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Nutritional Composition, Gamma-Aminobutyric Acid Content and Anti-fatigue Activity of Germinated Brown Rice Bran
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Abstract: Objective: To determine the contents of nutrients and heavy metals in germinated brown rice bran (GBRB)
and establish a high performance liquid chromatography (HPLC) method to detect gamma-aminobutyric acid (GABA) in
GBRB, as well as to evaluate the anti-fatigue activity of GBRB. Methods: The content of GABA was determined by HPLC
with pre-column o-phthalaldehyde derivatization. Fifty male SD rats were randomly divided into five groups: control,
high-fat diet and low-dose (10%), medium-dose (20%), high-dose (30%) GBRB groups. After feeding for 83 days, the rats
were forced to swim until exhausted, and the weight-loaded swimming time was recorded. Results: The crude fiber and
ash contents in GBRB were nearly 29% of those in ungerminated brown rice bran, although both had similar contents of
crude protein, total amino acids and individual amino acids (except for cystine). In addition, the contents of all investigated
inorganic elements were lower in GBRB, and the contents of all heavy metals were below the safe limits set in the national
standard (GB 2762-2012). Our HPLC method presented good linearity over the concentration range of 68.7-275.0 ug/mL
with correlation coefficient (R%) of 0.999 9. The GABA content in GBRB was determined to be 53 mg/100 g. The average
recovery of this method was 99.61%. Compared with the control group, high-dose GBRB significantly prolonged the

exhaustive swimming time (P < 0.05). Conclusion: The contents of nutrients in brown rice bran change and the GABA
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content increases after germination. High-dose consumption of GBRB helps prolong the exhaustive swimming time of rats,
indicating the anti-fatigue activity of GBRB.
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chromatography; anti-fatigue
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GB 5009.12—2010 (il aE R brE &8 PETIE)
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1.3.3 GBRBY'GABA % & {JHPLCYEN 2

TER PRI GABARRHE 1 10.3 mgT-25 mLZF &=+ LA
FHAL KV R FE T 2%, FH B Al /KRR R i P58 R B2 1 o e
L TAEW . HERIFREXGBRB 5.00 g, LUAFIS> $160% 2.1
WO IRBUR, OB 51, 60 Cl A kB3R ELL h
JEE0, FIETCNGABARE AT -

T AT N20 mg 4B — H . | mLH EE.
100 puL B-33E 2. 4 mL (pH 9.5) MIERZrh, ¥
fRBIAR o BEMATAA . BUORE RA 300 pL. AT A AG IR
150 pL, 4.5 minfg IIA300 pL A% — S 487
(0.1 mol/L) # 1k, SRS PA0.22 pm P& fE i 1 5
FsE .

4 F: ik NIORBAX Eclipse XDB-C,
Analytica (250 mmX4.6 mm, 5um) ; WishtHAN LR
HEWR (25 mmol/L) , BRNZNE: F M0 min (a0
A. BEEFAEL 90:10) %15 min (AshHA. BN
65:35) BABEVEML: EA1.1 mL/min; EAMG MK K
332 nm; A7 840 'C; #EREE 10 pL.
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Table1l Formulation of experimental diets

%

wy  EER Bl E¥K  AKTH  GBRB
AORBMN O REAN OWMEAN OMEAN WMEAN mEAN

SRR 100 - - - - -
AR 713 63 4.7 47 129
KFEFR 613 63 4.7 47 129 100
fRIEER 513 63 4.7 47 129 200
AR 426 63 47 47 129 30.0

e — ANFZR, R

MRAH SEIG 583K, K K AS 16 h, FRE K B4R
i, IR R RIS RAESE LA R . B RRE T
BEA21 m. KIR0.5 m. K25 CHRIZKMEF, 0% KM
WK U6 2 BTN KRS sT6 173 KT IR, 7R

ek S 73 I (8]
L4 HdEgt o

SIS EHE FISPSS 19.048 tH A 47 20 #r, LA £
Fone KHBEET Z DI RS HZ T ok ZzE
o GHENF. 5 Z o IRET, Jedb AT 7 25
%, FITZESE, TFEFE; AP L ECR F Dunnet-o4%
%, SiHE N G-
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2.1  GBRBEZE/#r

RIGFREOK TR LRI > (BRI KH sy, EE
RIER) , 15%GBRB 33.6 kg, HHEN33.6%. HT
WK I R 2R KOK R 2 0, R 7S 2 I GBRB IR AN T
T3 AN Ty 07 WKk, B B R B REK Y (4
5.4%~9.0%""") HeE,
2.2 GBRBHEFEHUIS THICE LKEEEII &=
22.1  GBRBHIE IR S &=
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Table2 Nutrient contents in GBRB
5 KARE  KpRE  MEORE HEGRE M44RE  ERRE
% % 0% 5% % A%
GBRB 109 32 110 85 29 536
PEKE 806 96~102  32~106  28~164  99~10 -

WL27~, GBRBIHEH I E/TECAN11.0%, HH
BT SUHR[14-16,20]1 4538 (15 388 K HE Aok 2 1 i 0 200
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KA. GBRBIHIAENG & & N8.45%, 1EHk[14-16]4
TH 1) 385 3 KA R 7 T 2 e B (14.5%~16.4%)
ZIil. GBRBHUH A4 /0 5 (2.9%) A3 8 KA
(9.9%~10%) "' ')29%, IX AT RE A REKAE K 2T FE
R DG Z 2 35 I 14 4 FH S50 R 2 4 B 2 i M /N
FrB/IN G TR 20, DR R 5 PR AT 4 5 R 2
ff%. T HGBRBH K73 &5 4 (3.2%) AF|E @K
IR R E DB (9.6%~10.2%) "'33%, xR
Al e U R S B ON T IR R, LR (R
B, OB ANBERRASEE) W REAR 0 B U LR . K
EEER S DB R L, XN ER A TR IR K
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BOEIRAIRZ . XEHHR R, REOKRE R T I R
SEWOE T A ORI, BEFLAE R T ARG BOLEL . 4
fife, B AR H AR RS, T A R SRS KA S A R Th
REdm k. Aok, I FIGBRBH EK) i 2 $ N 53.6%,
FE TR FROKTEKE 58, GBRBHRZS 5 R NIK
iRy, BRI INAS R E R o B
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10.2%, WEAR T SCHR[21-22] 4R T8 (8 30 KR vh B 2 R R
11.76%~11.80% u H, X 5 &A1& 2150 —8
(FR2) , FBEFRNEEER 20T 5 A K
FEPTIE 17 M — LR, RAZEBR (0.98%) .
BERR (1.60%) . BAMR (0.46%) W& EIEE T
KRR Z BRI & &Y (9 51280.85% . 1.08%-
0.37%) o FLARMI13 PG B2 78 SCHR R T8 1 38 38 K bk
FRF R A TR A R B P B IC . GBRB H I &R
(0.14%) TEE @K i H R I . [FIF GBRBH & A 24
FEIER: BAERE (0.42%) . WER (045%) . 4.
R (033%) .
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Table3 Amino acid contents in GBRB
%
T W R TR M S
) REAN  REAN  RERN REAN  REAN  REAN REMN  REAK

CBRB 102 0% 041
EAE T6~80 085 06106 065~066 LS

16 0.5 071 0.4 062
091~0% 1B3~131 - 090~0%

g BROPEE MR B AUR M AW R KA
W REb RERE REGR RERR RRRR RRBM REMM FEMR REM

CBRB 0.2 04 0% 0% 0% 06 0B 0% 0%
EEEE"Y 01804 0657186 157195 018M065 065M08 037 031 00~L3 045M06

GBRBH EHLICER & & 7T
GBRBAHH. B4, Bk . #R. 85. BRI WS
W10 FEHTER & B N EKL, KEITTR G BT SR
[15,2013538 18 K A D R & &, XA REEIN AT
RIEHERAERERIZ ML R 2P IR TP i Tk ok, T
REFRAEAS bl B PR AR AR AT %

223

#4 GBRBEEITRAER

Table4 Mineral contents in GBRB
mg/kg
iH SR OBGE ROE BAE H0E BhE BOR mOE SROEWNE
GBRB 7500 540 335 186 343 3730 17000 004 35000 212
PERFE 420000 10200 700 840 4400 10000 138000 — 151000 200
224 GBRBHEEFESEM
£5 GBRB}THARARE
Table 5 Heavy metal contents in GBRB
mg/kg
TjiH W& fE 5K PR A it
BRER 0.003 4 0.02
JER i s 0.32 0.5
e 0.18 0.2
[ 0.022 0.1

M %E T GBRBH K (0.003 4 mg/kg)  ff
(0.32mg/kg) « # (0.18 mg/kg) %4 (0.022 mg/kg)
4 MELESE, SGRNESHIR. %GB 2762—2012
(2 EEbE gamPiEEYRE) , AL

GBRBHHE B RESAELETHRELEHN, &K
HE IR EARUE (0.02 mg/kg) 1K83%, 4& LR & bRt
(0.1 mg/kg) 1K78%, FWHGBRBL4AF . AiRiEEE
KipFHESRESERRNAESEAY, FkES &
Fhy PR PR 7V R BE ) 2% R0 S A R I R R ) %
fit % 4= fr FIGBRBH) H B % 1| [ & .
2.3 GABAMJHPLC/#r
23.1 HPLCHHT &1t

ASEIGIRR WHPLC I VE AL F AT A . Tishl . Pt
T B S5 46 AF 5 SCHR[24 )R TE FI BB A« B FH A VL% GBRB
FIIGABARE AT E, HPLCEIEME 1. GABAKE
Y & GBRBFE i GABA ) H W i 8] #82 11.4 min X
Fi, HESCHR[24-25140E T HPLCYE M GB AB [ H i i 1]
(18 min) %, JFHAEMFM T, GABARRIRLF/rHE,
VTR B

£ B B[] /min
a. GBRBFfh; b. GABAFRE M
El1 GBRBHSKXGABAKRH: S HHPLCHE

Fig.1 HPLC chromatograms for GBRB and GABA standard

Bt il 28 AN 2t 5 R
H4 1,337 A i 1) 4 14 e vFE 1B 28 T A W 7T HPLC 4y
M, DABREIRBENBE AR, WA () NN, 153
FrdE 26y =8 961.6x—140.7 (R°=0.9999, n=6) , i
W2 I R R AT
233 KRBT

FRE A1 3.2 I AR VAT, 3R iy, B IE
6 K, FHXIHRHEMZE (relative standard deviation, RSD)
BNL.07% 1.25% 1.85% 1.52%, FWIiZI7iEkE%

232

JE R Ao
234 InkREMCERE DM
#6  GABAImMARIF BH
Table 6 Recoveries of GABA from spiked samples
PER AR BRIE e oo ” e
(ug/mL) teEpg  WAEENg  RE% %1%
41.20 147.20 100.98
104.60
61.80 161.10 96.83
28.84 133.07 99.93
104.40 99.61
16.48 120.25 99.49
28.84 133.61 100.51
104.10
16.48 120.50 99.89
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e N N N Table8  Anti-fati ivi f GBRB (n = 10
U RE A, HEATHPLCAM T, 45 30366, FHym 2bled Ant-fatigue activiy FGRRB® =10
A TAHMEA  EREA Sl R mlEA

FR[EIUS 2 M99.61%, RSDA1.46% (n=6) . %71k EH
R IIESER, 4R 5.
235  GABAF&EKEEMHHT

VEFE SR L3 27 A BE VAL, 3h4 iy, DI E B4R
FE S8, T¥EEN53 mg/100 g, HRSDAN1.90%,
HEEMHRL . REBKNRFSZ —ZHHGABAT &
BN AR AT G JRORMIR T T AR R A R 3
Rk, MAESEIS E N ESI &, B S S % Ck[25,27]
HIE (N B &R FREK T GABAS & (4N
22.68~88.36, 12.77~24.89 mg/100 g) MIEL#E, ASzLb
WI%E FIGBRBHGABA & &, HA—w &M,
24 EWSER b
241 KRB TEZL ST

Y S NN REJIEENG TS a2 S NS P8 R U NG =g ]
KIFR. SLgd iy, KRERESNIRES L EoKEE
BIIEH o & 2K B 0T B 1R 38 DA R 2 okt R A R
Giit S 2R (P>0.05) o iU & HGBRBX K i
MRS KR E LA R,

E7 LBRENEREEML (n=10)
Table 7 Variation in body mass of rats from all groups (# = 10)

4] Wk 5 /g T g TR k7 /g
2 AR 292.1+13.2 481.34:40.2 245.3430.9
e e R 2 288.7+4.4 430.74+63.6 242.0+53.5
&7 EH 297.4+11.5 514.6+59.1 270.3+59.1
bl 293.6+13.3 482.7+50.5 266.2+17.2
e A 287.1+11.0 496.8+49 4 261.54+17.2

242 GBRBIBUET EH

PUIE 57 T CH FH s i) 6 35 Ui vk S 3R R VRN, A
NIE B 77 (4 A U 55 66 0 N nE f B BRI AR I, Ui
KA T FR) A T DA i Eh 32 B 0% 55 I FR B o AR AT 72K
FH K BRI A7 8 Y ik S 36 140 Kk g o B 1) SR PE A GBRB )
PO S . KR4 m. . (KFEGBRBEF &,
PRI A i vk 7 vl TR TR], 95 S 1 R B 2 kAT X
(£8) . HGEANIBAAMEL, w74 BRI bk i 1)
BEELK (P<0.05) , . KFEHAXAEREZES, W
B KB & F & 220 $30% GBRBIGRLE, Hizshi
DI EE R XA G R AR IR TE H R I IE 2 L
[IGBRB, A FIF k5 1454 g FE, 2k M3 5w b 55 (1)
RE 7o o i xot BELZEL R 1 ik B T U 42 5 T = e R
H (P<0.05) , Ui & &R RA Bz 3 e
MiE~ W RIS 1K Rk (A4S 525 K R AR 41K
. (P<<0.05) , i H GBRBW PLZE AR B R #h K R A
F = R kL S 808 2h BE 0 T R

KA 34190411422 194.90+133.71° 374.90+134.03% 340.50+78.49% 466.10% 174,087

i #S5FAMNBARBREREE (P<0.05) ; « 5ElE R4
SRE (P<0.05) .

SEES K B T GBRB G A H UK I (A B W K, 2
~NEHGBRBREW M SIZZN B )], Z2fFIE57 . GBRB&
W R s, SHAEMERKRIMEX, BE
Fo D REVE PRV AR DG, el 2 A L AR GABA Y
HIA53 mg/100 g GABAREfEHE /N RAEKBEZE (growth
hormone, GH) HI4r#h, I/ BAFHE E AT B
YIS EN N FERRISYI T, GHAE NS 0 %) % = A AF
H, s BE TSR, BOIE R A% %Y. I GABARE#E
migshfe ), HA—wlyuEsER™. 54, GBRBH
P BREY, = e B 20 Bl RERE S M2 B
9% 57 VE - RE YY) T T BE 5 GABAF= AL W [RIVE A,
3T GBRBZE R K B HIZ B9 57

3 &

AT HE T DAL GBRBIFE J2 7« LHLIT
RNES RGBT TR . 45 R EYIGBRBIH
CRYE. IR IR EU AN B E KRR 129%  33%, X
N4 IE R G R FFEMA YR RIS B/
458, GBRBHFMER. BEIERL B —RER (B
PR WS s R & AL, &R
REZFFH KRR, GBRBH EHLIGE & & AR T8 K
W, EE&REEARE 2 THREN . B IR
T IEGBRBHGABAF EWHPLC /1%, GABA IR
A 2911 min. W43 K ZFRE K FK P GABA S &1k 3|
53 mg/100 g FH& A miiflE (30%) GBRBIF & vkt
MR KBRS, K B A R i Uk 2 vl g I JR) K S
W, AR (30%) « 1 (20%) « X (10%) FEK
GBRBIgE 4 & K B & ) s IR ek S B ig shse /1 F
% 25 R R & HGBRBEA PUE T .

Y5 T A AR, AR &S 5
BZEMRiaY, SEAEREEEBERE. O mEA A
REE, FmAIIZSRE ) FREEESS . GBRBEA P
DN, R 2 REBE 4 = R AR B S BUNIE 36 ) T %,
$27~GBRB ] B A A HT I DI RE B

EE DU

[1]  HEHE. REFROKREFRRAE -2 TR o 4 S A S U 75 D).
B ol k%, 2006: 31-33. DOL:10.7666/d.Y 1198703.

[2] CHO D H, LIM S T. Germinated brown rice and its bio-functional
compounds[J]. Food Chemistry, 2016, 196(8): 259-271. DOI:10.1016/
j-foodchem.2015.09.025.



182 2019, Vol.40, No.0I

B5oiltl F

XEFE L

(3]

[4]

(6]

[71

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R RS IR T LN I FE[D]. B YLK, 2008:
1-3. DOI:10.7666/d.y 1398850.

KHWANCHAI P, CHINPRAHAST N, PICHYANGKURA R, et al.
Gamma-aminobutyric acid and glutamic acid contents, and the GAD
activity in germinated brown rice (Oryza sativa L.): effect of rice
cultivars[J]. Food Science & Biotechnology, 2014, 23(2): 373-379.
DOI:10.1007/s10068-014-0052-1.

LIUY W, ZUO P Y, ZHA X N, et al. Octacosanol enhances the
proliferation and migration of human umbilical vein endothelial cells
via activation of the PI3K/Akt and MAPK/Erk pathways[J]. Lipids,
2015, 50(3): 241-251. DOI:10.1007/s11745-015-3991-2.

USUKI S, ITO Y, MORIKAWA K, et al. Effect of pre-germinated
brown rice intake on diabetic neuropathy in streptozotocin-
induced diabetic rats[J]. Nutrition & Metabolism, 2007, 4(1): 1-11.
DOI:10.1186/1743-7075-4-25.

FEHIL, AT, 250, SRR K R 2T Y ) % B
R VERF FL10]. AR & 53R, 2016, 29(5): 51-53. DOI:10.3969/

j-issn.1008-9578.2016.05.015.

W, XA, AR, S5 R RER R DL S 8 A R TR
HPFA[I]. PR TR B2, 2014, 41(13): 2378-2380.

KAWANA H, ITHARA M, SATO M, et al. Effect on lipid and fatty
acid composition in serum of female university students dieting pre-
germinated brown rice[J]. Bulletin of Tokyo Kasei University Natural
Science, 2003, 23(4): 23-25.

CHOMPOOPONG S, JARUNGIITAREE S, PUNBANLAEM T, et al.
Neuroprotective effects of germinated brown rice in rotenone induced
Parkinson’s-like disease rats[J]. Neuromolecular Medicine, 2016,
18(3): 1-13. DOI:10.1007/s12017-016-8427-5.

R, A, PR, S 2 RER M. Bl BIEREROR
JiAt:, 2006: 1342-1343.

F4kR, K, KT, S R I LR E IR AU AE IR
IR RLF 3] 7 R4 KL 2014, 23(6): 38-40.

ATE4E, SN R DAL= S 2R A R ). e St b,
2011, 2011(5): 54-58. DOI:10.3969/j.issn.1003-6202.2011.05.014.
FERFAE, AU, B, 45 KRR RS T7 L2 RO A2 12 5 ik
2 [ i K BT AL ZR 10 0 2 3. 4Pk Tk, 2003, 24(5): 16-17.
KRR, AN, A, A5 OKORR R 2T 4k FORON R AR A KR
R D e R R T]. R 244R, 2016, 39(5): 807-813.
DOI:10.7685/jnau.201601011.

MEE, 2R, BREAE BEK. KRS I= 5 o 5 VR[]
TR AV K2 4R (SRR RR), 2016, 37(3): 7-12. DOI:10.16433/

j-cnki.issn1673-2383.2016.03.002.

IRAS. RARERIE R AR 1 BRI L 7 (KR 1 4 (D). B8 1L
B, 2012: 13.

FRUR. R ZFXPRE K B8 IR Ay - A B D RO LR PE RS MA D).
JoB: LR R, 2013: 10-11.

[19]

[20]

(21]

[22]

[26]

[27]

(28]

[32]

(33]

MWLM, R, BT, S R RORE A BRUE RN E NI
TR, 2006, 27(10): 549-551. DOI1:10.3321/
j.issn:1002-6630.2006.10.140.

BR G 25, KRR D Re AR T AIE R AR E (D). B o 42 R 2 23R,
1996(2): 72-75.

SO, RNZE, RAAGL, A5 BB & B L2 AR S B R
FEIEVEA D). T EAOERLE, 2015, 48(8): 1597-1608. DOI:10.3864/
j.issn.0578-1752.2015.08.14.

FEM, BN, Eor, 5 OKEE A R Z M A K K
FRASALLI]. Bk 5L, 2017, 33(3): 42-46. DOI:10.13652/
j.issn.1003-5788.2017.03.009.

KGR, A 4 S IR B A AR 7L (0], o AR
JEH, 2016, 32(19): 194-198.

TR, A, WNE, S SRR B RN E R R - T
FR(GABA) & BE[J]. o ELRRIH 2%4R, 2015, 30(11): 135-139.

TR, A, SRR, A5 i RO B e R SRR - T
FE AR, B s RRE, 2014, 35(12): 98-101. DOI:10.7506/spkx1002-
6630-201412019.

RIEIE, MTEIE, RAR, 5. REOKR 0TS 8 78 oo AR 40 & H
o R A RER A AL R PR (S (0], &SRS, 2017, 38(18): 67-72.
DOI:10.7506/spkx1002-6630-201718011.

2255, XA, Rk, & HPLOHERTATAE VR @ & 27 R K hy- 5 2k
TERIE R &f 5P, 2014, 30(4): 119-121. DOI:10.13652/
j.issn.1003-5788.2014.04.031.

I, BRokA B BLSRCEE Ui Uk B AR 58 VT A 0 5 A s
R 2 M 0], £ RS, 2005, 26(8): 399-403. DOI:10.3321/
j.issn:1002-6630.2005.08.105.

M@LLER N, JGRGENSEN J O, ABILDGARD N, et al. Effect of
growth hormone on glucose metabolism[J]. Hormone Research in
Paediatrics, 1991, 36(Suppl 1): 32.

TRIE. KR ZUR M P2 g 1 o I H & By = T R A [D]. To%s:
YL K2, 2004: 89-92.

BB, W RUL, sKeF 30, B REFREK I E FR D RE A — BT
R[], B E A SN, 2014(5): 156-160. DOI:10.3969/
j.issn.1006-2513.2014.05.017.

R K )\ e e 1 SR BORS 350 % oo 55 T Re (M ¢ [D). b
5 PELRE K, 2003: 75-81. DOI:10.7666/d.y1129853.

KIM H, PARK S, HAN D S, et al. Octacosanol supplementation
increases running endurance time and improves biochemical
parameters after exhaustion in trained rats[J]. Journal of Medicinal
Food, 2003, 6(4): 345-351. DOI:10.1089/109662003772519903.
TREHE. BT JHR I ] £ Al A B B i D5 B RIBE ST (D). R TR
vk, 2007: 1-15.

BRI . % 2 K K BT 3 M K B LB B 5 T e AR5 14 T 2 (D).
B B AR A2, 2009: 124-127.



