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Safety assessment of meat from transgenic cattle by 90-day feeding study in rats
FENG Xiao-lian, WANG Hui-ling, LI Chen-xi, ZHI Yuan, LIU Hai-bo, LIU Shan
(Key Laboratory of Food Safety Risk Assessment of Ministry of Health, China National Center for
Food Safety Risk Assessment, Beijing 100021, China)

Abstract : Objective The research was conducted to evaluate the safety of beef derived from human a-lactalbumin gene-
modified cattle by 90-day feeding study in male and female Wistar rats. Methods Transgenic beef or conventional beef
was processed into powder. Five percent of beef powder was incorporated into diet and other ingredients were adjusted to
simulate AIN93G purified diets for laboratory rodents. Rats were randomly assigned into three groups with approximately
similar initial mean body weights, which were transgenic beef group, conventional beef group, and AIN93G diet group.
Clinical observations were conducted daily during the 90-day study, and body weight and food consumption were weighed
weekly. At the end of the study, urinary examination, hematology and blood biochemistry examination, macroscopic and
microscopic examinations were conducted. Results  There were no biologically significant differences between the
transgenic beef group and the conventional beef group in all items observed (P >0.05). Conclusion The present 90-day

feeding study suggested that transgenic beef might be as safe as conventional beef.

Key words: Human a-lactalbumin gene; transgene; genetically modified food; beef; 90-day feeding study; food safety;
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Table 1  Composition of test diets supplemented with meat

powder derived from conventional cow and transgenic cow

Al W d A EENAA

oy et S o S p
i) i A kL
AR/ (% sw/w) 0. 00 5.00 5.00
B/ (% sw0/w) 20. 00 14.70 14.70
BAM/ (% ;w/w) 0.30 0.30 0.30
W/ (% sw/w) 10. 00 10. 00 10. 00
EKIEM/ (% ;w/w) 39.75 40.25 40.25
T/ (% sw/w) 7. 00 6. 80 6. 80
FUHZE/ (% sw/w) 5.00 5.00 5.00
WK/ (% sw/w) 13.20 13.20 13.20
AIN-93G Z5/ (% ;w/w) 3.50 3.50 3.50
AIN-93 Z4E/ (% ;w/w) 1. 00 1. 00 1.00
SRR/ (% ;w/w) 0.25 0.25 0.25
HEH/ (% ;w/w) 17.30 17.32 17.26
LG/ (% sw/w) 6.93 6.90 6.90
F Y8/ (% jw/w) 5.00 5.00 5.00
WAKAE Y/ (% s0/w) 62.32 62. 82 62. 82
et/ (kJ/g) 16. 00 16. 09 16. 04
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Table 2 Nutritional analysis of meat powder derived from

conventional cow and transgenic cow

il L

532 e %y P .
K43 3.52 4.56
N R4y 2.7 2.8
j&(:’;i‘)?j HLE 90. 4 89.2
A Wi 3.3 3.4
ARG W) 0.1 0.0
i/ (mg/kg) 2.1 2.1
55/ (g/kg) 0.17 0.20
#/(mg/100 g) 59.91 57. 46
#/(mg/100 g) 9.15 14.87
- 4/ (mg/100 g) 0. 03 0.14
#/(mg/100 g) 370. 21 361. 00
44/ (mg/100 g) 116. 16 103. 37
45/ (mg/100 g) 12.75 10. 11
W/ (/100 g) 0.48 0.47
i/ (mg/kg) 0.529 0. 476
A/ (png/100 g) 4.79 4.00
B,/(mg/100 g) 0. 095 0.075
B,/(mg/100 g) 0.20 0.22
B,/ (mg/100 g) 0.19 0.20
o B,/ (ng/100 g) 5.6 4.5
E/(mg/100 g) 0.236 1. 89
AR/ (mg/100 g) 8.73 8.00
2R/ (mg/100 g) 0.49 0.39
MR/ (e/100 g) 10. 10 7.13
A/ (ng/100 g) 1.8 2.0
RITA AR 9.18 8.71
Ih AR 4.32 4.07
2 R 3.70 3.73
HAMR 15. 86 14. 94
HaEm 4.36 4. 60
K=Y 5.61 5.40
4 R 3.97 3.75
AR 2.91 2.58
IR/ (2/100 g) LA 200 42
AW 8.00 7.49
i 51 1R 3.97 3.59
A 3.50 3.16
AR 8. 44 7.99
2H AR 2.44 2.36
LirENiv 6.41 5.50
it 2 R 3.65 3.17
k=N 0.61 0.51
o 42 1.31 1.23
fieft/ (kJ/100 g) — 1 660 1 643
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23 EEILIA A R R R B AR B L HE R S 9 SE R (2 £ 5,0 = 10)
Table 3 Summary of body weight and food consumption of rats fed meat powder diets for 90 days

- FE Rl ) R W58 A P 4L BB R AR R A

VIR IR R/ 73.3+£5.8 79.5+5.3 73.1+4.8 80.4 £5.9 74.2 £5.0 80.3 +5.8

KR/ g 302.4 £32.7 512.3 £30.6 301.7 18.7 515.6 +24.0 306.8 +12.3 512.6 +30.2

KR/ 229.2 +29.6 432.8 £28.1 231.6 +18.8 435.2 £23.1 232.7 +10. 8 432.2 £27.8

PHEE/ e 1329.0 £140. 1 1840.1 +£109.0 1301.1+£72.4 1825.4 £81.0 1352.2+£57.7 1819.9 £91.5

1 R %/ % 17.2£0.7 23.5+0.6 17.8 £1.0 23.8+£0.9 17.2 0.5 23.7+0.7

T4 FEEH A B R BRI AR (2 £ 5,0 = 10)
Table 4 Hematological findings of rats fed meat powder diets for 90 days
e LAl i) ek e 3 A Y 4L o B TR A T 2
W T HfE e T T 1 Tt

RBC/(10/L) 7.53 £0.37 7.22 £0. 85 7.81 +£0.29 7.65 +0.31 7.43 £0.35 7.19 £0. 44
Hb/ (g/L) 153 £8 154 £12 157 £6 154 +7 150 =7 149 +6
PT/s 14.0 £0.6 14.1+0.3 14.4 £0.7 14.8 1.1 12.8 +3.5 15.5+£2.0
APTT/s 21.0x1.0 19.2 +2.2 22.3+£2.0 21.2+1.4 21.5 1.0 22.2x1.5
Pli/(10°/L) 507 +51 683 +83 529 +44 823 =155 549 +91 819 =125
WBC/(10°/L) 11.0+£1.9 13.6 £3.1 11.5+1.8 13.9 2.1 10.4 £1.7 14.9 £5.1
4 4 it — Fp M R 40 M/ % 34.3 £8.2 25.7 £8.1 33.6+£9.0 30.3+£9.7 29.2£6.7 23.8 £6.1
14 40 e — v (6] 40 e/ % 1.2+0.2 1.0+0.2 1.2 +0.1 1.2+0.2 0.8+0.1** 1.0£0.2"
4 4 it — bk B 40 i/ % 64.5+8.3 73.3 8.1 65.2+9.0 68.5+9.7 70.0 6.7 75.2 £6.1
B bkt 40 i/ % 31.2+3.9 36.0£3.6 25.7+6.9 31.5+£5.5 29.3+£3.8 29.3 +4.2
T Ik 4 410 i/ % 52.3+4.6 43.4 +4.8 55.5+4.8 47.3 +6.4 52.0+6.0 50.2 £3.5
NK 41 g/ % 9.3+1.9 12.5+£3.2 12.5 +4.2 14.1 +4.9 10.7 £2.6 12.5+£2.9

TE o FR 5358 A4 AL LB, P < 0. 05 ;#5571 5 FE R AR FU 8, P < 0. 05 5 il T A0 38 %) O 6] 8 4% (4 20 3% 1 AS [, 46 00 435 SR ot 31 o0 /N B0 s

AR A R
RS IR A AR X R BB 2 L A AR AR BB (2 £ 5,0 = 10)

Table 5 Blood biochemical findings of rats fed meat powder diets for 90 days
et LA R 5 4 A 4 o L [ 2 T 4

e et W T WA et
ALT/(1U/L) 10 4 30 £7 12 +4 22 £4 10 4 21 £17
AST/(IU/L) 103 £24 193 +40 124 +23 135 +31 102 £21 120 £34
ALP/(IU/L) 45 =8 55 +10 42 +6 53 +9 45 =7 53 +8
LDH/(IU/L) 1425 +£520 1 945 +400 1 247 £440 1525 +632 1 089 +488 1181 £514
CK/(TU/L) 922 +£525 1017 £317 1314 £608 1166 £775 804 +404 396 +154**
ChE/(1U/L) 825 +110 106 16 812 114 94 +38 803 +153 96 + 14
TP/ (g/L) 61.3+2.2 60.0+1.3 59.5+1.8 59.3+2.2 59.7 +3.4 58.9+2.1
ALB/(g/L) 41.2 1.4 38.7+0.8 40.7 £0.9 38.3+0.9 41.1 2.1 37.5+1.3
G/(g/L) 20.2 1.4 21.2+1.0 18.8 +1.0 20.9 +1.3 18.6 x1.5 21.4x1.1
A/G 2.05+0.13 1.83 +£0. 09 2.16 £0.08 1.84 £0.08 2.21 £0.10 1.75 £0. 08
CHO/( mmol/L) 1.24 +0.27 1.72 +0.20 1.17 £0. 12 1.59 +0.28 1.28 +0. 17 1.49 +0.26
TG/ ( mmol/L) 1.29 +0. 63 1.16 +0. 44 1.02 £0.29 0.93 +0. 25 0.99 +0.34 0.79 0. 26
GLU/(mmol/L) 6.56 0. 89 8.55 £0.60 6.44 +0.53 8.02 £1.01 7.04 0. 64 7.38 £0.75
BUN/(mmol/L) 6.25 +1.04 6.81 0. 69 6.35+0.51 5.83 +0.65 5.70 £0. 47 6.28 +0.55
Cr/ (pmol/1) 66.9 +10.3 66.8 +3.1 75.0 £16.7 67.7 5.7 72.1+13.1 70.1+9.1
P/( mmol/L) 2.05 +0.09 2.38 0. 16 2.30 0. 19 2.54 +0. 14 2.27 +0.23 2.70 0. 63
Cl/(mmol/L) 107 £3 108 =1 107 1 108 +3 105 £4 106 +2 %
Na/( mmol/L) 146 =5 147 =2 150 =1 146 =2 143 =6 143 =5
K/ (mmol/L) 4.62 +£0.32 5.11 0. 19 4.61 £0.20 5.12 +£0.32 4.13+0.40"" 4.80 0. 35
Ca/( mmol/L) 2.5+£0.1 2.5+0.1 2.5+0.0 2.5+0.1 2.4 0.1 2.4 0.1

T FOR 5 WA A L, P <0. 05 #3878 5 B Rl AR LU, P < 0. 055 it T 2% X A [ 48 45 (9 23 3% 3 A [7], A 00 45 SR 66 o 30 1) /N B

A EAB AR

25 S TG AR W o T Lo B R DR A PR A R
BRI 375 UL TR T8 il 114 o AV IS I 7 B2 i S e R IA
7 DA 2R LA o A= A 16 AR 5l A AL LR, 22 SR

Gt (P>0.05),

2.4 RS

H13% 6 T UL, 2 S5 [R] 24 Py 2 O Al DK B ) PR V46 e

558 A A LR, 25 R R (P >0.05) .
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Table 6  Urinalysis findings of rats fed meat powder
diets for 90 days

SRR AL Sl A R A A

it PR Tw e e m W M
~(0) 6 1 5 3 3 1

- +-(15) 2 3 1 0 0 1
el +(70) 2 6 4 7 3 7
+4(125) 0 0 0 0 2 0

+44(500) 0 0 0 0 2 1

] - 71 4 2 8 1
iﬁﬂ({fmom) +-(0.5) 2 4 4 3 2 5
+(1LS) 15 2 5 0 4

- - 6 10 9 7 7 8
+ 4 0 1 3 3 2

3.2-16 5 1 3 2 4 1

TR JE +(33) 2 2 2 3 1 2
/( pmol/L) +4(66) 37 4 4 3 5
s44(13) 0 0 1 1 2 2

~(0) 6 4 2 5 4 3

A 4T 2 +(8.6) 1 4 5 4 2 4
/( pmol/L) +4(33) 321 1 2 3
+++(100) O 0 2 0 2 0

~(0) 5 2 4 2 4 1

, . 2 0 2 0 2 1
%;’Lﬁ) +(0.3) 3 5 2 6 2 5
+4(LO) 0 3 2 1 2 3

+44(3.0) 0 0 0 1 0 0

:ﬁfﬁm) ~) 10 10 10 10 10 10
1.010 6 1 2 1 3 0

1.015 305 47 2 3

IR 1.020 1 4 3 2 4 6
1.025 o 0 1 0 1 1

1.030 0 0 0 0 0 0

5.50 o 0 0 o0 0 0

6.00 2 1 2 0 3 3

6.50 2 3 2 0 2 2

Pl {1 7.00 4 3 1 3 3 4
7.50 1 1 4 5 1 1

8.00 12 1 2 1 0

~@) 10 6 8 6 10 7

e 0o 1 1 1 0 1

f%(‘{]iu/ul) +(25) o 0 1 0 0 1
+4(80) 0 2 0 3 0 0

+++(200) O 1 0 0 0 1

<0.90 3 0 3 1 1 0

4.40 3001 1 1 3 2

f%fmow) 8. 80 4 7 37 5 6
17. 60 o 2 2 1 1 2

>26. 40 o 0 1 0 0 0

. <1.0 o 0 0 0 0 0
/7"2 mmol/L) 2.5 7 4 6 > 5 !
5.0 3 6 4 5 5 3

TR ERTE B 000 5 1 4 2 4 0
/(mg/L) >100.00 5 9 6 8 6 10

VE 4T 5 o1 B B R 4 ST B B R B f
2.5 JEAS FR B LU B A A

FE 7 AT L APl R DR 20 5 M g 19 248 o o S e 2%
RS A AL, 22 5 B S8 (P <0.05) ¢
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B BB B 7 A R A A R 2 S RS
(P >0.05), %80 sh ¥ A KB SERER AL, T8 0
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JiR VRIS R SR AL B S RS SR L R OR A T
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Wy S 28 A O R R B S A X R T
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Table 7 Absolute and relative organ weights of rats fed meat powder diets for 90 days
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Table 8 Histopathological findings of rats fed meat powder diets for 90 days
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