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Abstract. Oat pB-glucan has the potential of a functional additive to yogurt, however, texture
analysis and chemical characteristics during storage of yogurt with the addition of this additive
require more systematic research, which determines the relevance of the study. The aim of the
research work was to analyze the feasibility of enriching yogurt with 0.3% oat B-glucan. A number
of methods for obtaining new knowledge in the direction of developing healthy food products were
used. It was found that yogurt with the addition of 0.3% oat B-glucan had water-holding capacity.
All pH values ranged from 4.18 to 4.28, which are within the normal ranges for set-type yogurts. A
higher viscosity of the experimental sample of yogurt compared to the control was established, and
the highest values were 58560+2120 cp at 21 days for yogurt with the addition of 0.3% oat B-glucan.
The viability of probiotic bacteria in yogurts was examined. During the whole storage period, the
content of probiotics decreased, but yogurt with the addition of 0.3% oat B-glucan contained
significantly more live probiotic bacteria compared to the control. The viability of probiotic
bacteria of 0.3% oat B-glucan yogurt at 14 d (3.18+0.2x107 CFU/mL) was only slightly lower than
that of control yogurt at 1 d (3.45%0.3x107 CFU/mL). This fully demonstrates that the addition of
0.3% oat -glucan has a protective effect on probiotics in yogurt, which will be beneficial for human
health. It was found that the addition of 0.3% oat 3-glucan led to a decrease in adhesiveness, but an
increase in hardness and stickiness during storage. The results of the sensory evaluation showed
the highest acceptability values of 86.49 for 21 days of storage of yogurt with the addition of 0.3%
oat B-glucan. The practical value of the research work lies in the developed yogurt containing 0.3%
oat B-glucan being possibly to use as an innovative healthy dairy product
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Introduction

The demand for healthy foods has caused the
development of products containing function-
al components. In the dairy industry, prebiotic
substances or probiotic bacteria have sparked
interest due to scientific evidence related to
their positive health benefits [1].

Dietary fibers, usually polysaccharides, can
be insoluble or soluble in water. Soluble fibers
are usually found in fruits, vegetables, oat bran,
and barley, etc. Oat B-glucan (OG), a soluble di-
etary fiber from oat, has received tremendous
attention during the previous decades. It is a
non-starchy polysaccharide that comprises
mainly glucose molecules linked by (1-3), (1-4)
mixed linkage with glycosidic bonds [2]. More
importantly, it has diverse and great effects
on the maintenance and improvement of hu-
man health. For example, consumption of OG
can help in reducing the occurrence of some
chronic diseases such as high blood pressure,
insulin responses, obesity, and colon cancer [3].
In addition, it can modify the rheological and
mouthfeel attributes, and physical stability of
beverages, and be used as a prebiotic in yo-
gurt formulations [4]. Nowadays, consumption
of OG is encouraged and it is added to various
food products as a functional ingredient.

Analysis of Recent Researches and
Publications

Yogurt, a traditional fermented dairy prod-
uct containing probiotics and prebiotics, has
gained widespread consumer acceptance for
being considered as a healthy product [5, 6]. It
has shown a substantial consumption increase
in recent years due to its nutritional and health
interest. During the fermentation action, some
toxic or antinutritional factors, such as lactose
and galactose, can be removed from fermented
milk, thus preventing lactose intolerance and
accumulation of galactose [7]. In this sense,

yogurt can be used as an excellent matrix for
developing innovative health-promoting prod-
ucts and functional foods.

The addition of soluble fibers can change
the structural-mechanical properties [8] and
functional characteristics of fermented dairy
products. For example, used hydrolyzed guar
gum can be used to enhance the functional and
sensory properties of yogurt [9]. In recent years,
there is growing interest to launch health-pro-
moting foodstuffs with OG.

Because OG is a kind of dietary fiber, it can
be used as a prebiotic of probiotics, and it has
a positive influence on the physicochemical
properties and vitality of probiotics in yogurt.
This feature is conducive to OG as a functional
component of yogurt [10, 11].

From the analysis data of literature
sources, it can be said that OG has the potential
as a functional additive for yogurt; however, the
texture analysis and chemical characteristics
of the storage period after adding OG to yogurt
still need to be more systematically studied.

The addition of 0.3% OG decreased the fer-
mentation time of set-type yogurt, making the
highest score of sensory evaluation [12]. As a
functional food ingredient, 0.3% OG is impor-
tant in enhancing the nutraceutical quality
and physical characteristics of yogurt. Moreo-
ver, 0.3% OG shows its effect on starter culture
growth. However, the impact of 0.3% OG on the
quality of yogurt, such as sensory evaluation and
physical characteristics, during storage, has not
been evaluated. Therefore, in this work, the qual-
ity characteristics of set-type yogurt, i.e., control
yogurt and 0.3% OG yogurt, were studied. The
water-holding capacity (WHC), acidity value, pH,
viscosity, textural parameters, viability of probi-
otic bacteria, and sensory properties, during 21 d
of storage, were evaluated and compared.

The aim and objectives of the study. The
aim of the study is to analyze the effect of the

Animal Science and Food Technology. 2021. Vol. 12, No. 3




98

The impact of storage on the sensory, viscosity and chemical characteristics...

feasibility of set-type yogurt fortification with
0.3% OG.

To achieve the aim of the study, it was nec-
essary to solve the following problems:

- to analyze the effects of yogurt with or
without 0.3% OG on sensory during storage;

- to examine the impact of yogurt with
or without 0.3% OG on viscosity and chemical
properties during storage;

- to investigate the effect on probiotics in
yogurt with or without 0.3% OG during storage.

Materials and Methods

Pure milk was purchased from Yili Industrial
Group Co. Ltd (Neimenggu, China). Oat B-glucan
(95% purity) was provided by Zhongkang Food
Co., (Guangzhou, China). Starters: Streptococcus
thermophilus and Lactobacillus bulgaricus (Lacto-
bacillus dechellii Bulgarian subspecies) (viable bac-
teria count was about 1x10° CFU/g) were provided
by Danisco (China) Co., Ltd, (Shanghai, China).
MRS medium was purchased from Shanghai Min-
grui Biotechnology Co., Ltd, (Shanghai, China).
Agar was purchased from Xi’an Huibang Bioengi-
neering Co., Ltd, (Xi’an, China). All other chem-
icals were used of analytical grade.

The preparation of yogurt samples refers to
the previous experimental methods [12].

Take a certain quality (M,) of yogurt in a
centrifuge tube; centrifuge at 4 000 r/min for 25
min at 4°C, discard the supernatant and weigh
the remaining mass (M,). It is not easy to sepa-
rate whey from yogurt with good water-holding
capacity during storage [13].

The calculation formula is as follows:

WHC (%) = M, + M, x 100% (1)

Determination of acidity by an acidimeter
(PB-10, Seidolis instruments, Germany): set-
type yogurt samples were taken every 1 h dur-
ing the fermentation process and the yogurt
samples were determined after being stored
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24 h. Then, 10 g yogurt samples were put into a
250 mL triangle bottle and 20 mL distilled wa-
ter was added to dilute and mixed, 0.5% phe-
nolphthalein was added as an indicator and
titrated with 0.1mol/L NaOH standard solution
until it was slightly red. Not fading within 30 s
marked the end of determination. Consuming
0.1 M of NaOH is equal to 1 °T.

All pH values were monitored after adding
starter bacterial cultures using a digital pH me-
ter (Thermol Scientific Inc., USA).

The viscosity of yogurt was measured at
4°C with a spindle (No. 3) rotation of 1500 rpm
using the digital display rotating viscometer
(NDJ-8S, Shanghai Yueping Scientific Instru-
ment Co., Ltd., Shanghai, China). The readings
were recorded at the 20th s of the measurement.
The measurements were made in triplicate.

The experiments were performed by a tex-
ture analyzer (TA-XT.plus Texture Analyzer;
Stable Micro Systems, Godalming, UK). Refer
to Bedani et al., Ciron et al. (2010) and other
methods, slightly improved. The yogurt sam-
ples were placed in 25 mL beakers and the Tex-
ture Profile Analysis (TPA) test mode and P/0.5
probe were used to determine the gel structure
of the fermented milk. The parameters are as
follows: the speed is divided into 2.0 mm/s be-
fore measurement, 1.0 mm/s during measure-
ment, and 2.0 mm/s after measurement. Test
samples shall be made in triplicate.

Microbial Analyses. The 1 g of yogurt with
9 mL of 0.9% (w/v) NaCl was mixed and diluted
to a concentration of 10%, 10°,and 10, and then
1 mL of each dilution was inoculated on plates
containing the MRS agar. Bacteria were counted
by the pour plate technique. The plates in du-
plicates were incubated anaerobically at 37°C for
72 h, and then colonies were counted [4, 14, 15].

According to the relevant sensory eval-
uation methods of the national standard, 10
volunteers (5 men and 5 women) with sensory
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evaluation experience of fermented milk were
selected to conduct the sensory evaluation of
fermented milk added with OG from the aspects
of color, structural state, texture, and flavor.
The full score was 100 and the sensory score
was the average score of 10 people.

Unless otherwise stated, all tests were
performed in triplicate, and data were averaged.
Standard deviation was also calculated. SPSS ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA) was used
for all statistical evaluations, and OriginPro
8.6.0 (Originlab, Northampton, Massachusetts,
USA) was used for the construction of the
graphs. The sensory evaluation and yogurt
WHC with different storage times of OG were
analyzed by independent sample t-test of SPSS
17.0 software. The significance (P values) of the

microbiological parameters were calculated by
the general linear model. One-way ANOVA was
used to analyze the titration acidity of yogurt
for different storage time, LSD and Dunnett’s
T3 test were applied for multiple comparisons
and differences were considered to be statisti-
cally significant at P<0.05.

Results of the Research and
Discussion

For water-holding capacity values, a significant
decrease was observed in the control yogurt,
while a slight decrease was observed in 0.3% OG
yogurt (Fig. 1 (a)). This can be attributed to the
hydration properties of OG, which have an im-
pact on the shelf life of food products by prevent-
ing texture loss and avoiding syneresis problems.
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Figure 1. The WHC (a), acidity value

As can be seen from Figure 1(b), the acid-
ity of both control yogurt and 0.3% OG yogurt
significantly increased to 93.8+1.2 during 7 d of
storage. And then (7-21 d of storage), no signif-
icant (P<0.05) changes were observed in acidity
values. An opposite trend was observed for pH
values and reached the minimum (about 4.21 in
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control yogurt and about 4.18 in 0.3% OG yo-
gurt) (Fig. 1(c)). The decrease in pH values dur-
ing the storage period might be mainly due to
the utilization of OG by viable probiotic bacteria
and the production of lactic acid. In addition,
small amounts of CO, and formic acid from lac-
tose may also lead to a decrease in pH [16, 17].
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All pH values ranged from 4.18 to 4.28, which are
within the normal ranges for set-type yogurts.
Figure 1(d) shows the changes in viscosity
values over 21 d of storage. Significant differ-
ences were noted between control yogurt and
0.3% OG yogurt. In general, the viscosity values
increased throughout storage in concentrated
and non-fat plain yogurt throughout stor-
age [18, 19]. The increasing viscosity during stor-
age could be due to the protein rearrangement
and protein-protein contact. The 0.3% OG yogurt
had a higher viscosity than the control yogurt, and
the highest values were 58560+2120 cp at 21 d for
0.3% OG yogurt. This change could be attributed
to the fact that OG has the ability to entrap water
within the product. On the other hand, the addi-
tion of 0.3% OG could improve the protein rear-
rangement and protein-protein contact.

I control
B 0.3% OG

1 7
Storage time (d)

14 21

Viable Numbers of Lactic Acid Bacteria (x10” CFU/mL)

Figure 2. The viability of probiotic bacteria in
yogurts during the storage

Live and active probiotic bacteria are
considered to be beneficial for human health
[20, 21]. OG is considered to be prebiotic and
may contribute to the activity of probiotic
bacteria. So, the viability of probiotic bacteria
in yogurts was checked. As shown in Figure 2,
during the whole storage period, the con-
tent of probiotics decreased, which was only
0.63+0.05x10” CFU/mL at 21 d. However, 0.3%
OG yogurt contained significantly more live
probiotic bacteria compared to the control one
(P<0.05) throughout the whole cold storage pe-
riod. The viability of probiotic bacteria of 0.3%
OG yogurt at 14 d (3.18+0.2x107 CFU/mL) was
only slightly lower than that of the control yo-
gurt at 1 d (3.45%0.3x107 CFU/mL). Similar re-
sults have also been reported [15]. This fully
demonstrates that the addition of OG has a
protective effect on probiotics in yogurt. The
survival of yogurt microbiota in 0.3% OG yogurt
will be beneficial for human health.

The textural parameters of yogurt are im-
portant for yogurt products, as they can simulate
their breakdown occurring in the mouth. Results
of texture profile analysis (TPA) of yogurts, in-
cluding hardness (N), consistency, cohesiveness,
and springiness (%) are summarized in Table 1.
For both control yogurt and 0.3% OG yogurt, the
hardness of yogurts was improved, while the ad-
hesiveness and gumminess values declined dur-
ing the storage. The textural characteristics of
yogurts are affected by the addition of 0.3% OG.

Table 1. Results of TPA test in the control yogurt and 0.3% OG yogurt

Yogurt samples

Test Days
control yogurt 0.3% OG yogurt

Hardness 1 21.14 22.85

7 24.77 28.36

14 28.76 35.99

21 40.99 50.45

Adhesiveness 1 -8.23 -9.15
7 -9.18 -10.21
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Table 1. Continued

Yogurt samples

Test Days
control yogurt 0.3% OG yogurt
14 -9.25 -11.37
21 -10.39 -11.85
Gumminess 1 9.26 13.78
7 12.79 13.81
14 14.71 19.82
21 21.54 13.78
Cohesiveness 1 0.43 0.43
7 0.41 0.44
14 0.51 0.57
21 0.53 0.59
Chewiness 1 8.75 9.46
7 11.39 12.87
14 14.06 13.77
21 20.72 18.99
Springiness 1 0.94 0.92
7 0.95 0.93
14 0.95 0.95
21 0.96 0.97

The evaluation index of yogurt is mainly
the hardness. The hardness of 0.3% OG yogurt
was higher than that of control yogurt, espe-
cially after 21 days of storage (50.45 in 0.3%
OG yogurt and 40.99 in the control yogurt). The
higher hardness values could be attributed to
the ability of the OG to entrap water, and main-
tain structure within the product [19, 22].

In contrast, the adhesiveness of 0.3% OG
yogurt was lower than that of the control yo-
gurt, especially after 21 d of storage (-11.85 in
0.3% OG yogurt and -10.39 in the control yo-
gurt). The decrease in adhesiveness may be due
to the fact that OG can reduce adherence of the
yogurt with teeth during chewing.

The 0.3% OG yogurt had a slight increase in
gumminess as compared to the control yogurt.
And, during storage, an increase in gumminess
was observed, which might be due to the in-
creased hardness of yogurts. Similar behavior
was found for cohesiveness, which can be at-
tributed to the fact that OG has the ability to
form new gel structures with casein, effectively

intercepting and entrapping water within the
yogurt. No significant differences were ob-
tained for springiness values between the con-
trol yogurt and 0.3% OG yogurt.

In short, results of textural profile tests
showed appropriate hardness, less gumminess,
less adhesiveness, and less destruction in 0.3%
OG yogurt, giving a firm and creamy texture
that was near to creamy mouthfeel of full-fat
yogurt, improving the mouthfeel characteris-
tics thereby enhanced sensory appeal for the
product in which incorporated. The sensory
properties of the yogurts are shown in Table 2.
All yogurts had average sensory scores of above
80, indicating a preference both for the control
yogurt and 0.3% OG yogurt throughout storage.

The sensory results indicated that there
was a statistically significant (P<0.05) dif-
ference in sensory characteristics between
the control yogurt and 0.3% OG yogurt. The
control yogurt had the highest acceptability
value of 83.26 at 21 d of storage, while 0.3%
OG yogurt had the highest acceptability value

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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of 86.49 at 21 d of storage. Clearly, the addi-
tion of 0.3% OG has a positive effect on the

acceptability of the yogurt, independently of
the storage time.

Table 2. Sensory properties of the control yogurt and 0.3% OG yogurt during storage

Yogurt samples

Variables Days
control yogurt 0.3% OG yogurt

Color 1 8.12+0.24 8.71 £ 0.46"

7 8.13+0.34" 8.68 £0.32”

14 8.18 £0.28" 8.51+0.48"

21 8.20+0.14" 8.50 £0.28"
Structural state 1 26.05 £ 0.47 26.78 £0.63”
7 27.05+0.12" 27.32+0.76"
14 27.02 £0.32" 28.08 +0.92

21 27.08 £0.28" 27.98 +0.88"
Texture 1 24.28 £0.39 24.97 +0.79”
7 24.92 +0.22" 25.12+0.82°
14 25.04 +0.28" 25.98 +0.70”
21 24.88 £ 0.40™ 25.88 +0.70”
Flavor 1 23.7+0.90 24.67 £0.47"
7 23.1+0.70° 24.02 +0.32
14 23.0 £1.20™ 24.12 +0.22"
21 23.1+1.20™ 23.88 £0.28"

Conclusions

The results of the present work showed that
0.3% oat B-glucan yogurt had good sensory and
mouthfeel characteristics by improving viscos-
ity and texture as compared to the control. Due
to the lack of dietary fiber in milk and yogurt,
B-glucan is a suitable choice for dairy systems.

The 0.3% oat B-glucan yogurt also has high
nutritional values as oat B-glucan can act as a
prebiotic in probiotic yogurt. Therefore, yogurt
containing 0.3% oat B-glucan could be an inno-
vative healthy dairy product for enhancing oat

B-glucan consumption.
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BnuiuB 30epiraHHs Ha CEHCOPHi MOKa3HUKH, B’I3KiCTh Ta XiMiuHi
XapaKTePHCTUKU HOTYPTY, 30arayeHoro BiBCIHUM [-IIIOKAaHOM

Cson3uusp 110!

ICyMCBbKMIi HalliOHAIbHUIA arpapHMit YHiBepCUTET
4002, Byn. l'epacuma KonnpatbeBa, 160, m. Cymu, Ykpaina

2XeHaHCbKUIT iHCTUTYT HAYKY i TEXHOJIOTI A
453003, ip-T1. XyanaH, M. CinbcstH, Kutait

AHoTauis. BiBcsHmit B-roKaH Mae moTeHIian QyHKITiOHATbHOT 06aBKY A0 JOTYPTY, OJHAK aHAIi3
CEHCOPHUX TMOKa3HMKIB, TEKCTYPU Ta XiMiuHi XapaKTepUCTUKM BIIPOJOBXK 36epiraHHsi orypTy 3
oJaBaHHSI 11i€l ;06aBKY MMOTPEOYIOTH O1/TbII CCTEMATUYHOTO BUBUEHHSI, 10 3yMOBJTIOE aKTYaJIbHICTh
IOCTiIKeHHs.. MeToo HayKoBOi po60TM Gyso ITpoaHali3yBaTy AOIUIbHICTh 36araueHHs HOTypTy
0,3 % BiBCSIHMM [-TMIOKaHOM. BuKOpuMcTaHi MeTonM IS OTPMMAaHHSI HOBUX 3HaHb B HANPSIMKY
PO3pO6JIEHHS KOPYCHMX JIJIST 3T0POB’SI IIPOAYKTIB XapuyBaHHSI. 3’ICOBAHO, 110 JOTYPT i3 JOJaBaHHSIM
0,3 % BiBCSIHOTO [-IVIIOKAHY BOJIOMi€ BOAOYTPMMYIOUOK 3[aTHiCcTIO. Yci 3HaueHHs pH, mig yac
36epiraHHs, cTaHOBWIN Bif 4,18 mo 4,28, 10 € B Mekax HOPMU IS OTypTiB. BcTaHOBIEHO BUIIY
B’SI3KiCTh €KCIIEPMMEHTAIBHOTO 3pa3Ka MOorypTy MOPiBHSIHO 3 KOHTPOJIbHMM, a HalBUILi 3HAUEHHS
6ym 58560 * 2120 cp Ha 21 mo6y 1yis itorypty 3 qomaBanHsaM 0,3 % BiBcsiHOTO B-ImoKkaHy. [TepeBipeHO
SKUTTE3AAaTHICTh TPOGIOTMUHMX GaKTepiit y itorypTax. 3a Bech repiof 36epiraHHst BMiCT TPO6GiOTUKIB
3HIKYBABCSI, MPOTe JorypT i3 momaBaHHSIM 0,3 % BiBCSHOrO [B-IVIIOKAHY MIiCTMB 3HAYHO OiJiblie
SKUBUX MTPOGIOTUUHMX GaKTepiii, MOPiBHSIHO 3 KOHTPoJIeM. JKUTTe3AaTHICTh ITPOOiOTMUYHMX GaKTepiit
iorypty 3 momaBaHHsIM 0,3 % BiBCSIHOTO B-TIToKaHy Ha 14 mo6y (3,18 = 0,2 x107 KYO/mu1) 6ysa auiie
He3HAYHO HMKYOI0, Hi3K Y KOHTPOIBHOTO HorypTy Ha 1 106y (3,45 + 0,3 x107 KYO/mu). Lie moBHiCTIO
IEMOHCTPYE, 1o AoaaBaHHs 0,3 % BiBCSIHOTO B-IIIOKAHY YMHUTH 3aXMCHY [il0 HA MPOGIOTUKYU B
JIOTypTi, 10 Gyae KOPUCHO /I 3MOPOB’S JIOAMHNU. BcTaHOBIEHO, Mo momaBanHs 0,3 % BiBcsSHOTO
B-rtoKkaHy, MPU3BeJo 10 3HMKEHHS aire3MBHOCTI, ajie TTOCU/IEHHST TBePIOCTi Ta KIeMKOCTi mif, yac
36epiraHHs. Pe3ybTaTii CEHCOPHOI OIiHKM TTOKa3a/Iy HaiiBUIIi 3HAUeHHSI IPUITHITHOCTI 86,49 Ha 21
o6y 36epiranHs itorypty i3 qomaBaHHsaM 0,3 % BiBcsiHOTO B-TTioKaHy. [IpakTUHA ITIHHICTh HAYKOBO1
pO6OTH TTOJISITAE B TOMY, 110 PO3POOIEHMIT OTYPT, AKMii MicTUTH 0,3 % BiBCSIHOTO B-IJIIOKaHY, MOXKe
6yTM iIHHOBAI[iTHMM MOJIOUHMM ITPOIYKTOM JJISI 3T0POBOTO XapuyBaHHS

KmouoBi cmoBa: 7orypr, BiBCSIHMIT [-IJIIOKaH, CEHCOPHi IOKa3HUKM, B’SI3KiCThb, XiMiuHi
XapaKTepUCTUKA
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