معزول اضافة تأثير دراسة  الى الحالية الدراسة هدفت 

  اضافة  اي  بدون  -Yc  السيطرة  معاملتي  عن  فضلا  له  الخزني  العمر  لإطالة  المصنع  اليوغرت  الى  ملغم(  300  ،200  ،100)

 قيم  في  معنوية  فروق  وجود  عدم  النتائج  بينت.  ملغم  200  بتركيز  BHT  الصناعي  الاكسدة  مضاد  لها  اضيف  التي  +Yc  و

pH  قيم  في  انخفاض  هناك  ولوحظ  مباشرة  التصنيع  بعد  المعاملات   جميع  بين  pH  ان  النتائج  بينت  كما.   الخزن  مدة  بزيادة 

  للبكتريا   الكلية  الاعداد  تباينت.  الخزن  مدة  بزيادة  القيم  هذه  وازدادت  مباشرة  التصنيع  بعد  متقاربة   كانت  ADV  و  PV  قيم

  جميع  خلو  النتائج  واظهرت  المبرد،  الخزن  مدة  بزيادة  ازدادت  اذ  البروتيني  بالمعزول  المدعم  واليوغرت  السيطرة   لمعاملتي

  في   والاعفان  الخمائر  ظهرت   بينما  الخزن،  فترة   طول  على  والاعفان  والخمائر  القولون والبكتريا المحبة للبرودة  بكتريا  من  المعاملات

 . المعاملات ولجميع يوم  21 الخزن  مدة نهاية
 الاغذية الوظيفية, الرقم الهيدروجيني, البيروكسيد, تحلل الدهن, الحليب.  المفتاحية :الكلمات 
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INTRODUCTION 

Rice (Oryza sativa L.) is one of the world's major cereal crops and the second most 

important food crop in the world after wheat among more than 30 food crops (MohammadAli 

et al., 2024). Rice is an annual plant, native to the continent of Asia, especially India, Vietnam, 

Indonesia, and China. The production of these countries is estimated at 50% of the total global 

production of rice (Whaib & Mousa, 2022), in addition to its cultivation in many countries of 

the world, including countries in The Mediterranean Sea, which produces about 26% of grain 

production and about 20% of the total grain trade in the world (Essa et al., 2015; Reddy et al., 

2017). As for Iraq, rice cultivation has spread in many central and southern governorates, the 

local production of this crop in the years 2009, 2010, 2011, and 2012 amounted to about 3,720, 

3,506, 4,270, and 3,513 million tons respectively (FAO, 2014).  

The composition of the whole grain of rice consists of 63-73% carbohydrates, 1-2% fat, 

6-8% protein, 7-10% fiber and 3-5% ash and rice grains contain 3 main parts including the 

endosperm (~70%), the hull (~20%), and the bran (~10%) (Najamuddin et al., 2021; Santos 

et al., 2016). 

Bran is one of the by-products that result from the rice manufacturing process, as it 

produces three main parts: bleached rice, bran, and hull (Xu et al., 2021; Abadi & Naser, 

2019). Bran is produced in large quantities during the rice milling process and constitutes about 

8-10% of rice grains and, is not sufficiently exploited for many activities. It can be used as 

animal feed. Thus, more than 80 million tons of bran are the byproduct of rice milling 

worldwide (Najamuddin et al., 2021; Shu et al., 2021). Rice bran contains many components 

such as phenolics, γ-oryzanol, tocopherols, and tocotrienols, along with other nutritional 

components that are beneficial for health (Punia et al., 2021; Abood & Mohammed, 2017). It 

also contains a high percentage of protein (11-15%), about 20% of fat, and an excellent source 

of fiber (7-11%). In addition, rice bran contains much more nutrients and vitamins than other 

parts of rice. (Amagliani et al., 2017; Kumar et al., 2021).  

Yamuangmorn & Prom-u-Thai, (2021) indicated that the functional properties of rice 

bran are ideal for commercial uses in the food and beverage industry, and the food and 

pharmaceutical industries. Recently, there has been increased interest in searching for new 

plant-based protein sources due to increasing consumer concerns about the safety of animal 

products and their derivatives. Moreover, they can be a better alternative to expensive animal 

products (Yan et al., 2015; Wang et al., 2021). Plant proteins have become a major source of 

dietary protein in developing countries. With the increasing interest in protein consumption and 

the problem of protein deficiency, it has become necessary to search for non-traditional sources 

of protein isolates (Liu et al., 2019; Yu et al., 2022). 

Rice bran protein isolate has a high antioxidant potential due to its amino acid content, 

the nature of the acids, and their sequence, Research has shown the possibility of using many 

proteins isolated from plant sources as antioxidants, including fava beans, chickpeas, soybeans, 

and rice protein (Wouters et al., 2016; Ghanghas et al., 2022). The antioxidant activity of 

protein and protein isolate is primarily due to the inhibition and isolation of minerals that 

encourage oxidation and their ability to capture free radicals and reduce peroxides, i.e. 

increasing their stability and inhibiting oxidation by transforming the physical state of the food. 
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Natural antioxidants act as free radical scavengers and synthetic antioxidants are food additives 

and preservatives (Souza et al., 2016; Piotrowicz et al., 2020). Although synthetic 

antioxidants show stronger activity than natural compounds such as α-Tocopherol and 

Ascorbic acid, their use should be cautious due to potential health risks. Therefore, interest has 

increased in producing natural antioxidants as an alternative to synthetic ones. It has been 

found that protein isolates from animal or plant sources have antioxidant activity (Ranjan et 

al., 2019; Hunsakul et al., 2021). 

Milk and dairy products are an ideal source of important nutrients for human health, such 

as calcium, magnesium, and phosphorus, in addition to major nutrients such as proteins, fats, 

carbohydrates, and some vitamins, but they are poor in some rare elements that are important 

for the body’s vital functions, such as iron and zinc (Ocak & Kose, 2010). 

The US Food and Drug Administration (FDA, 2011) defined yogurt as a food product 

produced by starter bacteria, which is a mixture of bacterial cultures containing lactic acid-

producing organisms Lactobacillus bulgaricus and Streptococcus thermophilus. It provides the 

body with many benefits as it is rich in many nutrients such as protein, calcium, fat, and 

vitamins such as vitamin D, riboflavin, vitamin B6, and vitamin B12. Yogurt is also more 

beneficial than milk, due to the presence of live therapeutic bacteria that are important for the 

digestive system, which can lead to health benefits when consumed in sufficient quantities 

(Cheng, 2010; AL-Abdulla & AL-Nasery, 2021). 

Since yogurt is one of the most widely consumed foods in the world, which provides 

consumers with several micronutrients and macronutrients in the diet, it is a low-cost means of 

consumption, in addition to being a staple or semi-daily food for many people. In addition, to 

the importance of nutritional and functional plant proteins, this study aimed to introduce rice 

bran protein isolate to improve and reduce some problems of yogurt and extend its shelf life. 

 

MATERIALS AND METHODS 

 

Source of milk and rice bran 

Rice bran variety Amber 33 was obtained from the Agricultural Research 

Department/Rice Research Station in Al-Mishkhab. Full cream dried milk type (Amazing, 

Sultanate of Oman) was used in making yogurt. 

Preparation of protein isolate from defatted rice bran: 

The method mentioned by Cho, (2020) was used with some modifications. It was mixed 

at a ratio of 1:10 (sample: water) and placed on a magnetic stirrer for 1 h. The pH of the 

resulting suspension was then adjusted to 9 (Using 0.1 NaOH 1N), the suspension was mixed 

for 1 h using a magnetic mixer, and then the suspension was transferred to a centrifuge at a 

speed of 5000 rpm for 20 min and at a cooling temperature of 4 C. Lower the pH of the filtrate 

to 4.5 (Using 0.1 HCl 1N), take the residue and wash it three times with distilled water Adjust 

the pH to 7 (Using 0.1 NaOH 1N). The protein was then dried and stored until use. 
Functional yogurt manufacturing 

Functional yogurt was prepared according to the method described in Tamime & 

Robinson.(1999) where a certain amount of milk was divided into five parts, the first part was 
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left untreated as negative control treatment Yc-, the second part was used with 200 mg/kg 

yogurt of BHT as positive control treatment Yc+, the third, fourth and fifth parts were 

supplemented with different proportions of protein isolate 100, 200 and 300 mg/kg yogurt 

respectively to prepare treatments Y1, Y2, and Y3 respectively. The milk was heat treated 

using a water bath at 85°C for 15 minutes and then cooled to 42°C. The freeze-dried starter 

cultures (Lactobacillus delbrueckii Ssp bulgaricus and Streptococcus salivarius Ssp 

thermophiles) were added directly to the milk according to the instructions of the supplier 

indicated by the French manufacturer Danisco (3%), and mixed well to ensure good 

distribution of the starter culture in the milk. The milk was then distributed directly into plastic 

cups under controlled conditions and the samples were incubated at 42°C until coagulation 

occurred (3-2.5) h. The samples were kept at a temperature of (5±1)°C for fifteen days for 

chemical and microbiological tests and sensory evaluation later.  

pH estimation 

The pH was estimated using a pH meter as stated in (A.O.A.C 2016). 

Determination of acid degree value (ADV) and peroxide value (PV) 

The value of Acid Degree was estimated as in method (Sadiq & Doosh, 2019) as well as 

the Peroxide value was estimated by method in Amagliani et al., (2017). 

Microbial content 

Total Count of Bacteria 

The method of pouring plates as described in (APHA, 1984) was followed using Nutrient 

Agar solid medium and the plates were incubated at 37°C for 48 h. This test was performed 

after manufacturing and throughout the storage period for all treatments. 

Total coliform bacteria 

The method of pouring plates was followed in (APHA, 1984) using MacConkey agar 

medium, the plates were incubated at 37°C for 48 h. 

Total Psychrotrophic bacteria 

The method mentioned by (Moghimi et al., 2017) was followed. 0.1 ml of the prepared 

dilutions were taken and placed in sterile plates, Nutrient Agar was added to the culture 

medium, and the plates were incubated at 7°C for 10 days. 

Total yeasts and molds 

The method of pouring plates was followed in (APHA, 1984) using PDA medium, the 

plates were incubated at 22°C for 5 days. This test was carried out after manufacturing and 

throughout the storage period of each treatment. 
RESULTS AND DISCUSSION 
pH value 

pH is one of the main factors in determining the extent of casein network development 

(Lucey & Singh, 1997; Lee & Lucey, 2010), so the change in pH of yogurt treatments was 

monitored during the cold storage period. 

The results in Table 1 showed that the pH values of the different yogurt treatments 

ranged between 4.85 and 4.91 at the age of 1 day. These numbers are close to what (Ibrahim, 

2015) found for yogurt samples, which was 4.59. As the cold storage process continued until 

day 21, it was noted that the pH of treatment Yc- reached 4.38 due to the increase in acidity 
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during storage. The least development in acidity was in treatment Y3, where the pH reached 

4.56, followed by treatment Y2, where the pH was 4.48. As for the rest of the treatments, the 

pH decreased between 4.38-4.46. 

Table (1): pH values of different yogurt treatments during storage at (5±1) Cº for 21 days. 
 

pH values 
Storage period (day) 

1 3 7 14 21 

Yc- 4.88 4.82 4.67 4.49 4.38 

Yc+ 4.85 4.83 4.73 4.54 4.47 

Y1 4.85 4.83 4.72 4.57 4.46 

Y2 4.86 4.83 4.74 4.58 4.48 

Y3 4.91 4.82 4.77 4.61 4.56 

L.S.D. NS 0.0796 NS 0.0762 NS 0.0708 NS 0.0459 NS 0.0845 

 

These results are consistent with the results of (Darwish et al., 2023) who indicated 

that the pH values of rice bran protein-enriched yogurt treatments decreased with the 

advancement of the storage period. The pH of yogurt decreased to levels below pH (4.2 - 4.4) 

after being refrigerated for 28 days. The decrease in pH during the storage period in yogurt is 

attributed to the continued activity of starter bacteria during storage but at a slow rate 

(Hammoud & Saddam, 2024). 

Sengupta et al., (2023) indicated that the pH values of yogurt enriched with sesame 

seed protein isolate ranged between (3.82-4.53) immediately after manufacturing, and these 

values decreased after 28 days of storage to reach between (3.70-4.40).  

Peroxide value (PV)  

Peroxide value is an indicator of lipid oxidation, lipid oxidation damage, food products 

with undesirable taste, and changes in the nature and strength of the product leading to product 

deterioration. The results of Table 2 showed the peroxide values of the yogurt samples 

represented by the yogurt treatment to which rice bran protein isolate was added. The PV value 

at the age of 1 day was close for all treatments, ranging between 0.22-0.34 mEq/kg fat. When 

the treatments were stored at a temperature of (5±1) °C, the PV value increased with the 

advancement of the storage period to reach between 0.33-0.47 mEq/kg fat at the age of 3 days. 

As the storage period continued to advance to the seventh day, the PV values increased to 0.44-

0.68 mEq/kg fat, while the Yc treatment was 0.88 mEq/kg fat. As for the 14th day of storage, 

the PV values ranged between 0.72-0.97 mEq/kg fat. These figures clearly show that the 

treatments to which rice bran protein isolate was added were the lowest. Exposure to oxidation 

compared to the control treatment, which indicates that the amount of peroxides produced in 

these treatments was the least, and the PV values increased more in treatments Y1 and Yc- to 

reach 1.36 and 1.43 mEq/kg fat, respectively, on the 21st day of storage. The reason for this 

development in the PV values is due to the oxidation of fats in the manufactured yogurt models 

(Amamcharla & Metzger, 2014; Shahidi & Zhong, 2005). 
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Table (2): Peroxide values of different yogurt treatments during storage at (5±1) Cº for 21 

days. 
 

Peroxide 

values 

Storage period (day) 

1 3 7 14 21 

Yc- 0.34 0.47 0.88 0.97 1.43 

Yc+ 0.21 0.39 0.53 0.72 0.95 

Y1 0.29 0.43 0.68 0.89 1.36 

Y2 0.26 0.38 0.57 0.81 1.15 

Y3 0.22 0.33 0.44 0.74 0.92 

L.S.D. 0.0708 0.0762 0.0829 0.0845 0.1028 

 

Acid degree value (ADV) 

ADV values of different yogurt samples were estimated during the 21-day refrigerated 

storage period at a temperature of (5±1) °C to monitor the fat decomposition in yogurt 

treatments. It is noted from Table 3 that the ADV values at the age of 1 day were close among 

all treatments, ranging between 0.40-0.43 mEq/100 g fat. As the storage process continued, a 

gradual increase in ADV values was observed, ranging between 0.51-0.59 and 0.61-0.78 and 

0.73-0.92 at ages 3, 7, and 14, respectively. On day 21, the values increased between 0.89-1.25 

mEq/100 g fat. The reason for this development in ADV values is due to the action of lipase 

enzymes present in milk before yogurt manufacturing, including lipoprotein lipase (LPL), 

called natural milk lipase or lipases of lactobacilli. For the cold that grows and multiplies at the 

refrigerator temperature, and since the yogurt samples were exposed to heat treatment during 

their manufacture, the LPL enzyme was inhibited by heat. Therefore, the lipases of cold-loving 

bacteria are the main responsible for the development of ADV values of yogurt samples during 

storage because they resist even sterilization temperatures (Jasim & Nasser, 2020). 

 

 

Table (3): Acid degree value of different yogurt treatments during storage at (5±1) Cº for 21 

days. 
Acid degree 

value 

Storage period (day)  

1 3 7 14 21 

Yc- 0.42 0.59 0.78 0.92 1.25 

Yc+ 0.43 0.52 0.63 0.74 1.16 

Y1 0.41 0.54 0.69 0.83 1.12 

Y2 0.40 0.53 0.66 0.77 0.97 

Y3 0.42 0.51 0.61 0.73 0.89 

L.S.D. NS 0.0629 NS 0.0539 0.0459 NS 0.1054 0.1041 
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Microbial content 

The results in Table 4 show the total bacterial counts measured in colony-forming units/g 

(Cfu/g) the coliform, Psychrotrophic bacteria counts, and the yeast and mold counts for the 

manufactured yogurt samples. It is noted that the total bacterial counts in the different yogurt 

treatments at the age of 1 day of storage ranged between 1.4*103-1.6*103 Cfu/g, indicating no 

significant differences in the bacterial counts between these treatments. The increase in the 

number of bacteria for different yogurt treatments was monitored during the 21-day 

refrigerated storage period at a temperature of (5±1) C to identify the level of spoilage, as 

bacteria, when growing, consume food from the medium in which they grow and secrete 

different enzymes, which leads to spoilage in the medium. Therefore, the more bacteria there 

are, the faster the spoilage and corruption of yogurt increases (Kareem & Shakir, 2016). 

The numbers in the table show that the number of bacteria gradually increased in all 

treatments, as it reached 5.4*103, 4.8*103, and 3.8*103 Cfu/g on the 21st day of storage, in 

treatments Y1, Y2, and Y3, respectively. These results show that the increase in the total 

number of bacteria was less in the treatments to which rice bran protein isolate was added 

compared to the control treatment Yc- and Yc+, which reached 6.2*103 and 6.1*103 Cfu/g, 

respectively. The results also show that the higher the amount of protein isolate added, the 

lower the total number of bacteria, but at rates that do not affect the characteristics of the dairy 

product, indicating the effective effect of this isolate in reducing the growth of 

microorganisms, which was confirmed by previous studies conducted by (Wang et al., 2015; 

Jasim & Nasser, 2023). 

The Iraqi standard specification for microbial limits for milk and its products No. 5/2270 

of (2015) states that the total bacterial count in yogurt does not exceed 1×104 Cfu /g in good 

quality and does not exceed 1×105 Cfu/g in acceptable quality. It is noted from the above 

results that the treatments Yc-, Yc+, and Y1 were outside the accepted standard specifications 

for a storage life of 21 days, while treatments Y2 and Y3 remained within the acceptable limits 

of the standard specifications throughout the storage period. 

The results in Table 4 also showed that all the studied yogurt treatments were free of 

coliform bacteria and Psychrotrophic bacteria, and this may be due to the positive effect of rice 

bran protein isolate in preventing the growth of coliform bacteria and Psychrotrophic bacteria, 

in addition to the manufacturing processes that were carried out in good and controlled 

conditions. Coliform bacteria are among the most common types of bacteria and are used as 

evidence of milk contamination. Its presence indicates insufficient thermal treatments used or 

failure to follow the correct manufacturing methods, and its presence affects the quality of the 

dairy product and causes many problems (Kousha et al., 2017; Rahman, 2018)  It is worth 

mentioning that the Iraqi standard specification for microbial limits for milk and its products 

No. 5/2270 for the year (2015) states that the number of coliform bacteria and Psychrotrophic 

bacteria in yogurt does not exceed 10 Cfu/ g in good quality and does not exceed 100 Cfu/ g in 

acceptable quality.  



 

 
 

  

90 

 

 

 

 

 

 

Al-Fatlawi & 

Mousa 
(2026) 18(3): 83-94 

 
 

Iraqi Journal of Market Research and Consumer Protection 

 

 المجلة العراقية لبحوث السوق وحماية المستهلك 

Table (4): Microbial content of different yogurt treatments during storage at (5±1) Cº for 21 

days 

 Storage period 

(day) 

Total number of 

bacteria 

Psychrotrophic 

bacteria 

coliform 

bacteria 

Yeasts and 

molds 

Yc- 

1 1.6*103 - - - 

3 2.7*103 - - - 

7 2.9*103 - - - 

14 4.8*103 - - - 

21 6.2*103 - - 6.2*103 

Yc+ 

1 1.5*103 - - - 

3 1.9*103 - - - 

7 2.7*103 - - - 

14 4.4*103 - - - 

21 6.1*103 - - 6.1*103 

Y1 

1 1.6*103 - - - 

3 2.3*103 - - - 

7 2.6*103 - - - 

14 3.9*103 - - - 

21 5.4*103 - - 5.7*103 

Y2 

1 1.5*103 - - - 

3 2.1*103 - - - 

7 2.9*103 - - - 

14 3.6*103 - - - 

21 4.8*103 - - - 

Y3 

1 1.4*103 - - - 

3 1.7*103 - - - 

7 2.2*103 - - - 

14 2.7*103 - - - 

21 3.8*103 - - - 

L.S.D.  0.6226    

 

When studying the change in the number of yeasts and molds, the results in Table 4 

showed no growth of yeasts and molds in the treatments to which isolated protein was added 

during the storage period, while the growth of these yeasts and molds occurred on day 21 and 

in few numbers In two control treatments Yc-, Yc+ and treatment Y1. It is noteworthy that the 

Iraqi standard specification for microbial limits for milk and its products No. 5/2270 of 2015 

stipulates that the number of molds and yeasts should not exceed 100 and 1000 Cfu/g in good 

and acceptable quality, respectively (Shamurad et al., 2019). 

 

CONCLUSIONS   

Rice bran protein isolate can extend the shelf life of processed yogurt as well as add 

nutritional value to the product. 
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