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Evaluation of the edible safety of Amaranthus caudatus seeds based on cellular and
toxicological experiments
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Abstract: A toxicological evaluation for edible safety of Amaranthus caudatus seeds was conducted. In the acute oral toxicity test, SPF mice was ad-
ministered a one-time gavage at a dose of 10 000 mg/kg. For the oral toxicity study, SD rats of half male and half female were divided into three dose
groups (1 600 mg/(kg-d), 4 000 mg/(kg-d), and 10 000 mg/(kg-d)) and a blank control group, and were continuously fed for 28 d. The erythrocyte
micronucleus test was performed using SPF mice, wherein the number of polychromatic erythrocytes containing micronucleus was observed after
gavage, the micronucleus occurrence rate was calculated, and the ratio of polychromatic erythrocytes to total erythrocytes was determined. The acute
toxicity test results showed that median lethal dose (LDs;)>10 000 mg/kg, which was classified as practically non-toxic according to acute toxicity grad-
ing standards. The 28 d oral toxicity test results indicated that no statistically significant differences (P>>0.05) were observed in body mass gain,
hematological parameters, blood biochemical indexes, organ coefficients between any of the dose groups and the control group. In the mouse erythro-
cyte micronucleus test, no statistically significant differences in the micronucleus incidence were observed between the dose groups and the control
group, and no abnormal changes were noted in the ratio of polychromatic erythrocytes to total erythrocytes [polychromatic erythrocyte/(polychromat-
ic erythrocyte+normochromatic erythrocyte)]. Therefore, A. caudatus seeds have not shown any toxic effects and were considered as a safe food raw
material. This study provided a toxicological basis for their further development and widespread application in the food industry.
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Table 1 Dose classification standards of acute toxicity
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Table 2 Dose setting for erythrocyte micronucleus test
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Table 3 Results of acute oral toxicity test on animals

5] MR S AR g i/ BET R/ LD/
- P H 0d 7d 14d (mg-kg") H (mg-kg")
i 300 % B 3 15 18.4+0.8 23.1+1.2 242414 0 0
(LK) e 15 21.6£0.9 26.4+1.4 29.7+1.1 0 0
o e 15 19.6x0.9 23.4x1.1 25.9+1.5 10 000 0 >10 000
B 4 :
e 15 20207 27.7+1.3 32.9:1.9 10 000 0 >10 000
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Table 4 Effect of Amaranthus caudatus seeds on body mass of rats

KE 7/ SIEY/EA it /g

5 [mg- (kg-d)"] A 0d 7d 14d 21d 284d
0 15 76.742.5 119.53.8 154.9+7.8 179.4+8.1 204.0+8.4
) 1 600 15 76.542.7 118.8+6.1 159.4+7.9 185.129.1 209.7+10.0
W 4000 15 76.5+3.1 114.0+6.6 151.9+8.3 179.7£9.2 207.9+11.7
10 000 15 76.742.2 117.03.7 152.3+7.7 175.8+4.5 201.0£4.5
0 15 82.4£3.6 138.426.5 195.510.8 243.0£13.1 293.6+12.4
i 1 600 15 82.5+3.6 136.6+3.1 195.5+5.1 245.7+8.2 295.1x12.6
4000 15 82.6+3.9 138.4+8.6 199.5+11.4 248.8+15.6 301.6+21.6
10 000 15 82.2+3.9 137.312.9 196.712.2 245.6£10.0 296.3+20.5
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Table 5 Effect of Amaranthus caudatus seeds on food utilization
rates of rats

LEGARA4 FRSE AT e 6 B 1Y 5 Y
R BRUHE £ R YR R AR A R AE A RRE K
TR DR 1) 45 A AT IR SR MR J5 e RS A T 3 A

K i/ SEy SRR SRR BRI/
FER [me- (kg-d)] R /g g % MR (P>0.05)
0 15 127369  444x23 28.7+1.1 222 KBGAA B L E Ay
1600 IS 1332196 451s20 296429 A4 FE R SEAT AT 11 R4 Tk BUR [ 70 e 4628 o, Kl 45
4000 15 1314:115 445:20  29.5:17 k2L 25990 LB B , 2 45590 B LK UL e £ 2
1000015 1292 200eL0 [ N R {EP S NEE ] i O e
0 1o 2HL2I05ITE0 38016 MR B/ 2 5 D 5 3 o, 5 e
i 1 600 15 212.6£13.0 544134 39.1£1.0 |m%1’519ﬁ,%%ﬁ%”ﬁ%§6\@1ﬁ@20
4000 15 219.0+£21.1  562+36 38.9+2.5
10 000 15 214.1£21.4 546151 39.3+2.2
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Table 6 Effect of Amaranth caudatus seeds on hematological indicators of rats
PN 4/ s Ey SE:iiRa%s 2L B ML/ (A YA Y iR £
5 [mg- (kg-d)™"] H (x10°4~-L1) (x10™%4~-L") (g-L" % (x10°4~-L1)
0 15 4.2+0.9 7.3+0.2 131+6 44.8+1.5 116761
HfE 1600 15 4.7+0.5 7.5+0.4 135+4 46.1+£1.8 1 189+141
4000 15 44+1.2 7.5+0.3 133+6 44.9+1.6 1 154x1.22
10 000 15 4.1+1.1 7.8+£0.5 13745 45.3+3.1 1140+131
0 15 6.3+0.9 7.5+0.3 138+4 48.9x1.5 1121x165
i3 1600 15 6.5+1.7 7.6+£0.2 148+5 48.5+2.5 1112+109
4.0 15 6.4+1.6 7.5+0.2 14316 48.5£2.7 1185+112
10.0 15 6.6+1.4 7.8+£0.3 145+5 50.4+1.7 1 095+147
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Fig. 1 Effect of Amaranthus caudatus seeds on different types of leukocyte in rat blood
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Fig. 2 Effect of Amaranth caudatus seeds on blood clotting time of rats
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L DA A X M R P R B A R R R P TR
P I Bl 46 200 B A AT AT B A o S s R
578 (AT BT AR b G i 2 25 55 (P>0.05) . R IEI2 AT, B
A5 70 P BT P b A B 1) L 1 R s )
] B s 9 AL B2 305 1A 38 43 B 1L 16 i s ) 45 4 1 ) R 40

R7 BEHETDAFHIX K R &E LR

P, ¥ B 25 5 (P>0.05) , W2 X W 78 A i 36 4%
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X R BRI 2228 A28 11145 T AS (1) 30 1 11 J2 o 0 f o, 8%
Jei X 45 70 i 2 K R AY I VR AR fe s An b AT T e 5 AR L
7, RTINS0 B EL 45 550 4 R BRI R AR
L 48 b5 35 A .5 2840 (P>0.05) , BUE JEA - | B r A
2H B8] 1 22 SN B35 (P>0.05) . 45 7 2H 2 18] 5 bRt
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Table 7 Effect of Amaranth caudatus seeds on blood biochemical indexes of rats

e SR/ g (kg-d)'] WAL/ (U-LY) & ARALERM/ (U-L)  BEA/(g L) HaEM/(g-L)  BrEwEm N/ (U-LY)
0 27+4 13016 58.9+2.4 31.2¢1.3 95+14
i 1600 27+4 13133 58.9+2.0 30.7x1.1 9912
. 4000 25+3 128+18 58.5+1.9 30.7+1.3 10012
10 000 2843 12822 58.2x1.5 30.8+0.7 99+10
0 31+3 13626 57.9+2.7 30.10.7 199+34
" 1600 31£3 13428 58.422.2 30.420.7 205453
4000 3242 139+20 58.3x1.3 30.5¢1.1 20136
10 000 3242 13725 58.4x1.7 29.11.5 202456
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gxR
PR s/ [mg: (kg-d)'] A A B KB/ (U-LY) Ifit %/ (mmol - L) JR#/(mmol-L")  WLEF/(wmol-L") & fHFEE/ (mmol-L™)
0 0.46+0.05 6.88+0.43 6.21+1.52 41.4+7.7 1.43+0.21
‘ 1 600 0.45+0.05 7.14+0.51 5.95+1.32 39.9+5.0 1.51+0.25
i 4000 0.45+0.04 6.64+0.63 6.78+1.82 38.9+5.3 1.54+0.35
10 000 0.42+0.02 6.97+0.75 6.53+0.83 39.0+3.6 1.53+0.25
0 0.46+0.05 7.63+0.89 5.70+1.27 38.5+6.7 1.05+0.18
pn 1 600 0.43+0.04 7.89+0.88 6.08+0.99 37.3+7.1 1.10+0.16
4000 0.45+0.05 7.65+1.13 5.72+1.00 36.9+4.9 1.03+0.17
10 000 0.43+0.05 7.79+1.28 5.47+0.76 37.9+6.3 1.04+0.17
PER R/ [mg- (kg-d)'] H i =&/ (mmol - L) # F/(mmol - L) B F/(mmol-L") 4 F/(mmol-L")
0 0.38+0.04 4.44+0.54 139.1+3.3 104.3+1.3
‘ 1 600 0.40+0.06 4.44+0.66 138.7+2.8 104.8+1.1
i 4000 0.40+0.13 4.65+0.60 129.5+£33.3 104.4+1.5
10 000 0.37+0.08 4.44+0.41 139.4+3.9 103.4+1.9
0 0.50+0.06 4.90+0.26 141.6+2.4 104.4+1.3
" 1 600 0.53+0.12 5.27+£0.43 142.2+2.9 103.0+2.2
4000 0.51+0.11 5.23+0.74 145.3+4.8 104.6+1.2
10 000 0.50+0.10 4.86+0.38 141.2+1.8 104.8+1.0
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Table 8 Effects of Amaranth caudatus seeds on organ weight and organ coefficient of rats

o MR R R SO O R A X e e

S0

FHRCNE AR i A7 B 23 L) B2 AR DL AR,

eSSl [mge (kg-d)'] EEEREEE ODHERR/g O EZH % i M 5 Ak /g iy i 2 K% JFHE 5 4k /g HFHE 22 8%
0 270.2+9.2 1.44+0.10 0.53+0.06 0.91+0.09 0.34£0.04 9.75+0.49 3.61+0.25
. 1 600 268.9+9.9 1.50+0.17 0.55+0.08 0.95+0.10 0.35£0.05 9.55+0.52 3.55+0.28
i 4000 264.4+10.9 1.42+0.06 0.53+0.04 0.89+0.07 0.34+0.03 9.48+0.64 3.56+0.29
10 000 272.8+4.5 1.38+0.10 0.51+0.05 0.99+0.06 0.36+0.05 9.19+0.41 3.37+0.23
0 404.7x12.9 1.87+0.13 0.46+0.04 0.88+0.07 0.22+0.03 13.54+0.45 3.35+0.16
i 1 600 408.4+12.0 1.89+0.15 0.46+0.07 0.98+0.08 0.24+0.03 13.79+0.70 3.38+0.24
4000 410.0+20.3 1.79+0.14 0.44+0.08 0.84+0.13 0.20+0.05 14.05+1.05 3.43+0.54
10 000 413.4+20.7 1.86+0.13 0.45+0.04 0.91+0.10 0.22+0.03 14.21+1.09 3.34+0.22
eSS/ [mge (kg-d)'] EEEREEE BEHENL/g BER &% R B RIRARRU% /g JHUIE 28 80/%
0 270.2+9.2 2.41+0.10 0.89+0.05 0.108+0.008 0.040+0.004 0.60+0.08 0.22+0.06
. 1 600 268.9+9.9 2.64+0.09 0.98+0.05 0.102+0.004 0.037+0.004 0.71£0.06 0.26+0.03
. 4000 264.4x10.9 2.47+0.20 0.93+0.08 0.105+0.011 0.040+0.007 0.74+0.06 0.28+0.03
10 000 272.8+4.5 2.38+0.05 0.86+0.03 0.101+0.004 0.037+0.003 0.71£0.04 0.26+0.03
0 404.7x12.9 3.28+0.11 0.81+0.04 0.084+0.004 0.021+0.003 1.09+0.08 0.27+0.03
i 1 600 408.4+12.0 3.34+0.08 0.82+0.04 0.087+0.008 0.021+0.004 1.14+0.09 0.28+0.05
4000 410.0+20.3 3.30+0.21 0.80+0.12 0.084+0.009 0.012+0.003 1.11+0.10 0.27+0.05
10 000 413.4+20.7 3.09+0.21 0.75+0.03 0.091+0.009 0.022+0.004 1.02+0.13 0.25+0.04
PSSRl [mge (kg-d)'] EEERNEg SN/ IR Y% B 5L bt /g 5P 3 A HU%
0 270.2+9.2 / / 0.19+0.03 0.070+0.022
) 1 600 268.9+9.9 / / 0.22+0.03 0.081+0.015
. 4000 264.4x10.9 / / 0.21+0.02 0.079+0.015
10 000 272.8+4.5 / / 0.19+0.03 0.069+0.013
0 404.7x12.9 3.45+0.21 0.852+0.101 / /
i 1 600 408.4+12.0 3.70£0.15 0.904+0.056 / /
4000 410.0+20.3 3.68+0.11 0.910+0.072 / /
10 000 413.4+20.7 3.86+0.14 0.934+0.115 / /
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Table 9 Effects of Amaranth caudatus seeds on the incidence of
micronucleus in mouse bone marrow cells and the ratio of
polychromatic erythrocytes to total erythrocytes

P 4t/ ﬁi%ﬂ% B R/ ) PCE%&/‘ PCE/

(mg-kg')  PCEXk %o ML (NCE+PCE)

0(&lifksK) 5 0.5+0.4  1000/1478 0.53+0.01

2 500 9 0.9+0.8  1000/1921  0.52+0.01

e 5000 9 0.9+0.8  1000/1938 0.52+0.01

10 000 11 1.1£0.5  1000/1897  0.5320.01

A0 (A WEmERE) 171 17.1£3.4%  1000/2 050  0.49+0.01

0(4lifbok) 4 0.4+0.4  1000/1878  0.53+0.01

2500 5 0.5£0.6  1000/1941  0.52+0.01

I 5000 6 0.6£0.4  1000/1 895  0.53+0.02

10 000 12 1.24¢0.6  1000/1942  0.52+0.02

A0(FRBEmENE) 170 17.0+4.0%  1000/2 053  0.49+0.01

TE 47 R 5 PP IR AH P e, 28 57 1 3 (P<<0.05).,

H RPN, 7245 F i KPR, Z I FE A 51 & 19/ R
B W 22 Y 21 A0 M SO AT R S B M IR T B 25
(P>0.05), %AW Bt ARG R R ZENMZER 2 K2,
FH 4= Xof HR 2 19 B A% LU 23R 30 68 BH 1 o) R 4 (P<<0.05) , B JJIE
ST ARG R T TSR R AL L 2R A R R AL
g Z2 YL 2141 il (PCE ) 5 B 41 41 Jiid (PCE+NCE) (19 b (PCE/
PCE+NCE) 5 % B8 41 (1) 22 57 ¥ N 1k % B AL (1920% , # 1
B2 AR b XoF /)N B 4 8 2 AT B S VR

LEA WU R MIPCE/ (PCE+NCE ) i 45 5 | R W82 31 )
T DAL X /)N B B 1 22 Yl 21 40 B IO T A A o] 412 F
YERT, [ EE X g 22 e 21 41 i 55 S 21 40 Lo (it oK = AE 1 3
RN (P>0.05), FF X S8, oT LA 4518 . B AT

REAE 7N 2L 20 M Rl 8 o R BN PR 4 2R, BIAE AR R
B2 AT R B AE AL /I B B e A 1) ORGP M 21 4
Y4 AR 7S VR ) A B P A M R
3 &t

AWETE 2t Btk 4 0 R E I 28 d& 1 R 1R IR
Lo/ BT 20 i O 3 A5 0, 2k 2 1 2R PR I 5 LDy >
10 000 mg/kg, ¥ M B V57 Hk 7 b i e A O I S B T 2
ToFE LI TE & 257 R B B 28 d, S22 ik sh W iR i 1l i
WL i 2 BR A TR A S 0 IR 2 T 18 25 22 S (P>0.05) ,
X Ut A X 6 T 8 194 79 Y LA, R R DR X R BTG
AFIFEME /N B A0 M RO R A5 0, R R O A A 1 0 4
RONEANE, £ ERTIR , RAREOE IR SC PRI, O R R A kL
VR 8 it JEURL B4 8 B BERL A ARl 3 3l LA B W ATk 1Y
PE— B TIF RN Z N
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