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Abstract

In this study, we investigated the effects of adding oat and lactic acid bacteria on the quality and functionality of yogurt. Yogurt
was fermented with various lactic acid bacteria,; Lactobacillus acidophilus (LA), Lactobacillus delbrueckii sub. bulgaricus (LB), and
Streptococcus thermophilussei (ST) and quality properties, 3-glucan content, antioxidant activity were estimated. The quality of control
and oat added yogurt (OY) showed significant differences depending on the type of strain and combination. The addition of oats
significantly accelerated the lactic acid bacteria production, decreased the pH, and increased the titratable acidity and count of the
viable cells compared to the control. Acid production was highest in ST, with the complex strains containing ST and LALBST showing
high quality characteristics. The viscosity of oat yogurt was higher than that of the control group, and LALBST was also significantly
higher than that of the control group. The B-glucan content of OY was 0.14-0.2%, and the organic acid content and antioxidant
activity were also significantly increased by the addition of oats. As a result, it is thought that the addition of oats and a combination
of lactic acid bacteria can be used for improving the quality and functionality of yogurt.
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Eo] A% 71541E 0 figt IAlo] ZolxHA] EHE T} THAaman & Graham 1987; Jeong 5 2014). AT B- glucan—-
= (Jeong & Bang 2003), A4 770} Chun S 2000), EH—,—(KIIH AT 7o A%t F4E QAT Ied BHE 24
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1. X2 Y AjQF

[FEE AR ARET ARle SHAFTSHoA A
A=l FAHZE 0.2 mmA 7} A2FE Retsch centrifugal mill
(ZM 100; Kurt Rotech CmbH & Co., Haan, Germany)& ©]-&5}
of Bafelol AgsiT. WEIRAT AR B4 ki
Megazyme Co., International Ireland Ltd., (Bray, Co. Wicklow,
Ireland)of| A FFASFR O™, 71 Q] H= AR 15 o4 AloF
2 A8t

2. 2| F2 MEEAN

& Aol ARES i FAE e 2 $HEFS Elementar
Analyzer System(Vario MACRO, Hanau, Germany)E- ©]-&5}o]
24359 0. W= $F2 Folin-Ciocalteu colorimetric®}
(Yu 5 2004)Z o]-g-sto] EA51{H}. 80% MeOHE F+Z5}
11 Folin-Ciocalteu reagentE 7}3F & W3O S35 720
nmof| A S5k} ojdf EEEEL 0.1% gallic acidE AR
sttt HEFEF7H) AETFS Megazyme [B-glucan assay
kit@} Total starch megazyme assay kits ©]-8-5Fo] 4813t
(McCleary & Codd 1991; McCleary 5 1994).

3. A EEF U H

A 8F2E AZR= Lactobacillus acidophilus(LA, KCTC
3140), Lactobacillus delbrueckii subsp. Bulgaricus(LB, KCTC
3635)Q} Streptococcus thermophilussei(ST, KCTC 5092) 35:-9]
255 BoPIob AHRSISIT. 13 35 Wik 27} Aot
2 52% MRS 1] (Oxoid, UK)ell 0.2% HZE3to] 39°Col A 24
A7t B gotlet. ol FA viEt 3 1.0%(vv)E 10% skim
milk(Oxoid, UK)oll 3&5ko] 39 CoflA] 24417 Hljgsto] Q-
2E A|xo] ARSI

4. 72| 2TEE Hx

Al AFZE AR 1% TNEHALS-HEAL 4

A QF=2EQ] A3t W T EA 605

ot A 7FRE 3% ¥t 95Col A 1082F 7HEsta,
30C AR 43l T skim milk B Z|ofA] Bt Fibat B
HZ 5%((vv) BlEE FE5H] 39T F27]00|A 24A17F &
A5Ith &, LA, LB, ST @ dw-3 AREsto] i3t A2
A7 EEE AZRstoH, F7HA] 42 ST2E g LA:
LB(1:1), LA:ST(1:1), AB:ST(1:1) tjZ23} 78] A/ g+
S AR5t ESE 37HA] 42 5O F SF LALB:IST tj %
31 A JA7A = AXSHA o] FA AR 8 7=
E9] dAZFS AFIoto pH, AMIH E fARSE S5
AL, F2 A EES YA 297 AR & 8 EE
A

H R
24 9 4R 240 olgatgir
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1) pH % HEsE &F

Q2 E 9] pHE= pH meter(Orion 900A, Boston, MA, USA)
2 2759, AHMEL 1% NEEgHel 05 g 2
7}kl 0.1 N NaOH=Z & A 35}lo] &43}%thH(Jeon 5 2005).

=
olglo] Brix YRS 2otk AEE W] 2%
Z7et A|&E Brookfield viscometer(Model LVDV I+ p,
Brookfield Engineering Lab Inc, USA)2] spindle No. 632 ©o]-&
5ko] 10 pmofl Al S75H). ZF A2 33] WHE: agstqich
[FEEQ M W0 297 AR AlRE color
difference meter(Color JS 55; Color Technology System Co.,
Japan)2 HH A ZFO] I(lightness), a(redness), b(yellowness)
£ S4onh. oldf EEMAMWO| L, a, bFLZ 27 9821,
-0.03, -0.210]310om™ 7} 492 33] ¥Hg st

3) RAT 4 53
RIZEQ QAT & ZHS W] AAB|Hste]
Atat HJZ](MRS plate count agar, Difco Laboratories, Detroit,
MI, USA) A3 & mEgdios 35t 39°C
A 48417 gt Sof YERT colony $+E colony forming
unit(CFUYmLE. 3HAFste] EA|FACH Yang S 2012).
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4) RTEEQ| |RI|M EY

B AHEA-L Saidi & Warthesen(1989)2] HFH-S 4= 5}o]
EASHAT. 79| A& 5 g& AFSH] 12% TCA §9&
1 mL H7}skal 5,000 gollA] 5E7F LAlEE sheict B
A= RS 25} 17 mm RC Syringe filter 0.2 um(Rockwood,
USAYS AR&3}o] of¥}st & HPLC system2 AR-3}o] B-413}
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At EAZ7A-2Dual-A-Absorbance Detector(Waters, USAYS
ARESt] 214 nmoll A 2454, F -2 SUPELCOGEL
C-610H (30 cmx7.8 mm, USA), °]542 0.05 M phosphatic
£.40 (.8 mL/min°]gitt. AJdo] AFR-E lactic acid,
acetic acid, propionic acid, butyric acid EFEZ-2 Sigma-

Aldrich Co.o4 F5to] B0 X123t}

acid,

5) BHAISHEIN =X

A F7F 8 FEEQ] A2 2,2-diphenyl-1-picryl-
hydrazil(DPPH) 2 2,2’-azino-bis-3-ethylbenzo-thiaxoline-6-sul-
fonic acid(ABTS) %-2]2ttZ 2 A8A4S 273519t DPPH
Sz 2AGHE 70% o8] A AFEE
A& 1 mLo| 0.2 mM DPPH €9 | mLE 7}5lo] wHlsly,
A L0 A 3087F WS & 517 nmoj|A] TFPEE =35}
Al 7ot FH7HEY S8 Aol WES(%)E UE
WAt ABTS o)z A4S ABTS 7.4 mMI} potassium
persulphate 2.6 mMZ 5570l 0] 24417t FQF F4of BA|
Sko] ABTS ¥ol2Z FA17]1L o] AL 735 nmof| A F3
= ol 14~1.57} HEE & FHASR(3.6<10' M lem Y
o]-gsto] SFHTE IJASIAH. ABTS 2tz 47 /442
ABTS 7 mM3} potassium persulphate 2.45 mM& 55 59t
4ol WAt} ABTS ol F/dA17l & o] G2 734
nmol Al 3L Zr0] 0.7(:0.02)7F EEE etz 5]A5}o]
A|ZEN Z2EN 0.1 mLo]| ABTS €9 2.9 mLE 75l 30C
ol A 2027+ ¥HSAIZ] & 734 nmo]l A FF = WSS S5}
%t} ojm] FEFEH R Trolox(Sigma AldrichyS AM&-3FATt.

6. SHAzZ

Al Axjol] tigt EAEAL SAS Enterprise Guide 7.1
(Statistical analysis system, Cray, NC, USA)& HA5}o] ZF =74
o) B BEEAE A4Sk A9 §oHel ol
one-way ANOVA (analysis of variance)Z 43t H AlF17t
p<0.059]| 4] Duncan’s multiple range test® A4S A5t
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{AF2E A2 AR T Als =WolA e &
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A EF 39 stz 8 AE &4 A3 T 15.6%,
HELS 545%0]%0H, HIEZFIRS 4.7%, S8+ TH
0.086%0°] 91 THTable 1). Lee 5-(2017)2 AL B e 5EZ
9] o|FHEALY IEIEAHE B4R dHAS
14.0~16.9%, AE-L 54.7~60.6%, HEFZFETHS 3.78~4.60%,

LA

ZH=F2 0.10~0.13% HAA

=7 O

=P N|

2. #2| 7t 2FEE9| FF

EY

1) pH
FARE] FRE 2ol ART RT2E Y2y

i

2] QG2 E 9] pHE Table 2 9 Table 31} ZQkth o &2
pHE 449-6.320]9L0.8, ST/} Sojl3l7] g 2e pi
R, LALBZ} 71 B8 pE ehiglch. Haguc)
EtolA § W& pHE Elom 7P W& pHE KRl ST
& Egolt RYF x| O 2YRT LS pHE e
Wl ARE J7IRE 272 E9] pHE 4394968912 7
o W aTEZEGAL LAk 7P e pHE BET,
LAST9} LALBST 53he#0] W2 pHE Uehil= 5 2t
2] HrkRe) pHE 27 FFER 32159 HolS ep
Aek. AF7HEo] 2 HE = tha 22 pHE HER o]
[QF2ZE9 A3l pHOI 3.27~4.53 HY(Chamber JV 1979)0]|
Zo IS &, B, W, S4sg BAERE AT 8
F2E AzolH o et i o} gom 7 A7}
9 pH7} GAERTOE A 23 QFEERT thA W2
AFS B oM (Paik & Ko 1992; Kim & Ko 1993), =&
% 5o A7k SAIRS) AHIAS SUTORA piv} ol
At sFHTHUm 5 1993; Pak 5 20006).

fr mo 1o 4

2) pHeL HAEAE

[FEEA ZA B A 8FEEQ FAFA]
g o] 8HI glom AMAFEES HAYAL 7|ER=
0.97~1.40% - 9]o] ™ (Paik S 2004; Pak 52006), L -2 EO]
AE7FL0~11%2 W 7P $2 F4& Yehdoha stgaL
(Noh 5 2020), Chamber JV(1979)= QT2 E°] A3} pH7}t
3.27-4.530]2t1L Sttt fANEY] SRE SEfoto] A Xt
279 pHE 4.49~6.32 9 oM, HHAEE= 0.35~1.27
9] TH(Table 2). FUFollA] STIF 24 pH} AHe g U

Table 1. Content of protein, B-glucan, total phenol and antioxidant activities of oat flour

Sample Protein (%) Starch (%)

B-Glucan (%)

Total phenol (%) DPPH (%) ABTS (umol/g)

Daeyang 15.6+0.2 54.5+0.8

4.740.01

0.086+0.002 8.88+0.21 0.757+0.07

The values indicate the meantS.D. of triplicate.
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Table 2. Quality of the yogurt fermented with various lactic acid bacteria

Lactic acid . Titratable Sugar cont. L . b Viable cell Viscosity
bacteria P acidity (°Brix) (cfw/mL) (c.P)
LA 6.16+0.00° 0.39+0.01¢  10.85+0.05° 85.7840.34°  -1.50+0.19°  7.17+0.41¢ 4.5%10" 84.0+12.0°
LB 6.20::0.00° 0.35£0.01°  10.90+0.10® 90.99+5.06°  -1.71£0.01¢  6.72+0.14° 4.1x10" 90.0+30.0°
ST 4.49+0.00° 1.19+0.02°  5.40+0.10% 85.7740.05°  -1.31+0.05°  7.99+0.26" 1.244x10%  929.3+18.3°

LALB 6.32+0.01° 0.35+0.00°  11.03+0.06" 86.0140.05° - 1.1940.07°  7.49+0.04° 3.85x10" 0.0£0.0

LAST 4.59+0.02¢ 1.14+0.02°  5.50+0.10% 85.8740.07°  -0.91+0.08"  8.36+0.06° 1.04x10™  943.8+30.2%
LBST 4.55+0.01° 1.2740.02*  5.53+0.23° 85.84+0.12°  —0.89+0.03"  8.33+0.14° 8.72x10"  1,007.6+63.7°
LALBST 4.57+0.01° 1.26+0.02*  5.37+0.06" 85.77+0.13°  -0.86:0.20°  8.5240.06" 1.12x10"  1,011.9+60.5"

The values indicate the mean+S.D. of triplicate.

“*Means with the same letter in column are not significantly different by Duncan’s multiple range test (p<0.05).

LA (Lactobacillus acidophilus), LB (Lactobacillus delbrueckii subsp. bulgaricus), ST (Streptococcus thermophilussei), LALB (1:1), LBST (1:1),
LAST (1:1), LALBST (1:1:1).

Table 3. Quality of the oat yogurt fermented contain the 3% barley flour with various lactic acid bacteria

Lactic acid Titratable Sugar cont. Viable cell Viscosity
bacteria pH acidity (°Brix) L a b (cfu/mL) (P)
OY LA 439+0.02°  1.32+0.01°  6.35£0.05°  76.27+0.03°  0.47+0.02  11.98+0.09" 4.48x10"  2,088.0+24.0%
OY LB 4.68+0.02° 1.14£0.00  6.35£0.05®  76.47+0.13*  0.68+0.02°  11.90:0.08" 2.08x10"  2,178.0+30.0°
OY ST 473£0.03*  1.03x0.01°  6.10£0.00°  77.02£0.05*  0.31+0.02%  11.63+£0.02® = 6.24x10°  2,441.0+6.0°

OY LALB 4.88+0.14  1.08£0.03*  6.70£0.76*  77.14+038"  0.53+0.10°  10.91+0.32 1.26x10™  2,005.0£75.2¢
OY LAST 4.59+0.14° 121£0.12%  6.00£0.00°  77.84+0.35*  0.30+0.04°  11.09+0.25 1.12x10"  2,409.3+22.0°
OY LBST 496+0.08"°  0.91+0.09°  6.13+023°  77.85£0.64*  0.33x0.11°  10.97+0.43% 8.6x10"  2,502.7£17.0°
OY LALBST  4.58+0.11° 1.2740.05®  6.07£031°  77.59+0.35®  0.39+0.05%  11.39+0.15™ 84x10"  3,274.7+139.9°

The values indicate the mean+S.D. of triplicate.

“*Means with the same letter in column are not significantly different by Duncan’s multiple range test (p<0.05).

OY (oat yogurt), LA (Lactobacillus acidophilus), LB (Lactobacillus delbrueckii subsp. bulgaricus), ST (Streptococcus thermophilussei), LALB
(1:1), LBST (1:1), LAST (1:1), LALBST (1:1:1).

EFUIA3L, LAS} LB pHVF 31 AHE —t— }%0} APAo] & AbPAol ot FA7REel HIste] AAAET} Erhal Bl
TAE AMAEES HERRAT. B = BekolA g uk Qloh mEbA AR Mok fAbEe] A B S04
pH7F W3l AME7F £91om, LALB %H”F— AQdsT7E = A Ao M9 W pHeF AHER 842 EQ] F3 /M Et
ohe Effatol w2 AMIAES UEo] PHOF AR g & 7IHE A& ACE AZEr

& S5 A7 A7t 87 2ES] pHe AHE= 4.39-4.96

T 091~1.328 92 HFRFETH AMIAET} 9Tt (Table 3). 3) RAlE

pHe= LARE 27 pHEEE H AL, At LBST H53t2 A FARES EEoto] A7) F7te} 3% Aokl Alxd &
Qolale BETh Atk Bk Aol AeFH v FEEO| fARESE Table 2 ¥ Table 33} Z9UT. FAbES
Fo #7143 wEtlo] gEol ol fARES] SAAL = ARSI frakte] SRt 230l wheh tha ApolS vrEh
ARERQL ZAt Aol A0l 2z AP0l 2= A gloH dERToA dee Bdd s Bl w9kl
o= AYZHETHKim & Ko 1993). Bae 52004y 39k LALBSTOIAM 7Fd &S50t AA=E H7tste] Alx3 842
BEIE H7IRE B tixol Hst] ApgAgel iz W EO] filidiSE LALB, LAST 2352 A2 8 72E
< pHE YEIHITHIL 5Flom, Kim & Ko(1993)y= 57 & oA Woker, Hlus fizauct A2 d71et 872E
7REQ] AMYAdol &2 olftE IR &ofl fakdt ARl 2 9 Rkt »;%am 124 Bae E(2004)01 Hgt vke}
83 FEEZIEHC] RO Q7] WEol FF 7R 2ol pH, At B fATESTE RARE S BolAe F%

|
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608 oAt FAY - HEY - 5 - A9H AFYTRSIA
o @Y AEFFANM A o 2T ER] At 0.5
ZkzF 10'%} 10° CFU/MmL o]0 & #45t Qe 2 A3 5 be b s
. C
L= A

2% Azd A7F2EY 27 U LE A
St 712X 89 ol Aoz ke

g gEiste] A2 2F=2EQ g S 5

At °
At A3 diR2FolA GE LA LBOA 10.85, 10.90
°Brix & l;_;—gkgtq, Egtgo A= LALB7]- 11.03 °Brix® 9%
t} 71 9o 5.37~5.53 °Brix& H|&3F FEE UEhfgich

A H7FEoA G 6.00~6.70 °Brix GO LALB &
oA 7HY & G5 UEUIL UHA= fARE g
Yehfoth o g 7HS ®9d LA, LB, LALB RS

AQleti= A2 A7 SFE2EQ] JGE7t txto] Hloko]
12 °Brix4d & =9tth QAMF-S daldto] AR5t QL2 EQ]
A S ST A3} LS LB 372 E7F 90.92 7P =9
on, UM 23 BF= 80 EE FARRE H7]1E UEY
At AGE H7Ihol| et Lk 76.27~77.852 o 2ol
H|5lo] FA5] PolH 1 b9 btat B2 R
agl2 EoHHTh

5) HEFREZF Bl U AT

A7EEY HEERT FHL grolds Pzl 5
A grgrot HelE F7RE AFEECIAL 0.14-0.20%C]
WEHE R B LT Fig. 1. Gee 50072 ¥iet
2271 2252 W RFEES A% AP 23 2T
2E9) HEst F74e 208 Hustgiy) ok HeE
S3t0] YEE F7H4717] tEoleka Shct.

KA ER A bt a7EES grd] AL &
T2 ZARSH AN Table 2, Table 3) ) zFoA TUFol AL
of ST 8FEEs} AASH £ =S Lrehfgiet LALB
232 AL B3o] GAFRT Eom, STV %
FE 2YOIH B} £k S5, LALBSTY 3714 B
29 Aot HE el 29 SR 20l Aol
Hrhzo] tauct Esk G F7kstgon, of
23} PR STOH STE Pk 2ol A A=rt &
UL LALBST/} /1 & I8 R & A7 el &
A Pk 50004 QFEf . GG, BL 45
& 419t b 52 AkEE 1 A7t S7Assitn
BISHET B3, A2k AAel L W RS TRt
1 glo] 2] A7k ATZES] HES goltv] Tofd Ao
2 wdEthLee YT 2001; Gee S 2007). LUtz oz 54k
FEES| RUPE FHS o7l 9Istel 8% oo FAG
TR Bk GAEG, AL, HE L B 5

i)

B-glucan cont. (%)
L) L L) o=
8 & = &
[+
..\,{@
%>

Fig. 1. B-Glucan contents of the oat yogurt fermented
with various lactic acid bacteria. “*Means with the same
letter in column are not significantly different by Duncan’s
multiple range test (p<0.05). LA (Lactobacillus acidophilus),
LB (Lactobacillus delbrueckii subsp. bulgaricus), ST (Strepto-
coccus thermophilussei), LALB (1:1), LBST (1:1), LAST
(1:1), LALBST (1:1:1).

w2 A9 $ o] A7hE UM 5 1993). SAR
F2E9| 2Zo] YR FAL §Ho| Helge 49 Lu)z
1 9

A1) e iXH 8 s Ao grta,

A E5o 2 1‘412—?7} A H7HEAA9Q] /71
F< A L Table 49} 79t 912
of g8 G714 RS A9t 59] Fu|E Hojgl= FAl
pHE W3o] 7| 49| Bojtz] gitof] W2 HEHS F
IA1A ETHLee 5 2013). 9] HS- A 2] AAlsh
L 47.05~514.56%, ZAYETFL 74.89~339.46%Z STOA 7t
A &k A HW7REO] AS- HAEFS: 370.34~454.66%
2 LA7F 7P =%ou 59482 et 2ARFS 64.40~
242.02%2 STHONA 7H4 =gttt = to] H]ste] A H
7HEo] 2 FR714E TS YEIY QL o]+ Ay 15
£ A7t QP2 E9 Ao FAREo] S-fTto 2 A xgt
2o vl w9kt A AT}t FARSES o (Pak & Ko
1992; Paik -5 2004), 24t gefo] @A oHA =ot A7 H7 &
T2E& ZAlo] 28 KI7IARIS & 5= A% ThPak 5 2006).

ol

7) Bt g
LRSS

ABTS ¢
DPPHEA 2

F-.-ao

A

_Q

sl 1hE Q7= ES] FABHES DPPHS
eg 274502 A ngithFg 2). 222
FRol wet 929l Kol Lehpgic.
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Table 4. Organic acid content of the yogurt and oat yogurt fermented with various lactic acid bacteria

Lactic acid (%) Acetic acid (%) Total (%)
Con LA 54.49+7.69° 74.89+15.33 129.39+7.64°
Con LB 47.05+1.19° 92.04+7.29° 139.09+6.10°
Con ST 514.56+4.75 339.46+3.54° 654.0248.29°
OY LA 454.66+26.55° 64.40+3.70° 519.07+30.25%
OY LB 370.34+0.02° 124.72426.32° 495.05+26.34°
OY ST 4243742377 242.02+11.94° 666.40£35.71°

The values indicate the mean+S.D. of triplicate

“*Means with the same letter in column are not significantly different by Duncan’s multiple range test (p<0.05).
Con (control), OY (oat yogurt), LA (Lactobacillus acidophilus), LB (Lactobacillus delbrueckii subsp. bulgaricus), ST (Streptococcus thermophilussei).

STE o]&3sto] A X3t F2EA 7MY 52 FAKSHE/]
Aot A H7F AF2ES] AT 2Tt
o] o 7ol uhet 2 FASIE S YER o™ SToA
7MY =2 AR S Bk A9 H7ES] DPPHE/Y
2ol 6.09~16.87%AH Aol H|5t] 16.52~19.93%= =
2 FASIEYS BT ABTS S8 AAGGL 22
0.41~0.87 umol/gO. & LA9} LB7} -2 48 Uehjiglo
gdatol EhAETD =3t AE H/RES 0.67-0.96
umol/g2 LBST 20| 7P w2 &4 Hol= 5 Ad
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Fig. 2. Antioxidant activities of the yogurt fermented with various lactic acid bacteria, (A) DPPH activity, (B) ABTS
activity. ““Means with the same letter in column are not significantly different by Duncan’s multiple range test (p<0.05).
Con (control), OY (oat yogurt), LA (Lactobacillus acidophilus), LB (Lactobacillus delbrueckii subsp. bulgaricus), ST
(Streptococcus thermophilussei), LALB (1:1), LBST (1:1), LAST (1:1), LALBST (1:1:1).
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