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Introduction

Doogh is a fermented dairy product that is produced by blending yogurt with water and some salt. This fermented
beverage is widely consumed as a refreshing drink in Iran and other Middle East countries. Doogh is a source of calcium
needed by the body on a daily basis and contains B vitamins that are effective in the health and strength of teeth and
bones. In addition, doogh contains a low percentage of fat, which makes it a diet drink. Whey Protein Concentrate (WPC)
is a product contains 25 to 89% protein and different amounts of lactose, fat and minerals. Due to the functional properties
of whey protein and its nutritional value; whey protein is widely used in dairy products. The development of cross-linking
bonds between protein chains by enzymes is very important today. Enzyme cross-linking of proteins can affect some of
their functional properties such as solubility, water absorption, rheological and emulsifying properties. One of the most
widely used enzymes in the food industry is the transglutaminase enzyme. In this study the effects of WPC in three levels
(0%,1% and 2%) and the transglutaminase enzyme in two levels (0 and 1 unit per gram of milk protein) in two method
of dough preparation (adding water to yogurt and fermented milk diluted with water) on rheological characteristics, and
microstructure of doogh were studied.

Material and Methods
Raw milk was provided by Pegah Khorasan Company, WPC from Multi Company( Mashhad) and Trans glutaminease

enzyme from BDF Company of Spain. WPC was first added to milk at 45°C at three levels of zero, 1 and 2%.The milk
samples were then pasteurized at 85°C for 30 min. After lowering the temperature to 45°C, the enzymatic operation was
performed at two levels of zero and one unit (per gram of protein).To complete the enzyme function, the samples were
incubated for 180 minutes at 45°C. Then a temperature of 90°C was applied for 1 minute to inactivate the enzyme. The
samples were then cooled to 45 °C. At this stage, the samples were divided into two parts. In one part of the samples;
milk was diluted with water in a ratio of 6% of the total dry matter for direct production of doogh. After adding the starter,
the samples were transferred to an incubator and hold at 43-42°C, until the pH reaches about 4.1.Thefermented samples
were then transferred to a refrigerator. In the second part, starter was added to milk to produce yogurt; after adding starter,
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the mix was transferred to an incubator and hold at 43-42° C, until the pH reaches about 4.1. Doogh was produced by
diluting yogurt with waterto givethe final product with 6% of total dry matter.

Results and Discussion

In both production methods, in samples treated only with WPC, the average particle size increased with increasing
WPClevel. In both methods, the production of only enzymatically treated samples led to the formation of smaller particles
with a more uniform shape and distribution. In samples of doogh produced by both production methods, WPC and
transglutaminase enzyme changed the flow characteristics of doogh to non-Newtonian behavior. Samples made directly
from milk had significantly higher viscosity than samples made from yogurt. In samples without enzymatic treatment,
the microstructure was smooth and homogeneous with smaller particles than other samples. These particles settle very
quickly. In the samples where WPC treatment was applied, the amount of large particles and non-uniformity increase
with increasing WPC level. The distribution of particles in samples made directly from milk was more regular than
samples made from yogurt.
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Table 1- The chemical composition of Whey Protein Concentrate (WPC) used in this research (in percentage)
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Table 4- Particle size indices of doogh samples treated with Whey Protein Concentrate and transglutaminase enzyme by
adding water to yogurt method

Sample d(0.1) (um) d(0.5) (um) d(0.9) (um) D[4,3] Span
dged Wl ojlail paslh Ol ojlwl jadll Ol ajlal padll Oy lawgle Jad 1)) &jed gl
Y1 4.12 10.10 19.85 21.96+2.920 1.55
Y2 6.91 18.31 35.73 37.89+2.512 157
Y3 3.57 9.44 18.89 20.91+2.23b 1.62
Y4 6.12 17.42 3331 35.69+1.142 1.56
Y5 2.92 6.51 11.52 13.65+1.32¢ 1.32
Y6 3.24 7.03 13.42 15.62+1.00¢ 144
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Similar letters in each column indicate no significant difference at the 95% confidence level.
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Fig. 1. Flow diagram of doogh samples containing Whey Protein Concentrate and transglutaminase enzyme prepared by

fermented milk diluted with water method
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Fig. 2. Flow diagram of doogh samples containing Whey Protein Concentrate and transglutaminase enzyme prepared by
adding water to yogurt method
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Fig. 4. Viscosity diagram of buttermilk samples containing Whey Protein Concentrate and transglutaminase enzyme
prepared by adding water to yogurt method
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Table 5- Indexes calculated by power law model

Coefficient of consistency

Treatment (mPa.s")(k) " . R Adi-R® RMSE

o i ol W) pasle
Pl capd

M1 478.27+4.16° 0.6392£0.0087  0.9961 0.996  0.2857
M2 569.10+5.74¢ 0.4889+0.007"  0.9931 0.9928  0.3913
M3 543.18+6.56¢ 0.589240.008"  0.9948 0.9946 0.3445
M4 725.55+9.522 0.2194+0.0080  0.9938 0.9936 0.4633
M5 393.56+6.25" 0.7383£0.009°  0.9937 0.9935 0.2854
M6 138.37+3.86/ 0.920140.004>  0.9873 0.9869 0.3721
Y1 414.28+6.019 0.7489+0.014°  0.9948 0.9946 0.0844
Y2 552.60£10.421 0.539740.0109  0.9945 0.9943 0.1524
Y3 506.1543.79¢ 0.6144+0.018¢  0.9943 0.9941 0.0884
Y4 665.03+8.700 0.3214+0.015 09932 0.993  0.1782
Y5 299.80£6.57' 0.7483£0.002°  0.9991 0.999  0.0135
Y6 6.48+5.31% 0.9783£0.008  0.9969 0.9968 0.1523
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Similar letters in each column indicate no significant difference at the 95% confidence level.
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Fig. 5. The microstructure of the samples produced under the influence of the applied treatments
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