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Table 1- Characteristics of raw milk used to prepare
treatments

Characteristics Contents
Acidity (Dornic degree) 14.5+0.005

Solid Non Fat (%) 8.5+0.003
Fat (%) 1.5+0.03
Total Count (cfu/ml) 108
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Table 2- Variables level of central composite design (CCD) for optimizing of Doogh formulation, as coded and
uncoded level

Independent variables Symbol Levels
-1 0 +1
Sodium caseinate (%) X1 0 0.5 1
Microbial transglutaminase (unit/g protein) X2 0 5 10
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Table 3- Analysis of variance (ANOVA) effect of different levels of transglutaminase enzyme and sodium
caseinate on Doogh properties

Source Acidity Phase separation Apparent viscosity Overall acceptability
Regression F value Regression F value Regression F value Regression F value
coefficient coefficient coefficient coefficient

Model +49.824 14.84** +2.967 153.79*** +5.045  42.46%** +1.379 15.44**
X1 +0.054 59.03*** -0.149 392.06*** +7.356  99.27*** +0.742 9.42**
X2 -1.729 1.20m -0.881 288.04 *** +18.781  71.72*** +5.826 17.91**
X1.X1 -0.124 12.02* +0.010 13.64** -0.617 23.82** -0.051 2.63M™
X2.X2 +0.896 1.00™ +0.456 43.18*** -0.551 15.33" -3.086 15.11**
X1.X2 +0.200 1.81m +0.010 -3.200 0.020** -0.640 23.52 **
Linear - 1.75m - 27.06** - 26.36** - 27.86**
Quadratic - 1.85m _ 32.21** - 15.64 ** _ 19.27 **
Lack of fit - 0.28™ - - 6.50™ - 5.69™

X1 and X2 represent sodium caseinate and Microbial transglutaminase, respectively.

***Significant at 0.001, ** Significant at 0.01, "™ non-significant
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Table 4- Average result of physicochemical and sensorial properties of prepared Doogh using transglutaminase
enzyme and sodium caseinate

Treatment Microbial Sodium Acidity Phase Apparent Overall
transglutaminase caseinate (Dornic degree) separation viscosity acceptability
(unit/g protein) (%) (%) (cP)

1 2.5 0.5 49 2.30 25 461
2 2.5 0 49 2.70 19 2.55
3 2.5 0.5 49 2.35 25 4.16
4 0 0 50 2.95 6 1.55
5 5 1 47 2.10 30 35
6 0 1 49 2.55 26 4.25
7 2.5 0.5 49 2.33 25 4.44
8 2.5 0.5 48 2.35 26 4.22
9 2.5 1 49 2.25 29 3.77
10 5 0.5 47 2.20 28 4.25
11 5 0 47 2.45 26 4

12 2.5 0.5 49 2.35 27 4.5
13 0 0.5 49 2.65 12 3.22

senasplin Gea ol ol phw (SN cuas
ola oad y Soale e 0¥ Lo LL pead (e
ok el el 653 ma g5 5 Al slag s
W s o GEOIS B Jasilly a5 Gle) o3
G, b cae adlS olpd GBS sl Goss
soluly Glal daais Ho s Sl o 3SI aasls (550
PH ddaa 51 BBAs Jolse apdioo plams (S5
b sl Sle cble 5 g (s oo
Lol e can waliinl uyse Sl 5 swole
9 S5s3I S ks HL Gl 555 52
5 obie Bsa) cul SSge pdla uSlaS (S5 Sl
bos slatise @) Jeslly solie (ATAY ol,Kan
) poies SIS 5 HLeli s il 5 aa 5T L s Sl
5 LaaB oK il 3 WB1) wals g uls olis (V J g
aal sugs aalle (B) Jaeiliy lols (ppaes olid3IS
Goad wald Ggad YA 3 S ub sualdie (uinoas
iy pacs L3I 5 Slusli s Guil 5 a3l sl
oalsa O obiew p @lyd sl asls & B
(olgSs (b e ol OB e wle ) saeal 5ol
(538 soalls Slus sad (ln 4y 4 omglie

&‘ﬁ‘b.\‘)‘d (5‘)‘:\“‘):\3;3 b\)&ﬁd‘;u&(su‘;}id

o 5 5 sladss Lol aili g (5 jlusdings

5 Omly Vb as f s Haa¥ 9oy (oludings okl 4
(Lageuly) s guSephil (sla S3as 5 S 5o llas
slagly slon GmaS wgas b Gl gl cueal
@lols sad O dugs s sla S5y 5 Al
olad ol sads G100 Jgaa Ho cmslae 0o 5L
5 2l Laslas sole wiiles LSy bl b sulgiig
=B oS cawlis Joo b a0 Sk @
e (55558 G b S uls lid Hluding ) Juals
o8 eyl aaly 1) SLusli sl Guil 5wl clie
Olse (mans +IVY) poaes BB 5 (055 a8
(E1NY) IS Gl o ) osllae sla S5as b §g0
(5T (Blew ¥+ ) 45 sSmm 5 (e pa¥/N +) Gt 8305
dola @l e a8 (Sos9 4as0 1Y) doasal
god ladisd oliad S5 sla S5y oL, 3
sads suly GLES U Jsua Hu (g Osad waald 4 sa)
el

o2 0¥ O dreoly WA (a6 Al S o
o0 (OLan) Y) Spate ¥ 5 (Gokel 4Y) Soate 5ue
sasels 1) Jaeasliy olanl @lyd Gbl g i

o sl 0edld Gt B Jeedly osdies



oz SIS 51 00l b jlasbisls il 5wl sl £93 Wy (silaiige

3 @Rl b oaad wlg dug Gad ssdie sualie
oo Ol Jads wasls (saes SBBHIS 5 asil ¢ s) aals
GS IS8 50 5 Sidiy (s cullad S ol
5052 Sle) w8 e olLd a3l GhalS el K5 S
Gl 50 @lyd e3lul Guss SiSa S (VWAL ), Kaa
o S pdige pad 83l se Al 5 OT Cla Giul
Jlaa) dug sl 5o B) Jaailiy © a5 b ona
ol ohl 5 wlipe (EAS an @ (555 @13 peas

Pedies SSa S

9 JJ‘_)J;} ) Aal:su.n U':‘:"MS A BRI R ‘Q:\.;GJ_)% Caaa
B AYRNLNVIN S VP-CN % Qfl JfJJ .(Y”V u‘_)lS.A.A
abes callad 51 golaseaos Jals 4 oS el (08555
a5l (halS sl S8a S 5 (s o0S UK 58 5 s
_0'3“‘3': c.el.u.c BE (5.3‘)::‘)\5 slaal (5‘)4 .JJ;‘;G C_\‘JB
X" J:\S.j:: u&l::bas ;C.\‘J:A é:)‘._\:s‘ J..\:Q% By ‘LS?\’J‘A
iR 13 ob Gelide gougane Hu g adl iS5 S
PR SWRCVR SPGB S K . . PR ENCII v v
codlid 5 sl goluly (Fun) pwsias aaa
5 obie (hsa) whige Glal38l &l ssla slad slae
sael Crwads 2l 5o S sbolea (WA ), Ke

Phase Separation (%)

Sodium Caseinate (ww%) 000 000

Overall Acceptance

Sodium Caseinate (w/'w %) % 0%

Adidity (Dornic)

000" 000 . )
Transglutaminase (w/g protein)
Sodium Caseinate (ww %) ¢ i

Viscosity (cP)

cisadedl Ol jae s asses SIS 9 JLaeli oS il i3 H}lidlﬁ.&ocghwum&bxgdaem4f$J‘5LéJ|A3d—\ Jsd

99 IS Ulipiy 9 AL dia )9S g (ad 05l 99
Figure 1- Response surface plots for interaction effects of different levels of transglutaminase enzyme and
sodium caseinate on acidity, phase separation, apparent viscosity and overall acceptability of Doogh
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Table 5- Data used to optimization of transglutaminase enzyme and sodium caseinate content based on
obtained response

Factors Goal Lower limit Upper limit Importance Optimized value
transglutaminase (unit/g protein) In range 0 5 3 4.30
Sodium caseinate (%) In range 0 1 3 0.71
Phase separation (%) Minimize 2.1 2.95 3 2.15
Apparent viscosity (cP) Maximise 6 30 3 29.10
Acidity (Dornic degree) In range 47 50 3 47.60
Overall acceptability Maximise 1.55 4.61 3 4.25
Desirability 0.928
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Table 6- Comparison of physicochemical and sensorial properties of sample made by optimized content of
transglutaminase enzyme and sodium caseinate with control ones

Factors Control sample  Optimized sample
Phase separation (%) 2.95P 2.15°
Apparent viscosity (cP) 6.0139° 29.10°
Acidity (Dornic degree) 5082 47.62
Overall acceptability 1.55° 4.25%
Particle size (nm) 10.05P 3.5572
Zeta potential (mV) 11.4° -21.22

Values are means of three replications
Different letters in the same raw indicate significant differences (P<0.05).
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Introduction: “Doogh” is a native beverage in Iran and has in important share in beverage industry
(Zomorodi and Kianfar 2018). It can be made by yoghurt dilution or direct acidification of milk.
Traditionally, doogh is made by mixing yogurt, water, and a little salt as well as some aqueous
extracts of local herbs. However, Doogh, like other acidic dairy beverages has a serious problem
because of its low pH, which causes phase separation, and leads to casein accumulation and gives a
product with an undesirable, non-uniform appearance (Sanli et al., 2011). On the other hand, heat
treatments such as pasteurization have a key importance in the production of dairy products because
this is a common step in the processing of milk products. The heat treatment exposes reactive
groups on the protein, which were previously inaccessible, and this, in turn, affects the rheological
properties of the products (Joudaki et al., 2013). It has been reported that polysaccharide
hydrocolloids addition could be prevent phase separation in doogh during storage. But creation
undesirable taste in the higher concentration is a seriouse problem (Tsevdou et al., 2013). The
enhancement of food texture with enzymes has gained increasing importance as an alternative to
conventional processing strategies for protein containing foods. Microbial transglutaminase or
glutaminyl-peptide-amine y-glutamyl transferase (mTGase, EC 2.3.2.13) is a calcium independent
enzyme. It forms covalent crosslinks of inter- or intra-molecular g-(y-glutamine)-lysine isopeptidic
bonds by catalyzing an acyl transfer reaction between a y-carboxyamide group in protein-bound
glutamine residues (acyl donor) and an g-amino group in a protein-bound lysine residue (acyl
acceptor) (Lorenzen et al., 2002). Microbial transglutaminase represents an interesting tool for
texture modification of protein-containing foods. Since 1998, this enzyme with “No. GRN 000095
was approved by the FDA as “Generally Recognized as Safe (GRAS)” and there are confirmed
documents for MTGase in the US, Japan and Europe as a safe ingredient in different types of
processed foods (Ardelean et al., 2012). Acid gels, such as yogurt, made from enzyme-treated milk
are characterized by reduced syneresis and improved viscosity. In this study, effect of sodium
caseinate on functionality of transglutaminase was assayed too. Concerning milk proteins, casein
monomers can be easily cross-linked by mTGase, whereas whey proteins only polymerize after heat
treatment or in the presence of reducing agents. The literature on mTGase-induced cross-linking on
casein micelles, caseins or caseinates, whey proteins or milk, has been reviewed recently (Barbaros
et al., 2012). The aim of this study was to investigate the effect of transglutaminase enzyme and
sodium caseinate to improve quality and stability characteristics of Doogh.

Material and methods: This study was carried out to improve the quality and stability properties
of Doogh using sodium caseinate (at 0, 0.5 and 1%) and microbial transglutaminase (at 0, 5, 10 u/g
protein). For this purpose, after pasteurization and homogenization of raw milk (0.6 % fat), sodium
caseinate and microbial transglutaminase added at 45 and 50°C, respectively. Heating of treated
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milk was performed after 2 h (72°C- 15 s) to inactive enzyme. Fermentation was carried out by
adding starter culture (yogurt starter culture consist of Lactobacillus bulgaricus and Streptococcus
thermophiles) and incubation was performed at 42°C until 12 h. Finally, prepared yogurt mixed
with potable water at 1:1 ratio and 0.65% salt added to mixture. The pasteurized treated samples
were assayed for physicochemical and sensory properties. Acidity was measured through titration
with sodium hydroxide as Dornic degree and viscosity was assayed at ambient temperature by a
rotational Brokfield viscometer. Phase separation of the different formulations was carried out in
250 mL glass tubes for 30 days at 5 °C storage. Evaluation of the sensory attributes of the produced
Dooghs with various formulations in terms of taste, consistency, appearance, smell and color was
carried out by 30 untrained panelists and the average of scores as overall acceptability were used for
statistical analyses. In the second phase, based on the obtained results, optimized sample was
selected using response surface methodology in central composite design and particle size
distribution (determined by dynamic light scattering) and zeta potential tests were measured.
Results and discussion: The results showed that the use of transglutaminase increased significantly
effect on acidity, while the effect of sodium caseinate was not significant. Transglutaminase and
sodium caseinate had a significantly increase effect on sensory properties and viscosity, while phase
separation decreased significantly. Optimization of formula was performed based on
tranglutaminase, sodium caseinate and acidity in range, phase separation in minimize, apparent
viscosity and overall acceptability in maximize. The importance of all of factors was selected the
same. And optimum content of transglutaminase and sodium caseinate to have high stability
product were calculated 4.30U/g Protein and 0.71% respectively through optimization with
desirability 0.928. In optimum situation phase separation and apparent viscosity were obtained
2.15% and 29.10 cP, respectively. Optimum overall acceptability was acquired 4.25. Comparison of
optimum and control samples showed that the optimum sample had higher viscosity (6.01 cP in
control and 29.10 cP in optimized sample) and overall acceptability (1.55 in control and 4.25 in
optimized sample) with at least phase separation (2.95% in control and 2.15% in optimized sample).
Applying transglutaminase and sodium caseinate also reduced particle size (10.05 nm in control and
3.55 nm in optimized sample) and zeta potential (11.4 mV in control and -21.2 mV nm in optimized
sample).

Conclusion: Generally, according to the obtained results, it can be said that applying MTG and
sodium caseinate, is possible to produce the stable Doogh with desired properties in terms of
physicochemical and sensory properties and long storage duration.
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