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The objective of this work was to investigate the effect of addition of transglutaminase
(TG-0.02%, w/w) and whey protein concentrate (WPC-0.03%, w/w), on quality of kom-
bucha fermented milk product. Samples were prepared from pasteurized semi-skim milk
(0.9%, w/w fat) and kombucha inoculum (10%, v/v). The pH values were measured
during the fermentation of milk (lasted until reached 4.5). Syneresis, water holding capa-
city and the product texture (firmness and consistency,) were assessed after production.
Rheological properties of kombucha fermented milk samples were measured during ten
days of storage.

The sample containing TG had the lowest syneresis (21 ml), the highest water holding
capacity (62%) and the highest textural characteristics (firmness - 23.99g, consistency -
626.549s) after production. The addition of WPC to milk improved the rheological pro-
perties, while the addition of TG improved it even to a significantly greater extent after
the production and during 10 days of the storage.

KEY WORDS: fermented milk products, kombucha, transglutaminase, whey protein
concentrate, rheology

INTRODUCTION

The use of kombucha as non-conventional starter culture for fermented dairy product,
have been a topic of research in the resent years (1-5). Kombucha is a sweetened tea
beverage which is fermented by a symbiosis of bacteria and yeast embedded within cel-
lulosic pelliculs. It has been shown that the major bacterial genus was Gluconobacter pre-
sent <85% in the most samples, Acetobacter detected <2%. A prominent Lactobacillus
population was also identified up to 30%. The yeast population was found to be domi-
nated by Zygosaccharomides at 95% in kombucha (6). Some authors found that different
starter cultures (yoghurt starter, probiotic or kombucha) had a significant effect on milk
fermentation, textural characteristics and rheological properties of the final product. Milk
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fermentation with kombucha as starter is slower compared to the production of probiotic
fermented milk beverages (4, 5, 7).

Many studies were aimed to analyse the textural characteristics and rheological chan-
ges in fermented milk products with addition of transglutaminase (8-10). The enzyme
transglutaminase (TG) is a transferase which catalyses both inter and intra-molecular iso-
peptide bonds between proteins by cross-linking of the amino-acid residues of glutamine
and lysine (8). Activity of TG and degree of polymerisation of product in milk depends
on different factors during milk fermentation: type and composition of milk, temperature
and time of fermentation, pH value. Neve et al. (2001) investigated the effect of TG
treatment on microbiological and rheological characteristics of set skim milk yoghurt (9).
They concluded that yoghurt starter culture requires longer fermentation time and gel
strength of the enzyme treated yoghurt was increasing during the first 5 weeks of storage.
They assumed that the TG is still active during this period.

Besides, other ingredients such as whey protein concentrate (WPC) are commonly
used for fermented milk production with the aim to change the ratio of casein to whey
proteins, which affects the mesh size and structure of protein network (10).

The main objective of this study was to determine the influence of TG and WPC on
milk acidification and quality of kombucha fermented milk products (syneresis, water
holding capacity, texture and rheological properties).

EXPERIMENTAL
Materials

Homogenized and pasteurised cow milk from AD Imlek, Division Novi Sad Dairy,
was used for the production of kombucha fermented milk beverages. The composition of
milk was as follows: fat content — 0.9 g/100g, total solids — 10.23 g/100g, total proteins —
3.15 ¢g/100g and lactose — 4.74 g/100g.

Kombucha was cultivated on a black tea (Camellia sinensis — oxidized, 1.5 g/L) with
saccharose concentration of 70 g/L. The tea was cooled to room temperature, after which
inoculum from a previous fermentation was added in concentration of 100 mL/L. The
incubation was performed at 29°C for 7 days (2). The obtained kombucha tea was used as
non-conventional starter culture for inoculating the milk.

The TG of microbial origin (Streptoverticillium mobaraense) preparation Activa MP,
with declared activity of 100 U/g, was purchased from Ajinomoto Co. Inc. (Hamburg,
Germany), and it was added to milk to the concentration of 0.02% (w/w).

WPC (Lactomin 80S, LACTOPROT, Aplenandisch Milchindustrie und Handels-
GMBH, Germany) contained: 78.5% (w/w) proteins, 4.5% (w/w) ash, 4.0% (w/w) fat and
5.0% (w/w) moisture, was applied in a concentration of 0.3% (w/w).
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Kombucha fermented milk beverage manufacturing. Three kombucha fermented
milk samples were manufactured: first from milk with TG, second from milk with the
WPC and third control sample. TG was added to milk and activated at 40°C for two
hours. After mixing, the sample with activated TG was treated at 80°C for 1 min, cooled
to 43°C, and inoculated with the kombucha inoculum - 10% (v/v) (sample 10K, TG). The
sample with WPC (10K, WPC) was treated at 80°C for 15 min, followed by cooling
(43°C), was also inoculated with the kombucha inoculum. The control sample (10K) did
not contain any of the two ingredients. In all cases, the fermentation was stopped when
the pH 4.5 was reached. Finally, the gels were cooled to 8°C, mixed and packed in plastic
containers. Each trial was repeated three times.

The following chemical properties: total solids (TS) (11), total protein (TP) by Kjel-
dahl method (12), fat by Gerber method (13) were determined in all samples after pro-
duction. The pH was measured on a pH-meter (EcoScan pH 6 Eutech Instruments,
Netherlands). Syneresis was measured by whey separation and it was expressed in mL of
whey separated during filtration of 50 mL sample for 3 hours, at room temperature (14).
Water-holding capacity (WHC) of the samples was determined according to a procedure
introduced by Guzman-Gonzalez et al. (15).

Textural properties (firmness and consistency) of the kombucha fermented milk
samples were analysed by Texture Analyser TA.HD.plus (Stable Micro System, Godal-
ming, England) through a single compression test, using a back extrusion cell (A/BE)
disc (diameter 35 mm; distance 30 mm; speed 0.001 m/s) and an extension bar, using 5
kg load cell at 5°C. Using the options Return to Start, a trigger force of 10 g was applied.

Rheological measurement. Rheological properties of fermented milk samples were
measured at 5°C using a viscometer HAAKE RheoStress 600HP (Karlsruhe, Germany),
fitted with a PP60Ti sensor (gap 1 mm). The samples of kombucha fermented milk pro-
ducts were taken with a spatula and placed on the rheometer plate and were allowed to
achieve temperature of 5°C. For each sample, replicate measurements were done inde-
pendently, and data processing was performed using a RheoWin Pro software package
(Version 2.94, Thermo Haake, Karlsruhe, Germany). The flow curves were obtained by
registering shear stress at the shear rate which was increased from 0 to 200 s™ in 180 s,
held constant at 200 s until the total system destruction, and decreased from 200 to 0 s™
in 180 s. The other rheological parameters considered were the area under the upward
(Ayp) flow curve, the area difference under upward and downward (Agown) flow curves
(AA or hysteresis loop area) (5). The magnitude of gels thixotropy was estimated as the
coefficient of thixotropic breakdown, Kd, which is defined as the ratio of the hysteresis
area to the area beneath the ascending shear curve Kd=AA/A,, (16). The rheological
characteristics of samples were measured after production and during ten days of storage.

Statistical analysis. The data were expressed as means and standard deviation using
the software program STATISTICA version 6 (2001) (StatSoft Inc, Tulsa, OK, USA)
7).
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RESULTS AND DISCUSSION

The effect of TG and WPC on physicochemical and textural characteristics of
samples

The pH values of the samples (4.5) were uniform in all fermented milks after produc-
tion. The fermentation time of control sample (10K) lasted 9.3 hours (Table 1). In the
sample with TG the fermentation lasted 40 min longer and 10 min shorter compared to
the fermentation in the control sample and sample with the WPC, respectively. These re-
sults are in accordance with the literature data (6, 18, 19) showing increased fermentation
times for fermented milk samples with addition of TG. Chemical analyses showed that
total solids of kombucha fermented milk products varied from 10.92% (sample 10K) to
11.17 49/100g (sample 10K, WPC) (Table 1). The protein content in the samples ranged
from 2.98% (10K) to 3.25% 10K, WPC).

The syneresis of the sample containing TG was 21 ml. In the other samples, the syne-
resis was higher by 4 ml (10K, WPC) and by 8 ml (control sample). A larger quantity of
separated whey was the result of formation of the bonds in the protein matrix to give a
non-homogenous gel. The sample with addition of TG had the highest value of WHC
(62.5%) and the highest values of textural characteristics (firmness -23.99g, consistency
626.53 gs). It was the result of a stronger structure due to the addition of TG, which was
also shown by the lower syneresis. These results are in accordance with the literature data
(10, 20), where the authors found that WHC and textural characteristics of the control
probiotic yoghurt produced from milk of 0.1% fat content significantly were lower com-
pared to the same characteristics of the sample containing TG.

Table 1. Physicochemical and textural characteristics of kombucha fermented milk
products manufactured using TG and WPC

samole Time TS TP Syneresis | WHC | Firmness | Consistency
P (hour) | (%) | (%) (ml) (%) C)] (9s)
10K 9.3 10.92 | 2.98 29 35.5 13.60 383.88
10K, TG 10.0 | 10.97 | 3.20 21 62.5 23.99 626.53
10K, WPC 10.2 11.17 3.25 25 58.0 14.89 416.03

Rheological characteristics

The rheological characteristics of samples during 10 days of storage are presented in
Fig. 1. The appearance of hysteresis area in the plot of shear rate meant that all samples
exhibited typical shear thinning flow behaviour. The Kombucha fermented milk product
containing TG had significantly higher yield stress (65.3Pa) than samples without TG
addition — control sample (1.14 Pa).
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Figure 1. Flow curves of kombucha fermented milk products: a) Control sample (10K);
b) Sample containing TG (10K, TG); c) Sample with addition of WPC

The hysteresis loop area (AA) is the indicator of the yoghurt structural breakdown and
rebuilding (a degree of thixotropy) during shearing (5, 22). Fermented milk product
containing TG produced with kombucha inoculum showed the highest hysteresis loop
area (3000 Pa/s). The hysteresis loop area of kombucha fermented milk with WPC and
control sample were lower compared with HLA of the sample containing TG (Fig. 2).
The differences in hysteresis area between the samples were results of higher total pro-
teins in sample with WPC (10K, WPC), as well as of the formation of strong intermo-
lecular bonds in the protein matrix with addition of TG to the kombucha fermented milk
product (10K, TG). The obtained results for the hysteresis loop area of fermented milk
samples with TG with kombucha inoculum were higher compared with the literature data
(4), where the values of hysteresis area of stirred probiotic yoghurt produced from milk
of 0.9% fat with 0.02% TG addition varied from 1400 to 1500 Pa/s during ten days of
storage. The magnitude of gels thixotropy was estimated also as the coefficient of thixo-
tropic breakdown (Kd) or the relative hysteresis area (16). The coefficient of thixotropic
breakdown is an index of the energy needed to destroy the structure of the system. The
highest value of the coefficient of thixotropic breakdown was noticed for the samples
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produced with addition of TG (0.4). So, the sample with TG needed the highest energy to
breakdown structure. The coefficient of thixotropic for the sample with addition of WPC
was similar during ten days of storage. The experimental data indicated that the sample
with TG and WPC during storage showed a structure which was more stable compared to
the control sample.
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Figure 2. Rheological properties of kombucha fermented milk products during 10 days
of storage: hysteresis loop area and b) coefficient of thixotropy

CONCLUSION

The fermentation time for kombucha fermented milk sample with addition of trans-
glutaminase and whey protein concentrate lasted longer compared to the control sample.
The addition of WPC to milk at a level of 0.3% contributed to the formation of kombucha
fermented milk product with improved physical characteristics and better textural
properties, while the minimal concentration of TG (0.02%, w/w) produced even more
favourable effects. The addition of TG to the kombucha fermented milk sample improved
significantly the rheological characteristics. During ten days of storage, the structure of
the samples containing TG and WPC was more stable compared to the control fermented
milk product.
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MNOBO/BITAIBLE ®U3NYKOXEMUNJCKHUX U PEOJIOIIKUX
KAPAKTEPUCTHUKA KOMBYXA ®EPMEHTHCAHOI' MUIEYHOTI'
IMPOU3BOJA CA JOJATKOM TPAHCIJIYTAMHMHA3E U KOHIHEHTPATA
INPOTENHA CYPYTKE

Mupena /. Hauuuh, Cnacenuja . Munanosuli, Kamapuna I'. Kanypuh,
Braoumup P. Byxuhi u Jlajana B. Byxuli

VYuusepsuret y HoBom Cany, Texnonomku ¢axynrer, bynesap Llapa Jlazapa 1, 21000 Hosu Can, CpOuja

VY pany je ucriuTaH yTHIa] A0/aTKa €H3MMa TPaHCTIIyTaMHHa3e M KOHIIEHTpara Mmpo-
TeMHa CypyTKe Ha (U3MUKOXEMHjCKE M TEKCTypajHe KapaKTepHCTHKE, M PEOJIOLIKa
CBOjCTBa KOMOyXa (pepMeHTHCAHOI MIIEYHOT Mpou3BoAa aobujeHor mu3 miueka ca 0,9%
MileuHe MacTH. EH3MM TpaHcriayramuHasa kopuiiheH je y koumentparmju ox 0,02%
(W/w), mOK je KOHIEHTpaT MPOTEMHA CYpyTKE H0JaT Y MJIEKO Yy KOHIEHTPALUjH Of
0,3%(w/w). KonTtpoauu y3opak je mpousBeiaeH y3 gomatak 10% komOyxa HHOKyJITyma
(6e3 momaTka HaBemeHMX WHrpeadjeHara). DepMeHTaNMja MiIeKa je mpekuHyTa npu pH
BpenHoctu 4,5. Cunepesuc, cnocoOHOCT Be3uBama BOAE M TEKCTypallHa CBOjCTBA Bapu-
jaHTH KoMOyxa ()epMEHTHCAaHNX MJICYHHX TPOU3BOJa aHAIN3UpPaHE Cy HAKOH MPOU3BOJI-
€, & PEOJIONIKE KapaKTePUCTUKE Cy McnuTaHe TokoM 10 gaHa ckinagumrema.

Pesynraryn ananuse rnokasyjy Aa. y30pak Koju CaJpKy TpaHCTIyTaMHUHA3y MMa HajMa-
BY BPEAHOCT cuHepesuca (21mL). JlomaTak KOHIEHTpaTa MPOTEHHA CYpYTKE M TpaHC-
TIyTaMHHa3e UMa 3HavajaH YTHUIla] Ha GU3NIKOXEMH)CKE M TEKCTypallHe KapaKTePUCTHKE
HCIUTAHUX Y30paka HAKOH MPOU3BOAM-E. Peosomky napaMeTpy KBaluTeTa MOKa3yjy, 1a
je rex komOyxa (epMEHTHCAHOT MIIEYHOT IPOM3BOZAA Ca JOJATKOM TPAHCTIyTaMHHA3E
3Ha4ajHO CTabWIHUju ToKoM 10 naHa CKIaJMIITEHha y OJHOCY Ha KOHTPOJIHH Y30paK U
y30paK IIPON3BeIeH IPUMEHOM KOHIIEHTpaTa IPOTenHa CypyTKe.

KibyuHe peun: ¢pepMeHTHCAHM MJICYHH IPOU3BOIH, KOMOyXa, TpaHCITTyTaMHUHAa3a, KOH-
LEHTPAT NIPOTENHA CYPYyTKE, PEOJIOTH]a
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