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Sigma—Aldrich INHE] s ALT  AST TN — [ (Malondi-
aldehyde, MDA) FI BCA #& [ 5t i J3 0 s 2 51 4
W H A TR S B R E
12 FEHE&E

SHZ-B /K B iR 437 # , i e BRAT PR F 5
FD-1A-50 % VR T 0L, Jbnt P BEA R A A
ACCULAB ALC-110.4 43 #7 X°F, 1% Sartorius

N,

1.3 ZEW. BNMKEEANFE

HRAE Molla SN 7 42 BUZE B T /NK B A
H4 B8 RE b 38 /N KRy 5 K He R LE 125 /9 B il
R W1 HE 15 min fHIR G357 879 pH H
K 7.0, A T%H) a—VE R B J5 7E 50 CRIZK I H
=% 36 h, TEHRG e, &M% 3 h KA —K pH
¥ HI R Ry 7.0, MGERE KRS WEE
i T LA 11 000 v/min B3 B B0 15 min YA BT
W, HTARB/NKREA, PKER RS &S
44.07%, HEECRH 7.17%, SKIG7E 100 CF &
30 min il #5783 5 /N K EE U AE-20 CIRAFEE& .
14 EEW.BNMNREEWNSEBRAR

K IR A figt 2k 5k /N oK A 1 1 2 B IR 2 Lt A 7
Gt B2 18 mg /NKEE FLRE S (A2 T 8 mg 4l
D) ZHI S, MA T 0.1% KB 1 6 mol/L,
ERTR VA WOV /N K R IR, SRS B RO
HERT H, 7E 110 CR KM 24 h, AWK TR
SN o NN S A S R Sy [1 =R A SR LV
PR A R W (S SRR AR R A = L ),
A 200 pL Bk /NKE PR, 555, & R
M 60 min, Ffif5 , 76 L3R RV THOIA 400 pl 1E
ok, &% 5~10s, EH TR EIWEL 200 wL
TR 800 wL AKIR G . B 4k 2L HL 200 pL
R ERIEA WS 800 wL AKIR G, Bk, 15
) Jpe 2R IR VA R B S SR D R 2SO A i
HEAT R LR 3T, WS 2 R (W 2R P e
AR AR ) SR B (L AR e E R L
SR ) MK PR E AR (R E R e AR ER
R ORNATR AR AR 8RR ) K&
AT TIFE, AN BT T TR A RS B
TR RN 5 2 BE R 5 F b 75 B R 1 LR A &
BRI EI T .

BRI =

R AR 0T Y SRR 1 A (/100 g)
FAO/WHO F 43 A5 AR T X 1 14 28 £ 2 7% = (/100 g)

1.5 ZHYXE

Tt B /N (6 Y 2R TR 39.69 ¢) , 1
A AL B P Iy iR AT BRA B, 1R 3R SR A% 4
MRS 30 2 ) 4 PR AR ) HEAT , SR 00 Uy 2215 31 v [
AN R 27 S0 Bl AR A 5 Bl ) S 4 PR A 2
AL E I HER SR . AW03401202-4-1, T AT
ANECA R RROK . 3 PR S % Nishizawa
ZEOR BT I T 248 ek, 1E DR A S
SRR ZE AT 5 /R A U & sh e e
JIT A R 2 RN KR B VB SR U R 1, S
TpRHZE R S R AR BT R D AR A P
A o b WL 2 I 3,

x1 BREATMNREANERHES
Table 1 Nutritional composition of casein
and foxtail millet protein
B AR 8% 6 1% D RE A%
&a 66.67 44.07
Rg W 5.39 6.85
5 4.55 7.05
AL 2 7.22 7.50

K 5 4.83 4.36

B KAL) 11.36 30.17

x2 ThMABER

Table 2 Composition of animal diets

. A REG
5 B A A % %

B &G 19.7 -
NREGFHEZS - 20.0
BE G S RE G TS 34 13.7
EREH 65.9 55.6

ER S 1.0 1.0
$kZRSW 1.0 1.0
HRSY 35 3.5

B G BR A A, 0.2 0.2
Y& 5.0 5.0

D, L% & 0.3 -
EFae=® 20.0 20.0
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Table 3 The percentage of composition and energy

of protein, fat and carbohydrate in animal feeds

E A R E G 4R

5% keal% 8% keal%

E22Y 20.0 21.8 20.0 21.8
B 693 75.7 69.3 75.7
7 o 1.0 25 1.0 25

s sR BTt UL IE 1, A /0N BOE A B 7
3dJEREPLIY A 4 20 1) 1EH 40 - DR IR R RN
NS D-FEFUBE M (B2 6 H);2) B4 L IR fr
IEH RO S DR 3L (B4l 6 ) ;3) 784
B /NKREE AL . MR 28 AR/ N R R A AR 1 Y
D3RR (B4 6 H) . 4) AR /DR E A4
MR BT 78 R /NKR R FURDRO RIS D~ FLBE I (53
e H) TH15d e, Frf/NEEE 10 h 5 7 5
TS D->FFLBE NG (400 mg/kg) o TES D-FFLHE
24 h J& AL SERIAT /N RO R SR LR T EREAS

[ ERE/NRIRRERFTHEF TS D-F LML ]

[ D I —

., EREMIR
= ERER [ %iiﬂfl\*ﬁ#a Z%J\ﬁfzzéé\*ﬁaﬁﬁ ] 15 AST, ALT, LDH, TG,
XS D7 S D-E IR - TC, HDL-C, LDL-C
6/ I MDA, TG, TC
EERNKEAANR:BRERNKEREH
XS D-F IR
l I | BSRERAL ;
F1X 25 S RETFA F19K 2]
B 1 sL@igit
Fig.1 Experimental design

1.6 HHH M 28.07 mg/g /MR A, A R/NAKREA T A

fdE 142 A 3l Az A 23 B 4G 5 1L 7 o g
A 45 AST ALT .LDH A1 & JH & % (Total choles-
terol, TC) . H ¥l =1 (Triglyceride, TG) & % J£ g
FH 1 JJH 5 B (High density lipoprotein, HDL-C)
I % B2 5 &5 A B [ B2 (Low density lipoprotein,
LDL-C) 7K Britb 2 b i e 7 IE  TC Fn
TG Ll K MDA )7k 2 73155 MDA, i H] BCA
1 v ) 1) A I s R T B
1.7 SZitoH

JIT A B Y 2 7 Ay - X (e o s 22 (4K
1 SPSS 17.0 #EA47T 5L A % J7 22 43 H1 (One —way
ANOVA) , Z # [WHRH Duncan % ,P < 0.05 4 i
EF-E8

2 HERE5HM
21 ZHRW . FNMAKREEHERERHNE

ZEAHT . JR/ANKE TR LR S N 4
foR, AR B ZE A R/NRE 3 P &R A
IE 05 5 EIER 43 51 K 24.80 me/g Ml 42.44 mg/g /I
KB, MG/ ARE AP35 12.95 mg/g

M2 o B AR R R 28 B T g R ) (A B2,
AR T S TR | Sk S LR B K
SR & i, BeAh RN KRB 2 75 2 A
i 5 SR LR M T 2 R 5 AR T R 1 L
(0.35 F1 0.58) #3F WHO #fE #£ {4 (0.36 Fl
0.60) , HL 8 Tt L T3 A 20 2R AR AES ) 28 21T/ oK
FAT AN B R E 5%, SRR 2
B BUE RPN R bR, WAk ke
W, ZEEA/NKRE AN EILRIT 7= TRE R
IR, BHIZEAERNORE AN ERMER T
A TG/, R, 2R R/ KE A A
IRV TRAT A A DA g 2 B I R Y
PR,
22 EEM. BEMAKEAXMIREBERE,MFFP
AST.ALT LDH #n BT A & MDA 7K 3 B9 % i
RAEW . E/AKREAX/NREE R, MG
AST ALT 1 LDH LA J - JE MDA 5% i 4n |51 2 JiF
N TERTA AR R M E EYHARZ A D
H2S, RMEADNKEFIFAS /NI
YA, A, AST ALT #l LDH Z3EAk AT 2Bk
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Table 4 Amino acid composition and amino acid scores of foxtail millet protein

IR AAA D RESG AABIREG

b H BRI BR mg-g! D REE R R 3.42 0.57
AR 2.05 1.65

R 56 A 1.63 1.41

7 AR 6.08 4.28

AR R BR 1.30 0.46

KRR 6.61 2.53

8 E R 2.95 1.50

& R R 0.76 0.54

Bt H R K R /mg-o P REG 24.80 12.95
FE o FRAAER/mg-g! PREEG EEN 4.65 2.73
Hr BB 3.02 2.45

R AR 4.14 2.14

3 e ZBR 0.00 0.00

B ZER 15.40 7.87

H AR 2.73 2.69

20 R R 1.98 1.94

iGN 3.94 2.31

2 R 3.97 3.50

B R BR 2.60 2.45
BAE s E A AR /mg o KRB 42.44 28.07
BB I 75 AR 0.41 0.35
55 R 0.87 0.61

R 0.62 0.10

W RLABR 55 R AR 0.37 0.13

KA AR L B AR 1.54 0.83

A RR 0.51 0.41

& R 0.76 0.54

EEgd 2.71 1.38

SRR R /mg- o NREG 1.30 0.46
R MR A B/ mg-g DRE G 23.99 13.45
XA KR /mg-g MREA 10.66 7.19
5 FH RIR R BRI, 0.35 0.32

ol T BRI BR/AE o6 F RA R 0.58 0.46

) 2 B2 W bR S ) . MDA J2 I it i Sk i 20Kk 7=
Y, A s i AR W a w0 = AR W B A
I, MDA 5 F 700 22 B A ik S A R B, TEAS 25
h BERIZH AST LDH KB FIE R 41, S5
RUZH A HL , /N KR BR 1 90048 38 B AIK T I 7 AST
ALT .LDH FUFAE MDA 7KF, $d B/ KB 6 13
Bi /N EPE A — 2 A S EH . ER R
)2, B Z8 A /N oK 8 /N BTG AST ALT
FUFFIE MDA ZKF i AR T B ZE AR /DK E A
/N, X SR ZE 55 T /N KR 6 2 45

IR PR IP PR AT . SR T AR AR T/ R R
S R R | SRR R LR A A SRR Y i ST
BTS2 BT, 3 b [ A b SRR Rl T Y =
FEPR 5 23 WA 2 R N T g AR Ak
AP Y T A Ao ol Rz R B TR O R R TR (AR R

AR 7R R /DR R SR R R AT
TARBH/PNREAM B (R4, EABRPHRE
(9 B LR 5 A B TR IR R R 1 e s, A
XS LA 7= A B R Y an 8 5 A 10% K &
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TR 5 TE UM LL  #98. P<0.001 ,#. P<0.05 ; 7 25 il /N K 2 11 4 s 205 /DR 2R L S BBV LA |L k. P<0.001, .
P<0.01; Z&Z /N 45 28305 /MR E A, &&&. P<0.001,&. P<0.05,
B2 ZAmMSNMKEAIMREBEREMMEH AST.ALT #1 LDH K F K
Fig.2 Effects of foxtail millet proteins before and after cooking on food intake, AST, ALT and LDH levels in mice

A AR b T R R Y A R RN b R )
LIS N -7 if§ i — P 0 O Bl i o 1 4L A 4t
P2, — T 5T 5 B A SRR K ST 27 4L 1
SR AN 1 Dy RESE i (4 BF 5 A AL 66 L—F BE & R
L B 28 PR A P9 5 B A R PR HE 2% 1 R R A
I % A T I T T £ AR AR A 1k P, R R 28 A
R /N R B R A ) R R A M TR
XF BRI B BUORAP R . BRI =2 8, 11 AR S
i B R TR AT DR R L P S R TP AP, 52
ik 28 R T AT SR AR TP E MDA 7K - 9 308 e 1Y
AT T (T LR R, b7 S5k 2 FE R ik ]
oA 3 TR Tk R 114 MR % 2K R 2 P,
M SE /R BA R ZR SR IIRE, e R
MR A T K JIRAE — € 57 3 T AT L2 i DY S8 AL B 175
ST A LA, FEAWESE R, 2 AT N R AR

MDA/nmol -mg™ protein

ngﬁv %@»ﬁv
<5

VR
Q7 LR
@@&

)

4151
Group
. AEN/MREANSEZ G/ KREAL SH AL,

&&&. P<0.001,
B3 #HEM.ENKEB/NRFE MDA KT 808
Fig.3 Effects of foxtail millet proteins before and after

cooking on liver MDA in mice
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FZ Y SCRE R R R W T 28 B n /R E 4, st
ZR AT/ AP BN = R A E R K T
EAJE/NMKREAGR4), EREBNRE, ZF)5/D
KR FLATS AR AT DA K 4 HE X v 440 1 DR 4 A
o BRI L, /KR YRR T LSS /N RS T
P03 AN SRRSO, P 28 AT/ R B AT LA
TG B /N B 2 E AT, TS SRR R E
2 R 5 o T BN R R O SR T A 7 1 £

P REBEHI 5
2.3 ZFEWJE/NKEFEAX/NR M 1 BB AE
i SR EA

38 PR NG AR S ABCB4 HE B /N BLAY
W 54T 56 0T RS T FFF 98 4 S 300 B B A R 8 31
I = TR 7 A0 i b B R0 R R I AR 5 K
5 IR Z [0 06 R D), 28BN S /K L6
/I BRI 375 R AU e B S K S R SR LR S
5 FOA IR 1 R RO B ROK R Ik B
WL EI) 1A ) F9 A ) Xof R 2H RIS 750 2] 2 Ji] 545 1f.
i TC A1 HDL-C &b, Jo& 1L 35 48 #5 T JIE A 52 7K

A BEEEE R, AR/NKER 154 )5,
/NKIE H TS TG TC M LDL-C /K 8 %% T
RERIZH A, 22 8 AT/ K B I TG KR
T (P<0.05) . EARER NI, 2R EHT/NKE
F 4 TC. TG .LDL-C % IfiL i I8 i /K F & 3 I T 2%
Fha/NKEAA, BB AZRE R/ NKRE AT
TG b 2l 2 M PR /N BRUAR IR 2R 8L . A AT
T, /INKRER AT AR AR /I BRI 3 AR Y
BIK, MR D2 2L 5 69 Z0vE i 6
B, % BT PR 51 FH 2 D28 B0 055, X & T
BB T /IREA P SRR, a5t
MR A AR B i, A R RS A A A
FIF R AR, B 2R 1B LAk R T e B
T A 005 /0N BRSO B g o R AR, BR itk =2
Ab, T b T SR A LR v LA IS AR A i E
RS LR A A D HE R 2R b R TN K R
PP e 1) T 2R R TR R S B A R Y A R T
X 2 5 0 i TIOR3 VR

x5 FHEE.S/NKEBTFHX/NR M E AT AE F AS Bk T 8% 08 (mmol/L)

Table 5 Lipids in serum and liver of mice fed with foxtail millet protein before and after cooking (mmol/L)

JE 4 BEA 4 AEAMDRESA AxE I REaUA
A TC 3.46 + 0.09 4.12 +0.08" 2.26 £ 0.13%** 2.85 + 0.04#8x8&
TG 1.98 + 0.06 2.04 +0.09 0.81 + 0.07#** 1.44 £ 0.20%
HDL-C 0.72 £0.22 1.38 + 0.14% 3.17 £ 0.60 2.07 £ 0.60
LDL-C 2.74 + 0.13 2.74 +0.11 0.13 £ 0.02%*3* 0.78 + 0.06%H:*&&&
HF AE TC 0.44 + 0.06 0.51 +0.15 0.16 + 0.06 0.26 +0.07
TG 1.08 +0.24 1.67 £0.47 0.38 +0.11°* 0.76 £ 0.22

AT 5 IE R LA H 4. P<0.001, #. P<0.05 ;78 & il /NKR 8 (A 41 825 28 5 /oK B AL S BRI AT AR He %, P<0.001, *. P<0.05;7%
EHi/NAE AN S EE R/ DNKREAAM T, &&&. P<0.001,&. P<0.05,

3 i Ol S HZEE WY, NN E R R
ARSCHFIE T /N E (X 2 G/ Rt NI RB Ik Z R W R 3 i 25 8 5 /NKR R I 55

PHER , AR ZEZ R AW T /NKE AT 4
JRW ZE BT 5 /N P A KR AT L o B
I 1ML 7 F0FFE o AST ALT LDH MDA #1JJig & 1)
KPR S I . AN R E R
A TR SRR AR, BT f;‘;rksho o a1 1) a5
ﬁ%@\i%ﬁﬁgﬁé\jﬁ’g‘?\ﬂﬁ\@’ﬁﬁé%ﬂ%T,ﬁ\ 2] OSTAP(?WICZ I();, Ff)ylngANA,R J, SCHIOODT F
FOFIRe . PR ZE A T /N K X R A AR

VERME T 28 5 /KR EE 1 SR, AATTHE H ARG
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Comparison of the Preventive Effect of Foxtail Millet Protein before and after Cooking

on Acute Liver Injury in Mice

Fu Yongxia, Liu Zhenyu, Zhang Fan, Shen Qun’
(College of Food Science & Nuitritional Engineering, China Agricultural University, Key Laboratory of Plant Protein
and Cereal Processing of Beijing, National Engineering Research Center for Fruits and Vegetables Processing,
Beijing 100083)

Abstract Cereal proteins have been proven to be beneficial to the alleviation of metabolic diseases. However, the func-
tion of foxtail millet protein against liver injury is lack of research. This study investigated whether the intake of diet
containing raw or cooked foxtail millet proteins could protect mice from D-galactosamine induced acute liver injury and
how cooking affected the protective efficiency of foxtail millet proteins. A significant decrease of serum aspartate transami-
nase (AST), alanine transaminase (ALT), lactate dehydrogenase (LDH) and liver malondialdehyde (MDA) levels was
observed in mice fed with foxtail millet protein diets. Besides, foxtail millet proteins ameliorated lipid metabolism disor-
ders in mice with acute liver injury as evidenced by significantly lower serum total cholesterol (TC), triglyceride (TG),
low density lipoprotein  (LDL-C) and liver TG. Notably, AST, ALT, MDA and serum lipid concentrations including
serum TC, TG and LDL-C in raw or cooked foxtail millet proteins group were significantly lower than those in cooked
foxtail millet protein group due to the amino acids contents reduction after cooking. In conclusion, foxtail proteins could
prevent acute liver injury of mice and cooking would weaken its protective effect. Overall, foxtail millet protein can be
used as a functional food component towards acute liver injury prevention even after the cooking process.

Keywords acute liver injury; amino acids; cooking; foxtail millet protein



