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Characterization of Fermented Rice-Bran Using
the Lactic Acid Bacteria Weissella koreensis DB1 Derived from Kimchi

Song Hee Moon - So Yeong Mun - Hae Choon Chang’
Dept. of Food and Nutrition, Kimchi Research Center, Chosun University, Gwangju, Korea

ABSTRACT

Rice—bran contains many useful bioactive substances, yet most rice—bran is used for animal
feed or compost. In this study, rice—bran was fermented by using Weissella koreensis DB1, which
was isolated from kimchi. Twenty percent of rice—bran supplemented with 1% glucose and 1%
arginine was fermented at 30°C for 2 days. After fermentation, 1.4x10® CFU/g of viable lactic
acid bacteria (LAB) was detected. The pH and acidity of the fermented rice—bran were pH
6.6 and 0.40%, respectively. Thereafter, the fermented rice—bran was hot—air dried (55°C) for
12 hr. The hot—air dried fermented rice—bran was ground up using a miller. On the free sugar
analysis, sucrose was only detected from the rice—bran and all the glucose content supplemented
into the rice=bran for fermentation totally disappeared after fermentation. Lactic acid (22,918.65
mg/kg) and acetic acid (25,773.54 mg/kg) were produced during the rice—bran fermentation.
Nine-kinds of fatty acids were detected from unprocessed rice—bran as well as the fermented
rice—bran; oleic acid and linoleic acid were detected at the highest amount (63.21~69.90 mg/g
each). However, any changes of the amounts and fatty acids’ composition were not observed.
On the free amino acid analysis, the supplemented arginine was converted into citrulline (3,199.46
mg/kg) and ornithine (8,446.78 mg/kg). The results of this study suggest that the fermented
rice—bran containing a high content of ornithine can be a stellar candidate as high—value, tasty
food for human consumption.
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L A&

HZ (rice-bran)o|& @An]ollx] Jln]|2 EA5=
HAolM A7) Ho, T, 37F T B4 sE
S Wb, vk el 12~16%, 2ol 20~25%,
AA 16~22%6%2 TAEIYTHGu et al, 2018). A A
oz & AR 79 70007 Eol ol2r I HE
o] F8 FEof et A2 =AY T & T
10% oPdo] mlos Akl glom wgd rlke
U - 9] ¢IZF 8,700%F Eof Eslth(Korean National
Statistical Office 2019). W72 hald 271 2wt
2k 2ol £ FoE AE, I ¢ ok 2K
o A&d F e F2 Aol A =8 5
g W Qo] lipasest HEEHWA A== Aol
(rancidity) 2} P17 W 2elidfre] dashd 5o 54
o2 A% 2kelel Ag=Ed eV dtk(Barnes &
Galliard 1991; Champagne et al. 1992).

22 s 2n A 2015 2APE Tl whad
Aol QA o] 8EL 20.6%E 1147] 2F I8 5
oA SHAZ o, 2013 tiu] 1.1% S7FskSich
AR o] §E2 WA (39.6%), A 2E(33.8%),
A H(25.6%), 2M2(23.5%), 2H20.6%) =& <
AR o™ & old F8 VHEEL SAEH HFE
F29.2%), BF(21.9%), Lut 37 7F35F7(15.8%),
FFH14.6%) =02 FRIEITHMinistry of Agriculture,
2015). &, 2 o83k SAAF - Ao HERA £
Shel S 2nAPe] 739 2014 71 AmiAl
TR 20110l Hls] 1.5u] o Ax oM, 20150
12,0009 & dold Zlog AdEict, AlzAPE
g A EE 20159 A7) 7Eo R gAIYA
FHA0] 66.4%, QF7] 25.4%, FA) 7.6% o7 el
It Korea Agro-Fisheries & Food Trade Corporation
2015),

ol o we B4 F&s B 25 HeS
100%= 3hds w ¥iw] 72,0%, W7 8.0067F YA
o YA BAERE ke W AAIFeE oF 1% A=

Rto] nPdf 5 Aol oF8-EAL 9% ool Al' T&

2 20|31 ¢JtH(Rural Development Administration
2012). o] zmje} oA AER WAsheE v
B oeRgh widzkesrel A f 1 2gakte] 8
sjo]2lrt,

4 Vs 84
i g

SOl v7s a2 HrEk AlE

pul

&
I\
ol
£
(et
op
e
N
o
=
N
tlo
N
2
f

il

[e]
, 71EF W - A
o] AUthLee et al.

Jo o
[
-
tlo
ot
o
e
N
o HH

2006). W]7olli= y:oryzanol, tocopherol, Zsitosterol,
ferulic acid, phytic acid, arabinoxylan %-2] A=2]&4d
o] glon, o] e vty dilslks, FaL
s, s, WSS, IS T 7ol
Qoka B =3 QItk(Xu et al, 2001; Kikuzaki et al,
2002; Suzuki et al, 2002; Basker et al, 2010; Han
et al, 2012; Kozuka et al, 2012; Son et al. 2012).
ole} o] mite] vheaket g d gt tigh <l2jo]
ool wet vt nPdAIEe] JPEEaL Qv 18
U nPdS FUER wasket o 7 71 ol
20| 9)lo] bioconversion 7|& AE7} o] &5 gl
Aol mES o] &3 nPPE R A E gk A
= "n]gk AAo]tHong et al, 2015).

olof] & Arolrde vde v A vidEEE
of olgo] opd wdel 7|5/ frikits #83te] AR
AR PP ARG JEekaL O S48 2AkekaAt
313l
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1. Mz & 7

B AgoA ARgE v A LA (Suwon,
Korea) 0.8 298] 7] 97 olule] Al 17
< sEol ARgSRGIT 1 9] Al AR
Al2k8- Sigma-Aldrich Co. (St, Louis, MO, USA) A
= AR R wee AR EE 2ed o=y
el A5 Weissella koreensis DB1(Mun & Chang,

i

o

2019)& deMan Rogosa and Sharpe(MRS; Difco,
Sparks, MD, USA) HAul|#]ol] HF3}e] 30T ol|A] 24



4X| Rt Weissella koreensis DB1S &%t OIALS=2 E4 #H 545

AR B9 vjFEte] AHgIgct,

2. 480id MxE

MRS(Difco) HAMRA] A vjFe F-2lt vl
AA B2)(10,000 X g, 4T, 15 min)a}
T, "SR d8AA v dEe il
shsdet. w7 20 goll 33} 2R 80 mLE Frlsia
1%(w/v) glucose®} 1% arginined 718k & 121
A 1587 19 Easklct, 1y dvE sk
o] Fu|E 2t W, koreensis DB1 52 1.0 X
10° CFU/g o 2 %3te] 30Tl 297k was gt
g & uPiataEe §Re<57|(HB-105SP, Hanbaek,
Korea)ollA] 55C, 12A17F F<t SF =313t &%
Azt gud AxES B371(BW-3000, Boowon,

shel wasishoict.

£
B
I

I
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Korea)& A

3. £, pH ¥ MEo| 5%

55
15 mLg 71afe] SAlaln olg wazl ojlas)
o} ojFol S EASFRTE OA A% & MRS A
Wl R](1.5% agar, w/v)oll =ale] 30C oA 24
% F A5H Phe Adsiel T SH90
(Chang & Chang 2010). pH, 2F=9] &3S 9fs}a]
PR ES Er AR o3 F Ao ARS8
o}, pHe} AF== pH meter(54X002630, Fisher Science
Education, Harnover Park, IL, USA)S AR5l =3
Shdck Ak ontel 10 mL& 0.1 N NaOH §9jo2
=7g3te] pH 8,30l e wf7hA] AR 0.1 N NaOH
ZR)FH(mL)S 73F F F A= (total acidity, %(w/w))

Z AxksckMoon et al, 2015).
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j=r)
=

AR, 2R BT EEE o8] 27t

Bie s

1 = Lt
IRksESIL), 1§ Hoizl AFS S 0.2 pm regenerated
cellulose membrane filter(Sartorius, Germany)& &
IAA BE T2 A7skL Al ARSsEItHKIm
et al, 2016), AHF B8 $18Fe] AlF ol methanol

: benzene : 2,2-dimethoxypropane : H,SO; = 39 :
20 05 1 2(v/v)E ZAE 8N 340 L9} heptane 200
ME 7F81aL S5 - 80T oM 2ARE 33t F=E3130
o] F Lol WA F 5

A8t Garcés & Mancha 1993).
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2) FE9 2 fU1F 24
FeEld 2 7R EAE flete] BeEol] Al e A
] Al§Z HPLC(Ultimate 3000, Thermo Scientific
Dionex, Sunnyvale, CA, USA)E £X3190c}, faeld &

il

24 Al AHL Sugar-pak column(300%6,5 mm, Waters,
Milford, MA, USA)S ARg3lGon A 0B ex= 7
0CE frABIICE &rkie S74E 0.5 ml/min®] <
o2 ZERlal AE7e 248F 7E71(hodex RI-101,
Shodex, Japan)& ARSFICE. 7 14E 2442 Aminex
87H column(300x10 mm, Bio-Rad, Hercules, CA, USA)
< AMgEtlom Ayl 0F 2% 40CE AR
O]F L 0.01 N HS0:& F45 0.5 ml/min®] f&0 %
ARBEIA. HEV e 28E AE7(RefractoMAX520,
ERC, Japan)E AFE3FIEKRichmond et al, 1981; Moon
et al, 2018),
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mmx0,25 mmx0.25 #m, Agilent)E ARE3}IACE H4
278 282 50T 187 FA8 F 130C7HA|
15C/min £52, 170C7}4] 8C/ming] £=2 &3
% 215C7HA] 2C/min =2 28 215ColA 10827t
FA15}3}. Carrer gas® Hed 4 mL/min® & E8F
Rem HE7le Bl 23hE71(280T, H, 35 ml/
min, Air 350 mL/min, He 35 mL/min)& A3}k
(Garcés & Mancha, 1993).

4) frEot| At 24

A A|82] olr|eAke OPA(O-phthalaldehyde)-
FMOC(fluorenylmethyl chloroformate) =43}
HPLC(Thermo Scientific Dionex) 2 F243}3it}, AR
AHL Inno C18 column(4.6x150 mm, 5 #m, Youngjin
Biochrom, Korea)o|H] o] uf] A3 9B 2-= 40TCE
B} o572 40 mM sodium phosphate(pH 7.0)
ALAT} water : methanol = 10 : 45
45E E9hE BES ARSSESIT Tl AgY
P BEANOR 0~243E0 95 1 5(v/v, %)ollX] 24~2530]]
45 1 55, 23~34.5%0]] 20 : 80, 34.5%F-HE 95 : 52
A7gstel 1.5 m/min®] 0 2 BAS Al3}sit)
AZ7e A AZ7IeF B3 AE7](Agilent 1260
infinity FL detector, Agilent)S AME3FATHMoon et
al, 2018).

acetonitrile :

6. SAXE

SPSS 23.0 statistics ZZ1Z(SPSS Inc., Chicago,
IL, USA)E o]83te] Hetat FFdxE F3ksitt. +
A& 7F fold AL E7 rtest(independent £test)

= AT,

e dEee] dwbdEs BAS AdE
Table 1¢]] VEPHRACE w)7te] 23He 10.84%,
B 8.96%, FAIG 12.34%, ZTHW 14,060%, ZA]
20.28%2 VR SEn) e R 7.06%,
BE 9.91%, 2 14.37%, 9 22.73%, A
18.73%= WepT), rande] ghgo] nltEch
S et ol dEnde v e & 9%
e Ao " nFET} o] vk el
H A2 Alg, ool wleh 23, 244§
wanpge] tha e o AEd Fow oA
o} F, ZFe] Wishs 7] glANt 4
Zof| oJ3f) Hrt o] z1zw|e] o]e} e Ay} vpehd
Aoz oAz, wam| ol Zrhile
o} oF 168l EA AEES= ol v HE Al 1%

=

arginine 7}ol] W2 A= AlFECH

fo B

o=

PN
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o
1
o
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Table 1. Approximate composition of rice—bran
and fermented rice—bran

Content Rice—bran E::T;;e:
Moisture (%) 10.84 + 0.04"Y  7.06 + 0.02
Crude ash (%) 8.96 + 0.09" 9.91 + 0.02
Crude fiber (%)  12.34 + 0.62" 14.37 + 0.39
Crude protein (%) 14.06 + 009" 2273 + 0.11
Crude fat (%) 20.28 + 0.40° 18.73 + 0.14

Y Significant at "p<0.05 and ~"p<0.001

2. 3=, pH & M

N7 g F8 F fARS 1.4x10° CFU/gel At
= Jehldet. olule] pHE 6.61, AHEE 0,400
Jehigleh, 98 u7e pH 6,743 AH% 0.18%2 Y
BRI Wl 1% arginines H7FHH 97143
arginine®] 5-/g0) ofaf vt W FHEC] pHE Tha
7k pH 6,828 YERSIEHdata not shown), 1
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e} o]5 kel fakr W) AE F R A
Fol whe 2k AHoR A% vuEgel pH

6.613 A% 0.40%E JERNQTHTable 2).

Table 2. LAB counts, pH and acidity of rice-
bran and fermented rice—bran

Content Rice—bran Ffermented

rice—bran

LAB counts (CFU/g) n.dV 1.4x10°
pH 674 + 020 661 * 0.12
Acidity (%) 0.18 + 0.06" 0.40 + 0.04

Y n.d: not detected
2 Significant at "p<0.001

=
[S)

3. #&

3o

FEF BEEE 5 (suarose, glucose, fructose, mannitol,
sorbito) & ARESH B ollA] w]FdellM= sucroseRt 7
ZHAT. vt BRE fJste] 2 ATexe 1%
glucose & F7FakSdrt. ofol] Table 3¢il4] m7dellA] 7
Z4 glucose= 1% glucose F7} Aoll= AEE A ¢
QAL 1% glucose 7} F-oll= 42,205.30 mg/kg HET
Ak, wandelA sucrosex WY Aol FLgH oF
o] HEH L glucoser= HEHA| FUTHTable 3). =,

W, koreensis DB10] 1|7 W sucrosei= 72| thAHA]

Table 3. Free sugar contents of rice—bran and
LAB-fermented rice—bran

unit: mg/kg
Content Rice—bran Fermented rice-bran
Sucrose 99,216.13 + 3,153.12 97,082.31 + 3,004.57

n.d?

Glucose 41> 20530 + 7623967 nd
Fructose n.d n.d
Mannitol n.d n.d
Sorbitol n.d n.d

Total 99,216.13 £ 3,153.12 97,082.31 + 3,004.57

) n.d: not detected

1

2 Glucose was not detected from rice=bran. The detected
glucose from the rice—bran came from the added
1% glucose.

E3la H7HE 1% glucose= B olUA] thAlZ 471
a28S o & ek of i el AHEE W,
koreensise sucroser= HAFSHA] S-3H0= B (Lee et

al. 2002)9} YX|3l= Aot}

S
Wk W n] 7ol A lactic acid 22,918.65 mg/kget
acetic acid 25,773.54 mg/kg7} A& = cH Table 4).
W, koreensis= heterofermentative type -2kHto|t}
(Lee et al. 2002). o]ell & AgrollM] W, koreensis DB1
o] glucoseZ thAFs}e] lactic acid®} acetic acidE 72
11 HEE AL s & 7 ok

n|7t 2 vk n7dolla myristic acid, palmitic acid,
stearic acid, oleic acid, linoleic acid, arachidic acid,
eicosenoic acid, behenic acid & & 9%¢] R|Wxito]
A=EJt. A= ZAAF = oleic acid9} linoleic
acid7} 71 E71(63.21~69.90 mg/g) AEHAOH 1
oS 402 palmitic acid’} 7HEEC ™ myristic
acid®} behenic acid7} 7F% 22 &=k0.51~0.91
mg/g) 02 HEEA Bt 2J8) oleic acidite] <F
T Z2HRIAL v 8F] ApRate] ke a) wf
2} frejulgk 2tol7h UehbA] e3giet, =, 8 d el of3)

A 0] Aol MR eS¢ Uch

Table 4. Free organic acid contents of rice—
bran and LAB-fermented rice—bran

unit: mg/kg
Content Rice-bran Fermented rice—bran
Lactic acid n.d 22,918.65 + 1,054.67
Acetic acid n.d 25,773.54 £ 929.88
Total n.d 48,692.19 + 1,976.36

Y n.d: not detected
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Table 5. Fatty acid contents of rice-bran and
LAB-fermented rice—bran

unit: mg/g

Content Rice—bran Férmented

rice=bran
Myrisitic acid 0.54 + 0.02 0.51 = 0.03
Palmitic acid 29.92 + 3.32 29.43 + 0.43
Stearic acid 2.83 + 0.24 275 + 0.07
Oleic acid 69.90 + 0.66"Y 6592 + 1.02
Linoleic acid 66.49 + 4.47 63.21 + 1.60
a ~Linolenic acid 242 £ 0.36 240 £ 0.11
Arachidic acid 1.07 £ 0.02 1.02 = 0.02
Eicosenoic acid 1.04 £+ 0.01 1.01 £ 0.03
Behenic acid 0.91 + 0.06 0.87 + 0.05
Lignoceric acid 1.86 + 0.08 1.75 + 0.08
Total 176.98 + 8.42 168.87 = 2.77

Y Significant at "p<0.05 and ~p<0.01

5. Rclotn| =it

nga dange] fejopr|nt gk B4
tHTable 6). Mol 5 498167 mg/kge] Frejek
u=Ake] AEHT A8 v WellAE omithine
7.19 mg/kg, citrulline 17.01 mg/kg, arginine>
257.46 mg/kg HEHAE A5 7ol 1% arginine
b 5 A A e 39,394.44 mg/kge]
arginineo] AZHIILY,

dlgn)go M= arginineo] 31,427.92 mg/kg,
citrulline2 3,199.46 mg/kg, orithine2 8,446,78
mg/kgl & AZHITE. W, koreensis DB1S B 53
W, koreensis §2Vi-S T30l ule) xlol= QA|RE A
of ve] @57 omithine AL 2 4 AHMun
& Chang 2017). o= W, koreensis St T59]

Table 6. Free amino acid contents of rice-bran and LAB-fermented rice—bran

unit: mg/kg

Content Rice—bran Fermented rice-bran
Aspartic acid 864.51 + 80.44 1,058.06 + 65.25
Glutamic acid 1,629.00 + 251.05 1,740.97 + 135.98
Asparagine 551.39 + 73.18 582.18 + 15.70
Serine 150.70 + 32.43 209.09 + 7.62
Glutamine 57.87 + 19.70 n.d?

Histidine 93.03 + 44.67 138.21 + 17.58
Glycine 80.80 + 18.99" 208.04 + 0.06
Threonine 75.54 + 25.04 89.17 + 1.04
Citrulline 17.01 + 19.90 3,199.46 + 542.27
Arginine 257.46 + 71.277(39,394.44 + 1,296.047)% 31,427.92 + 588.85
Alanine 325.02 + 38.13" 471.18 + 11.13
GABA 190.32 + 120.92° 562.47 + 16.85
Tyrosine 59.39 + 20.93 66.29 + 4.99
Valine 66.51 + 25.96 89.40 + 2.21
Methionine 15.86 + 11.48 11.70 + 3.59
Tryptophane 95.45 + 12.80 203.72 + 288.10
Phenylalanine 21.83 + 24.16 36.24 + 23.62
Isoleucine 29.98 + 14.28 23.87 + 2.87
Ornithine 7.19 + 5.40" 8,446.78 + 420.47
Leucine 36.26 + 27.25 19.09 + 0.91
Lysine 69.29 + 22.01 84.17 + 7.17
Proline 304.27 + 109.79 402.66 + 176.39
Total 4,981.67 + 77472 49,070.63 + 2,175.36

D Significant at p<0.05, ~ p<0.01 and ~ p<0.001
2 n.d: not detected

% Rice-bran fermentation condition: 20% rice—bran + 1% arginine + 1% glucose; 257.46 mg/kg and 39,394.44
mg/kg of arginine were detected from rice—bran and the rice-bran supplemented with 1% arginine, respectively
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A A ollA  argininedl A citrulline 2 2 3| He=
arginine deiminase$} citrulline®l|4] ornithine© & 2
3} %)= ornithine carbamoyltransferase”} &aj&o] f
HE B} thlee et al. 2012). B AFolA] W,
e A H7HE arginine s thARshe]
citrulline?} ornithine© 2 AZIAZL & 4 Tt
(Table 6). Ornithine2 AAZ 22 Hu|E Zx5}4]
g, 2549 71so] YoM (Elam 1988; Zajac
et al, 2010) 7+ 7% 7HH (Ml"lting et al, 1992), ¥]Hn]
2(Shi et al. 2002)9] &

A3 9t} Citrulline& ahj]TJ}(Kudo et al, 2017), &

534 (Osowska et al, 2006), ©]=ZH8(Sohn et al,
1996), &3 7 (Morita et al, 2014) 52| B2|&Ao]
BaET 9ok

® ATolke vjgel e ARt 5 TaREE

2 N Ao o, TS TP fraktos WE

koreensis DB1%=

88 T Thsol glgo] Ul

AlA ornithine} citrullineo] -2 71543 ‘3] Ap-lac
AFS Nkt A SElvetaMe Azt uAd
Aol d0-60E 71 whgsRt), o] ol of

20~30% AEgro] FA] FE2] 8L ol&FHa, v
A= AEY 7714 YR o] &-HaL 9lo] &-8wv)
w9~ vre Al o|tH(Kim et al, 2011), B3 thofsl n)

& 37} Aol Azt ﬂlﬂUP—"— FARE 3lo]
uAE WEE 3 s njnjsl Aot} 2 o4

e v SR ¥ 5 Qs PO 3594
o= SRl 4 A1) Wl
= 7Ichaie, ols} Tl 5o Aol £ vl

b
N
£
sk
+
30,
o
Y,
o

FEo Ak B AFE APste] W koreensis

DB1 o) oJate] m7d | thgsl 7154 EAS0)
oA WalslEAIE ] 87E oIk o]9}

e FFo AP B nEERS A IAE B
o% BESNTAY ] fAR 2 AEYE Sl Ui

ur e B 2 ARE ATE 5 98 A
e,

Weissella koreensis DB12 2% O|ZUS=2 EN HH 549

A A oR & w4 A BaEe AaEs g
£ 90 olato] AlgL Eul2 AMETL glo] Bew)
w9 wke Aot ulzkele thaket AelgdEa

5§18 Rl S0l T $8 B 3% 58
NBRT glont BATIAE vlde] A Bews B

o} 1 ¥R ke el

>l

B Aol A= vl omithine A3/3% X2kt
W, koreensis DB1-S Z-g3te] 754 vdaAdEs

JNstazl shoict. vk HEE 915k 20% w7l
1% glucose®} ornithine Z7-A]2] arginineS 1% 7}

3t & | kg GAlt W koreensis DB1S &3]
30C oA 243t wE Skt WEE i w2 pH
6.61, K% 0,402 LA, o] 1) % fAkEAE
1.4x10° CFU/gZ VRl war) B u]ﬂg 5
ST 12ART 9F31x 5 Eafete] vt aAlES
rgatslet. miAdel feld EHelie sucrose‘ﬂol
A=HoH, Harpe] fed BN e v

g Al 271 1% glucose(d2,205 mg/kg)7} W, koreensis
DBIS] kel slaf 915] 2292 % 5 A
o} W, koreensis DB12] sucrose thiAls2 SAJo|1
2 117 ) EA8= sucroses 2E Fol|= wha Hy)
2o Pon AEEE L+ U VIINE F
1A AZo] gidley}, whan| 7o+ lactic acide}
acetic acid7} Z}Z} 22919 mg/kg, 25,774 mg/kg A&
HoAo, AR EA4ollA mAdat EmtellA 9%
AHalo] BAEQ] o 132 oleic acid®} linoleic acid
AoV A AR WA A - Foll ThE AP
2737} Shol= o Aot e bA] et mI
g A 1% F7ME arginine(39,394.44 mg/kg)-S
citrulline(3,199.46 mg/kg)¥} ornithine(8,446.78 mg/
kg) 02 S frejotn|At B o2 &2l &
A, 53] ©|F omithine®] Brkeke ARF 175,97
mg/kge] ke o2 A F8F<] omithine AJ4F
HAs} 23 A7t hrEE B ¢
Brte] 7Fsd Aol

N

=< ornithine
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TAI= W, koreensis DB19]
ot ntEEo| % IR TFAHAEeR

28] 7o T 3eS ARRITL
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