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Introduction: Soy products consumption reduces the hazards of numerous chronic disorders such as cancer,
arteriosclerosis, and osteoporosis syndromes. Among diverse soy products, soymilk has gained much popularity
as an outstanding source of nutrients which is normally suggested as a less-expensive supernumerary instead of
cow's milk. Soymilk is water extract of soybeans which is rich in functional components such as isoflavones and
high quality proteins and it is lactose and cholesterol free as compare with cow's milk. The extent of extracted
soybean components into the soymilk could be improved by ultrasound technique. In recent years, this non-
thermal procedure has many applications in food industry such as extraction (plant substances), filtration,
destroy of microorganisms, enzyme inactivation, emulsification, etc. High-power ultrasound thorough the shock
waves and shear forces can improve the liquid/solid extraction of intracellular plant constituents by cavitation
and bubbles interruption. On the other hand, the quality of food proteins like soymilk or soy cheese (tofu) could
be improved by microbial transglutaminase (TG). TG-induced crosslinking handling in different food proteins
have much studied. Transglutaminase (EC 2.3.2.13) is an acyltransferase that catalyzes the cross-linking of most
food proteins including milk proteins through formation of e-(y-glutamyl)-lysine intra- and intermolecular
isopeptide bonds. TG enzyme can form a gel with an appropriate structure by developing covalent connections
between glutamine and lysine in protein systems. Soy-cheese is a quasi-dairy product that is prepared by
coagulants through coagulation of soy milk. Although some investigations have studied the individual effect of
TG enzyme or ultrasound on tofu quality, the simultaneous effects of both treatment on tofu has not yet been
studied. Therefore, present study was conducted to investigate the effect of transglutaminase and ultrasound
enzymatic treatments on the yield and physicochemical characteristics of tofu.

Materials and methods: After washing, soaking and grinding soybeans with water (1: 6 ratio), the mixture
was sonicated (frequency of 37 KHz with power of 520 W and temperature of 40 °C) at three time levels (0, 15
and 30 minutes). The mixture was filtered through a cheese cloth to separate the soymilk material from the
residue and heated at 95 °C for 5 min. Afterward, soymilk was cooled to 95 °C and enzymatic treatment of
transglutaminase (TG) was performed at three levels (0, 0.35 and 0.7 Unit/g soymilk protein) for 150 min. For
enzyme inactivation, treated soymilk heated at 95 °C for 1 min. After Tofu preparation with 0.4% calcium
sulfate solution as coagulant, the effect of these treatments on the cheese yield and physicochemical parameters
(pH, moisture, fat, protein, color values) of tofu were investigated during one month storage (0, 30 and 60 days)
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under refrigeration conditions. Microstructure evaluation of cheese samples were measured by scanning electron
microscopy (SEM) at the end of 60 days of the cold storage. Tofu samples were cut into cubes of approximately
5 mm?® and dipped in 2.5% (w/w) gluteraldehyde for 3 h. The cheese blocks were fixed and washed with
distilled water and dehydrated using ethanol. The samples were then defatted three times in chloroform and
were covered with ethanol and kept refrigerated. Film samples were cryo-fractured by immersion in liquid
nitrogen and fixed on stubs. The samples were coated with gold. Photomicrographs were recorded at different
magnification levels operated at 20 kV.

Results and discussion: The results showed that with increasing enzyme concentration, moisture content and
production yield of tofu meaningfully increased while protein and fat contents slightly increased (p>0.05). The
yield of tofu at 0, 0.35 and 0.7 Unit/g protein were recorded as 19.80, 21.08 and 22.44%, respectively.
Increasing the ultrasound time also significantly increased moisture content and yield of cheese making while
considerably reduced the protein and fat content of the cheese analogues. The yield of tofu at different
ultrasound time (0, 15 and 30 minutes) were recorded as 19.37, 21.24 and 23.26%, respectively. Moreover, the
storage time had not significant effect on pH and chemical components of tofu samples. Evaluation of the color
indexes of the product with a colorimeter showed that with increasing enzyme concentration, the amount of
lightness (L*) increased and redness (a*) decreased significantly while yellowness (b*) insignificantly changed.
Also, with increasing the ultrasound period and storage time, the amount of redness (a*) and yellowness (b*)
parameters increased and the lightness (L*) decreased significantly. Microstructure of soy cheeses showed that
TG treatment caused a compact structure in protein matrix of tofu samples while ultrasound process led to less
compact and more voids form. The compact structure and rougher surface of tofu samples treated with TG
might have resulted from microscopic pools of free water within the sample due to the increased hydration
capacity of protein matrix.

Conclusions: The results of this study showed that by using 30 minute ultrasound time and 0.7
transglutaminase concentration (Unit/g protein), a tofu with the highest yield (23.73%) as compare with control
sample (18.17%) could be produced. However, as the time of ultrasound increased, the cheese quality reduced
significantly. Therefore to obtain a tofu sample with satisfactory quality and acceptable cheese yield (22.34%)
treatment with 0.7 TG (Unit/g protein) and 15 minute ultrasound time is suggested.
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Fig 1. Comparison of yield of tofu as affected by: A) time duration of ultrasound, B) transglutaminase (TG) concentration and C) storage time at
refrigerator. Different letters represent significant differences (p<0.05).
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Table 1. Analysis Variance (ANOVA) for some of physicochemical parameters of soy cheese samples treated with ultrasound and
transglutaminase during 2 months cold storage period.

Changes sources Degree of Mean square
freedom
Yield  pH  Moisture Protein  Fat
Enzyme levels 2 26.787 0.06"  4.29" 055" 0.12"°
Time of ultrasound 2 42.49™ 0.13% 20807 236 056
Storage time 2 3.62% 033%  166™ 117" 027"
Enzyme x Time of Ultrasound 4 0.01™ 0.00™  0.01™  0.01™ 0.00"
Storage time x Time of Ultrasound 4 0.01% 0.02%  0.08% 153" 001"
Enzyme x Storage time 4 0.03% 0.00™  0.02%  0.01™ 0.00"
Enzyme x Time of Ultrasound x Storage 8 0.04% 0.00™ 007  0.00™ 0.00"
time
Error 27 2.46 0.15 1.21 0.65 0.09

ABl oo 2o 0 A 5 A0 AD Fokaw 13 36 SIS e g S5 Sime af oaiad L ol Sy FFK o *FF X NS
NS, *, ** and *** represent non significant, significant at p<0.05, significant at p<0.01 and significant at p<0.001; respectively.
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Table 2. Result of analysis variance related to color parameters of different soy cheeses treated with ultrasound and transglutaminase during
2 months cold storage period.

Color Enzyme concentration (Unit/g soymilk Time duration of ultrasound (min)
Index protein) 0 15 30
0 83.19 +1.96™  82.08+2.11°9  79.22 +2.19°
L" 0.35 84.45 +2.01®°  82.96 +1.83"¢  80.54 +2.15%
0.7 85.16 +1.70°  83.41 +2.31*° 81.77 +2.33“
0 2.40 +0.41% 2.87 +0.29®  3.22 +0.38°
a’ 0.35 2.39 +0.33% 2.72 £0.40°  3.02 +0.44%®
0.7 2.01 +0.36¢ 2.41 +0.36%  2.88 +0.39%
0 7.99 +0.50%  8.48 +0.39%%  9.37 +0.65°
b* 0.35 7.65 +0.65¢ 8.18 +0.42° 9,03 +0.39®
0.7 7.61 +0.53¢ 8.03+0.51°  8.64 +0.35%°

A3l go P00 mha jo s gire DB saias i S5, Sl 2 gl eedSl lisee gy
Different letters for each color index represent significant differences at level of P<0.05.
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Fig. 2. Effect of treatments of ultrasound and transglutaminase on microstructure of soy cheese. A) Cheese without of treatments of ultrasound and

transglutaminase, B) cheese treated with ultrasound (for 30 min) without transglutaminase, C) cheese treated with transglutaminase (0.7 Unit/g protein) without
ultrasound and D) cheese treated with ultrasound (for 30 min) and transglutaminase (0.7 Unit/g protein) treatments
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