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Fermentation and Quality Characteristics during the Storage of
Greek-style Yogurt Supplemented with Stevia Leaf Extract
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Abstract

In this study, the fermentation and quality characteristics of Greek-style yogurt supplemented with stevia leaf extract
during storage were examined. Stevia leaf extract was extracted from dried leaves with hot water and 70% ethanol. The
pH decreased significantly in all samples over time during fermentation (p<0.05). In particular, the sharpest decrease was
detected in the group in which the hot water extract of stevia was added. Acidity increased significantly over time during
fermentation (p<0.05). Lactic acid bacteria counts increased in all samples up to 9 h after the start of fermentation, but
decreased after 12 h. The sugar content decreased over time, and there were no major differences between samples. Based

on the results of a sensory evaluation, the group treated with stevia extract was rated high in sweetness, but was rated

somewhat low in color and flavor. Accordingly, it was rated low in overall acceptability. In a storability experiment, as

the days of storage increased, the pH gradually decreased, and acidity showed a tendency to increase. The sugar content

showed a tendency to decrease and then increase.

Keywords: Greek-style yogurt, stevia, extract, fermentation characteristic, sensory evaluation

M E
07%‘5"1 A AA A Bo] AHE L
Eo] 18 8 A E(Greek yogurt)] A3 7&A

1"/]-(Desal et al., 2012). 128 AE

EE Ao AAAA HHE

(Bong and Moraru, 2014), 7

* Corresponding author: Gur-Yoo Kim, Animal Products Food
Science Program, College of Animal Life Sciences, Kangwon
National University, Chuncheon 24341, Korea. Tel: +82-33-250-
8647, Fax: +82-33-259-5574, E-mail: gykim@kangwon.ac.kr

51

i ko

oN, X

O,

[
o Mo

iz

b

|o

U o

& oo o m
N
N
o
'
Ir
)
o
Ay
ot
o~
U_Lz
2
H
it
-
ot

(m A
1o o

ofy

ox
(RS
Mo

i)

[ 1
kuj
ne

k

X

ut

(Greek—style yogun)QJ
nd Moraru, 2014). 138~}
sl s Eolvl

Ae, A AE 5
oﬂ HAAlo] ZolA o up
(Desai et al., 2012),
o) ¥ ¥ IYLAE

__>‘4_1“
ol
-
N,
1o
=

) 1-5

m

rlr o
o
2
>

=y

offt

)

o i
3
2
o
O
O‘Q

0 fo 2 g X oox (|r (T
d
1
ko

)
N
I
Ho
ﬂé\{“
N
N
ﬂ
by

)

o
tlo

oot Ml
o

>

Y

N

i

o

_YL

A7heted
o wug
olef met

©
rZ oy
ko -
o
9 H

X
[
T
Kl



52 Journal of Milk Science & Biotechnology X[34# X|15(2016)

EE TY2E 2AES] LR7F SUFSkAL (s FAlol

SAIE frA| Foll A ol & E = AR A, AL g
o] MstE AF ol S7FH 3 9tHKim and Chung, 2007).
Aere] Fed e 2ot J e Helo] Ho] 32 b
Al g gl Aol GA dedo R deEo] dof
s 7 F Aol FIE 238t JtHKim er al,
2014). mebA HZo AgS AT F e ST, 2H
A A el g A7 St
3 & AAo|tiHwang and Nhuan Do Tai, 2014).

TS AT F e AD ArE T ZH P oK (Stevia rebau-
diana Bertoni)= = 38t¥ thdA 28 A== 25443 g
sto] kA G o] FZ 2P 8 (Choi et al., 2012), F54 <]
AR A AF O F (Choi, 2014) dellE ] AR 2
B ] 2 AFo] = (Stevioside) 7+ A €] 5~10% A% FHHE o] 3L
om Agre] ofF 200~3004 o Bat= AvEE 7HAA Stk
(Park et al., 2010). Z=E|H] QA}o]| & o] 9o &= & u}-9-T] L A}o]
T (rebaudioside)-A, C, D, E&} &3 Ao E(dulcoside)-A7} &
Freol slom F8 WY E-S 2HH]| QAo E o} Huke-t]
QAfo]E-ACl, T1ore] AR Pgo R EA|STHPark e
al., 2003). Z2E|H] QAP = o w9 oA 0 2 120Toll A
1A7E 7hg st = pHU @5t o E §A1S & glo] A
A g R 7 FoA vefsiAl oldd ¢ dom ZEmblot
Q3 ol FEEE ZHA AFEHIL ATHChoi, 2014).
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A7z § AEsIATh fabdS Streptococcus  thermophiles,
Lactobacillus ~ delbrueckii subsp bulgaricus,
Sfermentums EFF A3 #F2 Yoflex Harmonic 3% (Chr.

Hansen Co., Denmark)S AH&-3FAth

Lactobacillus

2. AfHlo} 5% L SPUZE

H|O
Zeujol 252 95

Dried Stevia leaf

[
v v

Hot water Extraction 70% Ethanol Extraction

(temp. : 100 C, time : 6h) (temp. : 20C, time : 24h)

‘ Filteration (Whatman, filter paper No.40 ‘ ‘ Filteration (Whatman, filter paper No.40 ‘

‘ Concentration (temp. : 40C) ‘

Freeze drying Freeze drying

Fig. 1. Process of stevia leaf extraction using hot water and 70%
ethanol.

3 LY olgh&o] 24417k, 33] WhE FZEakith SEHH|of &
T2 1¥E S AA T 2455 0-1000, EYELA Co. Ltd.,
Tokyo, Japan)3te] &4 713(fd-1000, EYELA Co. Ltd., Tokyo,
Japan)$ AM&-3F9 th(Fig. 1).

3. OB AEY 27{E(Greek-style yogurt) M=
StarterS Althuloksl7] ste] X EGo] wFHE Ffo)
12%7} H =5 SAFE A F 95TAA 1587 Atgich

o]71& oF 37C7HA] W7t - &3 AwT(Yoflex Hamonic, Chr.

_{

Hansen Co., Denmark)E 53ted 37 Coll A 6417 &3S Th

A o vl &5t startere =12 S 2AE volumed] 3%
(wiv) BES $ 37CoAA TRt S AES] mju] &2
Table 13} 20}, §4HF RE & 37°C) wjokr|ol A u)oahn
A} 3A17km}e} pH, 3:1];(4 AE, FAE , BEE SRS
L e g R 45% 4T YA BasiHA 59
ZHALZ pH, AAAE, FAtF , BRE SA e AL
dS e #5H7HE AASHATh

Table 1. Experimental design of Greek-style yogurt
(Unit: g %)

Milk Sl;)l:;]:;lk Sweetener
CON" 88 12 0
MS? 88 115 Sugar 0.5
MST? 88 11.5 Hot water extract of stevia 0.5
MST70" 88 115 70% ethanol extract of stevia 0.5

D Greek yogurt

? Greek yogurt added with sugar

% Greek yogurt added with hot water extracted stevia

9 Greek yogurt added with 70% ethanol extracted stevia
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S o] 43}l lactic acid® SHAF3FSITH

0.009 xmL of 0.IN NaOH X F

Lactic acid (%)= sample(g)
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Table 2. Change in pH of Greek-style yogurt during fermentation
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Extraction yield(%)
3

A3 EAEA L SAS(ver. 9.4)5

37.71

A8
= 2L, Duncan’s multiple range test=
5% oSzl A A2l b $94S AZEAT,

f
Hot water extraction

70% Ethanol extraction

Fig. 2. Extraction yield of stevia extract from stevia leaves using

hot water and 70% ethanol.

Fermentation Treatment
(h) CON" MS? MSTY MST70"
0 6.55+0.0148° 6.55+£0.014 6.54+0.015 6.55+0.014°
3 6.36+0.01<° 6.40+0.01% 5.91+0.01™ 6.47+0.014°
5.16+0.01% 5.19+0.014° 4.85+0.01” 5.01+0.01
4.85+0.0149 4.80:£0.025¢ 4.64+0.01™ 4.67+0.01%
12 4.85+0.01%° 4.65+0.01% 4.50+0.017 4.52+0.01%

Values with different superscript in a column (“°) and raw (*°) are significant at p<0.05 by Duncan’s multiple range test.

Y Greek yogurt

? Greek yogurt added with sugar

3 Greek yogurt added with hot water extracted stevia

9 Greek yogurt added with 70% ethanol extracted stevia
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Table 3. Change in titratable acidity of Greek-style yogurt during fermentation (Unit: %)
Fermentation Treatment

() CONY Ms? MST? MST70"
0 0.30£0.01% 0.29+0.00% 0.31£0.01%¢ 0.31£0.01°

0.38+0.01% 0.36+0.005 0.55+0.01" 0.35+0.00“
6 0.93+0.01< 0.92+0.02% 1.18+0.01% 1.09+0.01%

1.19+0.01™ 1.22+0.02 1.39:£0.02° 1.34+0.01%
12 1.30£0.01 1.36£0.01% 1.54£0.014 1.5340.03*

Values with different superscript in a column (*°) and raw (*®) are significant at p<0.05 by Duncan’s multiple range test.

D Greek yogurt

2 Greek yogurt added with sugar

3 Greek yogurt added with hot water extracted stevia

¥ Greek yogurt added with 70% ethanol extracted stevia

Hl—§_,\]7].oﬂ = pH UJ 147(4}\]-1:94 tﬂﬁ]_l—_ Table 2%
Table 3o YEY o} pHE 279 A+ B5F 28
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Fig. 3. Changes in viable cell count of Greek-style yogurt during
fermentation. CON: Greek yogurt, MS: Greek yogurt added
with sugar, MST: Greek yogurt added with hot water
extracted stevia, MST70: Greek yogurt added with 70%
ethanol extracted stevia
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Table 4. Changes in sugar contents of Greek-style yogurt during fermentation (Unit: %)
Fermentation Treatment
(b CON" Ms? MST? MST70"
0 25.33+1.16%° 25.00+1.00* 25.50+0.714 24.330.53%
28.00+1.00* 26.33+1.5348 25.67+0.58% 25.67+0.58™
6 26.00:£1.73%° 25.33+1.16™ 14.67+0.58 19.6742.31%
14.00+0.00" 14.00:£0.00"° 13.00£1.00* 13.33£0.58*
12 14.000.00* 13.67+0.58*° 12.67+0.58"" 13.33+0.58%
Values with different superscript in a column (*°) and raw () are significant at p<0.05 by Duncan’s multiple range test.
D Greek yogurt
2 Greek yogurt added with sugar
3 Greek yogurt added with hot water extracted stevia
¥ Greek yogurt added with 70% ethanol extracted stevia
Table 5. Changes in sensory evaluation Greek-style yogurt
Treatment
Sensory profile CONV Ms? MST? MST70"
Color 4.50£0.61* 4.55+0.69* 2.55+0.89° 2.70+0.92°
Flavor 4.400.50* 4.4020.60* 2.55+1.28¢ 3.15+0.88"
Sweetness 1.90+0.91¢ 2.40£0.99° 430£0.66" 3.60+£1.27°
Bitterness 3.85+0.88" 3.75£0.79* 3.00:£1.26° 2.10+0.85°
Sourness 3.25+0.64*® 3.60+0.60* 3.16x0.76° 3.05+0.89°
Stickiness 3.00£1.124 3.35+0.93* 3.45+1.174 3.05+0.79*
After taste 3.50+£0.83" 3.600.75" 2.63+1.26° 3.05+0.81¢
Overall acceptability 3.35+0.93* 3.65+0.81% 2.65+1.18° 3.05+1.00°
Values with different superscript in a raw (*) are significant at p<0.05 by Duncan’s multiple range test.
D Greek yogurt
2 Greek yogurt added with sugar
9 Greek yogurt added with hot water extracted stevia
9 Greek yogurt added with 70% ethanol extracted stevia
A= Table 59 2tk WA Al M= MST= 2.55, MST70 & CON©| 335, MST70°] 3.052 Yebstom, MST7} 71 &
2 27002 717} 4.50, 45520 CON3} MSell H]8] v H7} & A4 2658 > As & 5 Stk MST, MST709] 739
& Witk ol 2o FEES HUMSE o] o] ofd ZHH o} FE2ES &Y HAUisteE dlo] &A= A
24 e 284S Wi 7] el Hidse] AAas Ao & B T AN ZEH|o} FEE 59 &5t M2 E <
2

A2l A e Ao w AyzbEh sk Eg MST7}
2.55, MST70°] 3.60°.2 CON¢l H|&} e H7lS ket
A Gale A= CONZF MSHE.TH MST, MST70°] 4.30,
36002 =& HILE 2 AL B F oY, Ui e ¥
o AR Jge) A, B
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Table 6. Changes in quality of Greek-style yogurt during storage at 4 C

Treatment Storage (@)
0 10 15

CON" 4.79+0.01* 4,730,024 4.57+0.01% 4.56+0.00*
- MS? 4.76+0.01% 4.7120.00"° 4.52+0.01% 4.47+0.00%
P MST? 4.62+0.02™ 4.53+0.01¢ 4.37+0.02% 4.38+0.01™
MST70" 4.65£0.01“ 4.55+0.01% 4.3840.02% 4.3940.00
CON 1.31£0.02% 1.35£0.05< 1.49+0.02% 1.4620.05
TAY MS 1.31£0.01 1.3120.02% 1.45£0.01° 1.54+0.01%
(%) MST 1.49+0.01%° 1.50:£0.02° 1.63£0.01* 1.62+0.05*
MST70 1.43+0.01% 1.44+0.01Bb 1.62+0.00* 1.62+0.01*
CON 14.67+0.58*® 14.67+£0.58"® 14.33+0.58"° 16.00£1.00"
Brix MS 14.00£1.00* 14.00:£0.00" 13.67+0.58* 15.00£1.00*
(%) MST 13.33+1.534 14.00£1.00* 14.00£1.00* 14.33+0.58%
MST70 13.33+1.16™ 14.33+0.58% 14.000.00* 14.33+0.58%

Values with different superscript in a column (**) and raw (***) are significant at p<0.05 by Duncan’s multiple range test.

D Greek yogurt

2 Greek yogurt added with sugar

3 Greek yogurt added with hot water extracted stevia

9 Greek yogurt added with 70% ethanol extracted stevia
% Titratable acidity

Log CFU/g

..... O----+ CON
—A— MS
-+ —e— MST -~
7 — -m—- MST70 | 7|
0 T T
0 5 10 15

Storage (d)

Fig. 4. Changes in viable cell count of Greek-style yogurt during
storage. CON: Greek yogurt, MS: Greek yogurt added
with sugar, MST: Greek yogurt added with hot water
extracted stevia, MST70: Greek yogurt added with 70%
ethanol extracted stevia
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= 10¢ 2ol = CON 8.54, MS
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