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Abstract : Cadmium pollution in the ecological environment raises great harm to plants, animals, and humans. Tox-
icological studies on cadmium mainly focus on its inorganic state, while toxic effects of cadmium from the organic
state of rice are obscure. In order to evaluate the effects of dietary cadmium excessive rice on the growth perform-
ance and accumulated pattern in tissues of growing pigs, twenty-eight healthy growing pigs with similar body
weight (30 kg) were housed individually and randomly assigned to two groups (14 pigs per group). The results
showed that: 1) There were no significant differences on growth performance in cadmium excessive rice diet pro-
vided group (P> 0.05); 2) The concentration of lysine in muscle reduced significantly in test fattening-pig group (P
< 0.05), and no differences were found on the free amino acids in plasma, liver, kidneys, and muscle (P> 0.05); 3)
Significant differences were noticed in most tissues (heart, liver, spleen, kidney, lung, stomach, small intestine, large
intestine and bone) (P< 0.05) apart from the blood and muscle for the accumulated cadmium (P> 0.05). No cadmi-
um was detected in fat and skin in both groups. The order of the tissues accumulation was that kidney > liver >
small intestine > spleen > lung > large intestine > stomach > blood > bone > heart > leg muscle > dorsi muscle >
fat/skin. In conclusion, the use of cadmium excessive rice in growing and fattening pig diets has little effect on the
growth performance. The cadmium accumulation in liver and kidney were significantly increased but no difference
was found in edible meat and blood tissues.

Keywords: cadmium excessive rice; growing-finishing pig; performance; heavy metal accumulation
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1 ##57i% (Materials and methods)
1.1 KB Rt

TRAH BT 15 5 1 (5500 Q TRAP LC-MS/MS, 2%
[, AB 2\ ) Al H RS A 45 B 1 BT 3% A (ICP-
OES720, H7, Agilent /2 7),
1.2 it SR

XY ZH SRR R K W B ST e XRS5
(0.75+0.06) mg-kg ' (n=6); % B8 20 [] & Fh Fig K AR
TGP XA P A 45 (0.19£0.01) mg-kg'(n=6),
KPR R R0 1 0, BB AR o4 (K F xRk
FIA KM 28 Sk(IR T 2 30 kg), FEHL> AT WA
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At 22 S R o BR A AR I 20, 300 76 W90 e i = %
YA RN I 2 5308 w8 9 R A0 5 04T (O R K
MBI 2 BB, 2% NRC(2012) Bt il 4= K 1 5%
FER AR 2H LB TR AR 1, e A R
X IRZH(0.15+0.01) mg-kg ' (n=6); K H 2H (0.55 +
0.04) mg-kg'(n=6), HF2HFE, A HRE KOK, &
KWy B i M 28 2 ik 60 kg, 28 K F AR AWy Beim e %
PJE A 90 kg,
1.3 FEAREE

AR BRI 2 M E IR Y 60 kg B, B4
& 6 Sk HEAT ORI 5 5 AR K B AL B Bl g 48 ==
MEXEIRY) 90 kg B, FERAR T 8 kTR H
B 5 T T O WO 52, e R RS . HIIFR
BTN ,4 CHE 2 h J5,3 500 r-min™ 20> 10
min, B IERILIK ,-20 CORAE, 43 I BUIF B A0
FIK WA 50 g F-20 CLRAE, REiE B 2 SE R 7
o Bel I S E N K T ILUBRIL
Bz G B34 200 g T-20 CHAAE, R ER ) &

1.4 FEBREGIN 50 2 7 vk
141 ARERE

HE A 1k 59 4% 00 IR AR E/% (AW/%) . K /%
(FW/% ) BRI sEFERHE SO R AT 35 H 3
#i/g(ADG/g), V- ¥ H R & #t/g(ADFl/g), £ I Lt
(F/G),
1.4.2  JFE SR

A2 i B A R I R R LC-MS/MS,
S SCE T e T
3 EE R

R it VR ARG T A e R I bR B 4

JB I E K M AR ME (5% GB 5009.15—2014); | 1] 720
%41 ICP-OES BT,
1.5 Hdsab 5 5Hr

RIS BHE 45 EXCEL 2010 %) 45 % 3 5 | 5%
SPSS 19.0 #AF#EAT ¢ Ko ge it 5347, LA P<0.05 /K
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N
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Table 1 Ingredient and nutrient levels of basal diet (dry mass basis)
By E| AR [Els:E
Ttem Growth period Fattening period

A% Ingredients/%

H&K Brown rice 76.00 82.00

K5 K1 Soybean 20.00 14.00

TR AL Premix® 4.00 4.00

377K Nutrient levels®

fRiHHAE/(Mcal - kg™ ) ME/(Mcal -kg™!) 323 3.29
/% CP/% 15.29 13.24
5B /% Lys/% 091 0.79
FEHR+IEE R/ % Met+ Cys/% 0.52 045
IER/% Thr/% 0.55 0.48
R/ % Try/% 0.16 0.14
% AP/% 0.24 0.22

T BURES AT s AR, AR RS A L1300 TU; 44K D3,150 1U; 464K B, 11 1U; 4825 % B1,1.0 mg; 482E % B6,1.0 mg; MR,
0.3 mg; =% ,0.05 mg; JE 7fR,30 mg; 2R, 7.0 mg; EALHHE,0.3 mg;NaCl, 1.0 g;4d,4.5 mg; %k, 100 mg; 4%, 80 mg;5fi,3.0 mg;f,0.14 mg,
HHCH  4EA: R A1 300 1U; 44 R D3,150 U 464 E, 11 1U; 464K B1,1.0 mg; 44 % B6,1.0 mg; R, 0.3 mg; A= ¥ % ,0.05 mg; JE 5 iR,
30 mg;¥Z R, 7.0 mg; & ALEH,0.3 mg;NaCl, 1.0 g;4,4.0 mg; %k, 60 mg;5¥%,50 mg;%%,2.0 mg;il,0.13 mg, >541H,

Note: * Premix provided the following per kilogram of the diet. Growth period: Vitamin A, 1 300 IU; Vitamin D3, 150 IU; Vitamin E, 11 IU; Vitamin B1,
1.0 mg; Vitamin B6, 1.0 mg; Folic acid, 0.3 mg; Biotin, 0.05 mg; Nicotinic acid, 30 mg; Pantothenic acid, 7.0 mg; Choline chloride, 0.3 mg; NaCl, 1.0
g; Cu, 4.5 mg; Fe, 100 mg; Zn, 80 mg; Mn, 3.0 mg; I, 0.14 mg. Fattening period: Vitamin A, 1 300 IU; Vitamin D3, 150 IU; Vitamin E, 11 IU; Vitamin
BI1, 1.0 mg; Vitamin B6, 1.0 mg; Folic acid, 0.3 mg; Biotin, 0.05 mg; Nicotinic acid, 30 mg; Pantothenic acid, 7.0 mg; Choline chloride, 0.3 mg; NaCl,
1.0 g; Cu, 4.0 mg; Fe, 60 mg; Zn, 50 mg; Mn, 2.0 mg; I, 0.13 mg. b Calculated values.
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2 Z5R (Results)
2.1 FERA PR XS A A A A RR R Y 52 1

550 BREAR F , A= A 0048 ] AR o 5 o e K ke U
HaJ5 ,ADFI ADG K F/G ¥ ANAFAE i % 2 5% (P>
0.05)(3% 2),
2.2 FEACR UG AR X Az K 0 2H 2 e i s s AR IR
R

Az A T M B A RER R IR AR T RS, 5 X TR
ZLAH EL, BRILA oA R 7 e B 3 A IR A1 (P<0.05)
M I | B 25 D B SRR S i T R

(P>0.05) (& 3 fi14),
2.3 FEORR IR AE A R T P 10 B B A
XA, TieAE KB, e 2K EEA
BB, AR s RS KSR AR S, BR LA | il 2 v 4
BRI E 25N P>0.05), HAth & NS B 4R
R T (P<0.05), B2 AU i v 24 R 4G
s 25 AU AR B R 22 BRI < B > JE
>/ N> 1G> ili> > 1 > 1 >3k >0 >R L> T AL
>R K5 HLBE I | 0 G 4 ) R o B
o] W S [1] Py A T HG AN (3 5).

F2 MARRERIERKAEERKSENZM
Table 2 Effects of cadmium supplied via cadmium contaminated rice on the growth

performance of growing-finishing pigs

51 KB Bi(n=6) Growth period(n=6) HEKBi(n=8) Fattening period(n=8)
Item Xif HB2H Control TR I 2 Test X BB 2H Control P2 Test
W kg TW/kg 30.89 + 327 30.85 + 298 32.06 + 2.66 32.11 + 245
K /kg FW/kg 63.61 + 432 64.02 + 7.46 9240 + 7.49 9131 + 4.00
H ¥R & Ht/g ADFl/g 2007.61 + 64.01 200471 = 8821 222950 + 75.12 229482 + 2847
F /g ADG/g 71141 = 2523 721.01 + 4344 735.67 + 24.04 758.54 + 16.49
KA FIG 284+ 0.12 283 + 022 3.03 = 0.04 3.04 + 0.08

3 BARRIFEB/ITERIIE (30~90 kg, n=8)M 3K ALK HIHFEIEHRSEHNZM
Table 3 Effects of cadmium supplied via cadmium contaminated rice on free amino acids for the plasma

and muscle of growing-finishing pigs (30-90 kg, n=8)

WH 13 (wmol-L")  Plasma/(umol-L") LA /(umol-L")  Muscle/(pmol - L)

Ttem X H82H Control T2 Test X HEZH Control JEG2H Test
AR Ala 14797 + 622 156.59 + 7.63 47388 + 3.17 47.82 + 1.77
KR Arg 1746 + 151 1944 + 093 1.18 + 0.07 1.07 + 0.04
RITA TR Asn 1.66 + 0.07 1.66 = 0.06 0.83 + 0.05 0.76 + 0.04
RITAHR Asp 9.88 + 0.04 9.87 + 0.05 7.18 £ 038 6.50 + 021
A AW Gln 120.72 + 7.65 116.86 + 4.20 49.99 + 6.20 48.19 + 335
H&m Gly 133.92 + 8.58 134.14 + 8.54 21.52 + 1.94 19.40 + 2.22
ZH %R His 23.81 + 2.04 2321 + 0.93 1.55 + 0.35 145 + 023
SR 1le 98.77 + 5.64 85.48 + 4.86 2623 = 141 26.63 = 1.09
SEE R Leu 166.20 + 10.57 14847 + 6.72 46.63 + 2.48 4756 + 2.69
R Lys 26.15 = 1.77 2575 = 147 136 + 0.10° 1.10 + 0.04°
22 Met 28.07 + 1.92 2924 + 122 2459 + 1.08 25.58 + 1.67
RN R Phe 7474 £ 3.50 82.76 + 2.88 35.89 + 1.51 36.93 + 1.98
i 2 Pro 77.61 = 3.61 80.90 + 591 2282 + 1.17 2441 + 0.58
25 R Ser 3049 £ 2.15 2934 + 1.86 1231 + 1.40 1023 + 0.72
IR Thr 46.60 + 3.02 47.12 + 2.31 12.86 + 1.14 1242 = 1.09
5 R Trp 43.09 + 2.82 49.86 + 222 9.60 + 0.55 10.50 = 0.55
% 22 Tyr 66.76 + 2.66 73.65 + 3.34 26.18 = 1.71 26.55 + 1.60
B4R Val 189.16 + 8.83 166.82 + 10.32 40.93 + 2.60 39.74 + 2.00

e S B A LY, AN R 7 B 3R 22 7 138 (P<0.05), T 1Al

Note: Compared with control, different letters indicate significant differences (P<0.05). The same below.



3 4 SORMRAT R PR X A R SR 1) A AR P A [ I 2 2 U 2 AR 32 i) 205

F4 FEARKBERITEKIARE(30~90 kg, n=8) Tt BEEhFEEERSEMN RN
Table 4 Effects of cadmium supplied via cadmium contaminated rice on free amino acids
for the liver and kidney of growing-finishing pigs (30-90 kg, n=8)

IiH AFAE/(umol - L") Liver/(umol-L™") B JJE/(umol - L!) - Kidney/(umol-L™)
Ttem Xif BB ZH Control 564 Test Xt H&ZH Control 2 Test
A Ala 154.85 + 14.33 147.80 +16.83 167.57 = 7.37 157.13 + 543
KA Arg 146 + 0.19 1.56 + 0.33 224 + 029 2.00 £ 0.17
RITABERE Asn 3.04 + 027 285 + 024 3.81 + 028 327 £ 023
RITAHBR Asp 596 + 0.34 548 + 0.19 6.12 + 0.36 7.11 + 047
4 Cys 15.60 = 2.50 1931 = 228 11.70 = 1.32 937 + 2.19
2 AR Gln 66.04 + 8.09 56.15 + 496 73.67 £ 557 68.76 + 428
BE Glu 33.93 + 3.40 3207 + 3.60 3639 + 322 29.70 + 427
HEm Gly 110.55 = 9.59 102.59 = 7.61 107.65 + 6.41 101.62 + 6.69
414 M His 2736 + 1.84 2555 + 2.56 29.88 + 2.80 25.81 + 137
e AR Tle 106.49 + 6.48 101.81 = 8.66 137.93 +12.47 128.38 + 9.42
LR Leu 257.93 = 18.00 24343 +18.78 322.56 +27.16 30342 + 21.63
R Lys 247 + 021 3.11 + 037 268 + 0.44 202 + 021
HIBR &R Met 98.66 + 5.81 94.08+7.58 131.52 +11.53 123.12 + 8.83
AR Phe 89.73 + 9.09 91.80£9.45 193.55 +16.89 179.63 = 13.37
IR Pro 208.76 + 12.58 207.77 £19.21 247.98 £18.10 24032 + 14.16
223 R Ser 3140 + 338 2827 + 3.13 38.70 + 4.01 38.71 + 3.73
MR Thr 6729 + 522 61.12 = 530 91.52 + 5.68 8332 % 442
R Trp 27.57+1.52 28.46+3.14 52.50+4.25 49.96+3.43
FR R Tyr 197.12+11.95 180.58+13.93 183.24+11.59 174.18+8.65
IE4 2R Val 218.38+15.85 204.04+14.93 271.55+22.73 255.35+19.22

x5 BAKERBEEKRHABENNTARE

Table 5 The accumulation of cadmium supplied via cadmium contaminated rice in growing-finishing pigs

A KB BE(n=6)(ng-kg™)

BEH B (n=8)/(ng-kg™)

?t;: Growth period (n1=6)/(ng-kg™") Fattening period (n=8)/(ug-kg™)
Xif HBZH Control IR Test X B&2H Control G2 Test
Lo JJE Heart 273 + 043° 567 + 0.51° 2.86 + 0.24° 52 +032°
JFHE Liver 94.60 + 9.10° 390.50 + 17.57° 12037 + 9.07° 40026 + 17.67°
J4LE Spleen 18.67 + 0.44° 49.28 + 3.70° 2344 + 1.62° 66.71 + 2.38°
Jifi Lung 6.46 + 0.64° 2259 + 2.64° 12.97 = 0.89° 34.03 + 3.88°
1% Kidney 680.62 + 66.20° 192258 + 248.28° 93636 + 74.97° 266243 = 169.43°
# Stomach 6.26 + 1.00° 18.56 + 1.56° 8.57 + 0417 2227 + 1.23°
/N Small intestine 15.17 + 2.63% 168.49 + 15.36° 31.88 + 7.60° 172.20 + 15.95°
KM Large intestine 11.56 + 1.14* 2531 + 1.94° 8.60 + 0.51° 2431 + 1.97°
WL Dorsi muscle — — 140 = 0.32 1.59 + 048
BEIUL Leg muscle 3.64 + 0.61 352 + 0.61 346 + 028 3.94 + 048
3k Bone 498 + 0.58° 7.64 £ 0.55° 424 + 031° 8.78 + 0.53°
1.3 Blood 19.85 + 1.30 19.60 = 0.92 19.07 = 0.98 1927 + 0.87
fi§ Wi Fat ND ND ND ND
Hz Skin ND ND ND ND
T ND" FORARMG < —" FRAAGI

Note: “ND” means no results detected; “-”

means no detection.
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3 iti ( Discussion)

B SCEEN ST R AE Sh iR TR in T
BUER , ARSI i A R Rt (HE X T3 L sh P A=
RAEME N R D IR A 7 i, WA R — . Wi
PR PN 3 me - ke X HAE K & B AR E H
T AN TR 50 mg - kg™ 57 W S BUE A4 K 2%
1, ERKEFEEERPHEERSENEZ  REE
FH G FAR R PR, Combs 4 PY R IE  7E L1 515
FA BN 10.4 .18.0 i1 28.5 mg - kg™ A4 , 1l M
125 d, W A KA IR T B . Bundscherer %571
WFFE R, RS AN 50 mg -k 48, XF AT
EpPACIR O0FN AE R B IR T B RS A AR RS
50.300 mg - kg™ A% 5 X b RS A B R PR AR I
M Lisk 45 A= K F LB BL(17.6~90 ke)fil
AR AR 0.24 mg- kg™ 1Y T KRR EAR 1A AR 5 X 06
W) ADG F/G fil ADFI ¥ 70 B 484k, 3 [ 1) k)
DA E M ECA R R S E AT 0.50
mg-kg" . AR IS4 B2 0.55 mg-kg,
SRR TR AT, A KRR I 25 R i
WA R R E SR B R IR A 15 20 A B0, X
5 Lisk P HRF7E 45 R —50, 70, R KR IR A Xt
AR AR AR B 52 e 55 TEHLAR A8 R 2R L, BV 5
S5, e 0 B A 1 A A TR R R
A S PRI

HHRGT LI, e S ECRN 3 H & 4 d i ik
£t e B R R 2 A e A AR A (U P R RIS
T, KRR, N P 2 R AR SR
MR i BRI AR b, LA I B A
LT HP i 8 G R o i, S5 % R AL AR EL , BRAILIA) ot
AR 0 F FEARAN(P<0.05) , HAp Z B AR 1A W] i A8
£(P>0.05) , P i A Xo A LR A R i R A,
SHNLA R T B AR A RE i — 5T

SRR R T 25 1E 5 09 A v i 8l w6250 DA AR
M IR — LS B oo R W Bk R VBEE . B
T E RS S5 PR R DL KR e it A0 36 1, S50 29
PR KRR R S A KRB SR E AR
HEEMCR, X4 R TT R AN ATk &
FHE R B — 2 W AR &R mAE M ALIAE
IR, AT LU B e 75 0 & M s 2 0
HEABLAAEST

Tt WGP I K B, B AE G T R R I Y 4y
AR B> > >0 > il > 6 i B &
I, FLomBE A 5% HR 38, AE R R TR R e s i —

E R TCHLES , HAE RN I & R BORLE R - B
SHFRESILA, = & B 22 MAAE B E LMK R,
BEAE S AR P 114 SR I PR ESF [ 854 T B A
IV I Hp e e B I 25 ) AR PP A O R A 8 i 3
INeT MUK 7 B R 8RR Al AR AR 4 R R AR
MT), AR i 5 T 5 R 9 MT JE B Cd-MT & &
Y, TR E A YRR B L iE B P ARG p
Xof R AL R BG4 AH L, 45 E 28 A 4L 40 b 4 10 35 Rl
BRAG T K LR I I H O B 35 24 2/ (P>0.05) , H:
2 2RI FEAE A 5 25 S (P<0.05), T LB AT
HE B 22, AT AR A DR I B ] DA K 2 S
MT ffi 5 DA K 5 B AL, BT LA B0 0 1O 1k 4 35
PR LR ARE 3K 5 A7 1T A S 6 (0 A 5T 45 R 3
AR—F, BRI, 78 A A IR TR P S IR KOk
J55%(0.55 mg-kg™ )5, HA1E B IE2.66 mg-kg )it
BiRZ, Bl B K& 5 bR (1.00 mg - kg™), AFIE
(0.40 mg-kg" R Z , WAL F E K & 5 bR ifE0.50 mg -
kg™"); WLIN(0.003 mg - kg™) Mg i R A ) TR = AR
b AT E R B SR HEW0.10 mg-kg™),

PRI, A K 0 8 ) R b 4 n R DK O U5 47 (0.5
mg-kg)E , AR E &AL e, 1
B AR S LRI A T R I R X 8O
ERAb

it BH OB R AR FEARBRTT RS T A
;'T"';ﬂj]o

EIREE B L FER0985-), B, B E R, £ 25
RIGVA M EREFRIAARTIEH
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