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Quality Characteristics of Yogurt prepared with Rice Bran
Streptococcus thermophilus and Lactobacillus casei

Sung-Moon Hong, Min-Seong Gu, Eui-Chun Chung, Pil-Gu Kang and Cheol-Hyun Kim’
College of Bio-Resources Science, Dankook University, Cheonan 330-714, Korea

Abstract

The present study was carried out to evaluate the preparation of the fermented milks with rice bran and to prove that
the bacteria used are necessary for providing amino acids in this process. The rice bran on fermented milk with Streptococcus
thermophilus (ST-bodyl) and Lactobacillus casei (LC-10). The fermentation limit was set until acidimetry score reaches 1.
There are reports of titratable acidity, pH, viable cell count and amounts of organic acids affecting amino acid production
about physical and chemical analysis measured using HPLC. Finally, sensory test was surveyed. In this study, the rate of
acidification was higher in the fermented milk with rice bran than in the common fermented milk. In case of the number
of cells was 1.0x10° CFU/mL in group. The lactic acid and citric acid content in yogurts prepared with rice bran using
Streptococcus thermophilus (ST-bodyl) and Lactobacillus casei (LC-10) was higher than that in the control yogurt. Amino
acids derived by rice bran were effected in fermentation for each bacteria's necessary amino acid production, and it made
bacteria growth larger. From the physical test of the fermented milk with rice bran, flavor, texture, sweetness, overall taste
of the fermented milk of Streptococcus thermophilus (ST-bodyl) were found to be much better than those of the other
groups. The results obtained for the fermented milk prepared with rice bran using Streptococcus thermophilus (ST-bodyl)
are significant.
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and Jeong, 2007), "2 (Lee et al., 2002) 52 7154 &2
o] H7tEl o7 FHo wEFEC] AL Ak

T A8 22 715 EEE oy, SEvEre] F AM=E 9 dHiH
29 & &3 ol doAAE v A AGAF
S ®A9 QlAo] MEAAHA olEE ol &F B THE 1. 4ER M=
2 AR Fol gk A37F AP Q)
] ZH(rice bran)o] & Fr]ol A Fujr] 2 ‘:7‘3’6‘}_ 4 o] 1) A8 a3 « o
A AN e A, 9, ST T wAEdES Tad, 07 M7 HER AXE Yl AR fFAATS F 23
u 73] FAAAELS Tl 12~16%, 2] o)Alf 20~25%, A O 2 Streptococcus thermophilus(ST-bodyl, Culture system,
A 16~22%0] (=2 FN Y, 2003), U7 FAE T USA)®} Lactobacillus casei(LC-10, Culture system, USA)E
Aste A ako]l &84k 43.8%, &4t 34.0%, SV EAE AREEFA AL, FI7Fel 7 AR Aol HubstAE Al Pt
16.4%%Z FA ] ATHE 5, 2004). °] &)l = tocotrienols, el 22 Ao 3l BEFolA 2ddgo] TAsE
oryzanols, beta-sitosterol, hemicellulose, beta-glucan <] & 2 15% ol3te] m7} F&ds A xste] wigatd
FAE-o] g5o] THPark er al., 2004). B =HE 6.4%
2] w7}l tocotrienol, & =4 & 8.0% = tocopherol®] 2) YR M=
Fol 7}” Egor, £44 A4art 84 9 LDL FH X~ 2HE fro] BjEH)E Table 13 23, ETFE 9642 60°C
HE &5 At 3% Avhy B8 tHPark et al., 2003). 2 72t Agte dRE 7k & 7403, 05, 1.0 2
t‘:ﬂ BA FE2E2 Hol¥A YA @3 (Nam and Kang, 2.0%(w/w) F=2 w7 —’F%Cﬂi < #H7bsk4th Water bath
1997), 2kt Ml 259} Ag 5o Al 2ol et aer 24 ol A A(95T, 20 min) F 40CE YZA7| 2, AFE ¢

(Choi et al., 2006), &2+3} a3 (Lai et al., 2009), B ol 2+ 4kt S, thermophilus(ST-body1)3} L. casei (LC-10)
S oA &d(Lee et al, 2001) H HF W A 24 = 37Tl A 33] Adiul et Fof] ARttt &2 A
(Choi et al., 2004) 5 theF3t Ae]2] 7150] oty B Z 3 "(120C, 20 min) AP T AL
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o] gt
Ha LTVl s A7 u 7k AAkERe] 40~60% 7tk 3) HSHAE WUER
WA SH=H), o] Foll A ok 20~30% HEro] fA] FEo AHE 0CE 7He3 T, 1%ww) 559 17 g9

B2 o]&HI, YHAIE= AR Y 714 EHIE o] &H I 3l < A7 stk Water bathoﬂ/\i AL‘\'_JL(95 C, 20 min)3 ¥
o] 857t ¢ W AHo|tHKim et al., 1997; Lee et 40CE Y72, dE Foll 2k 4kt S, thermophilus
al., 2006). Eg+ 7k theket Aye| @A ol gt Q14 o] (ST-bodyl), L. casei(LC-10) 0.07%(w/w)E HE3s T 40T
Zobgloll we} ofe] mFto] H7bE AlFol AxzHAS U 7 ol A HHAE 0.65~0.700] 2 wWi7tA] TE F Yz}

AES ol &3 TaAFol 488 A7E mug Aol 1 % 5T o]she] WA 4LZF BAF F A ALl
ololl ¥ Ao M= Lactobacillus casei(LC-10, Culture sys- A= et
tem, USA)$} Streptococcus thermophilus(ST-body1, Culture
system, USA) #55 ©]-&3dte] 7AL/te] n4k H7F daf 2. 4E R B4
2 WEo] ns g X ARk, 1) Aol €%
o] A A4 Ao Wk 714 % fope] 1) pH o HBME
3 Hgel #5574 54 5 wage] Fdol AL P P17 H7E BERe) pH 398 25Tl AR 30 g& v
Table 1. Ingredient composition of rice bran added yogurt
Raw milk (mL) Water (mL) Rice bran (g) Solution (mL) Total (mL)

Control 500 0 0 0 500

0.3% 4333 65.2 1.5 66.7 500

0.5% 4333 64.2 2.5 66.7 500

1.0% 433.3 61.7 5 66.7 500

2.0% 4333 56.7 10 66.7 500
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7ol Fol pH meter(Thermo, USA)E AME-3te] 4313
o). AAAEE APHA(1995)¢] Wel whe} AlE 9 mLol
S5 M7He H 0.1% phenolphtalein £ 2~3

[S) Eo o] o=
g A7Esta, 0.IN NaOHE A3t 1 ARFOE 7
st om 10417 B9 & 50470744 =469k pH 2

B!
@@&EQZ@L+ﬂEZﬂﬂHﬂ3mﬁzﬁﬁﬁl
=]

e 2

A& 1 mL% Fote]l B Aol ARl He s
3] 4 &t BCP plate count agar(Eiken Chmical Co. Ltd,
Japan)oﬂ FHIHOZ wlK37C, 72 hr)dle] YERd colony
€ CFUMLE YeRl A3, 10A17F @912 504 7H7HA]
AipsE 2SR AR A4 e 45 e 3 0

B A

3) R4 B4

F714F 22492 Bevilacqua$} Califano(1989)2] S o
At o3 o] Sssith BAEA R S mLE A

3tod 0.0085N H,SO4(Matsunoen Chem. Ltd., Japan) 25 mL
E Are &, Aol A 2417 WA = A4 21(4,000 rpm,
5 min)g—]_o:] /\Lzong §]£’:~3]_031;1r §]_/':5] /\]-z_on_q 1;}}\]
0.45 pm membrane filterZ & 73+ & HPLC(Model LC6A,
Shimazu Co., Japan)Z #4183t}

Table 2. Instrument and operating conditions of HPLC for the
analysis of organic acids

UV/Visible detector (Shimazu, Model SPD-6AYV,
Japen)

Column Amonex HPX-87H (Bio-Rad, U.S.A)
Mpbile phase 0.0085N H,SO4

0.6 mL/min

210 nm

Oven temp. 65T

Detector

Flow rate

Wavelength

Injection vol. 20

4) selofo| 4t

EF oM obH kAt EFEE

uLE F sty 24 A7 (Elga, Ltd., England)&

g Aozl & 960 pLE H7tated AREstlem™, R xR

SN2 g-aminobutyric acid(Sigma Chem. Co., US.A)E

0.IM HCI4 2.5 mMe] FE=2 H7tete] ZA 8t
FEotu ko] A2 = Liu(1994)2] AQC-precolumn

derivatization HOZ Th3} o] HAJSATE AR 5 ¢

(Pierce Co., U.S.A.)

Table 3. Instrument and operating conditions of HPLC for the analysis of free amino acid

Instrument Alliance M2690XE system (Waters, U.S.A.)

Detector Fluorscence (5 pL cell Vol.), Ex: 250 nm, Em: 390 nm

Colummn AQC-TagCis, 3.9x150 mm (Waters, U.S.A.)

Mobile phase A: AQC-Tag eluent concentrate A, 100 mL:900 mL(v/v) B: 60% acetonitrile(v/v)

Oven temp. 37C

Flow rate 1 mL/min

Injection vol. 5 uL

Time (min) Flow rate (%) A .
B Initial

1 100 0.50
1 98 15.00
1 93 7 19.00

Gradient table 1 90 10 32.00
1 67 33 33.00
1 67 33 34.00
1 0 100 37.00
1 0 100 38.00
1 100 0 40.00
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o 7 5 mLE 7K & E3dol 1 g€ sulphosalicylic 12 -
acid& 7heta, 4°C°ﬂ A 1AIZE A EE 5 AR 21(1,940
rpm, 15 min)¢t § T A NS 0.45 pm filter2 o 23} S "
Felobrlmat AR AER AgSGOM, AR FEA  Zos

3= Millipore(U.S.A.)<] 6-aminoqu inoly-N-hydroysuccinimidyl s 0.6 :g(;rg;: :
carbamate(AQC), 0.2 M borate buffer 3! DNA-grade acetonitrile % 0.50%
2 AE FEA S Ak kits FYet AR, 5 B —1%
A A2kl AQCs= acetonitrile 1 mLE #7138 & 714(55C, & 0.2 2%
10 min)als &8lale] AFEaATh % EE L9 40 ul
Qr ofu A 3 £ 40 Lol £ 920 uLE H71e &9 0 0 10 20 30 40 50

10 pL F3ted 0.2 M borate buffer 70 pLE H7Fsk & Time (hr)

7b 2 3613, o) 7)o AQC &9 20 uLE 7 ¥ Fig. 1. Changes of titratable acidity in rice bran added yogurt

A 187 WA ST, 7FE(55C, 10 min)dt T 245 with Streptococcus thermophilus (ST-bodyl).

, HPLC X712 Table 3¢ el whe} 7o),

@ w4 o
o o B —
o

u:

S. thermophilus(ST-bodyl) @] 7%, 44 T o<
5

5) ZHSZA} Ae7b A LA Ses F5T F Utk S. thermophilus

ARNET} 0.70%S) HEFE 5T oahe] WATola) 4  (ST-bodyl)elle] Hgattes mzdel A7t Fleol wet 2%
A7 WARD T 30w AAROZ Fu|(flavor), T AHEe] WstE 7Hg AA UEbstth pHe Table 40 WERd
(sweetness), £=Bk(bittermess), Z=2] ZH(texture), ZAA A< 5t vpe} Zrow], Ajzte] AadrE fadhs e Btk
(overall taste)®] 71550 D& &Rl We} AeANE L. casei(LC-10) #5-2] LR A2 A 5P 53]
AAEtgen, A= SAS programs ©]€38te] Duncan's A= Fig. 20 vebd vhe o Lo casei(LC-10)°] 7%,
multiple range testZ 259l o] S 7gahATh 10AZEZAA = 1% 2% A WhEs] ATE7E 2242k, 304

ZHEE 0.5%4 FEAAA ATt SEhe Ae #lE

1. pH & HEAME

_ S
Streptococcus thermophilus(ST-bodyl) T2 & A i
Z A QAT $29] AF= Fig. 1o Ve nlet 7]'01 g ——Control
0N AR = AARAETE WEA LEty, O FEE P ~=-0.30%
Zuko] wls) Lol AEt Lok RS FAY Sl F Do
. c
Atk A% 077K 1%9 2%l M 10417 o] el =g = —2%
SR, U AL Aol 20417 o] EdstE RS
PRI & Stk =79 A5, AdT APEVE Hol& 0 ‘ ‘ ‘ !
_ 0 10 20 30 40 50
AN B AAAAEE FA F7HEA e Ae &9 Time (hr)
2 7 AT 2T e A elA AR 08 o) At Fig. 2. Changes of titratable acidity in rice bran added yogurt
T9 ZUF #4353 Fe AL AT F Aok uEpA with Lactobacillus casei (LC-10).

Table 4. Changes of pH during fermentation in rice bran added yogurt with Streptococcus thermophilus (ST-bodyl)

Time 0 hr 10 hr 20 hr 30 hr 40 hr 50 hr
Control 6.54 4.85 4.58 4.45 4.42 4.35
0.3% 6.61 4.81 4.51 4.42 4.37 4.28
0.5% 6.59 4.84 4.54 4.43 4.39 4.31
1.0% 6.56 4.81 4.57 4.44 4.40 4.34

2.0% 6.53 4.75 4.60 4.52 4.49 4.40
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Table 5. Changes of pH during fermentation in rice bran added yogurt with Lactobacillus casei (LC-10)
Time 0 hr 10 hr 20 hr 30 hr 40 hr 50 hr
Control 6.59 6.49 6.16 5.69 5.37 4.77
0.3% 6.62 6.49 5.73 4.84 4.13 4.01
0.5% 6.60 6.49 5.84 5.04 4.47 4.10
1% 6.57 6.47 5.69 4.72 4.25 3.94
2% 6.54 6.37 5.54 4.86 4.25 4.00
% 9tk 0.5%9} 29%7h 14 WEA AE 109 Eeelgl 0
O, 0.5%A T AETh mEA Lt AoR F5 E
Arh R A, AEsk B LI AL BAY Zs
T AL, S. thermophilus(ST-bodyl)ell B3| A= o Z=+<} ;o‘; e Control
AzlTe] 7ozl ela] e, 2o e
pHE Table 50 VR vle} ow, A7) Aass & 020
ST-bodyl3} EalA &3] Haste 4TS AT Bt o
€
A2 s} - |
S. thermophilus(ST-body1)S HE s dAFolAE Fig 0 10 20 30 40 50
Time (hr)

33 7ro], Alzko] FrhRkel weEl thREek Aol BA
3-;’101 A7) 1.2x10° CFU/MLE B8k 7 gk AT
< eIl on, v7ke] shel mE 2poldS HAT 4 9l
/\)\E]‘.
L. casei(LC-10)2] 73-%-, S. thermophilus(ST-bodyl)<} 7+

= A7l ti7lo] =kl oM, Fig. 404 Hol& uhe}
7ol w7}k gy xg;L_r,] ol 7} H)7po] MO SRR w=o
ABSE WS £ DET W 012 B A2
Fold 1l o Wl R A FR1E S s
3. 7oA
9 .
E
g
= ——Control
z7 -=0.30%
2 0.50%
© %
% ) ﬁr].‘:70
Se —2%
=
=
5 T B
0 10 20 30 40 50
Time (hr)

Fig. 3. Changes of viable cell counts during fermentation in
rice bran added yogurt with Streptococcus thermophilus

(ST-body1).

Fig. 4. Changes of viable cell counts during fermentation in

rice bran added yogurt with Lactobacillus casei (LC-10).
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2 BaFo AYAETE 0.7%° =
93t AS o] f714 E49 g HPLC chromatogram=
Fig. 59 722° ™, formic acid, lactic acid, citric acid®] &F
S Table 637} 7t} ST-bodyle] 7%, x99 AHel+ &
5+ formic acid®} acetic acid7} El1EA] ¥k, LC-102]
A9 2+ A2+ EF lactic acid¥ YElG T ZE @
BHAAEY {7148 & AolE B F giSlth

ST-bodyl #FE AFE-3 @a Al WA E = aspartic acid,
glutamic acid, arginine, methionine, lysine®} 722 2 o}ln
Abell thgk S A= Fig. 5~991 YER Atk Glutamic acid
9} arginine, methionine®] A+t At A, pHe S4 43
o} FALSE A3 342 BAtk 1 S X% glutamic acid7} 7}
A FA o]l Ao Ao E YEl ) Glutamic acids= 0A] 7Hll
A 10X 7W74A] 1 ko] Z718th7) ST-bodyl & th=7] 2
A A o] EAZIEE AJARE T %ko] FojBEE AL &
T ARt o|Z v Fo] E o glutamic acid”7} ST-bodyl

o 4 R AR T IFE vIAE RS L 5 AA

o]}t &
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Table 6. Organic acids concentration in yogurt fermented with rice bran

Lactic acid

Concentration of the organic acid (ppm)

bacteria Formic acid Lactic acid Acetic acid Citric acid
. A ND? 3.057 ND 4.308
ST-body1" .
B ND 3.056 ND 4299
, A ND 3.084 ND ND
LC-10?
B ND 3.066 ND ND
Y Streptococcus thermophilus (ST-bodyl)
D Lactobacillus casei (LC-10)
3 Control
? Yogurt added with rice bran
% Not detected
25
20
2 ——Control 2 15 ——Control
= -=-0.30% 5 —=-0.30%
= 0.50% 20 0.50%
6 1% ——1%
4 e% 5 —2%
2
0 ; : : 0 ; ; ; ; ‘
0 10 20 30 40 50 0 10 20 30 40 50
Time (hr) Time (hr)

Fig. 5. Utilization of aspartic acid from rice bran added yogurt
for Streptococcus thermophilus (ST-bodyl).

——Control
-=—0.30%
0.50%
1%
—2%

¢} 10 20 30 40 50
Time (hr)

Fig. 6. Utilization of glutamic acid from rice bran added
yogurt for Streptococcus thermophilus (ST-bodyl).

L. casei(LC-10) 7TE AM&3 #& Al A== aspartic
acid, glutamic acid, arginine, methionine, lysine3} 72
frelotu i ite] gt S A 7= Fig. 10~140] YERH S
o} oAt SR AR LC-109) A=A FAFsHA

Fig. 7. Utilization of arginine from rice bran added yogurt for
Streptococcus thermophilus (ST-bodyl).

5
E
4 4
3.5 -
3 .
g‘ 25 | ——Control
b, ) —=0.30%
=2 0.50%
1.5 4 1%
0.5 IN._,_,_-_.—_.
4
0 T , T : :
0 10 20 30 40 50
Time (hr)

Fig. 8. Utilization of methionine from rice bran added yogurt
for Streptococcus thermophilus (ST-bodyl).

methionine 7} lysine®] FHeFo] UebeES g1 4 AATh &=
St aspartic acid= @7t S 7Fstol| whE} o] Frtele
S YeR Tt o] v F o] E uf aspartic acid”} LC-10
o Aol e AAVE Aes FAY F AAgTh

0.
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4 30
3.5
3 4
2.5 -
E‘ ——Control ——Control
5 2 =0.30% -=0.30%
“1s- ,; ~-0.50% ~0.50%
T T~ e -1 —1%
1 /—_——‘ ——2% ——2%
0.5 7 - ——u
0 - : : : Y 0 T T T . )
0 10 20 30 40 50 0 10 20 30 40 50
Time (hr) Time (hr)
Fig. 9. Utilization of lysine from rice bran added yogurt for Fig. 12. Utilization of arginine from rice bran added yogurt
Streptococcus thermophilus (ST-bodyl). for Lactobacillus casei (LC-10).
16 4 57
4.5 4
4 )
3.5 1
E‘ ——Control E 3 ——Control
= —=0.30% $25 —=-0.30%
= ~0.50% o =0.50%
*é% 1.5 ¢/A/"'\ //A\M *}%
——2% 1 \\ / ——2%
0 ‘ ; ; ‘ 0 : : : : ‘
0 10 20 30 40 50 0 10 20 30 40 50
Time (hr) Time (hr)
Fig. 10. Utilization of aspartic acid from rice bran added Fig. 13. Utilization of methionine from rice bran added yogurt
yogurt for Lactobacillus casei (LC-10). for Lactobacillus casei (LC-10).
4
3.5
——Control E ——Control
~=-0.30% 5 —0.30%
~0.50% T, —0.50%
—1% —1%
-0, 1 ——90q,
2 0.5
0 T T T T T 1 O T T T T T 1
0 10 20 30 40 50 0 10 20 30 40 50
Time (hr) Time (hr)
Fig. 11. Utilization of glutamic acid from rice bran added Fig. 14. Utilization of lysine from rice bran added yogurt for
yogurt for Lactobacillus casei (LC-10). Lactobacillus casei (LC-10).
4. BsHA LC-10 52 H7tetdle 4571 7P rstla, &5t
n7E A7bsta #FE gElste] Alxd Ha R s A AQlT P, gl AAHL B B v)E et
AAL A= Table 7 2 Fig. 159 2ok 2afo] &9 A & xR, 8T 2% 5 ST-bodyl €]
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Table 7. Sensory analysis data of yogurt

Lactic acid bacteria Flavor Sweetness Bitterness Texture Overall taste
ST-bodvl! AV 5.85° 5.70° 1.15¢ 3.75% 5.85°
-DO
Y BY 5.05° 4.60° 2.35¢ 4.40° 4.65°
. A 2.95¢ 2.40° 4.65" 2.95° 2.30%
LC-10? | " b
B 2.20 1.90 4.95° 2.70 1.85°

Y Streptococcus thermophilus (ST-bodyl)
Y Lactobacillus casei (LC-10)

) Control

Y Yogurt added with rice bran

R T Aol = aspartic acid7} 2 E BAE B o™, LC-102
j 2E Al methionine®] 20~30A17F 7ol 7Haslthrt St
N 6 Srvcetness 5 Swestness = Z %9 Z Hol methionineS & A] o] L3}, A ABALS}
= Al F5Hn. A A3 AEEE ST-bodyl €]
T { e Tece /e v7el EA fF-ol BAglel -Fokdth
L-Casel contecl LCasei
e dAle| 2
Oveall Overall
e poee w2 2 A7E AABALRE VA EAFUe) A
qEFAALANPCR FPE APATIU,
Testure 1 S Binemess Testure 3 3 Bitiemess
Fig. 15. Sensory analysis data of yogurt. 7,-§!'_T'_—E-;._
32 H7e9e A7) A $Sskach 1. Bang, B. H. and Jeong, E. J. 2007. A study on manu-
g go Aubzol NELt BE F3d ulg 2 xjo) facturing black soybean yoghurt. Korean J. Food &
2 RYoH, ANAOR MIEr} 4% ST-bodyl T Nutr. 20:289-294.
9] LC-10S HE FFE AFEs 2a s A n7t A 2. Bevilacqua, A. E. and Califano, A. N. 1989. Determi-
7F A e Yo NS T E Btk #3o) uak Has A nation of organic acids in dairy products by high per-
359 = o|7} YL Folg 2= 9lgin) formance lipuid chromatography. J. Food Sci. 54:1076-
1079.
Q C%k 3. Cho, Y. S., Kim, S. I. and Han, Y. S. 2008. Effect of
slander glasswort extract yogurt on quality during storage.
B AHe BAAS wFgAEY o]ty APLE #F2 Korean J. Cookery Sci. 24(2):212-221.
Streptococcus thermophilus(ST-bodyl), Lactobacillus casei 4. Choi, H. L, Ye, E. J., Kim, S. J., Bae, M. J., Yee, S.
(LC-10)2 o] &3t HaF5 Axs, TEAAZ 7 3o T., Park, E. J. and Park, E. M. 2006. Anticancer (in
wg} AL, FAES, 74 2, FEobu| Ak 24, vitro) and antiallergy effects of rice bran extracts. J.
HBFAAE S ST-bodyl S 2T7-9F A+ EF Korean Soc. Food Sci. Nutr. 35:1297.
g 3A 7o FA 5 Aot 718k Tk SRR LC-10 5. Choi, S. P., Kang, M. Y. and Nam, S. H. 2004. Inhi-
o Are] Zy}Zo] IR ol 2447 HEE ST AR bitory activity of the extracts from the pigmented rice
7} 0.5% S 9A &gt 459 Adgs 2 A9 brans on inflammatory reactions. J. Korean Soc. Appl.
T B ulek 24A)17F E9F BElsk AdE ¢lo] 10°~10° CFU/ Biol. Chem. 47:222.
mL Aol 2 A3ttt 5714 2 Sgolu At 24 A3} 6. Gilliland, S. E. 1989. Acidopilus milk products: A review

ST-bodyl A7 % AJ&Fo|= glutamic acid”} LC-10 A3 & of potential benefits to consumers. J. Dairy Sci. 72:
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