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A 90 day feeding study on L-alanine from fermentation broth in SD rats
CHEN Geng, XU Jun, LU Luo-ding, XI Qing-li, YU Ping, LYU Zhong-ming, BIAN Qian, SHI Wei-qing
(Institute of Toxicology and Functional Assessment, Jiangsu Provincial Center for Disease

Control and Prevention, Jiangsu Nanjing 210009, China)

Abstract: Objective To evaluate the sub-chronic oral toxicity and maximum no observed adverse effect level (NOAEL)
of L-alanine from fermentation broth in Sprague-Dawley (SD) strain rats. Methods According to procedures and methods
for toxicological assessment of food (2003 edition) , a total of 96 4-week-age cleaning grade weanling SD rats were divided
randomly into 4 groups, 12 male rats and 12 female rats in each group. Rats were fed the diet containing 0.00, 1.25,
2.50 and 5. 00 g/kg BW L-alanine from fermentation broth for 90 consecutive days respectively. On the 45" day, blood
samples collected from inner canthus veniplex were used for complete blood count. At the end of the experiment, samples of
blood were collected for hematological and biochemical analysis, respectively. Livers, spleens, kidneys and testicles
(ovariesy) from all rats were weighed, furthermore, and the ratio of these organs to body weight was determined. The brain
(including cerebrum, cerebellum and pons cerebelli), heart, thymus, lung, liver, kidneys, adrenal gland, spleen,
stomach, duodenum, testicles, ovariesy and uterus (horn and cervix) were removed for histopathological examinations.
Results The growth and development of all rats in four groups generally performed well with normal growth and
development. There were no significant differences between three experimental groups and the control group (P >0.05),
including the final body weight, total food intake, total food utilization, the cardinal organs/tissues’ wet weight and organ
coefficient. No sample-related significant changes were observed on haematology and serum biochemistry parameters at the
mid or final term. Histopathological examinations showed no damage caused by L-alanine from fermentation broth, except
for a few of the common spontaneous lesions. Conclusion The NOAEL of male and female SD rats in oral sub-chronic

toxicity study for L-alanine from fermentation broth were 4. 58, 5. 56 g/kg BW respectively.
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Figure 1  Effect of L-alanine from fermentation broth

on the growth curve of female rats
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Figure 2 Effect of L-alanine from fermentation broth

on the growth curve of male rats
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Table 1  Effect of L-alanine from fermentation broth on weekly food intake in rats
o WS 5 [/ &
1 2 3 4 5 6 7
XF B4 (0 g/kg BW) 118 6 153 +9 154 + 11 152 +15 156 + 14 153 +18 151 20
. {57 20 (1. 25 g/kg BW) 110 +8 140 £10™ 139 +10™ 146 =13 147 =11 151 £17 147 23
it ) 2H (2. 50 g/kg BW) 114 =7 151 +10 152 +7 151 £9 157 £13 155 +12 156 =15
A4 (5.00 g/kg BW) 117 £11 145 £12 149 + 11 147 £9 157 +18 156 =15 150 +20
XF B 2H (0 g/kg BW) 124 6 171 7 194 =8 207 4 220 +9 223 +8 217 + 14
e MR L4 (1. 25 ¢/kg BW) 123 6 171 £9 188 + 11 201 +9 210 £17 217 +20 210 + 14
o R 4 (2. 50 g/kg BW) 118 6 169 +7 190 9 201 +10 212 + 16 215 +20 213 +18
AR 2H (5. 00 g/kg BW) 121 +7 164 +8 184 11 196 +9* 205 15 207 + 14 207 18
o W 3% I [1] /
8 9 10 11 12 13
XF R4 (0 g/kg BW) 136 +17 140 + 16 126 +19 141 +21 138 +20 131 £11
i TRF 4 (1. 25 ¢/kg BW) 134 £17 131 15 127 +29 137 +18 130 +19 141 £17
G rf K 41 (2. 50 g/kg BW) 141 21 138 + 16 139 £16 138 £15 136 +17 155 £16 *
74 (5. 00 ¢/kg BW) 139 +19 146 =20 143 £22 135 £20 147 + 16 141 19
XF R4 (0 g/kg BW) 225 +12 221 +13 234 £ 11 233 + 14 226 + 14 200 +22
o TRFHE4H (1. 25 ¢/kg BW) 230 6 226 +17 228 +12 217 +15 213 +11 213 + 16
rf K42 41 (2. 50 g/kg BW) 229 + 14 220 +20 232 +19 223 20 213 £22 212 + 14
4 (5. 00 g/kg BW) 217 + 16 216 +18 223 +16 223 +23 210 + 16 205 + 15

WG, = i P <0.05, =k P <0.01
2.2 IR RN 25
mFE4S5S a0, SXFBAkK, B 1,25

g/kg BW 5| & 41 FIME 52 K 2. 50 g/kg BW Fl & 241
MEMER B HCB (R RH Z R A HIiT# 2 XL (P <
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Table 2 Effect of L-alanine from fermentation broth on weekly food utilization in rats

Joal W 3 1 [/ ]
1 2 3 4 5 6 7
XL (0 g/kg BW) 44.4£2.2 32.024.9 17.9%3.9 14.8x3.1 15.8 4.4 8.1x4.7 5.1+3.8
e K74 (1. 25 g/kg BW) 43.5+3.8 30.8%2.2 19.2£5.8 16.2%4.1 14.5+4.0 9.6 4.6 5.4+5.2
) T 2H (2. 50 g/kg BW) 45.5+4.1 33.6%3.7 17.7+4.2 15.924.7 16.6+5.6 9.2+4.3 4.5+3.3
R4 (5. 00 g/kg BW) 41.5+5.3 32.7+53 18.5+3.1 16.2+3.5 16.3+6.1 9.4+6.4 3.1+3.3
X AL (0 g/kg BW) 50.7+2.6 40.6+1.1 31.2+2.8 29.9%2.6 25.4%3.5 20.0x2.3 18.9 £4.0
_— R FI & 2H (1. 25 g/kg BW) 51.1+2.5 40.3+1.6 31.8+2.2 29.7+2.9 251x2.2 21.5+1.8 15.3 £3.6
42 (2. 50 g/kg BW) 52.8+3.6 40.5+2.7 32.3+1.9 28.1£3.3 27.6x4.2 19.2x4.3 15.3 £5.4
T F R4 (5. 00 g/kg BW) 49.4+3.9 40.8+1.4 32.4%2.3 30.3+3.1 24921 21.3+2.5 14.3 +5.6
o W R I 1)/ A
8 9 10 11 12 13
Xf BE2H (0 g/kg BW) 4.5+3.2 3.3£1.7 3.0£2.4 2.6+2.2 3.2+2.0 3.6+3.2
i R4 (1. 25 g/kg BW) 3.9+3.1 2.9+1.6 4.6+3.2 5.6 +4.4 4.8+3.3 5.6 +4.1
th & 2H (2. 50 g/kg BW) 4.3+3.4 2.8+2.0 3.5£2.2 4.3%2.9 3.4+2.9 8.2+3.9%
A4 (5. 00 g/kg BW) 2.5+1.9 3 3.3 2.2%1.1 3.8+1.9 4.2+3.6 5.0+3.6
XF A ZH (0 g/kg BW) 11.7+2.6 15 .2 7.2+3.2  13.5£2.8 7.2+3.3 7.9+3.5
_— fEFI 41 (1.25 g/kg BW) 10.0£2.0 16.7+2.1 10.0£2.2 12.2+4.2 7.4+2.9  12.2£3.2*
R4 (2. 50 ¢/kg BW) 12.9+3.1 13, .6 9.8+3.0 14.8x4.5 7.1+3.4  10.4 4.3
A4 (5. 00 g/kg BW) 11.2£4.3  15.4+4.3 9.5+2.5 13.6+4.1 7.3+2.9 9.4+1.7
WG EBALLES, = R P <0.05, #xK P <0.01
%3 KRBT B R YR SR SRR B (% 25,0 = 12)
Table 3 Total gain in body weight, total food intake, total food utilization and actual intake dose in rats
o B pERiiNcy BEYR R 52 B 4% B ik
/g /g /% /(g/kg BW)
Xf BE2H (0 g/kg BW) 224.3 £20.9 1849. 8 +150. 6 12.12 £0. 74 —
e R4 (1. 25 g/kg BW) 220.6 £22.7 1780.4 +131.2 12.38 +0.79 1.34 0. 06
th 44 (2. 50 g/kg BW) 240.0 +28.8 1882.7 +104.7 12.71 0. 94 2.69 0. 09
F A4 (5. 00 g/kg BW) 221.2 +19.0 1870.3 +173.7 11.92 £1.47 5.56 £0.59
Xf BE2H (0 g/kg BW) 538.1+29.2 2694.3 +86. 6 19.97 +0.76 —
_— K744 (1. 25 ¢/kg BW) 535.5 +20.3 2646.3 £114.5 20.25 £0.57 1.15 £0.04
P4 (2. 50 g/kg BW) 536.2 £58.0 2646.5 +158.2 20.22 £1. 15 2.29 £0.07
T 774 4 (5. 00 g/kg BW) 514.8 £52.5 2577.0 £152.5 19.96 +1. 40 4.58 £0.24
T — R AR
F4 REEE L-HER 90 d IR IR B =45 R (v £5,n = 12)
Table 4 Hematology values of rats at the mid-term in 90-day feeding study of L-alanine from fermentation broth
pon 1M 21 25 2120 it B ifiL /MR 20 B A
/(g/L) /( x10"%/L) /( x10°/L) /( x10°/L)
X HE2H (0 g/kg BW) 135 %5 7.31 £0.38 1098 + 105 7.63 +1.86
e {2 (1. 25 g/kg BW) 127 7 7.02 0. 51 1016 +190 8.03 +1.08
) 420 (2. 50 g/kg BW) 130 +6 7.06 0. 30 1031 £117 8.51 +2.22
A4 2H (5. 00 g/kg BW) 131 27 7.09 0. 46 1028 + 143 7.16 £1.55
XL (0 g/kg BW) 135 27 7.12 £0.39 967 =127 10.45 +2.36
_— 5 40 (1. 25 g/kg BW) 138 +7 7.44 +0.38 1008 + 182 10.50 = 1. 39
4 (2. 50 g/kg BW) 141 8 7.40 £0. 50 1047 +193 11.44 +2.02
T F R4 (5. 00 g/kg BW) 142 +8 7.58 +0.45 988 + 171 10.21 +1. 83
gl e L 40 i/ 9% T 4T/ % HZ AN/ % IR F P 20 I/ %o 1R i A 440 i/ %
X HRZH (0 g/kg BW) 8.1£2.0 86.7 +2. 1 2.1+0.7 2.2+0.5 0.2+0.1
e MR HEZH (1. 25 g/kg BW) 11.127.1 83.6+7.5 2.3+0.6 2.1+0.6 0.2 £0.1
R 40 (2. 50 g/kg BW) 9.1+4.9 85.1+5.2 2.2+0.5 2.5+0.9 0.3 +0.1
R4 (5. 00 g/kg BW) 7.9 2.1 86.7 2.2 1.9+0.6 2.6+0.9 0.2 0.1
X HEZH (0 g/kg BW) 10.0 £3.2 85.0+3.6 2.2+0.5 1.9+0.7 0.3+0.1
Wb R FI & 2H (1. 25 g/kg BW) 10.6 £2. 1 84.5+2.5 1.9+0.7 2.1=%1.1 0.220.0
R 20 (2. 50 g/kg BW) 11.7+2.3 83.6+2.4 1.9+0.7 2.0+0.8 0.3 +0.1
R4 (5.00 g/kg BW) 11.6 +2.7 83.5+3.1 1.9+0.8 2.2+1.0 0.2+0.0

SR AL, #+ 24 P <0.01
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S5 KRR L-NER 90 d MEFRIRE R W R B =45 R (2 5,0 = 12)
Table 5 Hematology values of rats at the final term in 90-day feeding study of L-alanine from fermentation broth
o 1M 2176 H 212 f Ak /R 1 20 A T A
/(g/L) /( x10%/L) /( x10°/1) /( x10°/1)
XL (0 g/kg BW) 141 6 7.94 £0.43 988 +98 6.98 +1.59
) R FI & 2H (1. 25 g/kg BW) 138 +8 8.12 0. 68 1003 + 160 8.45 +1.43
e rh 20 (2. 50 g/kg BW) 134 +4~ 7.86 +0.32 980 + 181 6.51 +1.44
R4 (5.00 g/kg BW) 141 +6 7.96 +0. 31 839 =151 6.51 +1.83
X HEZH (0 g/kg BW) 141 =8 8.30 +0. 47 1055 +133 10.83 +1.79
_— R4 (1. 25 g¢/kg BW) 145 +3 8.85+0.26" 1002 +202 11.55 +1. 86
42 (2. 50 g/kg BW) 141 =8 8.25 +0.51 1033 + 141 12.35 +1. 18
AR 2H (5. 00 g/kg BW) 142 +8 8.55 0. 49 1014 + 106 11.51 +1.31
! e PR A i/ % T L 20 B % B AR L/ % & TR M 200 i/ o V8 1 L 4 i/ %
X HRZH (0 g/kg BW) 17.9 4.1 74.8 £4.4 3.7+0.7 2.5+0.5 0.120.1
) EFI R4 (1. 25 ¢/kg BW) 19.7 £3.1 74.6 £3.0 2.7+0.8" 2.0+0.9 0.2 0.1
et s (2. 50 g/kg BW) 19.5 +3.4 73.1 4.1 3.6+0.6 2.7+0.6 0.2 0.1
E R 2H (5. 00 g/kg BW) 20.1 4.7 73.2 £4.9 3.5+0.7 2.5%0.9 0.220.1
XFHEZH (0 g/kg BW) 19.3+3.4 72.9+3.5 3.8+0.5 2.8+0.6 0.2+0.1
e R4 41 (1. 25 g/kg BW) 20.3 +4.0 72.3 £4.7 3.5+0.6 2.6+1.0 0.2+0.1
HP 4 (2. 50 g/kg BW) 20.7 3.2 72.4£3.0 3.2+0.8 2.320.5 0.220.1
E R 2H (5. 00 g/kg BW) 21.7 £3.6 71.5 3.4 3.3+0.9 2.2+0.6 0.2+0.1

SR R, = O P <0.05, #x4 P <0.01

0.01,P <0.05) ; MEFEA M 1.25 g/kg BW 3| 5 41 M-
K RBC T HZER A G4 L (P <0.05) M
KE MO W BIEINEZS AR E X (P<
0.01) ,H [ B 30 5 20 2 [8) JC ) - 2 g oG &, HL IS¢
PP RN R 7 R U0 45 2H fE | B R B HGB . RBC  PLT
WBC & NE LY MO EO BA B4l ¥ 7E A S 56 % )
IR A EN RS BA AR A FE

2.3 AR A I 45 R
13 6 ] UL, 5 %) IR 20 LU, fE P R R 1. 25,
2.50 g/kg BW ik 4l TG B .BUN Ft H 2 R4

it % B X (P <0.05, P <0.01), i K K

1.25 g/kg BW #| &4l ALB .BUN CRE f1 TP F} &,
TG R&f%,1.25.5.00 g/kg BW # & 4 ALT 7+ &5, 2%
SHA G FE X (P <0.05,P <0.01),{HixX s 4%
FRATE 4 TE A S 0% 25 D) S0 0F H (R LN MEE 2. 50,
5.00 g/kg BW | B 40 K ME M 1.25, 2.50,
5.00 g/kg BWH it 4 K TC Frm H 22 5 A G it 2
HU(P<0.05,P <0.01), H il H A 556 2 g 5 0E
HAE T (MEEL: 1. 20 ~ 3. 00 mmol/L; R :1.24 ~
2.24 mmol/L) , "] g 5 52 il ¥y 77 & 41 1) ) b 4 Ah TS
TS R A L bR bR AR AR M B 2 (A TG
RERE, HJC ) &E-5 N O &, 45 ) &t 4 4 2 T

K6 LMk L-TNAENMR 90 d MEFRE AR K UM AL AL 45 2R (2 £5,n = 12)

Table 6  Serum biochemical parameters of rats at the final term in 90-day feeding study of L-alanine from fermentation broth

i 4 T e A il A5 VL S il IREA WLTEF
/(U/L) /(U/L) /(mmol/L) /(pmol/L)
XF AR ZH (0 g/kg BW) 47.9 £13.6 154.1+24.3 5.72 £0.55 36.1+3.3
i R4 (1. 25 g/kg BW) 56.0+15.5 159.6 +30.3 6.75 +0. 42" 38.9 3.4
et th 4 (2. 50 g/kg BW) 56.1+14.9 162.7 +£40. 5 6.72 £0.52* 36.9 3.0
27 B2 (5. 00 g/kg BW) 40.2 £7.0 149.2 +16.0 5.66 +0.68 35.2+3.4
Xf AR (0 g/kg BW) 40.5 £10. 8 139.7 +22.1 5.46 0. 64 31.2+1.9
b R4 41 (1. 25 g/kg BW) 56.8+7.2* 140. 6 +36. 1 6.36 £0.81"* 36.0+6.7°
s (2. 50 g/kg BW) 50.0 +17. 8 145.2 +36.3 5.20 0. 88 31.4%2.2
B R4 (5. 00 g/kg BW) 53.0+8.7° 153.0£26.8 5.84 +1.04 32.7 4.7
bl S JIEL [ e Hr i = g I 4% MEN HEA
/(mmol/L) /(mmol/L) /(mmol/L) /(g/L) /(g/L)
XF BR2H (0 g/kg BW) 2.05 0. 50 1.46 £0.59 6.20 0. 67 73.5+7.2 38.8£4.0
' R4 (1. 25 g/kg BW) 2.74 £0.65 0.73 £0.26 " 5.69 £0.74 76.7 5.0 38.2+2.3
e T4 (2. 50 g/kg BW) 3.46 £1.04 0.87 £+0.25* 5.87 +0. 62 78.5 +6.6 41.0 3.1
R4 (5. 00 g/kg BW) 2.85+0.68" 1.38 £0.72 6.35 +0. 64 73.1£5.9 39.0+3.6
X HEZH (0 g/kg BW) 1.89 £0.23 1.83 £0.68 7.18 £0. 54 60.7 2.0 30.5+1.0
pron R (1. 25 g/kg BW) 2.76 £0.35 ™ 0.96 +0.37 ™ 7.34 %0. 48 65.6+3.4"  31.6x1.3"
R 20 (2. 50 g/kg BW) 2.38+0.29 " 1.93 +0.59 7.63 +0.70 60.7 1.0 30.4+0.7
R4 (5. 00 ¢/kg BW) 2.51£0.36™ 1.36 0. 54 6.85 +0.41 62.8 +3.4 30.9 1.2

0 SR AL, + S P <0.05, #xk P <0.01
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AR AR E S X IR I E R B B SeE X
(P>0.05) , 454 JUE & B 5 WEAR LU A5 48 AR K 41 ZU%
e g0 IO X S U 5 2 i e

2.4 RIKBALU A A 2

2.4.1  RIKFIKG

Eat DN N I N IO VN N B N & g
[F3N0) N I i =) 77BN TR SN SR T = R ER A &
AR SR S R i R U A A E
IR T, SX AR ERH TR E X
(P>0.05),

# T KB L-NER 90 d MSRIKE R R EZAEM B EMALL L (2 £5,0=12)

Table 7  Cardinal organs’ wet weight and organ coefficient of rats in 90-day feeding study of L-alanine from fermentation broth

! IR R g AT/ ¢ T/ ¢ Bt/ g EAL(IHH) /g
X HRLH (0 g/kg BW) 283.8 £21.2 9.05+1.35 0.55 0. 09 1.98 +0.13 0.13 £0. 04

) R4 (1. 25 ¢/kg BW) 282.8 +25.3 8.54 +1.04 0.48 +0. 12 1.83 £0.20 0.12 £0. 03

et th 2 (2. 50 g/kg BW) 304.1 £25.7 9.69 +1.23 0.51 0. 06 1.98 +0. 21 0.14 0. 03
R FI R4 (5. 00 ¢/kg BW) 281.3 £17.8 9.12 0. 87 0.49 +0.07 1.97 £0.09 0.13 £0.03
XTHEZH (0 g/kg BW) 592.2 £29.0 16. 86 + 1. 44 1.03 0. 16 3.63 +0. 31 3.75 +£0.22

e EFHE4H (1. 25 ¢/kg BW) 595.3+19.6 16.22 +0. 95 0.91 +0.09 3.45 +0.27 3.77 £0.20
R 41 (2. 50 g/kg BW) 594.1+55.9 17.24 +2.24 0.96 +0.13 3.53 +0.28 3.71£0.24
T 74 (5. 00 ¢/kg BW) 573.9 £51.2 15.85 £1.72 0.89 +0.15 3.57 +0.38 3.84 +0.31

| A4 L/ % JGAA L/ % ERIN=A) L (IR E) KL/ %
XFHR 4 (0 g/kg BW) 3.19 +0. 47 0.19 +0.03 0.70 0. 07 0.05 +0.01

) fEFI R4 (1. 25 g/kg BW) 3.02 +0.28 0.17 £0. 04 0.65 +0.05 0.04 +0.01

e h )& 2H (2. 50 g/kg BW) 3.18 £0.28 0.17 £0.02 0.65 +0. 06 0.04 +0. 01
A4 2H (5. 00 g/kg BW) 3.24 +0.26 0.17 £0.02 0.70 £0. 04 0.05 0. 01
FHRZH (0 ¢/kg BW) 2.85 +0.20 0.17 +0.03 0.61 +0.03 0.63 0. 04

i MR AL (1. 25 g¢/kg BW) 2.72 +0.13 0.15 0. 02 0.58 +0.05 0.63 0. 04
R 20 (2. 50 g/kg BW) 2.90 +0. 14 0.16 +0.02 0.60 +0.03 0.63 +0.05
R4 (5. 00 g/kg BW) 2.76 £0.20 0.15 +0.03 0.62 +0.07 0.67 £0.08

2.4.2 HEURIK A GABEE U I 2, TR R TT Ak 2 B A A R B,

X} 5.00 g/kg BW 5 2 41 A6 HE 2H 43 R B K
DAY T IRTINN BN TN O o SN 1) = By <1
[ R EE R SR LR AT A, T OO N O
Hapg B AR e SRR W B,
B LUB 2 Kok A R0 8, haR 8 AT, &
FELH SR B A PR B s HLJG 2 1) 22 53], 2% i 5 ik
B W o i K s H R PR A AT G, TS A2 A b B
TR o AKX HA ) 12t 2H R AT 2H LU B2 A A

#8 LMk L-TAEER 90 d LRI K R A8
I BLEE AR A 45 5 (n = 12, 51))
Table 8 Results of rats’ histopathological examinations

in 90-day feeding study of L-alanine from fermentation broth

Xif 21 1o 7 2

HY B2 ks (0 g/kg BW)  (5.00 g/kg BW)
i REGARIE 0 0 1 0
i3 % B N 17 A 0 2 0 3
(53 &L (AN 0 0 0 2
B LR RERIM 1 1 0 0

% B R 5 A 0 0 1 0
it 1B 7R M 2 0 0 0

BREARIE 2 1 2 1
E REORICE 2 — 2 —

TE — AR A

3 g

L-N R TR I N AN B2 AR R, B 2%

Al gE A =R BRGNS AL A= i CO, FK, [R] )
FERCRE i (A R 2 BTt o TN IR -4 A R A0 PR 2
FAE MR Pz 3 207 N2 — | R R R R fE
RV T R M, LT SR AR O
ER Y RN T R 2w W
Freudenberg s U B 5T 2 W, B OB b g AN R
4.5% L-NE R (w/% ) REAT RO AR /N B it 2 JIE [
W .

B e —Fh S s A SN, SIS Y
FUTPMEREAR, SEA RS EK 80% ~
82% , XFRT MR o th T 1% 8 F al fie i i 3 xf AH [l
TS R JIEL TR ) o R WA, I e e R AR 0 T A
HEF A 8 J5 B ( hydroxymethylglutaryl coenzyme A
reductase, HMGCoA ) ) 315 14 1M B Sk 38 I AHL [ e 5 A%
BB R B A A AE [ A9 52 B, TR O i 2
il T 4 i A L v AR [ K b R R
17 2 b sl W o v L T e R A AR D e) RE S
T AW I B e e B S i AT G B gs R
it R ( methionine ) M2 R ( lysine ) AE T i 8 74 ==
K F S it 3 AR B 2 H R (glycine ) | A
M2 (taurine) F15E MR (leucine ) g F AR R B/ BRI
YR AR T R R o R A
R REARN SRR ETRETEA ARG E
PR AR R BRI Y R 2 B TR S i R A
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5, EH & & s T s & A R R X
ol 2 B R A R Y5 3 W AL I e S O TR P S R
A RE SR I AR R SR A B0E E [ O AE
JE R Z— o AR W], B A S0 I R T S
RO I T T 5 KON O AR TR L], A LG )
S, BRI S R e ) 2 AR R R B v E
[ i A 0T DR, R R Y R R 1 T
il 5 I T AR KT T

ARBFFELA 1.25.2. 50 F15.00 g/kg BW 5|4 (4
P HERERI R 75 (150 F1300 1) 1 R BRI L-TH 4
M2 15 ASER R R R B 90 d AR s 3 A
R B L-NEA R (BEE ) SR (w/% )
AR 1.56% (0.31% ) 3. 12% (0.62% ) .6.25%
(1.25% ) 25 R R & A s Wi 3 AR IE &5 M
HERBAR h m Al R A s S e EMER
PRI 500 B LA, 2 S I R gt 7 (P >
0.05) ; M | A A BRL 4% 700 o 41 19 Il YR 27 46 b K B TC
AP B IV A AR A A I/ X 7 E R 3h Y LA,
PR R R 2 KRR A L ) 2R B TC A
L, ER AT EE X (P <0.05,P<0.01) kY
SZAR W) 300 2H AR R AN R I R R A e
175 32 W AR B J0 0G5 i B DR B 45 7910 2 4 26
PR AR S A i, ZR Y G E
SC(P >0.05) 5 iy A7) d2t 2H M | e DR Bl A /N G 0
JH MG CECE R R E A O
EEE-F AR g vEc S o b VRSP 4 379 ATSE =)
iz W1 A AN Rk 2z

FEASLI g 4 T, KR L-IN 2R 90 d
M a6 M A RS B 8 A B e ROR WL 3 A
YEHI#) 4 (NOAEL) 43 % 4 5. 56 4. 58 g/kg BW (4}
SR Y F A 70 HE G 332 M1 274 £%) . AR R A
I N R B L-TH @ fR e i 1 Rk 22 4K .
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