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SUMMARY
Research background. In industrial ayran production, milk is diluted to the desired pro-

tein content (2 % (m/V)) prior to fermentation by yogurt starter cultures by partial replace-
ment of cheese whey in reconstituted form with potable water. This may be an alternative 
way of protein recovery from cheese by-products as well as reducing the production costs 
since less milk is used in ayran production. On the other hand, the balance between milk 
caseins and whey proteins is disturbed when cheese whey is added to milk for ayran pro-
duction, which likely leads to a time-dependent phase separation during cold storage. Mod-
ification of ayran matrix by enzymatic crosslinking of proteins may be a solution to overcome 
this potential physical instability of ayran. This topic has not been explored to date, and the 
present study was designed to investigate the possibilities of utilization of reconstituted 
whey powder (RWP) and microbial transglutaminase (MTG) in ayran production. 

Experimental approach. Milk was diluted to obtain 2 % protein level using RWP and po-
table water. The aim of utilization of RWP was to meet 5, 10 or 15 % of the protein content 
of the final product. RWP solutions were obtained by calculating the amounts of whey pow-
der required to meet the specified ratios and mixing it with the water required for dilution. 
We prepared eight different ayran samples divided in three groups, namely group A: pre-
pared by partially diluting milk with RWP to obtain 5, 10 or 15 % of total protein amount in 
the product, group AMTG: prepared by adding microbial transglutaminase (0.5 U per g of 
protein) to group A samples, and control group without RWP and with or without the addi-
tion of MTG. The gross composition, physical (phase separation and viscosity, chemical (vol-
atile and peptide profiles and SDS-PAGE electrophoresis patterns) and sensory properties 
of the samples were evaluated throughout 15 days of storage with weekly intervals. 

Results and conclusions. Since the amounts of whey powder used to obtain RWP were 
different, dry matter levels of the samples differed. Using RWP in ayran production in-
creased the phase separation slightly. Incorporation of MTG affected the physical proper-
ties of the ayran samples positively and prevented phase separation at a satisfactory lev-
el. SDS-PAGE electrophoretograms revealed that cross-linking between proteins triggered 
by MTG formed intense bonds at high molecular mass regions. The remaining parameters 
were not affected by MTG. Results revealed that the samples with 10 % RWP with and 
without the addition of MTG were determined as the formulations with the highest com-
mercialization potential.

Novelty and scientific contribution. Utilizing RWP in the production of ayran to reduce 
the protein content of the final product to the desired level is a new approach. Since com-
plete replacement of RWP with potable water to dilute milk to reach 2 % (m/V) protein 
likely leads to lower sensory scores, we have investigated a possibility of partial replace-
ment of RWP with potable water. A time-dependent phase separation is the major chal-
lenge of industrial ayran production. This physical problem was largely eliminated by 
means of MTG-mediated cross-linking of milk proteins. The proposed novel ayran produc-
tion method offers dairy industry reduction of production costs and contributes to sus-
tainability in milk production since smaller volume of milk is used to reach desired protein 
content in the final product. 
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INTRODUCTION
Ayran is a fermented milk beverage which is popular in 

Turkey with annual production volume of 730 582 tonnes (1). 
This fermented beverage is also widely consumed in some 
Balkan countries, Central Asia, Iran (under the name of doogh) 
and the Middle East (2). Ayran is produced either by dilution 
of yogurt with potable water (~1:1 dilution in traditional prac-
tices) or by fermentation of pre-diluted milk by yogurt starter 
bacteria (in industrial practices). According to Turkish Food 
Codex, the product must have minimum of 2 % (m/V) milk 
proteins (3). The typical shelf life of ayran is about two to three 
weeks at 4 °C. If high homogenization technique is used in 
ayran production (35 000–40 000 kPa), the physical stability 
of the product can be ensured for a longer time (up to four 
weeks. Additionally, the choice of starter culture is another 
factor affecting the shelf life of ayran. In general, yogurt start-
er combinations with low post-acidification capacity are pre-
ferred in ayran production (2). 

Cheese whey is a by-product of cheese-making and con-
tains most of the water-soluble compounds of milk. It is es-
timated that annually ~11.5 million tonnes of cheese whey is 
produced in Turkey (4). Vast majority of this amount is con-
verted to whey powder, whey protein isolate/concentrate 
and a small quantity of cheese whey is utilized to produce 
lactose in liquid and powder forms. Large-scale dairy com-
panies convert cheese whey into value-added products at 
their facilities, but medium- and small-sized dairy companies 
do not have such a capacity. Therefore, the development of 
novel strategies or approaches to utilize cheese whey is of 
importance especially for small- and/or medium-scale dair-
ies (5). 

The use of sweet cheese whey in the industrial ayran pro-
duction offers an option for cheese whey valorisation. In ad-
dition, incorporation of cheese whey into the manufacture of 
ayran as partial substitution of milk has a potential of reduc-
ing production costs. 

The major challenge of ayran production is the time-de-
pendent separation of liquid and solid phases as the use of 
stabilizing agents in ayran production is prohibited in Turkey. 
In order to overcome this problem, a number of manufactur-
ing strategies have been developed. The incorporation of mi-
crobial transglutaminase (MTG, γ-glutamyltransferase, EC 
2.3.2.13) into the milk for ayran production was demonstrated 
to be a successful way of improving physical quality of the 
product (6,7). The MTG successfully improves the physical sta-
bility of dairy products by catalysing the formation of cross-
linking between the amine groups of proteins (i.e. glycine) 
and the γ-carboxyamide residues of glutamine with acyl 
transfer. Additional covalent bonding formed by MTG-trig-
gered crosslinking results in higher viscosity and lower whey 
separation in dairy products (6). In addition to the economic 
benefits provided by partial replacement of milk with whey 
in ayran production, to the best of our knowledge, there is no 
research conducted to overcome possible physical defects 
(i.e. phase separation) in the final product. 

There is a limited number of studies on the use of whey 
and/or transglutaminase in ayran production (7,8). Rezaza-
deh-Bari et al. (8) showed that in probiotic ayran production, 
milk replacement with whey protein up to 70 % along with 
MTG treatment (5 U/100 mL) resulted in an acceptable end 
product regarding physical stability and viability of probiotic 
strains. The same authors demonstrated that the replace-
ment of more than 70 % milk with whey protein triggered 
sedimentation. Improvement of physical stability of ayran un-
der cold storage in the presence of MTG (1 U per g milk pro-
tein) was also reported by Şanli et al. (7). 

The present study aims to investigate the possibilities of 
partial replacement of potable water by reconstituted whey 
powder in the manufacture of ayran. The use of water only 
instead of reconstituted whey powder in ayran production is 
not possible due to sensory defects. Instead, the possibility 
of adding reconstituted cheese whey powder at a level to en-
sure that the targeted protein content of ayran is met at cer-
tain values has been investigated. To achieve this goal, milk 
used for ayran production was diluted with the solution of 
reconstituted whey powder (RWP) to obtain 5, 10 or 15 % of 
total protein content of the resulting product and then con-
verted to ayran in the presence or absence of MTG. This ap-
proach aims both to create a new area of   use of cheese whey 
and to contribute to sustainability in milk production by us-
ing a smaller volume of milk in the manufacture of unit vol-
ume of ayran.

MATERIALS AND METHODS

Materials

Raw bovine milk with the following gross composition (%, 
m/V): dry matter (12.1±0.2), fat (3.60±0.07), protein (3.5±0.2), 
ash (0.61±0.03) and lactic acid (0.16±0.01), at pH=6.74±0.04 
was supplied from the Dairy Pilot Plant of Ankara University 
(Ankara, Turkey). Cheese whey powder with the following 
gross composition (w/%): moisture (0.89±0.01), fat (0.65±0.03), 
protein (6.65±0.07) and ash (5.12±0.01) was obtained from 
Enka Milk and Food Products Inc. (Konya, Turkey). Fermenta-
tion was achieved by using yogurt starter culture containing 
Streptococcus thermophilus and Lactobacillus delbrueckii ssp. 
bulgaricus (YO-FLEX YC X16; Chr. Hansen Co. Inc., Hørsholm, 
Denmark). The culture is characterized with texture-enhanc-
ing capacity and fast acidification properties, as declared by 
the manufacturer. Microbial transglutaminase (Activa® MP) 
was kindly supplied from Ajinomoto Istanbul Gida Ltd. (Istan-
bul, Turkey). All the chemicals were of analytical grade and 
supplied from Sigma-Aldrich, Merck (St. Louis, MO, USA) un-
less otherwise stated. 

 

Ayran production

Ayran samples were produced by fermenting diluted milk 
according to Özer (2). Milk was diluted with combinations of 
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reconstituted whey powder (RWP) and potable water. Ac-
cording to Turkish Food Codex, ayran must have a minimum 
of 2 % (m/V) protein (3). Therefore, milk must be diluted to 
reduce protein level. In the present study, dilution of milk was 
achieved either by adding potable water (control sample) or 
by adding RWP. The volume of added RWP solution was cal-
culated to achieve the substitution of 5, 10 or 15 % of milk 
proteins, indicating that 0.1, 0.2 or 0.3 % protein in the final 
product came from RWP, respectively. To do this, the amount 
of whey powder to meet 5, 10 or 15 % of the final protein lev-
el (2 %) was calculated and this amount was reconstituted 
and added to milk. The diluted raw milk was standardized to 
1 % (m/V) fat and then homogenized at 25 MPa and 65 °C. 
The pre-diluted milk was heated at 90 °C for 10 min and then 
cooled to 43 °C. Afterwards, heat-treated milk was divided 
into eight samples. The first three were inoculated with only 
1 % (m/V) yogurt starter culture (samples A5, A10 and A15) and 
the second three were inoculated simultaneously with yogurt 
starter culture and microbial transglutaminase (MTG) (sam-
ples A5+MTG, A10+MTG and A15+MTG). The amount of added MTG 
was determined after preliminary trials. Based on the senso-
ry evaluations and physical stability against phase separation, 
0.5 U MTG per g protein gave the most acceptable results 
(Table S1). Hence, for experimental studies we used 0.5 U 
MTG per g protein. The seventh sample (positive control did 
not contain MTG or RWP, and the eighth sample (negative 
control) contained only MTG but not RWP. Incubation was 
achieved at 43 °C until pH=4.5 was reached. Ayran samples 
were then cooled to 20 °C and 0.5 % (m/V) table salt was add-
ed. The samples were stored for fifteen days at 4 °C. Flow di-
agram of ayran production is given in Fig. S1 and the sample 
descriptions are given in Table S2.

 

Chemical analyses

The dry matter and ash contents of samples were anal-
ysed by gravimetric method (9). Gerber method (10) was used 
to measure fat values using centrifugation (Nova Safety; Fun-
ke Gerber, Berlin, Germany). Total protein contents were de-
termined by the Kjeldahl method (11) using digestion (model 
K435; Büchi, Zürich, Switzerland) and distillation unit (model 
323; Büchi). The salt content was determined by titration (12). 
Titratable acidity values were also determined and expressed 
as the lactic acid (in %) (13). The pH was measured with a com-
bined electrode digital pH-meter (model HI 83141; Hanna In-
struments, Woonsocket, RI, USA). Phase separation was de-
termined by measuring the spontaneous syneresis as per 
Lucey et al. (14) with some modifications. A volume of 250 mL 
of ayran samples was transferred into a volumetric flask and 
the volume of separated whey was measured for 15 days at 
weekly intervals at 4 °C. 

 

Microbiological analyses

Serial dilutions of ayran samples were prepared by using 
Ringer’s solution. S. thermophilus and L. bulgaricus colonies 

were counted on M17 agar (Merck Co., Kenilwoth, NJ, USA) 
and De Man, Rogosa and Sharpe (MRS) agar (Merck Co.), re-
spectively. The M17 agar plates were incubated aerobically at 
37 °C for 72 h and the MRS agar plates were incubated under 
microaerophilic conditions at 43 °C for 72 h (15). Microaero-
philic conditions were achieved by means of an anaerobic kit 
(Anaerocult A®; Merck-Millipore, Burlington, MA, USA).

 

Colour analyses

The colour of the ayran samples was examined by Precise 
Colour Reader TCR 200 (Time Group Inc., Beijing, PR China). 
Colour data of the samples were determined in the CIE (Com-
mission Internationale de l’Eclairage) L*a*b* optical system 
(L*=lightness, a*=red-green, and b*=yellow-blue). Further-
more ∆E and C (chroma) values of samples were calculated as 
follows:
 DE L a b= + +2 2 2  /1/

 C a b= +2 2  /2/

 

Rheological analyses

Steady shear viscometry was done using a rheometer 
(Kinexus Pro+; Malvern, Worcestershire, UK) with a stainless 
steel 4° conical geometry spindle. Prior to rheological mea-
surements, ayran samples were stirred using a magnetic stir-
rer for 30 s at constant speed. After loading, the samples were 
equilibrated for 30 s. Shear stress was measured at 36 loga-
rithmically spaced shear rates in the range of 0.1–300 s–1 at 5 
°C. The flow curves from viscometry were fitted to the power 
law model using non-linear regression:

 σ = K · γn /3/

where σ is shear stress (Pa), K is consistency index (Pa · sn), γ is 
shear rate (s–1) and n is flow behaviour index (dimensionless).

 

Determination of volatile compounds

Volatile compounds of the samples were determined by 
solid phase microextraction (SPME) method. A sample mass 
of 5 g was weighed in vials and 10 μL of internal standard (8.1 
mg/L; 2 methyl-3 heptanone and 2-methyl pentanoic acid) 
were added into each vial. The vials were held at 50 °C for 30 
min to reach equilibrium of volatile compounds in the head-
space by continuous stirring. The volatile compounds were 
extracted by injecting 75 μm of carboxen/poly dimethyl silo-
xane SPME fibre (Supelco®, Sigma-Aldrich Co., Merck, Belle-
fonte, PA, USA) into the vial (16). Then, the volatile compounds 
were desorbed by direct insertion of the fibre into the injec-
tion port of the gas chromatograph (GC) coupled to a mass 
spectrometer (7890 GC-5975 MSD system; Agilent Technolo-
gies, Santa Clara, CA, USA). The GC was equipped with a DB-
-Wax column (30 m, 0.25 mm×0.25 μm; Agilent Technologies). 
Helium was used as a carrier gas at a flow rate of 1 mL/min 
and scan mode was 35–500 m/z at 3.12 scan/s. The initial tem-
perature program was run at 40 °C for 10 min, followed by the 
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increase of the temperature to 110 °C at a rate of 5 °C/min and 
to 250 °C at a rate of 10 °C/min.

Volatile compounds were identified by comparison of 
their retention times and mass spectra with those of the Wiley 
Registry (17). The amounts of volatile compounds (N(mini-
mum quality)=50, which means that there are at least 50 li-
brary spectra with the largest number of peaks in common 
with the unknown spectrum, consistent with the minimum 
number of defined spectra required) were determined by the 
calculation of the peak area of the internal standard to the 
area of the unknown compound. The limits of detection 
(LOD; three times the relative standard deviation of the ana-
lytical blank values) were determined as >1.5 for all volatile 
compounds. 

 

Electrophoresis analysis 

The changes in casein and serum protein fractions of 
ayran samples as a function of RWP and MTG treatments were 
monitored using sodium dodecylsulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) as described by Laemmli (18), 
with some modifications proposed by Bulat and Topcu (19). 
Freeze-dried samples were dissolved in sample buffer (10 
mg/mL) and 10 μL of sample were run through the stacking 
and separating gels at 200 mV. The gels were kept in fixing 
solution (V(TCA):V(methanol):V(deionized water)=1.0:3.3:5.7, 
γ(TCA)=g/mL) for 60 min. Then, the gels were stained over-
night with Coomassie Brilliant Blue G-250 and destained in 
distilled water for 12 h. Electrophoretic studies were carried 
out by using Protean II XL vertical electrophoresis units (Bio-
-Rad Laboratories Ltd., Watford, UK).

 

Determination of peptide profile

The samples were centrifuged (Sigma 3-18K; Sartorius AG, 
Göttingen, Germany) at 7500×g and 4 °C for 15 min to separ-
ate the liquid phase. A volume of 1 mL of the separated serum 
was taken and mixed with 1 mL of 0.2 % trifluoroacetic acid 
(TFA) and filtered through a 0.45-µm membrane filter. The 
filtrate was injected into the HPLC (Thermo Finnigan Inc., San 
Jose, CA, USA) system coupled with an autosampler (model 
AS3000), a degaser (SCM 1000), a gradient pump (P4000) and 
a UV DAD detector (6000LP). The C18 (250 mm×4.6 mm, 5 µm, 
300 Å) RP-HPLC column was used. Deionized water contain-
ing 0.1 % TFA was used as mobile phase A and acetonitrile 
(UV grade) containing 0.1 % TFA was used as mobile phase B 
(19). Measurements were made at 280 nm and data were eval-
uated with ChromQuest 5.0 software (Thermo Fisher Scien-
tific Inc, Waltham, MA, USA).

 

Sensory analysis

Sensory analyses of the ayran samples were performed 
using 7-member panel at the department of Dairy Technolo-
gy at Ankara University. The 7 panellists (4 females and 3 males 
aged between 30 and 65) were selected from individuals who 

had previously received training on the sensory evaluation of 
fermented dairy products including ayran. The scoring card 
with a five-point hedonic scale (1=poor/unacceptable to 
5=excellent/very much like) described by Clark and Costello 
(20) was used in the evaluations. Panellists were requested to 
evaluate the appearance, body, texture, aroma and flavour of 
the samples. Ayran samples were served to panellists at 
(4.0±0.5) °C. Three-digit random codes were used for each 
sample. In each session, four samples were presented to each 
panellist. Panellists were provided with bread sticks and a 
glass of water between each sample. 

 

Statistical evaluations

A randomized complete block design was used to analyse 
the response variables related to the characteristics of ayran 
samples. First, normality and homogeneity of variance tests 
were determined to see if ANOVA could be applied to the 
data. It was found that p-values in the normality test and sig-
nificance values in the test of homogeneity of variance were 
higher than 0.05. After it was determined that the necessary 
conditions for the application of the ANOVA test were met, 
statistical evaluation of the study (ANOVA) was performed 
with Minitab® package program, v. 16.1.1 (21). Tukey’s multi-
ple-comparison test was used to determine the significantly 
different groups (p<0.05). The trials were run in duplicate. 

RESULTS AND DISCUSSION

Variations in the gross composition of ayran samples 

The gross chemical composition of ayran samples is pre-
sented in Table 1. The dry matter mass fractions of ayran sam-
ples were different from each other (p<0.05) because of the 
differences in the volumes of reconstituted whey powder 
solution (RWP) added to meet target protein content (2 %, 
m/V) in the final products. The protein mass per volume ratio 
of the samples was between 1.98 and 2.04 % (m/V). Since the 
protein content of the samples was standardized to 2 %, we 
did not find any difference among them regarding total pro-
tein content (p>0.05). Similarly, the fat mass fractions of the 
samples were not different as they were adjusted to 1 %. In-
terestingly, we expected to see differences among the sam-
ples regarding ash mass fraction, since we did not use dem-
ineralized whey powder and the volumes of the used RWP 
solution were different. Although a slight increase was noted 
with the increase in the volume of the added RWP solution, 
this was statistically insignificant (p>0.05). The pH values of 
the samples remained between 4.27 and 4.42 on day 1 and, 
as expected, decreased gradually as the storage time extend-
ed (Table S3). The addition of RWP solution slightly affected 
the pH values   of the samples (p>0.05). In line with the pH val-
ues, the total acidity values expressed as lactic acid (in %) var-
ied within a narrow margin. The lactic acid values showed 
that the difference between control samples and samples A10, 
A10+MTG, A15 and A15+MTG was significant. Depending on the 
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amount of whey, the total acidity values differed. In general, 
as the whey amount increased, the total acidity value also in-
creased. Since the addition of whey did not affect the number 
of microorganisms in ayran samples, the difference here was 
probably due to the acidity of the RWP solution. The addition 
of MTG had no effect either on the pH or total acidity values 
of the samples (p>0.05). In contrast to our findings, MTG was 
demonstrated to slow down the development of acidity in 
yogurt (22,23).

 

Microbiological profiles of ayran samples as affected by  
MTG and whey treatments

The counts of S. thermophilus and L. bulgaricus in ayran 
samples are given in Table 2. We noticed that the addition of 
RWP and MTG to milk for ayran production had no remark-
able effect on either the fermentation profiles of the samples 
(data not shown) or the viability of S. thermophilus and L. bul-
garicus (p>0.05). There is no consensus in the literature on the 
effects of MTG on the symbiotic growth of yogurt starter bac-
teria. Some researchers demonstrated that MTG-triggered 
cross-linking slightly imbalanced the protosymbiosis be-
tween yogurt starter cultures during fermentation (24,25), 
while others failed to observe any interference of MTG with 
the growth of yogurt starters and fermentation process 
(26,27). It is known that MTG does not have a direct effect on 
the growth and viability of yogurt starter bacteria. However, 

the new matrix formed by MTG through additional cross-link-
ing of proteins may decelerate the development of acidity 
and hence fermentation. In the present case, it is thought that 
since ayran does not have a solid matrix, yogurt starters had 
no restrictions to reach lactose and ferment the milk without 
any major obstruction. Both bacterial counts did not show a 
significant change during storage (p>0.05). In addition, while 
the counts of S. thermophilus remained almost stable during 
storage period of 15 days, the number of L. bulgaricus colo-
nies fluctuated slightly in the samples A5+MTG, A15 and control 
with MTG. Neve et al. (25) showed that the counts of bacteria 
in yogurt treated with MTG decreased (~0.5 log) during stor-
age period of two weeks. On the other hand, Demirkaya and 
Ceylan (23) revealed that the counts of L. bulgaricus in yogurt 
treated with MTG increased, but the number of S. thermoph-
ilus decreased during 21 days of storage. On the contrary, Zi-
arno and Zareba (28) failed to demonstrate any impact of 
MTG on L. bulgaricus, but the growth of S. thermophilus 
showed a time-dependent variation during cold storage of 
yogurt. In the present case, the effect of MTG on the viability 
of yogurt bacteria was negligible. Özer et al. (22) demonstrat-
ed a negative relationship between the used MTG amount 
and counts of yogurt starter bacteria in stirred-type yogurt, 
being more pronounced at higher MTG contents. The same 
authors postulated that small molecular mass peptides re-
quired for the growth of S. thermophilus remained in the 

Table 1. Gross composition of ayran samples 

Component
Sample

Ctr 1 Ctr 2 A5 A5+MTG A10 A10+MTG A15 A15+MTG

w/%
Dry matter (6.92±0.06)c (6.86±0.06)c (8.0±0.5)bc (7.9±0.4)bc (9.5±0.3)ab (9.4±0.2)ab (10.6±0.6)a (10.6±0.5)a

Protein 2.02±0.04 1.99±0.02 1.99±0.05 2.03±0.05 2.0±0.1 2.0±0.1 2.0±0.1 1.99±0.05
Fat 1.10±0.00 1.05±0.07 1.05±0.07 1.05±0.07 1.05±0.07 1.08±0.04 1.05±0.07 1.00±0.00
Salt 0.52±0.02 0.53±0.01 0.53±0.01 0.52±0.02 0.50±0.00 0.53±0.00 0.51±0.08 0.53±0.01
Ash 1.02±0.04 1.0±0.3 1.1±0.1 1.10±0.00 1.13±0.03 1.1±0.2 1.17±0.09 1.2±0.2

Ctr 1 and 2=samples without RWP and MTG (1) and with MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, A10+MTG and 
A15+MTG=samples with 5, 10 and 15 % RWP and 0.5 U/g MTG, RWP=reconstituted whey powder, MTG=microbial transglutaminase 

Table 2. Colony counts of S. thermophilus and L. bulgaricus 

t/day
Sample

Ctr 1 Ctr-2 A5 A5+MTG A10 A10+MTG A15 A15+MTG

N/(log CFU/mL)
S. thermophilus

1 8.87±0.02 8.85±0.06 8.78±0.06 9.0±0.2 8.73±0.02 8.83±0.06 9.04±0.04 8.9±0.1
7 8.92±0.06 8.82±0.02 8.8±0.1 8.60±0.06 8.94±0.03 9.03±0.04 8.9±0.1 8.8±0.1

15 9.08±0.03 8.92±0.01 9.0±0.2 8.5±0.2 9.00±0.02 8.78±0.04 8.53±0.01 8.63±0.01
L. bulgaricus

1 5.4±0.2 5.3±0.3 5.8±0.2 5.5±0.4 5.7±0.2 5.54±0.07 5.2±0.2 4.9±0.8
7 5.3±0.1 6.7±0.4 5.7±0.5 4.8±0.3 5.0±0.4 5.51±0.06 6.6±0.8 5.3±0.2

15 5.10±0.4 5.2±0.3 4.9±0.1 5.3±0.3 4.8±0.5 5.3±0.4 5.2±0.3 5.0±0.2

Values are presented as mean±S.E (N=2). Non-lettering columns or rows indicate the differences between scores were not significant (p>0.05). 
Ctr 1 and 2=samples without RWP and MTG (1) and with MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, A10+MTG and 
A15+MTG=samples with 5, 10 and 15 % RWP and MTG, RWP=reconstituted whey powder, MTG=microbial transglutaminase 
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MTG-mediated gel matrix, which made them partly unavail-
able for yogurt bacteria (22). Ayran is a liquid product and 
protein cross-linking by MTG increases its viscosity rather 
than forming a 3-dimensional gel matrix as happens in yo-
gurt. Therefore, it is thought that the presence of MTG did not 
hinder yogurt bacteria to reach small molecular mass pep-
tides. 

Variation in colour properties of ayran samples 

We found differences in the colour properties of the sam-
ples (p<0.01) (Table 3). The -a* values (representing red-green 
colour)   of ayran samples increased with the increase in the 
amount of the added RWP (p<0.01). We observed that the 
both control samples (with and without MTG) were clearly 
different from the rest of the samples regarding -a* values. 
Whey has a greenish-yellow colour due to its high riboflavin 
content (29). For this reason, the samples supplemented with 
RWP were more greenish than the control samples. The -a* 
values   of ayran samples changed within a narrow margin dur-
ing storage (p>0.05). The samples with added RWP at the 
highest amount (samples A15 and A15+MTG) differed from the 
other samples with regard to b* values (representing yel-
low-blue colour)   (p<0.01). Since the fat of the samples was 
standardized to 1 % (m/V), the addition of RWP was the major 
factor causing colour differences among the samples. The 
lightness (L*) values of the samples decreased with the in-
crease in the amount of RWP and this trend remained un-
changed during storage. This may have stemmed from the 
decrease in casein amount of the samples containing high 
content of RWP. Caseins are primarily responsible for the 

opacity of milk. Samples A15 and A15+MTG had lower ΔE and 
higher colour saturation (C) values. These results may well be 
due to the yellowness caused by higher lactose contents in 
these samples. Finally, all the colour parameters (L*, a* and 
b*) of ayran samples showed a significant difference (p<0.05) 
as the amount of whey was increased. 

Physical properties of ayran samples as affected by  
MTG and RWP combinations 

We found that partial replacement of RWP in the produc-
tion of ayran reduced the phase separation in the samples on 
day 1, being more pronounced with increased addition of 
water (Table 4). However, the phase separation values of the 
samples increased significantly throughout the storage peri-
od (p<0.05). We demonstrated that the addition of MTG pre-
vented phase separation, which was slightly more pro-
nounced in the samples containing RWP at higher amounts. 
Ayran has an unstable physical structure due to low pH values 
(pH=4.4–4.6) (30). The increase in phase separation during 
storage is explained by the increase in electrostatic force be-
tween casein micelles due to the addition of salt and decreas-
ing pH value (31). Although the addition of RWP led to an in-
crease in the dry matter of milk, the physical stability of the 
product became poorer. This may have resulted from the dif-
ferences in the composition of the ayran samples, especially 
the differences in the balance of protein fractions and ionic 
salt amounts of milk and whey. The addition of MTG caused 
an increase in the consistency index (K) of ayran samples con-
taining RWP (Table 4). On the other hand, the addition of re-
constituted whey powder alone or in combination with MTG 

Table 3. Colour, ∆E and chroma (C) values of ayran samples 

t/day
Sample

Ctr 1 Ctr 2 A5 A5+MTG A10 A10+MTG A15 A15+MTG

1 (96.0±0.6)Ab* (96.2±0.5)A (94.5±1.2)B (93.1±3.5)B (88.6±2.2)C (88.9±3.7)C (84.3±0.7)D (83.2±2.6)D

L* 7 (96.1±0.6)b 96.1±0.4 93.1±0.3 92.5±0.7 90.0±0.7 89.0±1.9 85.0±0.6 86.8±0.8
15 (94.9±0.5)a 96.1±0.6 93.3±0.3 93.5±2.0 92.2±0.3 92.5±0.9 88.9±0.5 90.2±0.4

1 (8.4±0.2)D (8.6±0.4)D (11.9±1.1)C (11.5±0.3)C (16.5±0.3)B (16.5±0.2)B (18.9±1.1)A (18.4±0.1)A

-a* 7 8.5±0.5 8.7±0.8 11.1±1.2 11.0±0.9 14.3±0.3 16.4±0.6 18.4±1.1 19.0±2.6
15 8.5±0.2 8.6±0.4 11.3±0.0 11.3±0.3 14.5±0.3 15.1±0.9 18.0±0.7 17.7±0.9

1 (7.6±0.3)Cb (7.7±0.1)C (7.6±0.4)C (7.5±0.4)C (9.6±0.3)B (9.8±0.5)B (13.3±0.1)A (14.9±0.8)A

b* 7 (7.9±0.1)b 7.4±0.0 7.9±0.7 7.3±0.2 8.8±0.1 9.1±1.2 12.6±0.8 14.1±0.3
15 (8.4±0.3)a 8.7±0.2 8.6±0.1 8.9±0.0 10.0±1.0 10.1±0.4 14.5±0.6 14.9±0.0

1 (96.7±0.4)A (96.9±0.4)A (95.5±0.7)A (94.1±2.4)A (90.6±1.6)B (91.0±2.6)B (87.4±0.7)C (86.5±1.7)C

ΔE 7 96.8±0.5 96.8±0.2 94.1±0.3 93.5±0.6 91.6±0.6 90.9±1.3 87.9±0.5 89.3±0.9
15 95.7±0.4 96.9±0.5 96.4±0.2 94.6±1.4 93.8±0.1 94.3±0.5 91.8±0.3 93.2±0.1

1 (11.3±0.3)D (11.5±0.3)D (14.2±0.8)C (13.7±0.4)C (19.1±0.3)B (19.2±0.1)B (23.0±0.7)A (23.7±0.3)A

C 7 11.6±0.2 11.4±0.4 13.6±1.0 13.2±0.6 16.8±0.2 18.2±0.1 23.3±0.3 23.4±1.4
15 11.9±1.1 12.2±0.3 14.2±0.1 13.6±0.2 18.3±0.6 18.1±0.7 22.7±0.2 23.2±0.5

Mean value±S.E.(N=2) in the same column with different lowercase letters show significant differences during storage (p<0.05). Mean values 
in the same row with different capital letters show significant differences among samples (p<0.05). Ctr 1 and 2=samples without RWP and 
MTG (1) and with MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, A10+MTG and A15+MTG=samples with 5, 10 and 15 % 
RWP and 0.5 U/g MTG; RWP=reconstituted whey powder; MTG=microbial transglutaminase 
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resulted in decreases of K values compared to the both con-
trol samples. These results were further confirmed by phase 
separation results. During storage, the consistency index of 
the experimental samples increased. 

Similar results were obtained for the flow behaviour in-
dex (n) of the samples. The addition of RWP and MTG did not 
cause any remarkable change in the flow type of ayran. Flow 
behaviour index of the samples was   between 0.32 and 0.44 
on day 1 and between 0.28 and 0.39 on day 15, and ayran 
samples showed a pseudoplastic flow behaviour throughout 
storage period (Table 4). The only negative effect of using 
RWP in ayran production was on the physical properties of 
the samples. This handicap was overcome to some extent 
with MTG treatment. The increase in viscosity and decrease 
in time-dependent sedimentation in ayran treated with MTG 
was reported by Şanli et al. (7) and Rezazadeh-Bari et al. (8). 
The texture-enhancing properties of MTG in yogurt (28,32,33) 
and in kombucha fermented milk (34) have also been report-
ed.

 

Variations in volatile profiles of ayran samples

Volatile compounds of the samples are given in Table 5. 
Acetaldehyde, acetoin and diacetyl were the most abundant 
carbonyl compounds in all samples. We found that the acet-
aldehyde concentrations in the samples varied within narrow 
margins on each storage day and neither the addition of RWP 
nor MTG affected them significantly (p>0.05). On the other 
hand, acetaldehyde concentrations in the samples decreased 
significantly during storage (p<0.05). The time-dependent 
decrease in acetaldehyde concentrations in ayran may be at-
tributed to the oxidation of acetaldehyde to acetate (15) or 
degradation of acetaldehyde to alcohol by alcohol dehydro-
genase (2). It is known that very few strains of yogurt bacteria 
have an alcohol dehydrogenase, and we have no information 
whether the starter bacteria used in the present study had 
such enzyme activity. On the other hand, since ethanol was 

not detected in any of the samples, it may be thought that 
the commercial yogurt starter strains were alcohol dehydro-
genase-negative. Acetaldehyde is the most characteristic car-
bonyl compound of yogurt and is found in yogurt at levels 
varying from 2 to 40 mg/L (15). For a yogurt with a well-bal-
anced aroma and flavour, the acetaldehyde concentration 
should be between 15 and 30 mg/L, and characteristic yogurt 
aroma could hardly be perceived at acetaldehyde concentra-
tion of ≤4 mg/L (2). 

Diacetyl (2,3-butanedione), which is responsible for a but-
tery taste in dairy products, has a limited effect on the aroma 
of yogurt. However, when acetaldehyde is present at low con-
centrations in yogurt, the influence of diacetyl on aroma in-
creases. Diacetyl concentrations in the samples did not differ 
during storage and were found to be independent from RPW 
and MTG treatments (p>0.05). Similar findings were reported 
by Şanli et al. (7) as well. Except for the samples A15 and A15+MTG, 
diacetyl concentrations in the rest of the samples increased 
slightly within the first week of storage and then decreased 
again at the end of storage. 

Acetoin (2-butanone-3-hydroxy) contributes to the char-
acteristic flavour of yogurt together with acetaldehyde, ace-
tone and diacetyl. Variations in the acetoin concentrations in 
the samples during storage were more or less similar to that 
of diacetyl. With the exception of samples A5 and A5+MTG, we 
observed increases in the acetoin concentrations in the sam-
ples within the first seven days of storage (p<0.01) and then 
a sharp decline was noted in all samples on day 15 (p<0.01). 
Slightly lower acetoin concentrations were obtained in the 
samples with added RWP at the highest amount (samples A15 
and A15+MTG) on day 15. The effects of both RWP and MTG on 
the acetoin concentrations were found to be negligible 
(p>0.05). Both diacetyl and acetoin are formed by fermenting 
citrate by lactic acid bacteria during pyruvate metabolism (2). 
Acetoin is usually present in yogurt at higher concentrations 
than diacetyl (35).

 Table 4. Physical properties of ayran samples 

t/day
Sample

Ctr 1 Ctr 2 A5 A5+MTG A10 A10+MTG A15 A15+MTG

Phase separation/%
1 (5.5±0.7)g (6.0±0.0)g (5.5±0.7)g (6.0±1.4)g (3.5±0.7)g (3.5±0.7)g (3.0±0.0)g (2.0±0.0)g

7 (20.0±0.0)de (17.5±0.7)ef (28.0±0.0)abc (29.5±0.7)ab (24.0±1.4)cd (13.0±1.4)f (28.0±1.4)abc (18.5±0.7)e

15 (21.5±2.1)de (20.5±2.1)de (31.0±1.4)ab (30.5±0.7)ab (28.5±0.7)abc (21.5±2.1)de (32.5±2.1)a (27.0±0.0)bc

K/(Pa·s)
1 (0.5±0.2)bc (0.7± 0.2)a (0.37±0.07)bcd (0.57±0.05)ab (0.3±0.2)d (0.39±0.05)bcd (0.22±0.07)d (0.30± 0.05)cd

7 0.59±0.01 1.0±0.1 0.46±0.03 0.7±0.1 0.30±0.06 0.40±0.07 0.22±0.08 0.28±0.01
15 0.63±0.06 0.83±0.02 0.40±0.06 0.6±0.1 0.3±0.1 0.53±0.07 0.3±0.2 0.34±0.00

n
1 (0.32±0.02)a (0.34±0.04)a (0.38±0.02)ab (0.34±0.02)ab (0.41±0.06)ab (0.32±0.06)ab (0.44±0.06)b (0.38±0.05)ab

7 0.31±0.03 0.28±0.02 0.34±0.02 0.31±0.03 0.36±0.05 0.36±0.04 0.40±0.05 0.38±0.02
15 0.28±0.01 0.31±0.00 0.33±0.01 0.32±0.02 0.38±0.05 0.34±0.04 0.39±0.09 0.37±0.01

Mean value±S.E (N=2) with different letters show significant differences among values (p<0.05). Ctr 1 and 2=samples without RWP and MTG 
(1) and with MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, A10+MTG and A15+MTG=samples with 5, 10 and 15 % RWP 
and 0.5 U/g MTG; RWP=reconstituted whey powder; MTG=microbial transglutaminase 
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 Table 5. Major volatile compounds of ayran samples

Sample

t/day Ctr Ctr-2 A5 A5+MTG A10 A10+MTG A15 A15+MTG

         γ(carbonyl compound)/(mg/L) 

Acetaldehyde

 1 (14.4±1.2)a 16.0±4.2 15.6±2.7 12.0±2.5 15.6±1.5 14.8±1.6 12.9±1.6   12.3±0.8

 7 (13.0±1.2)ab 14.1±0.4 15.0±1.3 10.9±0.9 14.0±0.2 14.3±0.7 12.3±0.9   10.3±0.3

 15 (10.1±0.6)b 12.7±1.2 11.1±1.1 13.1±0.8 12.3±0.9 15.5±4.2 12.8±1.7   10.9±1.4

Diacetyl

 1 9.6±1.3 15.9±1.5 13.1±0.4 10.4±1.0 15.34±1.8 13.7±1.1 16.8±0.5 11.9±0.6

 7 11.8±1.5 19.5±0.7 17.5±3.0 17.1±1.8 15.9±3.5 14.1±4.9 11.6±1.4 11.4±1.2

 15 11.4±1.5 9.9±1.8 14.3±1.4 12.8±2.4 10.1±0.4 14.4±1.6 11.7±1.8 13.1±1.1

Acetoin

 1 (14.8±1.0)a 19.8±1.5 22.4±2.1 21.7±1.6 25.2±1.4 23.1±3.5 17.9±2.8 17.4±2.2

 7 (21.7±1.8)b 20.0±2.4 19.7±1.6 21.1±3.3 28.4±1.9 26.2±3.3 26.3±3.6 24.0±3.4

 15 (14.9±0.4)c 13.0±0.9 15.0±0.6 11.6±1.8  14.7±1.5  13.6±1.2 10.5±0.6 10.3±0.7

    γ(compound other than carbonyl)/(mg/L)

Hexenal

1 (17.7±1.6)a 20.9±0.8 20.4±2.0 22.0±1.6 25.2±1.4 23.6±1.7 14.0±3.1 19.6±4.7

7 (14.9±1.1)b 14.4±1.5 10.5±0.5 18.3±3.2 12.9±2.5 15.7±1.9 12.4±1.4 14.1±2.3

15 (13.9±0.3)c 10.9±0.8 12.2±0.4 13.1±0.5 12.6±0.6 8.0±0.6 9.3±1.5 12.6±0.5

2,3-Pentanedione

 1 (10.1±3.5)b 11.8±1.9 10.8±0.3 11.8±1.34 15.6±4.1 14.0±1.6 13.2±2.6 12.8±2.0

7 (15.0±3.5)a 15.3±0.7 13.6±1.5 16.0±3.3 16.3±5.7 15.0±2.7 18.0±3.4 16.1±5.8

15 (9.1±0.9)b 6.2±1.0 10.0±0.5 11.6±1.9 13.1±0.3 9.4±0.6 10.80±0.04 11.8±1.6

Benzaldehyde

 1 ndb nd nd nd 4.6±1.4 1.9±0.5 nd nd

 7 ndb nd nd 1.5±0.2 nd 3.1±0.5 2.9±0.4 nd

 15 (2.1±0.2)a 4.1±0.5 2.0±0.2 2.1±0.3 4.6±1.3 2.8±1.9 4.3±1.6 nd

2-Octanone

1 (1.1±0.3)b 2.0±1.2 2.2±0.7 1.6±0.2 1.33±0.48 3.4±2.1 2.3±0.8 2.8±1.6

 7 (6.4±0.2)a 5.3±0.9 6.0±1.1 5.92±0.04 6.5±0.2 9.4±1.2 6.6±2.0 6.2±0.9

15 (1.70±0.03)b 1.63±0.07 4.5±0.9 3.5±2.5 1.0±0.2 1.6±0.7 4.4±1.2 2.1±0.2

2-Nonanone

 1 ndb 1.15±0.06 nd 1.3±0.3 0.2±0.2 1.5±0.1 0.99±0.02 1.1±0.1

 7 ndb nd nd 1.5±0.3 2.6±0.8 3.3±1.0 1.4±0.4 nd

D15 (1.3±0.3)a 1.2±0.2 3.0±0.2 nd 2.9±0.5 2.2±1.0 2.7±0.3 nd

2-Undecanone

 1 ndb nd nd nd nd nd nd nd

 7 ndb nd nd nd nd nd nd nd

 15 (1.10±0.09)a 1.5±0.5 2.5±0.8 1.5±0.3 1.3±0.5 2.0±1.4 1.56±1.9 1.5±0.1

Acetic acid

 1 (1.14±0.07)ab 0.70±0.03 1.4±0.9 0.6±0.4 0.3±0.1 0.4±0.1 1.21±0.09 1.3±0.2

 7 (1.21±0.07)a 0.9±0.2 0.7±0.2 0.8±0.5 2.6±2.1 2.6±1.0 1.22±0.62 0.7±0.2

 15 (1.4±0.1)b 0.75±0.04 0.7±0.5 0.9±0.1 0.27±0.05 0.5±0.3 0.34±0.07 1.0±0.7

Ethanol

 1 ndb nd nd nd nd nd nd nd

 7 ndb nd nd nd nd nd nd nd

15 (0.4±0.2)a nd 0.23±0.01 0.98±0.08 0.79±0.09 nd nd nd

Mean value±S.E. (N=2) in the same column with different letters show significant differences during storage (p<0.05). Ctr 1 and 2=samples 
without RWP and MTG (1) and with MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, A10+MTG and A15+MTG=samples with 
5, 10 and 15 % RWP and 0.5 U/g MTG; RWP=reconstituted whey powder; MTG=microbial transglutaminase; nd=not detected 
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Hexanal and 2,3-pentanedione were the most abundant 
volatile compounds other than carbonyls in all samples (Ta-
ble 5). Hexanal is a straight-chain aldehyde type aroma com-
ponent characterized by fruity flavour and is produced by 
β-oxidation of unsaturated fatty acids (36). The concentration 
of hexanal decreased in ayran samples during storage 
(p<0.01), possibly due to its rapid degradation. Similar results 
were reported by Gassenmeier (37) who showed a rapid de-
crease of hexanal in yogurt within the first 5 days of storage. 
The 2,3-pentanedione is formed by aldol condensation of 
α-oxobutyric acid formed by the breakdown of threonine 
amino acid (38) and is primarily responsible for buttery, cara-
melized and vanilla aromas (39). No remarkable differences 
were noted in 2,3-pentanedione concentration in the sam-
ples on each storage day (p>0.05). However, we noted fluc-
tuations in the concentrations of this volatile compound in all 
samples throughout storage (p<0.01). The 2-octanone and 
acetic acid concentrations in the samples also fluctuated dur-
ing storage (p<0.01). The 2-nonanone was found at fairly low 
concentrations in ayran samples. Apart from these volatile 
compounds, benzaldehyde, ethanol and 2-undecanone were 
detected at very low concentrations on day 15 but were not 
detected in the samples on days 1 and 7. 

 

Electrophoretic patterns of proteins in ayran samples 

SDS-PAGE electrophoretograms of the samples are given 
in Fig. 1. We observed no clear differences in electrophoretic 
patterns of the samples without MTG (samples Ctr 1, A5, A10 
and A15). On the other hand, in the sample group supplement-
ed with whey and treated with MTG (samples A5+MTG, A10+MTG 
and A15+MTG), the bands representing cross-linked aggregates 
became more visible. This coincided with decrease in the 

intensities of the bands representing β-lactoglobulin (β-Lg) 
and α-lactalbumin (α-La) in samples A5+MTG, A10+MTG and A15+MTG. 
In a study investigating the digestibility of cross-linked pro-
teins, high molecular mass polymers were detected in the 
upper parts of the band (especially above 30 kDa) in the sam-
ples treated with MTG (40). In the present case, such dense 
bands were also evident in MTG-treated samples (Fig. 1). 
However, cross-linked aggregate formation decreased with 
increasing the amount of whey protein. Especially in A15+MTG 

sample, this was more visible. We noted no clear degradation 
in protein fractions during storage (not shown). Although the 
proteolytic capacity of yogurt starter bacteria is strain-de-
pendent, majority of the commercial yogurt starter strains 
are known to be weakly or moderately proteolytic. Therefore, 
a high degree of proteolysis in yogurt-type fermented prod-
ucts such as ayran is not expected. 

 

Variations in the peptide profiles of ayran samples

Peptide profiles of the experimental samples are present-
ed in Fig. 2. We did not observe differences in the hydrophil-
ic peptides within the first 30 min of the chromatograms (ty-
rosine-tryptophan region) between the ayran samples with 
added whey and MTG. As expected, the amount of serum 
proteins such as α-lactalbumin and β-lactoglobulin (late elut-
ing peaks after 80 min, Fig. 2) was found to be higher in the 
ayran produced with whey, depending on the increased 
amount of whey. In addition, in the samples with less whey, 
similar amounts of early eluting peptides and late eluting 
peaks were observed. However, as the amount of whey in-
creased, the late eluting peaks were significantly higher than 
the early peaks. The addition of the MTG had no significant 
effect on peptide profiles of the samples. However, the peaks 
representing β-Lg were found to be smaller in the samples 
treated with MTG. Regarding hydrophobic peptides, which 
were represented by the peaks that appeared on the chro-
matograms after 55 min, no clear difference was detected 
between the samples. In addition, no difference was found 
in the peptide profiles of the samples during storage (not 
shown). Yuan et al. (41) found that the antioxidant acitivity in 
MTG-treated yogurt was higher than in the untreated yogurt 
and MTG altered the peptide profiles of yogurt, evidenced by 
the release of higher amount of low molecular mass (<1.5 
kDa) peptides and amino acids. The same authors demon-
strated that peptides in the MTG-treated yogurts were  
released mainly from κ-caseins as opposed to the control  
yogurt in which β-casein was the main source of small mo-
lecular mass peptides. 

 

Impact of utilization of MTG and reconstituted whey on  
sensory scores of ayran samples 

One of the main goals of product development studies is 
to gain high consumer appreciation. In order to see if partial 
replacement of milk with whey in ayran production had any 
effect on the sensory properties of the resulting products, 

 Std  Ctr 1     Ctr 2          A5         A5+MTG          A10        A10+MTG     A15         A15+MTG 

Fig. 1. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS-PAGE) electrophoretogram of 15-day-old ayran samples. Std= 
standard; Ctr 1 and 2=samples without RWP and MTG (1) and with 
MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; 
A5+MTG, A10+MTG and A15+MTG=samples with 5, 10 and 15 % RWP and MTG, 
RWP=reconstituted whey powder, MTG=microbial transglutaminase
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the samples were subjected to sensory analysis. Regarding 
appearance, body and texture properties of the samples, the 
incorporation of whey and MTG in ayran had positive effects 
(Figs. 3a and 3b). The appearance, body and texture scores 
of the control sample (Ctr 1) were lower than of the samples 
with added MTG, except for sample A5+MTG. Flavour scores in-
dicated that the addition of whey and MTG did not have neg-
ative effect on the aroma and flavour of ayran (Fig. 3c). The 
storage period did not affect the sensory properties of the 

samples (p>0.05). All the samples supplemented with MTG 
and/or RWP, with the exception of A5+MTG, had higher overall 
sensory acceptance scores than the control (Ctr 1) on day 15. 
None of the panellists reported an unacceptable aroma, fla-
vour, body, texture and appearance defects for any of the 
samples. The sensory results showed that the addition of 
whey has a positive effect on the sensory properties of ayran 
samples. All sensory results were better in the samples con-
taining 10 % or more whey (Fig. 3). 

Fig. 2. Variation in the peptide profile of 15-day-old ayran samples determined by HPLC. A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, 
A10+MTG and A15+MTG=samples with 5, 10 and 15 % RWP and MTG; Ctr 1 and 2=samples without RWP and MTG (1) and with MTG (2) as control; RWP 
=reconstituted whey powder; MTG=microbial transglutaminase
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Fig. 3. Sensory scores of ayran samples: a) appearance, b) body and texture, c) aroma and flavour, and d) overall acceptability. Different lowercase 
letters show significant differences among samples (p<0.05). In d) the differences between scores are not significant (p>0.05). Ctr 1 and 2=sam-
ples without RWP and MTG (1) and with MTG (2) as control; A5, A10 and A15=samples with 5, 10 and 15 % RWP; A5+MTG, A10+MTG and A15+MTG=samples 
with 5, 10 and 15 % RWP and % MTG; RWP=reconstituted whey powder; MTG=microbial transglutaminase 
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CONCLUSIONS
In this study, total protein content of ayran samples (5, 10 

or 15 %) was accomplished by the addition of reconstituted 
whey powder (RWP) solution which was used to dilute the 
milk in ayran production. The addition of RWP did not affect 
the overall sensory acceptance of the resulting product, but 
physical stability of ayran slightly deteriorated and time-de-
pendent sedimentation in the samples was evident during 
cold storage. This adverse effect was largely compensated by 
adding 0.5 U per g protein of microbial transglutaminase. Par-
tial replacement of milk with RWP solution as diluting medi-
um had no impact on the development of acidity and forma-
tion of volatile components in ayran. Results revealed that the 
addition of 10 % RWP to the final product (samples A10 and 
A10+MTG) would be applicable in industrial production of ayran. 
Although the economical part of using RWP in ayran produc-
tion was not evaluated here, it is envisaged that this strategy 
would lead to a reduction in the ayran production cost since 
it requires a smaller volume of milk. This model also offers a 
new way of valorisation of cheese whey. Future studies 
should focus on the determination of shelf life of ayran with 
added RWP, as well as the economic feasibility at medium and 
large-scale productions. 

FUNDING
This project was financially supported by the Scientific 

Research Projects Coordination Unit of Ankara University 
(Project No: 15L0447003). 

CONFLICT OF INTEREST 
The authors declare that they have no conflict of interest.

SUPPLEMENTARY MATERIALS
Supplementary materials are available at: www.ftb.com.hr.

AUTHORS’ CONTRIBUTIONS
C. Akal produced ayran, performed all the experimental 

analyses and wrote the original draft. C. Koçak conceptual-
ized the work and was involved in writing, reviewing and ed-
iting. N. Kanca produced ayran samples and performed mi-
crobiological and physical analyses. B. Özer conceptualized 
the work, and participated in writing and original draft prep-
aration, revision and editing. 

ORCID ID
Ceren Akal  https://orcid.org/0000-0002-0441-541X 
Celalettin Koçak  https://orcid.org/0000-0002-1525-7859
Nazlı Kanca  https://orcid.org/0000-0002-4219-8903
Barbaros Özer  https://orcid.org/0000-0001-6669-0444

REFERENCES
 1.  Statistics of ayran production. Ankara, Turkey: Turkish Sta-

tistical Institute. Available from: https://biruni.tuik.gov.tr/
medas/?kn=85&locale=tr (in Turkish).

 2.  Özer B. Yoghurt science and technology. İzmir, Turkey: Si-
das Medya Ltd; 2006.

 3.  Fermented milks notification (Notification number: 2009/ 
25). Ankara, Turkey: Turkish Food Codex; 2009. Available 
from: https://www.resmigazete.gov.tr/eskiler/2009/02/ 
20090216-8.htm (in Turkish). 

 4.  Statistics of cheese production. Ankara, Turkey: Turkish Sta-
tistical Institute; 2019. Available from: https://biruni.tuik.
gov.tr/medas/?locale=tr (in Turkish).

 5.  Özer B, Evrendilek G. Whey beverages. In: Cruz AG, Ranad-
heera S, Nazzaro F, Mortazaviani A, editors. Dairy foods: 
Processing, quality, and analytical techniques. London, UK: 
Elsevier; 2022. pp. 117–37. 

 6.  Aaltonen T, Huumonen I, Myllärinen P. Controlled transglu-
taminase treatment in Edam cheese-making. Int Dairy J. 
2014;38(2):179–82.

https://doi.org/10.1016/j.idairyj.2013.12.004

 7.  Şanli T, Sezgin E, Şenel E, Benli M. The effect of transgluta-
minase on some physicochemical and sensory properties 
of the Turkish drinking yoghurt ayran. Int Dairy Technol. 
2013;66(3):410–6. 

https://doi.org/10.1111/1471-0307.12045

 8.  Rezazadeh-Bari M, Najafi-Darmani Y, Alizadeh M, Amiri S. 
Numerical optimization of probiotic ayran production 
based on whey containing transglutaminase and Aloe vera 
gel. J Food Sci Technol. 2019;56(7):3502–12. 

https://doi.org/10.1007/s13197-019-03841-3

 9.  ISO 6731/IDF 21:2010. Milk, cream and evaporated milk − 
Determination of total solids content (Reference method). 
Brussels, Belgium: International Dairy Federation; 2010.

10.  ISO 19662/IDF 238:2018. Milk – Determination of fat con-
tent – Acido-butyrometric (Gerber method). Brussels, Bel-
gium: International Dairy Federation; 2018.

11.  ISO 8968-5/IDF 20-5. Milk – Determination of nitrogen con-
tent, Part 5: Determination of protein-nitrogen content. 
Brussels, Belgium: International Dairy Federation; 2001.

12.  ISO 1738:2004/IDF 12:2004. Butter – Determination of salt 
content. Brussels, Belgium: International Dairy Federation; 
2004.

13.  ISO/TS 11869:2012[IDF/RM 150:2012]. Fermented milks – 
Determination of titratable acidity. Brussels, Belgium: Inter-
national Dairy Federation; 2012.

14.  Lucey JA, Munro PA, Singh H. Whey separation in acid skim 
milk gels with glucono-delta-lactone: Effects of heat treat-
ment and gelation temperature. J Texture Stud. 1998;29(4): 
413–26. 

https://doi.org/10.1111/j.1745-4603.1998.tb00813.x

http://www.ftb.com.hr
https://orcid.org/0000-0002-0441-541X
https://orcid.org/0000-0002-0441-541X
https://orcid.org/0000-0002-1525-7859
https://orcid.org/0000-0002-1525-7859
https://orcid.org/0000-0002-4219-8903
https://orcid.org/0000-0002-4219-8903
https://orcid.org/0000-0001-6669-0444
https://orcid.org/0000-0001-6669-0444
https://biruni.tuik.gov.tr/medas/?kn=85&locale=tr
https://biruni.tuik.gov.tr/medas/?kn=85&locale=tr
https://www.resmigazete.gov.tr/eskiler/2009/02/20090216-8.htm
https://www.resmigazete.gov.tr/eskiler/2009/02/20090216-8.htm
https://biruni.tuik.gov.tr/medas/?locale=tr
https://biruni.tuik.gov.tr/medas/?locale=tr
https://doi.org/10.1016/j.idairyj.2013.12.004
https://doi.org/10.1111/1471-0307.12045
https://doi.org/10.1007/s13197-019-03841-3
https://doi.org/10.1111/j.1745-4603.1998.tb00813.x


C. AKAL et al.: Using Whey and Transglutaminase in Ayran Production

April-June 2022 | Vol. 60 | No. 2264

15.  Tamime AY, Robinson RK. Tamime and Robinson’s yoghurt. 
Sawston, UK: Woodhead Publishing Limited; 2007. 

16.  Lee JH, Diono R, Kim GY, Min D. Optimization of solid phase 
microextraction analysis for the headspace volatile com-
pounds of parmesan cheese. J Agric Food Chem. 2003;51(5): 
1136–40.

https://doi.org/10.1021/jf025910+

17.  Wiley Registry® 12th/NIST 2020 Mass Spectral Library. Ho-
boken, NJ, USA: John Wiley & Sons, Inc.; 2020. Available 
from: https://sciencesolutions.wiley.com/solutions/tech-
nique/gc-ms/wiley-registry-12th-edition-nist-2020/.

18.  Laemmli UK. Cleavage of structural proteins during the as-
sembly of the head of bacteriophage T4. Nature. 1970;227: 
680–5. 

https://doi.org/10.1038/227680a0

19.  Bulat T, Topcu A. The effect of oxidation-reduction poten-
tial on the characteristics of UF white cheese produced us-
ing single strains of Lactococcus lactis. LWT – Food Sci 
Technol. 2019;109:296–304. 

https://doi.org/10.1016/j.lwt.2019.04.025

20.  Clark S, Costello M. Dairy products evaluation competi-
tions. In: Clark S, Costello M, Drake Bodyfelt F, editors. The 
Sensory evaluation of dairy products. Berlin, Germany: 
Springer Science Business Media; 2016. pp. 43–72.

21.  Minitab Reference Manual, Minitab, Inc., State College, PA, 
USA; 2010. Available from: https://minitab.informer.com/ 
16.1/.

22.  Özer BH, Kırmacı HA, Öztekin Ş, Hayaloğlu A, Atamer M. 
Incorporation of microbial transglutaminase into non-fat 
yogurt production. Int Dairy J. 2007;17(3):199–207. 

https://doi.org/10.1016/j.idairyj.2006.02.007

23.  Demirkaya AK, Ceylan ZG. The effect of microbial transglu-
taminase on microbiological, chemical, textural and sen-
sory properties of yogurt. Aust J Dairy Technol. 2009;64(2): 
171–6. 

24.  Faergemand M, Sorensen MV, Jorgensen U, Budolfsen G, 
Qvist KB. Transglutaminase: Effect on instrumental and 
sensory texture of set style yoghurt. Milchwissenschaft. 
1999;54(10):563–6.

25.  Neve H, Lorenzen PC, Mautner A, Schlimme E, Heller K. Ef-
fects of transglutaminase treatment on the production of 
set skim milk yoghurt: Microbiological aspects. Kiel Milch-
wirtsch Forschungsber. 2001;53(4):347–61.

26.  Setiadi, Ramdhani JP. Effect of transglutaminase addition 
to chemical, physical, and culture survivability of yogurt 
during storage period.The 3rd International Tropical Re-
newable Energy Conference ‘Sustainable Development of 
Tropical Renewable Energy’. In: Kusrini E, Juwono FH, Yatim 
A, Setiawan EA, editors. E3S Web Conf. 2018;67:Article ID 
03042. 

https://doi.org/10.1051/e3sconf/20186703042

27.  Schey A. Texture improvement of fermented dairy prod-
ucts by enzymatic crosslinking with transglutaminase. In: 
Fermented milk: Proceedings of the IDF seminar on aroma 
and texture of fermented milk; 2002 June, Kolding, Den-
mark. Brussels, Belgium: International Dairy Federation; 
2003. pp. 371–5.

28.  Ziarno M, Zareba D. The effect of the addition of microbial 
transglutaminase before the fermentation process on the 
quality characteristics of three types of yogurt. Food Sci 
Biotechnol. 2020;29(1):109–19.

https://doi.org/10.1007/s10068-019-00640-6

29.  Baba WN, Din S, Punoo HA, Wani TA, Ahmad M, Masoodi 
FA. Comparison of cheese and paneer whey for production 
of a functional pineapple beverage: Nutraceutical proper-
ties and shelf life. J Food Sci Technol. 2016;53(6):2558–68. 

https://doi.org/10.1007/s13197-016-2218-8

30.  Ertugay MF, Başlar M, Şengül M, Sallan S. The effect of 
acoustic energy on viscosity and serum separation of tra-
ditional ayran, a Turkish yoghurt drink. Gıda. 2012;37(5):253–7. 

31.  Köksoy A, Kılıç M. Effects of water and salt level on rheo-
logical properties of ayran, a Turkish yoghurt drink. Int 
Dairy J. 2003;13(10):835–9. 

https://doi.org/10.1016/S0958-6946(03)00103-1

32.  Gharibzahedi, SMT, Chronakis, IS. Crosslinking of milk pro-
teins by microbial transglutaminase: Utilization in func-
tional yogurt products. Food Chem. 2018;245:620–32. 

https://doi.org/10.1016/j.foodchem.2017.10.138

33.  Garcia-Gomez B, Vazquez-Oderiz ML, Munoz-Ferreiro N, 
Romero-Rodriguez MA, Vasquez M. Effect of the milk heat 
treatment on properties of low-fat yogurt manufactured 
with microbial transglutaminase. Emirates J Food Agric. 
2020;32(10):739–49.

https://doi.org/10.9755/ejfa.2020.v32.i10.2180

34.  Iličić M, Milanović S, Kanurić K, Vukić V, Vukić D, Stojanović 
B. Improving the texture and rheology of set and stirred 
kombucha fermented milk beverages by addition of trans-
glutaminase. Mljekarstvo. 2021;71(3):155–64.

https://doi.org/10.15567/mljekarstvo.2021.0301

35.  Köse Ş, Ocak E. Formation of flavor compounds in yogurt 
and factors affecting yogurt flavor. Academ Food J. 2014; 
12(2):101–7. 

36.  Öztürkoğlu Ş. Determination of some properties of divle 
cheese [PhD Thesis]. Ankara, Turkey; Ankara University; 
2014 (in Turkish).

37.  Gassenmeier K. Interactions of selected flavor compounds 
with selected dairy products. In: Deibler KD, Delwiche J, 
editors. Handbook of flavor characterization. New York, NY, 
USA: Marcel Dekker Inc; 2004. pp. 259–76. 

38.  Belitz HD, Grosch W, Schieberle P. Food chemistry. Berlin, 
Germany: Springer; 2009.

39.  Ott A, Fay LB Chaintreau A. Determination and origin of the 
aroma impact compounds of yogurt flavor. J Agric Food 

https://doi.org/10.1021/jf025910
https://sciencesolutions.wiley.com/solutions/technique/gc-ms/wiley-registry-12th-edition-nist-2020/
https://sciencesolutions.wiley.com/solutions/technique/gc-ms/wiley-registry-12th-edition-nist-2020/
https://doi.org/10.1038/227680a0
https://doi.org/10.1016/j.lwt.2019.04.025
https://minitab.informer.com/16.1/
https://minitab.informer.com/16.1/
https://doi.org/10.1016/j.idairyj.2006.02.007
https://doi.org/10.1051/e3sconf/20186703042
https://www.webofscience.com/wos/woscc/full-record/WOS:000511493500012
https://www.webofscience.com/wos/woscc/full-record/WOS:000511493500012
https://www.webofscience.com/wos/woscc/full-record/WOS:000511493500012
https://doi.org/10.1007/s10068-019-00640-6
https://www.springer.com/journal/13197
https://doi.org/10.1007/s13197-016-2218-8
https://doi.org/10.1016/S0958-6946(03)00103-1
https://www.webofscience.com/wos/author/record/594615
https://www.webofscience.com/wos/author/record/330405
https://www.webofscience.com/wos/woscc/full-record/WOS:000418471100076
https://www.webofscience.com/wos/woscc/full-record/WOS:000418471100076
https://www.webofscience.com/wos/woscc/full-record/WOS:000418471100076
https://doi.org
https://doi.org/10.9755/ejfa.2020.v32.i10.2180
https://www.webofscience.com/wos/woscc/full-record/WOS:000668021900001
https://www.webofscience.com/wos/woscc/full-record/WOS:000668021900001
https://www.webofscience.com/wos/woscc/full-record/WOS:000668021900001


Food Technol. Biotechnol. 60 (2) 253–265 (2022)

265April-June 2022 | Vol. 60 | No. 2

Chem. 1997;45(3):850–8. 
https://doi.org/10.1021/jf960508e

40.  Li Y, Damodaran S. In vitro digestibility and IgE reactivity of 
enzymatically cross-linked heterologous protein polymers. 
Food Chem. 2017;221:1151–57. 
https://doi.org/10.1016/j.foodchem.2016.11.044

41.  Yuan HN, Lv JM, Gong JY, Xiao HL, Zhao GS, Xiao GN, et al. 
Microbial transglutaminase enhances antioxidant activity 
of yogurt through altering pattern of water-Soluble pep-
tides and increasing release of amino acids. Int J Food Sci 
Technol. 2018;53(4):1030–44. 

https://doi.org/10.1111/ijfs.13679

https://doi.org/10.1021/jf960508e
https://doi.org/10.1016/j.foodchem.2016.11.044
https://doi.org/10.1111/ijfs.13679

	_Hlk107904500
	_Hlk92029110
	MTBlankEqn
	_GoBack
	_Hlk92117450
	_Hlk106791377
	_Hlk71529860

