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Quality Characteristics of Whole Barley Flour Added Yogurt Made
with Various Lactic Acid Bacteria
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Abstract

The objective of this experiment was to select the best strain of lactic acid bacteria for the manufacture of yogurt
with 3% whole barley flour. Yogurt was fermented with various lactic acid bacteria, Lactobacillus acidophilus (LA),
Lactobacillus delbrueckii subsp. Bulgaricus (LB), and Streptococcus thermophilussei (ST), and quality properties, [3-
glucan content, and antioxidant activity were estimated. The quality of the control yogurt and that containing barley
flour showed significant differences according to the type of lactic acid bacteria strain. Barley yogurt that was fer-
mented with LALBST complex bacteria had low pH, high titratable acidity and brix. Also, its viable cell count, the
value of L, and antioxidant activity were high, and the value of a and b were low. The B-glucan content of barley
yogurt containing 3% whole barley flour was 0.15%. The pH of yogurt decreased with the addition of barley flour.
Titratable acidity, brix, B-glucan content, and the antioxidant activity of yogurt fermented with barley flour increased.
Viscosity also increased significantly with the addition of barley flour. Yogurt qualities such as pH, titratable acidity,
and viscosity were developed by the addition of barley flour. From these results, the best strain of lactic acid bac-
teria for fermenting yogurt containing barley flour was the LALBST complex.

Key words: yogurt, lactic acid bacteria, whole barley flour, viable cell count, B-glucan
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g SOl M= Aejgdol At
A7F gds] Y Q)
Wz Bg, £55(Kim & Ko, 1993), IL7-vke} &8}
(Shin et al., 1993), 4]&](Kang & Lee, 1997) 5 a7
é‘i O]—%é]—O:] OLF_EEO] 7<4 p=t=1 57]./\]71 oizyq [T=
E zAo] Ui FAY ATl we F2A 8= /iAdst

= 450l olFojHrt. Bgh AALA tHA R (Jeong
& Bang, 2003), 7-7]AHKim et Lee, 1997; Cho et al,
2003; Bae et al., 2005), SZZZH(Cho et al., 2004; Sung et
al., 2005), g%(Cho et al, 2003), &% A} (Lee & Hwang,
2006), S4HKim et al., 2008), FAH(Lee et al., 2008) ¥ wn}
E(Cho et al, 2007) 5= H7Isl 7]& SF2ES 75
4 9ol e}, P B 5o Aol BE 2
Z2EE fetele A7t ol FoiA L Ut
(Baik & Steven, 2008)= W, MES FHEOE
olglol %714, vlekRl Fe] vlF JYLg
obiz}l B-glucan = -3kl Slo] H 4
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312 oWl - A= - AW

S AEAN B AT F48 ol AAe,
elAlol] S| Z¢ EZ indole, skatole, phenol, amine, %1
oF & AAskA ¥ FIlE WAske 5 FT A8
< S MlS Dt fARFS Bergrey's Manualol] ©]3}
o BF3IH Lactobacillaceae® %3t Z5(Genus) 22 A
Lactococcus(Streptococcus), Lactobacillus, pediococcus,
Leuconostoc®}t ActinomycesZ+ol| 4:38+= Bifidobacterium, —1
E] U Bacillaceaiq—ﬂ] &3} Sporolactobacillus®] 6 422

Hrh A ES E Ao mEb TRFAPE S
-4— Oﬂ HZf kg T HEH(Chevalier et al., 1990;
Collins & Jones, 1997). 2 ATl M ARE]E Streprococcus
thermophilussei (ST)= Lactococcusoll &38l= AL F4
o starter®| ™, Lactobacillus acidophiluLA)S} Lactobacillus
delbrueckii subsp. Bulgaricus(LB)E Lactobacillus &l 43}
£ #%Fo|t}. LAE acidophilus milk AAHS 93 3 G4
starterZ Th2 #3534 &3t AHEEH, LBE 224
starter® S TE2E, /\O]A;‘(]Z olgrg]o} ilz(grana) =9
Az e #E3 B A fA79 FRE g
sty A 2% @ FEES] 1= Shin(1989)2 L. delbrucekii
ssp. bulgaricus$} Streptopocus salivarius ssp. thermophilus, L.
plantanums 502 = Sweptococcus salivarius ssp.
thermophilusSt &3 vl gate] sl a-amylaseE 2H&-A]
A AN F o] ol el LFZES Az
™, Hong & Ko(1991)= 4 &2 F-2kt(Lactobacillus 3 &,
Leuconostoc 1 5)S 58] $fol EXEF = 459
A, 3R, dn), SYH S 2 2%(wiv) F7teke] E

Ak 2T S S 7E R s skt eE EEo|
#3t AT M = BacillusSt S5 &5 vl S o8- A
Jefo] oln] @g o} extruderS ©]&3 4= xg] A7}t
AL, plantarum3} Leuconostoc mesenteroidesS] &% Y
el Aol nAE 23S AESS tHLee et al., 1998).

H A= QF2EQ oo L J|5A S 93}
o HULR T AFZES Azshd 3 Bl FAES
@5 L5 £GTOR I3oiol nalR B4 a7

=
7k ap2ssl £4 9 48
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AHSE HEUVHEE Sy ek v R
ofl A 201 LdOH AL Zd AR EES Aﬁé}%@a}?—
TEASHA] %22 whole grain® 2 AlE-3l o HBI7LE

0.2 mm3l 7} 732E Retsch centrifugal mill(Zm 100, 1. Kurt
Rotech CmbH & Co., Germany)S ©]&-35}o] Hafj3le] ALE
3199t} Megazyme B-glucan assay kit®} HEEA-S 93k

i

Total starch assay kit= Megazyme Co.(Wicklow, Ireland)ol| 4]
FYSGOR, T 9 BE Ak 1 F old Aok Al

2 /éljﬁ | AHE-S HEZHR] RS 110°C 497t
Az o2 =439a, =W A2 Elementar Analyzer
System(Varlo MACRO, Hanau, Germany)# o] g3t =4

RoH, ST 600°Ce] A7l AHs|shg oz
O]'ME]'(Klm & Ko, 1993). ZA|WstFe o dojg 25
2 AHE, Soxtec 2050(Foss Tecator AB, Switzerland)<
ate] F& A8 Fols S 80% MeOHE
33l Folin-Ciocalteu reagent® 7}gt & Hk-g-oleo] F3
720 nmol| A SA3 Y EEEZZE 0.1% gallic acidE AHE,
HAFAS ZAdstar FHEA sk

m 4 O, oo Ay
i wy oo 2 o

AT o vhe
QTF2E A Fol| AVE-S HF= Lactobacillus acidophilus
(LA, KCTC 3140), Lactobacillus  delbrueckii  subsp.

Bulgaricus (LB, KCTC 3635)%} Streptococcus thermophilussei
(ST, KCTC 5092)2] 39| 455 5 & 53 &=2 &
gato] ARgatRon, HEE WA E= MRS broth ¥iA|
(Oxoid, England)E AH&SIATE 12 #F HIYE 52%
MRS Bj Aol 0.2% HF3ke] 39°ColA] 24417 w319 o
2 z2700A 22k At F SHATE. ol FHA wige #5
1.0%(VA)E 10% skim milk(Oxoid, England)oll %% &)<
39°Coll A 2441 7F vt @ FEE A o) ARS8 T

He| T 2E M=

HE] QFE2E AxXE 9 7EE2E 1% GAEF(K
&N S Aetste] ARE-sEATE FHIE A &
of RE7FEE 3% H7lske 95°ColAl 10487 71E st
I3A7) 3 e B 30°C AEE A3 skim milk HY
A AA v et ikt WFH S 5%(viv) Bl EE HE8H
39°Ce] 7]o)A 24A17F Ha s Ha § pH, AHAY
A 2 A 4SS AREE AFS A &
TEE AGEL YA 297 AAe 5 e 7=2E 37
4 4 *é—?:—“;rﬁﬂl 01%8}914.

HIVMRE 1, 3, 5, 7% A7Iste] HB7HF H7F 872
EZ A x3le] A¥ z:s_ } A7} B-glucan &} skl L
HE7FF Hrteol S7HEE 7oy 5% WOM
= AE7F =03, #5EUE A AvEQl Vs EE 3%
A7t A =4 e ornz B A= Ewh 3
7t 3%=Z 3 ThLee et al., 2013).
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8 FE2E9 pHE pH meter(Orion 900A, Boston, MA,
USA)Z 43900, A== Jeon(2005)2] ol wh
2t 1% H=2x228 < 05mLE #H7F8F3Z 0.1 N NaOH=Z

FE=A(ATAGO, Japan)E ©|-&-3}
= . L?LEE AEe Ware 24
7F A A3 /\] EE& Brookfield viscometer(Model LVDV I +
p, Brookfield Engineering Lab Inc, MA, USA)2] spindle
No. 635 ©]&3to] 10 pmellA S7g 3kt 2k A2 3 3]
H]—E. 3 o]—

M =7
QTFEES] Ars YA 2U7F A48 AEE color
difference meter(Color JS 55; Color Technology System Co.,
Japan)Z W %7121 [(lightness), a(redness), b(yellowness)
£ 733t 7 432 3 3] vhE Faeigit
M = B
ST2ES] ikt ¢ 54 ol 31845k 2
2 H]A(MRS plate count agar, Difco Laboratories,
Detroit, MI, USA)°ll &3 F FZHIHOE 39°Col| A
48A1 7 HjeFst Fof YERd colony & A3 log
colony forming unit(CFUYmLZ #H:Fste] A 8131 tH(Yang
et al.,, 2012).

B-glucan BH&k £4Ad

B-glucan 3=F-2 Mccleary 34
glucan assay kits ©]-&3to] &
starch Megazyme assay kit S ©|-&-3}
=2 B439HGee et al., 2007; Bae et al., 2011).
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eTEE0] RIIAHEA

F712HEA 2 Saidie} Warthesen(1989)] WS 43t
o wASHATE 7o) A E 5 g AF Sk 12% TCA &
NS 1mL H7FSFAL 5,000 oA 587 A st
2 E A5ALS 233t 02 um Nylon membrane filter
(Whatman, Maidstone, UK)E A}§-3}o] oJ3$ & HPLC
system= AHE-sted 4135191 A72 SUPELCOGEL C-
610H(30 cmx7.8 mm, Sigma-Aldrich Co., MO, USA)E A}
43} 32, Dual-A-Absorbance Detector(Waters, MA, USA)

£ AH&dte] 214nmolA A5k, ol
phosphate acidE AHg-3+o] 08mL/m1n—4 fF&o
EA A Aol AHgd {714 2=
Aldrich Co.llA -9} 5to] E4 ol AHg-skoitt.

o] F 4L 0.05M
1057+

Sigma-

fo fu rlo

SHistey 5

HE7LE M7 82 E] 3bsled 2 22-diphenyl-1-
picryl-hydrazil(DPPH, Sigma Co. St. Louis, MO, USA)%
of o%k fEEE LT R SAN 70% A&
Fgold] g3JA17] QFT2ZE AJE I mLo 02mM DPPH
& 1mLE 7}ste] wwhsbar, A-2oA 30%7 HPilffP

3 517 mmolH TFEE =A5to] A5 HAsbEek AL
T FFE zpo]E MEg (%)= JERNITH
SAXE|

2 H A3}= SAS Enterprise Guide 4.0(Statistical analysis
system, 2006, Cray, NC, USA)Z #243}32, A 87k §-9)
29l Z}o]+= Duncan's multiple range test2 25 5%
@<0.05)914 HAZFsFATE A8 ®7]=  Lactobacillus
acidophilus, Lactobacillus delbrueckii subsp. Bulgaricus<}
Streptococcus thermophilusseis 717} LA, LB, STZ %713}
3 LASTE Lactobacilus®} Streptopocus EFdFE 1:14]&
2 EdeiES orlgith
2ot g
Ealol OII:II-A-IE'_E_A-I

STEE Az ARESE AR o] AN &
= Table 13} 72kt

BYE Ha4doz AR 64%, &9
5%2 T7dE] ow UmA 20%=
Afra, 2E]al 2% HEwl § onE
A TH(Cheigh et al., 1976).
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pH

Aol FRE 2Elote] AT 2aFE2ES] pHE
Table 29} 74T} pHE 4.26-6.350] 00, GddFHT=
B3l A we pHE Bt LALB7} 7HE W& pHE
VeI TS 2 LBST, LALBSTZ}F Y& pHE e}
Wlon g A= ST7F 7P we pHE Ve AT
Chamber(1979)= &FZ2E29| 3¢ pH7} 3.27-4.530]2k2L

Table 1. Content of protein, fat, ash, 3-glucan , total starch and total phenol contents of pearled barley flour.

Sample Protein (%) Fat (%)

Ash (%)

B-glucan (%) Total starch (%)  Total phenol (%)

Saechalssalbori 11.440.1 1.28+0.06

1.12+0.02

8.0+£0.4 61.6+2.6 0.183£0.008

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

Lactic gcid pH Titr?ltgble Sugar Cont. L a b Visible cell Viscosity DPPH
bacteria* acidity (°Bx) (CFU/mL) (cP) (%)
LA 6.34+0.01°  0.27+0.01° 11.80+0.17* 85.32+0.43" -2.16+0.05' 4.84+0.64°  1.43*10" - 23.70¢
LB 6.35+0.01°  0.27+0.01° 11.70+0.00™ 84.24+0.68° -2.07+0.10° 3.75+0.67°  4.10*10° - 27.18¢
ST 4.69+0.02°  0.98+0.04°  5.33+0.06° 87.14+0.14* -1.96+0.02% 8.44+0.06°  5.51%10°  759.8+36.61™  66.52°
LALB 4.26+0.00° 0.30+0.01° 11.60+0.10° 84.79+0.69® -2.10+0.06' 4.99+0.56°  1.54*10" - 28.91°¢
LBST 4.52+40.01¢  0.94+0.01°  5.30+0.00° 86.73+0.17* -2.10+0.06" 4.99+0.56° 1.91*10"  979.9+25.09°  66.42°
LAST 4.7740.02°  0.85+0.01°  5.30+0.00° 86.54+0.10* -1.86+0.11° 5.79+0.29**  4.77%10°  671.9+74.88°  64.70°
LALBST  4.5240.02¢ 0.94+0.02°  5.50+0.00° 86.84+0.19° -1.69+0.08" 8.89+0.24"  8.14*10"  855.8+79.90"  46.49"

The values indicate the meantSD 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)

3 ed ¥ Aol LALB, LBSTS} LALBST Al7HA]
SgeE ASAE A5 AT pil G ehi w9
VEE F7ME @ FE2ES] pHE Table 391 YERHSITH

434-471HYE R ETHE tha e pHE Ve
oy A% th'é%] of £ 77beleh 2 faketAl o
JFHThe Bitgox w2 pHE B3om LALB7F 7}
& S pHE ﬁ}%ﬂi LBST7} w9kom LALBST &3
gog v pHE Yepth Bel7hEE d7ts
A AL T o] #5 FHRYRE FA 2el& 1
BRI Kim & Ko(1993)& &, ®g], 9, S5 &
g Akt a7 2E AzdA dFe) w ok &
°]7P DA F7 H7re] pH7F SRRk & A x5
[TFEERT thh B2 AFS BT AT Pak &
Ko(1992)% $-froll 25 H7lsle] A %3 @ F2E Q] pH
7F gty sk, FEU & 5o HUbe Zake] A
AL 28 v X E (= of7]d SHiE Ak,
Tl 9] pH ¢ #Hgol 71208 AeE welga &
HTHLee et al., 2006).

A AETE a2 ES A e o] 85 9
o] @ FEES] AETE 10-11%Y W 7P 2 4
Uebdthal sl glakte] /5 dejste] Axd o
Z9 AARFANEE 027-098% HIYE =& QFEEQ &
2-1)\].1: MO] mop)ro:q ST 12—5:,7_ /\]_Q_}\] 7}%]— lc_O_
AP e UrEhH ATH(Table 2). &3etelA= LALB
7 7V ;‘—8— AES How a9 BekdsclA el A

Ee 2 i}°]§ UrE}LHzl ST 3 53]

A Wl 7P 77k e HEpSiTh 1El
s O%LEEoﬂfﬂh ﬂ%z%ﬂrb 2] LA7t =

o) =

o -

7} “or%g]r 2z, Eﬂ ‘?ﬂl, ’%‘F"}FE O]*‘lﬂ [TEEE Ax
stdedl HEH 359 Akt 7kt AF Aol -3
RE L. acidophilusF ™ L. casei®t L. delbruekii®] 2+ A

Ae Azsigoty Bast Axkel 7okt T3k LALBST
BgEg olgetel Az Bl/IR Hrh e72E AE

7F 1.01%= w3k 274w o] W e)eh dxste] Tl
ojut F yH] wxPETE T2 ' UERY
At Table 3).

Y= izl viste] HEUMEE HIIRFORA ATt St
Paik et al.(2004)3} Lee et al.(2006)S L FZEO|A 3 ke 43S YeRNEd Bae et al.(2004)S faktF<]
Table 3. Quality of the barley yogurt fermented contain the 3% barley flour with various lactic acid bacteria.
Lactic acid H Titratable ~ Sugar Cont. L a b Visible cell Viscosity B-glucan
bacteria* p acidity (°Bx) (CFU/mL) (cP) (%)
LA 4.7140.02°  0.86+0.18"* 6.40+0.10° 79.22+0.26" 0.07+0.06° 13.12+0.08° 8.16*10"° 5995.0+115.31° 0.17+0.01
LB 4.63+0.01°  0.76+0.02°  6.53+0.06™ 78.84+0.21° 0.26+0.04™ 13.35+0.04° 9.16*10° 6778.7+426.82™ 0.19+0.02
ST 4.65+0.01™ 0.77+0.05°  6.33+0.06" 79.29+0.14" 0.19+0.04* 13.39+0.18 3.15*10° 8510.0+138.56" 0.18+0.01
LALB  4.34+0.02¢ 0.90+0.10" 6.63+0.15* 78.83+0.23" 0.37+0.15* 13.62+0.16® 9.99*10°  7194.7+959.77°* 0.20+0.01
LBST  4.3740.02% 0.98+0.04* 6.43+0.15™ 79.12+0.04" 0.14+0.03** 13.97+0.08" 4.11*10° 8202.0+921.45° 0.18+0.01
LAST  4.58+0.02° 0.82+0.03" 6.40+0.10° 78.77+0.26° 0.08+0.02" 13.71+£0.19° 2.64*10°  7810.0+334.50™ 0.17+0.02
LALBST 4.42+0.01° 1.01+0.06"* 6.50+0.10™ 79.85+0.52* 0.09+0.04° 13.04+0.14° 3.12*10" 7334.3+415.30® 0.15+0.20

The values indicate the meanSD 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)
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J«] A o] =L o] B IF Lo AT AT
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A A o] ol FA 7}401] H|3}e] AL 7} =t}
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flEL
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TS dElste] Az a2 ES] Tl A
= Table 2, 30 VERAATE thZ2tollA
E wda AFA] LASH LBOA E9ton, F 714
A& LALBOIA &=t 2 3] STEHl 3} B3}
AREEII S 79 ¥$d Be s Yehiith BElstE A
7hEe A BEE 6.33-6.63 °Bx Y90 LALBZE oA
7H Ee FEE eI UYHAE fAF 3-S5 UEr
Witk thz=23 vwsii® 11 Bxe =& 9rughs
A9 LA, LB, LALB Al@+<S AYslaes BEl7EE
Ve @ F2E] Gt Bz Hsl 1°BxYE &3
t}. ol& Jung & Ju(1997)°14 A LFwl H7prh @ 72
Eo] 3g R7AA Tut Frlel wet go] FrHitia
AL, Kim et al.(2009)°] W& 4SS H71ek QF=2E
oA "ol FrtslAthe Bilels FAMSE A2E HBlvF
of 3H& Fo] H7} Holl ulet BalrtE Frkte 3=}
7k Ao g AztET

roAp
o
_?_111
Ty

F:H JFI oft |1
Ll wot M

HI

frat 8 Beldl] Axd 272Ee] Nrg SAHT
A3} LA, LB, LALB Algo] W& 7S BT Yz
AP+ 86-878 =R FAMSH H71E YeERAT BBl
22 Hrigel wet 819 Lk vzl vlske] A
3] Soly i =] bt H2AS e = agke =
obxl o™ LALBSTAI @0 =2 Latt W2 a, bits U

ehATH

b=

FAFTE GElste] HIVFE 7Y 3% HUF 872
E AZA B4F5E Table 2, 354 Zgith. gk re A
43 ZaktFo) FHek 23 we ohi 2olE YER)
Ao thxwolA #FE LALB, LBSTA 7P =k}
HEVIRE Hrlste] 2123 R FEES] g E LAY
LALBST EtaF2 Ax3 QF=EoA ©dth. pH}
e Hakdgeol fALEE 73&9_ Holx] ket o=
Bae et al.(2004)0] X 373k nle} Zho] wjko] A]Zw A
ARE AR gl EATeRE Bkt 7 7HAaET
T A RS FUHET] dEo R A7t Er) ' o

o R FFE Y Pl B2y R Fa

i

T A=, pHO| Zd3e] thEA YEhdtia skt |
FEvete] FAHE 7}—L7lz 2 A Az
TE2E F FHFFE 1x10° CFUMmL °)do 2
4% Aze aveEe der 2 ve Ades
e AR e o3l A o2 e

r oo L:O o;:’

§
=
9]

W o

Mz

gzollA] Bk o] Fiol W == Table 29
2t} LA, LB, LALB 23702 A %3 a72Ee] A
£ R Yol B 7o) AR H2AdNE HEA
AT LBSTE A|xgk @ FEES HErt 7P =¢%oH
LALBST 3714 E3ttF2 Axd 2 F2E9] Fxrt o
o2 =UTh

HIZFRES A7 8 72ES Hee dddl ST
E3htel LBSTE A %3 @ F2EoAM 2 gs el
RoH, LANE TN 7 @& A=E Yelle 5 o
Z3 1523 A4S Ve A tK(Table 3). =35 LALBST
EB‘L—H___’_E ;q]z-g} oq_ggt q_o o7 = };o @E% Eoﬂ
t}. Paik & al.(2004)2] Ao o8 7HA] ZAFFE
ARg-ste] AR T} GRERE 4% H7ste] Alxg a2
B A& vus| e A3} L salivarius ssp. Salivariustt2-
2 Axe e F2E Furt vf$ F%oH [ caseiz AZ
St QG =2ES9}l B longum, L. acidophilus, streptococcus
salivarius ssp. thermophilus®] EJdT=2 A X3 QT2 E9]
A= =32 39 Y. Kim & Ko(1990)s S TF-2E
o] Ao vx= ZAbde] a3NA L. acidophilusZ Tt
E AE7 dAFeRE 22 HAEZE YEHIL Leuc
mesenteroides=. W= A B7F A F o2 Yo e 2 el
Wtk Bagiglont & Ao e LAR vhe 872
E7} 7P & A E=E YeplSdh 3 gzl vt
HE7LE Hr QP2 ES] ALyl RE FERZANA 27}
St th SFEE &, GX R, AR, S5, TR 3
srEe FA7beke W HErF F7HE A vkPaik et al,
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Fig. 1. Viscosity of (a) control and (b) barley yogurt fermented
with various lactic acid bacteria according to analysis time.
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Fig. 2. Organic acid content of control and barley yogurt
fermented with various lactic acid bacteria.
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Fig. 3. DPPH radical scavenging activity of (a) control and (b)
barley yogurt fermented with various lactic acid bacteria.



AL 27 WE By Q72ES] Eu3lel B4 317

Bt H3UME 7S tixwe] ditskedel 23.70-
66.52%°10E Zlell Blsl 70.94-80.51%% =
< Bt gix2elA =2 248 el #7329
A7 HArRoM e W2 @48 YEpl=E 5
HEZFRH7REA #5757 datstad o] tha Aolst
Atk BE7FE A7) ogt @ FEE9] tsiey Ut
A= Lee et al(2008)°] 52 H7F L F2EANA FA12
polyphenolshgt=ol| oJste] gitsletdo] Frhgittal B
gk upe} o] HE7FRe] F1Eo] & polyphenol 313
ol 9Jate] & bstEAd S YERd Ao R AztE
B Aol ARg-gk AR gle] FH =3RS 0.183%°]
2 THTable 1). Kang et al.(1996)2 A8 % o] phenolic
acid®} flavonoids 2 7€} phenold &2l th3l g4kstzt
o] A2} et om olydt E4-2 st Eo] 45 At
Fo5o] ol =& S BEITHaL shith Baik
& Steven(2008)2 Hz|= <F 0.2-4% phenolic compoundE
X33}, polyphenols, phenolic acids, proanthocyanidins,
catechin's-©] 5= phenolic compounds2}al 3153t}

Yu & Lee(1982)= E|G3Y(HE ol 2ghH o
2 gskgt Ay Gx o] @5 E o] v /el
T R AFEL L acidophilus, L. aplantanum, L. lactis,
L delbrueckii ssp. Bulgaricus F Streptococcus salivarius ssp.
thermophilus @+ ©|AThaL Hisiler] & AdA4dz
ERZVIEE H718 QFEE A XA E G FFRTE
pHo} AwolX 2 F4E& Uehile LALBST E%+
F7F A Ao 2 AdHETh

o (o]
) =

E AFoAM = 3% FRAZFE H7FSEA Lactobacillus
acidophilus, Lactobacillus ~ delbrueckii  subsp. Bulgaricus <}
Streptococcus thermophilussei 5 3 52 455 B¢ &
T3 ZPER o] &3l QFEEE A|XsIL BAAF
of e aT2E 4 54 Jolusith 2T 1yl
N AkRe aTEE FARHS B3 FF 2 2T
weh #5159l Aol S UErhgith REME FE R
gzl ME LBST Ed#202 A|xd 2 F2E7F A%
pH, A%, Hx, st oA £2 548 YeERI
on, 528 LALBST H%+to] Ut Bal7k 7t
oAM= LALBSTZ7F th2 a3 ol vlste] w2 pH, 4

g uglel ARAE, 2o FANPY 5 2L aT2E F

=
gzl vlste] pHE BAsAL, APAES FEE 3
Ly

Hgen fase Rasa dre 49e e
Btk AL A9 Lghe YR, agksh bake ERkom,

AZAT} LALBST E8#37} HE/E A7) R FEE A
ZA 71 At Zo g FaE

=2

ror

Bae HC, Cho IS, Nam MS. 2005. Effect of the biological function
of yogurt added with Lyceum chinense Miller extract. Korean J.
Ani. Sci. Tech. 47: 1051-1058.

Bae HC, Paik SH, Nam MS. 2004. Fermentation properties of rice
added yogurt made with various lactic acid bacteria. J. Anim.
Sci. & Technol.

Bae HC, Renchinkhand G, Ku JH, Nam MS. 2011. Characteriza-
tion of fermented milk added with green whole grains of barley,
wheat, glutinous rice and common rice powders. CNU J. Agri.
Sci. 38: 485-491.

Baik BK, Steven EU. 2008. Barley for food: characteristics,
improvement and renewed interest. J. Cereal Sci. 48: 233-242.
Chamber JV. 1979. Culture and processing techniques important to
the manufacture of good quality yogurt. J. Cult. Dairy Prod. 14:

28-34.

Cheigh HS, Lee NS, Kwon TW. 1976. Some nutritional composi-
tion of barley flours. Korean J. Food Sci. Technol. 8: 260-262.
Chevalier PD, Roy D, Ward P. 1990. Detection of Bifidobacterium
species by enzymaticmethods. J. Appl. Bacteriol. 68: 619-624.
Cho EJ, Nam ES, Parj SI. 2004. Effect of chlorella extract on
quality characteristics of yogurt. Korean J. Food Nutr. 17: 1-7.
Cho IS, Bae HC, Nam MS. 2003. Fermentation properties of
yogurt added by Lycii fructus, Lycii folium and Lycii cortex.

Korean J. Food Sci. Ani. Resour. 23: 250-261.

Cho JR, Kim JH, In MJ. 2007. Effect of garlic powder on prepa-
ration and quality characteristics of yogurt. J. Korean Soc. Appl.
Biol. Chem. 50: 48-52.

Cho YS, Cha JY, Kwon OC, OK M, Shin SR. 2003. Preparation
of yogurt supplemented with sweet persimmon powder and
quality characteristics. Korean J. Food Preserv. 10: 175-181.

Collins MD, Jones D. 1979. Isoprenoid quinone composition as a
guide to the classification of sporolactobacillus and possibly
related bacteria. J. Appl. Bacteriol. 47:293-297.

Gee VL, Vasanthan T, Temelli F. 2007. Viscosity of model yogurt
systems enriched with barley B-glucan as influenced by starter
cultures. Int. Dairy J. 17: 1083-1088.

Hong OS, Ko YT. 1991. Study on preparation of yogurt from
milk and rice. Korean J. Food Sci. Technol. 23: 587-592.

Jeon BJ, Seok JS, Kwak HS. 2005. Physico-chemical properties of
Lactobacillus casei 00692 during fermenting for Liquid-type
yogurt. Korean J. Food Sci. Ani. Resour. 25: 226-231.

Jeong EJ, Bang BH. 2003. The effect on the quality of yogurt
added water extracted from sea tangle. Korean J. Food Nutr. 16:
66-71.

Jung GT, Ju 10. 1997. Studies on the preparation of yogurt from
milk added purple sweet potato powder. Korean J. Food & Nutr.
10: 457-461.

Kang GG Lee EH. 1997. Effect of sikhae on the quality of
yogurt. J. Agric. Res. Inst. (Chinju Nat Univ) 10: 105-109.

Kang YH, Park YK, Lee GD. 1996. The nitrite scavenging and
electron donating ability of phenolic compounds. Korea J. Food
Sci. Technol. 28: 232-239.



318 oA} - 7]

Kim HJ, Ko YT. 1990. Study in preparation of yogurt from milk
and soy protein. Korean J. Food Sci. Technol. 22:700-706.

Kim KH, Ko YT. 1993. 1993. The preparation of yogurt from
milk and cereals. Korean J. Food Sci. Technol. 25: 130-135.

Kim KH, Hwang HR, Jo JE, Lee SY, Kim NY, Yook HS. 2009.
Quality characteristics of yogurt prepared with flowering cherry
(Prunus serrulata L. var. spontanea Max. wils.) fruit powder
during storage. J. Korean Soc. Food Sci. Nutr. 38: 1229-1236.

Kim JW, Lee JY. 1997. Preparation and characteristics of yogurt
from milk added with box thom(Licium Chineses miller).
Korean J. Dairy Sci. 19: 189-200.

Kim SI, Ko SH, Lee YJ, Choi HY, Han YS. 2008. Antioxidant
activity of yogurt supplemented with red ginseng extract.
Korean J. Food Cookery Sci. 24: 358-366

Lee HJ, Pak HO, Lee JM. 2006. Fermentation properties of
yogurt added with rice bran. Korean J. Food Cookery Sci. 22:
488-494.

Lee JH, Hwang HJ. 2006. Quality characteristics of curd yogurt
with Rubus coreanum Miquel juice. Korean J. Culinary
Research 12: 195-205.

Lee MJ, Kim KS, Kim YK, Park JC, Kim HS, Choi JS, Kim KJ.
2013. Quality characteristics and antioxidant activity of yogurt
added with whole barley flour. Korean Soc. Food Sci. Technol.
45 in press.

Lee YJ, Kim SI, Han YS. 2008. Antioxidant activity and quality
characteristics of yogurt added yuza(citrus junos sieb ex tanaka)
extract. Korean J. Food & Nutr. 21: 135-142.

Paik JH, Ko YT. 1992. Effect of storage period of rice on quality
of rice added yogurt. Korean J. Food Sci. Technol. 24: 470-476.
Paik SH, Bae HC, Nam MS. 2004. Fermentation properties of
yogurt added with rice. J. Anim. Sci & Technol. 46: 667-676.
Saidi B, Warthesen JJ. 1989. Analysis and stability of orotic acid

in milk. J. Dairy Sci. 72: 2900-2905

Shin DH. 1989. A yogurt like product development from rice by
lactic acid bacteria. Korean J. Food Sci. Technol. 21: 686-690.

Shin YS, Lee SK, Kim DH. 1993. Studies on the preparation of
yogurt from milk and sweet potato or pumpkin. Korean J. Food
Sci. Technol. 25: 666-671.

Sung YM, Cho JR, Oh NS, Kim CK, In MJ. 2005. Preparation
and quality characteristics of curd yogurt added with chlorella.
Korean J. Soc. Appl. Biol. Chem. 48: 60-64.

Yang GH, Guan JJ, Wang JS, Yin HC, Qiao FD, Jia F. 2012.
Physicochemical and sensory characterization of ginger-juice
yogurt during fermentation. Food Sci. Biotechnol. 21: 1541-
1548.

Yu TJ, Lee JW. 1982. Studies in preparation of lactic acid fermen-
tation beverage from a malt syrup. Korean J. Food Sci. Technol.
14: 57-62.



