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Research on Nutritional Characteristics of Rice Germ
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(1. College of Biomass Science and Engineering, Sichuan University, Chengdu, Sichuan 610065, China;
2. Suining Yongrong High Technology Corporation, Suining, Sicuan 629000, China)

Abstract: Rice germ is rich in a variety of nutrients, but at present, most of that is used as a by-product of
rice processing for feed or wasted by discarding. The degree of deep processing and utilization is not high,
and the economic benefit is low. Through the study about basic nutrients of rice germ, the results showed that
there were a lot of proteins composed of abundant kinds of amino acids with high contents of proline, serine,
aspartic acid, arginine and leucine. The contents of Mn, Fe and Zn were significantly higher than that of
milled rice. The content of fatty acid was higher than that of wheat germ and corn germ, and the proportion
of unsaturated fatty acid was higher, so the nutritional quality was better with higher development and
utilization value. X-ray diffraction results showed that germ starch was a typical type A starch, with high
amylopectin/amylopectin ratio and good digestibility. Through the determination of the nutritional
components of rice germ and the comparative study with the common staple food on the market, we can

further understand its nutritional characteristics and provide scientific reference for the development and
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utilization of rice germ.
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NSk ) NI N S SRS (R = iy
(B JORMRZFIHRE R AE R, &5 EN
Ji . ARMRISIIRR . diA B RS R
ZAAR T ZRRS, A KRR, IRZE . BRIE
PRS2, R IRk, IRZFERY
PR, REELIMAT R R K, NER
e/ N M TR, AeEFRmE, HEmnT
P AR R R, GAFHBERS T %
3R, AT AR R R /N2 IR 2 1 v 3 i v
SE ARG AE I ) AT, K IR 2 B4 i 1 ik E
46%, HESBARNIR, 2T E AR
A R REEP . 5N R R R R R ZE AR
P, KRORIRZFRYZEG R HIREAR, 525
BT 58 RN T 205l b, e DA H R
B Al A e R HE R IE S

WA FKIRZFE T LM TR R, BER
B SR G IE O™ E, MELL R, BUHE Xk
FEFRTIRAMRA L, FERARNESR
RO A, A3 B A58 X RS F2E (H AR,
HAZBUAE S = 52, XAl A4 7 i 4
SESCRR, [ i T HA ARG, M
DIAIAGRAE , RPN TR I 1 3 s i 2K,

Xof KOR MR 2 1 BE il 8 R o a1 BT =k
2. VR . RRNIRRHEATIRABEGY, IR s T
R Gl IORFATX I, RN & S /NE IR
FEKIRZEHATR G, BRSNS T IOKIRZF &
FEBTEAIIATE,  [R] IS RO R 2 A BN T 255 )
MAARHEFENL.
1 #HBE5RE
11 #ESHF

ROKIEZE: TN =F KA R /NEIR
. RAERRFEMARAR; FRMEZF: T
RS EARAA,

e (HCl), fEEEE TR (CHO;). &
Bt (C4HyoO ). A1l . S5 L8 (NaOH ), /K
TR H (NaySO4 ). HALHH (NaCl). iR =8
(NaHSO4 ), A L# (KOH), 4B (C,H60),

95%. HEE (CH;0H ), IEBEKE[CH;3(CH,)sCH;],
taigal: BRI =S B
15% . TR H il = BRbsifEsh . 37 R D2 H e
TRFRFRUES: . Nuchek; G2003-50T SDS-PAGE HEIE
il g ikn & RITRGE R AE R A PR A
12 UHF5E&

LB TR B Agilent 7700 ICP-MS: %4
R A BR A IR BT A300: 7 [ = Bk
M/RA s SAH TS BT GC-2010 Plus,
H shiEEE4S auto injector AOC-20i: H A B3N A 5
EMPYREAN X SFEZATHAL: faf 22 AR A 5
HH-6 $U HIR/KIEH . TG16-WS = B0l
T R R AN S G AN AR T KA PR F 5 PowerPac
Basic H,3k{¥ : Bio-Rad Laboratories; ChemiScope
2 RO RS . G ERR AR A PR A F]
nQuant X : BioTek SEE {11/ .

1.3 LWHE
1.3.1 GC g4t

JIg J9 R 5 1 1) I 72 2= B GB5009.168—2016
CEMZEEZUE &5 IR IR I )b )
SN, BRI W RIS AT A 35
1087, (i kE . PEG20M Bk 47 9% & 40 A
(30 mx0.25 mm, 0.25 um); FHEFEF . #EFEO
W 250 °C, EIAFER 40 °C, 453 min 5, LU
10 °C/min FHEZ 160 °C, A#4F, FELL 5 °C/min
T 240 °C, 444521 min; 2<( He ); fHJE 35 kPa;
A, PEFER . 1 ul.

1.3.2 @RS ' E

KRR ZE B 5 3 100 H 67, FREL 300 mg A
S A KRS, B 6 mol/L HC1 10 mL, 7K
R EE S T 110 °COKME 24 ho JKAR 58 U INA
10 mol/L NaOH % "H A & 2 50 mL, XUZUE
4533 3E, 10 000 r/min B0 10 min, B BRI
0.45 pm B8 4> F B 2 5/ 73 AT A300 17205
R4y
133 fEIcRME

FOK R ZE B 5 1 100 H i, FREX 0.200 g £
Ao AGGE I s T, BINA 5 mL B sl
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65%MIANAR , TN, JCHE 1 he 7ERRERGE TAE
b2 B X RE A T A o TH AR 8 HEJS L 100 °C
IR 30 min®!, BEE 5 FIA ICP-MS {X
mAEENE,
1.3.4 HEAF T2 E

TR IR BE RS 5 5 100 B, FREL 20.0 g,
1 8 By HL M AZ& /K, A 1 mol/L NaOH
WO pH {E R 11 247, 60 °CHEIRSEFEIR IR
& 90 min, 7E 4 000 r/min 554 F &5.0> 20 min, HL
YW, H1 1 mol/L HCl AWM pH {H N 7, A
IR 2 80% AN, fE= AT kTR
Mrf5, £ 4 000 r/min Z5F T .0 10 min, JUIET
50 CHHRRIIOKIRZEE (1, Fris i AT
% 3% 0 i ( GPC ) HIER TN M Ik e P e fL Yk
( SDS-PAGE ) 4.
1.3.5 &M hn AU E

TR ZEBE R 5 5 100 H i, FREX 100.0 g,
1 4 LI 0.2 % NaOH &, iR~

¥ = Cumulative molar mass [~ Linear dffere ntial molar mass

o
o0
T

BHERMK
° o
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(=3
N
T
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123 4

i | | | | 1 1 1 1 | | |

HEHRE 15 h, Z0ATHTE, IEWAE 4 000 r/min 5%
FF &0 5 min, 5 FIERREAGATHEY, 5
UL 3K, VIIET 45 CT RIS KRR ZERE N -
FITAS SR AT X AT 43T o
1.4 HESH

EAH T REEN GPC R4 AW IS,
X 55 525 5% origin 2021 B4 HIE, AR
g R & EE =k, A EER &N —
G, R origin 2021 K AFLHIE, 45 R LI
PifE+brifE2E (SD) £,
2 HERE5HW
21 EARBXSTFESS

I W B W 1| S s cd S i = S S
R RS . R Mn FRoREE 5
i, Mw FoREP T, Mz FoR 8 &7
Sy FiE, Mp FRIEsThE; Mw/Mn b £ 5t
B, T RIEE S TFor8UE .
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Fig.1 Protein molecular weight distribution

®1 XREFEARSFESHER
Tablel Molecular weight distribution of rice germ protein

WFEWH g

N Mw/Mn 1.177

Mz/Mn 11.464

Mn/(g/mol) 7.579x10°

Mp/(g/mol) 5.576x10°

Mw/(g/mol) 8.922x10°

Mz/(g/mol) 8.689x10*
T % 3 650.0~5 500.0 g/mol 0.7

5500.0~8 500.0 g/mol 66.8

8 500.0~13 000.0 g/mol 30.2

13 000.0~95 662.0 g/mol 2.3

SiA RS TR AT LLE ORI &
HIRI TR KT 1 kDa, BT YRS TY
I, ST RMETE 3.65%10°~9.566 2x10* g/mol Z
], HArAn XESE , AR 2R E BT 4 22 10
BK, A BE I UK % T K B A 7E 10~
150 kDa, H:H 50 kDa FI 10 kDa 4545 i M 2 %,
HE R ENEARS TR, X5 GPC @mikshi R
— 5, S THRAE 3.65%10°~5.5x10° g/mol 2 i) i) K
FUT B 0.7%; 40 T AF 5.5%10°~1.3%10" g/mol
Z AR S B 97%, XPIEE M TR
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HERFPFEANB TR FREA, 5Tk
W, Hh 4y FHAE 5.5%10°~8.5%x10° g/mol 2 [H]
MO 0 B 66.8%; 2F THEAE 8.5x10°~
1.3x10* g/mol Z [A] A 2 4 5 5 B 1Y 30.2%;
1.3x10%~9.566 2x10* g/mol & [/ T HE K, fik
Y 2.3%HY KT 53 kDa, JB TEKSTEAK,

KRKEHB I FIERIS T HHA 5576x
mﬁmm,ﬁﬂﬁ?ﬁﬁlﬂ%m%mm,¥ﬁ
4 FiEH 8.689x10% g/mol, ZAMEPEREECH 1.177,
257 WU AR B 25 T KR 75 26 43T 2k 43 1 1
AEEF, BEKXREATESTRAR, WK
KRR A EELL 5.5%10°~1.3x10* g/mol HHE M
JRAEE 5L £, X 5 ROR R YRR — 2
[l B 22 A PR R 028 S8/, U 3 F 5 4 A1 1Y
BT, HIR/INT R R T R R A BE
FTORMZEA G HA DB/ Ny FRASURH T
PEEUS AR PR A K A, RN R R
f7 e
22 FEBEENEHER

FIH TR 8 3053 D A6 K Al 5 K 25 1Y
I AR TR R A EME , R W% 2 iR,
7 STk 2 U R A, A 20 R H A
FERAh A, ROKRMRZERT DA 18 A R, H
b T S IR 8 i, JEATE SR 10 B, LW
MR T2, REHAEARSTMOER, OF
MR AE IS AERF S v ¥ JE R B, (AR SR e S FERE Y
Fh—MAESOK . ANEhE R, X 5T R
AT whge, AT RE R IR K i A B A% Sk LA
i FH AL R A G, 2R H e 8 i oK i
T B AR LR, A R
ThIR SE A WIR , A BRI 0 A SR N 22 R B A
SR — /DR POK AR, RITA BRI = Wi
% 1% ok e BE UK A B TR B . B A 1) 7 S
D-HUA L- RSB , (s R A K i PR SZ R E
R 2 E B R AR A2 BN R R BE (IR, 7%
Amt,

FORMRZE, AR . 28R . RAER .
AR | A RS S RIS 0.8% L I, FREH,
Xof T A 1A A A P Bl A — S 4 B 1 )
BEPL, AR . WA . BER . KNERMNE

SERTRNE TR B & i AL, #E 0.367%~
0.686%:Z [H], i 2R Ay FK I o — PR 2 2
FRESORMEZEdm TR HER ., WaER .
MR . WA ARIE AL TR EER, S8
0.331%~0.771%Z ], TN Ry FKOK IR 27 g g 42 it
BN @B ; MR . HAR . A
IR ME AR & 2K, 78 0.1% A48, 7]
DL ARSI 2% (A o LA s B — s PRk
T R R I SRR I R R . AE ORI ZE TR &
AT AR O B AR, A S Y &
R R B AR
FERKIEFE AL, SHEER (BE
PR AR ) SR ILERAR, X B R O s
BRI 7 Hh R I A 5 | R b R SRR e 10, Kok
R ZE b SRR I Bl 3.887%, AEALTE &AL
i & /oN 8.475%, Wik &M 5 MR &
B (E/T) 031, I bEREHENEER,
12235 T FAO/WHO FrUEFTHESZ 1Y 0.4 5 2575 2 LR
HAeEMTRALRY T EL (E/N) R 046, KT
FAO/WHO #HrifE i e #2115 0.6 14,

K2 AXBFFIEBRNSE

Table2 Contentsof aminoacidsinricegerm g/100g i 2%f

IR i IR Eri
KR 1.002 TR R 0.584
AR - A A R * 0.686
225 R 1.608 EAER* 0.146
Ham 0.619 TN 0.486
2 0.930 SocE R 0.367
WA R 0.771 SRR 0.885
i 2 2 0.449 R 0.624
ok = 0.133 o R+ -
i 2 2 2.597 H AR+ 0.109
P 3 20 S 0.331
PRIl R 0.035 B RR 12.52

W Al T FoRROT AR,
Note: The “*” indicate essential amino acids.

23 HETZAENEER

X TC R S AT, A5 2R 3 AT,
TR ZFE g T2 MEEE, §& K. Ca. Mg,
Na, Fe. Cu, Zn EAELTFHEITLE, Hf Mn,
Fe. Zn, Sn. Sb. Hg FIUHR M & i 35w T
K, HALRUE TR &g s TR K, XERT
FORBYE SR F B FIRZERR 4y, RN
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Wl RN 2o . AR IR ZE AR RE K i L
HIOCR REWA, FEFERZFRI Tt #
WA FEXELAL R T8 . I 2 S 5k B, B
FNMERITR G2 E. K. Ca, Mg A LI
Fih . HEII LB o Fe JUE REW B MR TT BLEk
PEBTAE B9 &2 o ARG 2009—2010 4F NHANES
B : 300 g RORIRZE v i & 19 K A) LA 2 22
JLRB AN BRI TR FRE, —BEHK
KMRZEREFRAE—F A Ca LET R, FATELEL
Ak L FEA REA BRI 10, A, RZEH A
i ( Se ) JCE, fE NPT E IR, HAHAML!,
P U Al X M (e BE Y 4 R 1) 52
EH .
#3 AKBEHHBTENSE

Table3 Contentsof trace elementsin rice germ

JLE Rk & = RZEN A
il B/(mg/kg) 1.06+0.08 0.75
£l Na/(mg/kg) 11.00+2.50 32.43
BE Mg/(g/kg) 0.53+0.02 2.14
5 Al/(g/kg) (0.59) 0.04
i K/(g/kg) 1.40£1.00 9.84
5 Ca/(g/kg) 0.13+0.02 1.02
£k Ti/(mg/kg) (2.7) 0.04
# Cr/(mg/kg) 0.17+0.05 0.14
% Mn/(mg/kg) 11.50+0.60 115.23
Bk Fe/(mg/kg) 14.40+2.00 89.05
2 Ni/(mg/kg) 0.21£0.06 0.07
i Cu/(mg/kg) 2.60£0.10 7.77
Bt Zn/(mg/kg) 14.60+0.60 93.45
1 As/(mg/kg) 0.12+0.03 0.04
fili Se/(mg/kg) (0.03) 0.36
£8 Sr/(mg/kg) 0.29+0.05 0.22
4 Cd/(mg/kg) 0.02+0.00 0.01
) Sn/(ug/kg) (9) 188.40
% Sb/(ng/kg) (5.8) 81.18
M Ba/(mg/kg) 0.75+0.09 2.32
K Hg/(ng/kg) 2.20+0.50 21.39
% Pb/(mg/kg) 0.09+0.03 0.06

T S NEUERARTE UL SR g A
Note: The data in parentheses indicate that it has been
detected in previous experiments.

24 AaFAERREE S =R E

FIFH GC X H PR A0 J5 A0 R i R A A TAG
SR NE 2 PR

RS ARSI A R R, JORMR &
AEEWRYTR, BRI ES, &
Fr G R . Hor, TR RN R I S N AR

18r -
W AR

=» 177 o R
S D Wi -
5 167 " 71174
=75+ I
Eﬂ 7.0+ =
=
§ 14F

1.0

0.6

02F

INEREE FRIRZE FORMEZE
FRFIA

2 MAFBERER S EXTLLE
Fig.2 Comparison chart of unsaturated fatty acid content

JEWMiRR, HAMAEE A & B0, HAa R
AUV PR e RO B PSR . ORI ZE T
WAMHAR &8 N2k 1.334 8 g/100 g, MRS A
16.625 8 g/100 g, X3 & T8 /N2 IR 25 A
FORARZE, X AT RE R R R BAT TR R 2 A
IS AR i D R K bk, [RIEE F T A
H AR, ANRFTRE 7 R AT REB A Ak o A iR
R AR RR , AW AR DA . AR
WHAThEE, X TERERBERAAE . BRI S5 —
SE MR BDIA ST VR AP, KOR IR ZE A R aeh R o
2974 0.048 5 g/100 g, fm T/INAZ IR ZEFNFOKIRZF
BEAh, FORIRZEPIMER 5 WM R W L (6 (O/L {H)
BE, =10, RPHAEARBHIK . BERNER .
WEAITT ., SRR . 5/NEIREE
FE KR ZEAR E ORI 25w 1) i D TR P S 25
W, HWBEE, KRR A 5y
(I A I E
25 SEBERBESH

i &L 3 AL, ROK IR ZEVERMITE 20 2 15°.17°,
18°F 23°4b A Bk AT ST e, 2L A HUZS
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4000 -
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= 3 000
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Fig.3 XRD pattern of rice germ starch crystal
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232 i B R AR 20=200 H B I AL AE
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K, MELIE A A M, i BERs B4 dh i 2
eSS B, IR T LU 1 K 50 49
FEVE SRR, A RAFRRIEAE, WA
R TE R R IR AN TERE B

3 i

XK ZF F B8 FR 0 R & =t ML AT )
FE, GEREY], JOKMRZEH R E A LR
5.5x10°~1.3x10" g/mol ZRIMEHE KT, HK
KA PRE—3, W BT o oA
£E7E 10 kDa 1 50 kDa i ; SR FHZEE N
Fa, GaEE, LRAERSESLAERY
HINHME (B/T) K031, UREIRSIELT
BRI A B L (E/N )N 0.46; R G E MR E R,
W K. Ca, Mg, Na, Fe, Cu, Zn%t%, H
Mn, Fe, Zn LR &L EHH THK; KiEF
PITERS LAY A BISEN , HA R
L RRIG R & = F e, RIRZE IR & = h 2
4 1.334 8 g/100 g, JHMIRHN 16.625 8 g/100 g,
FERETMAR & 5290 0.048 5 /100 g, ¥y F/NE IR
FEMEKIRZE, BABEE R B I &R
Wil o AH 578 Az 77 R B L /N2 IR 28
FARIRZFALG, FORIRZE AR 7 1 SR AR ST
L) 1R 3 I R 1 . 5 T 3791 P
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