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Twenty-eight-day oral toxicity study of B-glucan biofortified rice
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Abstract; Objective To evaluate the safety of B-glucan biofortified rice through a 28-day oral toxicity test. Methods
Weaned SD rats were randomly divided into a control group and low, medium and high dose groups (2.5, 5.0 and
10.0 g/kg BW), 22 in each group, half male and half female. After oral gavage ( 10 mL/kg BW ) and continuous
administration for 28 d, eyes were examined before and after the experiment. After the animals were sacrificed, urine routine,
hematology, blood biochemistry, organ coefficient measurement and histopathology examination were performed. Results
Compared with the control group, there were no significant differences in the appearance, weight, food utilization, organ
coefficient, blood biochemistry, and urine routine tests in the sample group. Compared with the control group, the food intake
of the male medium, high-dose group and the female high-dose group was statistically different ( P<0.05 or P<0.01), but
there was no continuity in time, which is considered to be non-toxic significance. The platelets ( PLT) of the male medium
and high dose groups are statistically different from the control group (P<0.05), but there is no dose-response relationship,
only a single index is abnormal, and both are within the laboratory reference value range. Within, it is considered to have no
toxicological significance; the pathological examination of the high-dose group showed no pathological changes related to the
test substance. Conclusion Under the conditions of this experiment, short-term oral intake of B-glucan bio-fortified rice
showed no toxic effects, but the safety of long-term consumption needs further research.

Key words: B-glucan; bifortification; 28-day oral toxicity test

B — R ARV K 2 e A

RS B 48:2021-07-09 T B 5 Wy 0 P e £ 7 T A B- ﬁ]%z#ﬁ %

fEE@. Y o MEL HRTOARLERSE 2L B B A 7 A - R A o L R DOk
E-mall :626290922@ qq. com

BIEEE ke & SRR TR RBIEh e DRI B-HIROBED Bﬁﬁ%*@ﬁmwﬂxgﬂ%%%
# E-mail ; yinwenya@ scu. edu. cn ﬁ}i i ﬁ}’ ¥ & % = j?‘ I 'fi ;H: H % b ‘I‘i ﬁ F A




o AR AR

CHINESE JOURNAL OF FOOD HYGIENE

2022 AE4E 34 B0 1

)12 AAROR & R - SRR 1 I, B -
RUEAEAR N TC o, R 2 ARG B4 4E T
GG <Y 1 I IR N RN o (N i)
[ 38 Dy BE |4 R BT A BE I AT I A5 O T A R
Ve,

A WA R TN R R R TE R AR A K
B R vhod o B AL SR M O B O ik LR
AT ity o — T L A A R S A R A
B TR RO 97 R B2 102 A R0 T B
VE S — o8 2% 08 37 T 003 B, AR R AR TE 2 ARA
PRI T3 & e 3 B A 4 32 B AN B 5 A
A5 7 AR B U — e e

AT, i s ORE PR FIE R 45 12 1 R
9o 149 252 A 38 55 NAT] A 22 48 A v i U v AR RORS in
A I A D s U DG e 2
o TR B AT 2 45 A BRI ARG 2T A B = 3 B0
B RS R EROCTE R A S T AR R R, B-F
SOME ELA T 0B 3 R G i A R AR BT e A5 AR P
Y. % T £t 25 5 W F 5 B (Food and Drug
Administration, FDA) # i, & H & > £ IF &% A
0.75 g ) B-HIJME M LA 3 g B-H SOBH AL AT & 4%
FEMPPEE I . RORIE R R Ay — A
KEA=/rZ AN ER, oL B-H# R M
M A3, AR5 B AT SD KUY 28 d 21
BRI NS B - OB A= W ik Ak KOK 1Y & e Ik EAT
VRO, S B SR AR W 5 Al K Y & R AR 4 4
Bl s

1 #HRE5F®
1.1 KR

B -] SR A W i Ak KOR R e )1 AR AR
BHE AT PR AR R NY/T 2006—2011¢ 454 &
A S B SRR S I R ) A T B SR
WEEHE R 7.7 ¢/100 g, #3507 X AR B S0
PR IR S A SO [ B B R FH B R 2 A A 1
HEAT 100, 38 2k AR A 07 AR R, 15 B B S B
BWER i AR R B RO AR Wi Ak ROk
2120 CHERJF BRI 100 H i, LR L4 4 &
BV TR R s R RE A
1.2 SEEe sl Kim 5%

SPF 9% SD K B . db 5¢ 4 3 FI| 46 52 56 h ) # R
R A 4L, ¥F AT HIE S SCXK ((5E) 2016-0006 ; 3
Yyt 5% T Bf R BE 14 T IE 5 . SYXK (JI]) 2015-127;
T FE PR B N 20 °C ~26 °C (H 22 <4 C) ; MI*t
RN 40% ~70% ;12 h/12 h J= 0 W 105 &2 85
DZT%H(; ﬁﬁﬂﬂ:ﬁ\o

1.3 FZUER 55

4 A S A A FTAL (i 2 1) 5 4 @ Bl i i 4
JL o3 BT AR (A PG 1] 5 ) 5 i 858 23 A A ( H O AS A AR 56
JFE) s RAL 2 o3 B 4 (B VE 1T ) 5 SCH ) 32 46 IR
BE (P E KEELER) ; B 0AL[ F8 8RR BHE (R DD
ARRAF ] KV [ B2 R B2 (L) A
BT ] B 9 2% (LU ZR R AR LA BR A WD) 46

I B 3 350 Az A a3 B R0 PR R 4 A 3k
FIEE it 43 BT 32500 38 R A ASC 28 e 28 1Y) i e 3K 70 5 4 1
o B A [8 o R L 7™ 43 B 4 500 TG o 5 R TR
RN (ZRAWE R EYRHEARAFR) ; &k
B S (CPU BHR 2 B A RRA ED) s R
Davidsons” ( UER T B R Ak 27 it A FRZA 7)) 510% NBF
(PP AR R B MR E W, b R E R AR A
A 5 B AR EE T (Sijma) 5 266K SN IR B G A
(R AR TFRARAH)
1.4 Rk

RS (B il e e R b 28 K4 D &R )
(GB 15193.22—2014) X} B-# J 4 A= 4 5k Ak KK ik
PR, Wizl SD K B4 4 5 & Bl L 20 Ky
4 20 RE2H 22 HMERER R B BT R W uk Ak
Kk 2.5 g/kg BW 5.0 g/kg BW . 10.0 g/kg BW =
AR, K HIETWRE R S ¢/mL R W I LT 4 %
BRI B HEE  ESG T 28 K, TS
XF Ji A Bl 4 0 AT TR RS A (R RSE L R A R AT ) |
155 28 d JGALFEE W (AL FEHI AR 16 h) W ERZh )
PREIEAT DR H AUAGI , [R) it 2E A5 0 2 28 B0 2 | il
T2F LA R R 4L S B A G A
1.5 Biit2:obr

SR HI SPSS 23. 0 B A% 4% 52 4 41 5 %) B2 3 8K
oAl 5 22 43 B, AN Tl R O 2 e B 45 0 (T
ZENFTIHE AT LD A ) Wk B R 50, IR
TR AE GGk E AT W AE S5 SR B RR RILAG: 36 0 AT 45 3 43
B, Lh P<0.05 AERAGITFE X,

2 ERESW
2.1 Bhsb A A
REASWEFRIE] SR oK HEEE R AR K R
BEHIER o IR A R W5, & WL BAT 2
B LIRS
2.2 B-RME A W Ak R K T (AR BT 1 5
M1 2% 1 AT, 55 BRALAH B, 4% 57 it 41 20 ) 1k
M EY IR EEER (P>0.05), milaEdm
A5t 5 At 21 R B A B B IR S i i Y
U /D R AR R, 2 PR PR Ry o Y e T 5 ] R
) A ST H B AR



B - SR M A i AL OK 28 R 28 13 PR E 5 U — 19—
1 PR IR A R AL TROK X R BRUMR B E (Y R I (eks )
Table 1  Effects of B-glucan bioaugmentation rice on body weight of rats (xxs)
P ) YA /g
/(g/kg bw) /R EER DS ENIPN %14 K %21 K %027 K
0 11 80.6+9.4 127.7+14.7 188.8+18. 4 244.9+22.5 300.2+24.9
i 2.5 11 84.8x7.1 132.1+£9.9 199.8+9.5 259.4+11. 4 314.3+13.3
5.0 11 84.0+6.0 138.1+£10.9 199.8+9.5 256.4+24. 1 304.7+£32.5
10.0 9 86.2+4.0 134.9+11.8 187.8+18.0 238.3+23.6 277.2+29. 4
0 10 73.9+4.6 118.6+10. 8 153.6+9.5 183.1+14.6 205.4+18.9
. 2.5 11 75.6+2.6 116.7+6. 8 154.0+£8.5 183.2+9.5 203.5+16.4
i 5.0 11 73.8+3.3 118.7+7.17 156.6+12. 8 180.7+15.5 208.8+18.2
10.0 11 75.9+4.4 117.6+£7.7 145.4+12. 1 176.5+13.5 196.1+£15.9

TE A 407 g SR AL B A S W BURCAR S 11 1, 3l BB O HE B R AE A 2 T 5L

2.3 -SRI AR W i Al RO X R R A R ]
BN AL

H1 2 LD, 55060 B 2E A LU, B v 790 4 2 A 5
4 J& R AR 2 SRR 4 FE A0 kA R e M
R AR 2 RIS 3 R R b 25 e B

Giit B XL (P<0.05; P<0.05; P<0.01; P<0.05;
P<0.05) , {H 53 Jo iy [A) - fi 92 22 R0 e 7% 58] - S iy
KA, H SR SR YR 5 500 B A Pt 3 22
SHGHF L (P>0.05) , ZikYA S )G T2, i
AR AT AR B i SO A L,

e =52

K2 B A W R AL O I R E B R (s )

Table 2 Effect of B- glucan bioaugmentation rice on the eating of rats (x=s)

T T | A R/ g | B
/(g/kgbw) /I % 1) %2 Ji %3 A 5 4 A BHEER AE(%)
0 11 120.03+5. 31 166.38+13.92 176.87+10. 17 183.65+9. 34 646.21+27.02 34.30+3.35
i 2.5 11 122.76+5. 96 169.45+7. 34 181. 66+6. 02 175.54+9.59 646. 68+22. 85 35.86+2. 37
5.0 11 116.57+17. 67 162.48+7.43 169. 13+16. 81 164.09+15.46" 618.47+42.59 36.39+4.52
10.0 9 120.03+5. 31 140.39+16.50" 158.28+18. 35 146.31+11.58™  561.39+46. 67 34.18+4. 13
0 10 100. 24+10. 45 127.02+4.07 137.09+4.79 121.85+7.93 488.94+14. 30 27.52+3.52
§ 2.5 11 104.02+6. 18 130. 07+6. 72 133.70+2. 48 118.16+7. 80 485.94+19. 54 26.74+2.63
# 5.0 11 103. 81+6. 39 126.70+9. 07 127.59+5.32 118.50+12. 00 476. 60+25. 86 28.94+2.77
10.0 11 101.28+20. 17 111.76+12. 67" 126.85+10.90 " 105.53+9. 89 445.43+48.78 27.88+2.22
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Table 3  Effects of B-glucan bioaugmentation rice on organ weight and coefficient (x+s)
o I %3 R i =3
/(g/kg bw) /g it/ g 2/ % /g RE %
0 270.55+23. 98 9.04x1.01 3.34+0. 21 2.30+0. 22 0.85+0. 06
i 2.5 283.54+12.98 9.40+0. 60 3.31+0. 15 2.35+0. 14 0.83+0. 04
5.0 276.76+28. 81 9.12+1.07 3.29+0. 18 2.35+0.25 0.85+0.07
10.0 253.21+26. 54 8.14x1.32 3.11+0.26 2.07+0. 30 0.81+0. 06
0 186. 60+16. 84 6.31+0. 82 3.38+0.22 1.61+0. 18 0.87+0. 06
. 2.5 185.98+15. 01 6.03+0. 60 3.24+0. 17 1.60+0. 14 0. 86+0. 06
i 5.0 187.58+17. 81 6. 15+0. 66 3.28+0. 12 1.57+0. 18 0. 84+0. 06
10.0 175.83+17. 21 5.79+0. 61 3.29+0. 15 1.61+0. 32 0.91+0. 13
Pl ) I W O JIE
/(g/kg bw) Fiht/g FH % Fiht/g FRH % Fiht/g B %
0 0.72+0. 16 0.26+0. 05 0.75+0. 14 0.28+0. 05 1.15+0. 11 0.43+0. 04
i 2.5 0.73+0. 09 0.26+0.03 0.76=x0. 16 0.27+0. 05 1.23+0.11 0.43+0. 04
5.0 0.71+0. 08 0.26+0.03 0.68+0. 12 0.24+0.03 1.20=+0. 16 0.44+0. 05
10.0 0.59+0. 11 0.23+0. 03 0.60+0. 12 0.23+0. 05 1.05+0. 13 0.42+0.03
0 0.44+0.11 0.23+0. 04 0.63+0. 14 0.33+0. 05 0.81+0. 11 0.43+0. 04
. 2.5 0.44+0.07 0.24+0.03 0.55+0. 10 0.30+0. 05 0.79+0. 10 0.43+0. 04
W 5.0 0.47+0. 08 0.25+0. 03 0.52+0. 09 0.28+0. 04 0.77+0.07 0.41+0.03
10.0 0.43+0.07 0.25+0. 03 0.50+0. 15 0.28+0.07 0.78+0. 11 0.45+0. 04
P I 5 LA L/ BN
/(g/kg bw) Fidit/(x1072 g) RAH/(x107%) TRt/ g FEH %
0 4.33+0. 64 1.60+0. 21 0.56+0. 06 0.21+0.02
i 2.5 4.76+0.52 1.68+0. 18 0. 63+0. 05 0.22+0.02
5.0 4.24x0. 66 1.53+0. 21 0.62+0. 05 0.22+0.03
10.0 4.30+0. 60 1.70+0. 22 0.57+0. 05 0.24+0. 04
0 5.28+1.04 2.82+0. 44 0.08+0. 03 0.04+0. 01
2.5 5.37+0.76 2.92+0. 57 0.08+0. 01 0.04+0. 01
W 5.0 4.68x1.06 2.51+0. 55 0.11+0.02 0.06+0. 01
10.0 4.98+0. 89 2.85+0. 54 0.09+0. 02 0.05+0. 01
07 R X B2 B A S e 36 1
T4 BB A YR Ak KK N R BRI V2 AR B 5 T (s )
Table 4  Effects of B-glucan bioaugmentation rice on hematological parameters in rats (x+s)
51 biilh=:s BEIE7E e WBC RBC Hb PLT PT APTT
/(g/kgbw) /R /(10°/L) /(10"/L) /(g/dL) /(10°/L) /s /s
0 11 5.36+1.54 7.05+0.26 17. 64+0. 67 1417.0£120. 4 8.33+0. 47 15.07+2. 44
i 2.5 11 6.13+2. 15 7.01+0.51 17.73+1.01 1299.4+158. 1 8.22+0.37 15.23+1.55
5.0 11 5.82+2.44 7.05+0. 34 17.64+0. 67 1230.5+85.2™ 8.33x0. 47 15.10+2. 74
10.0 9 4.96=x1. 06 7.09+0. 24 17.50+£0. 53 1194. 4+167.2™" 8.63x0.35 15.95+0. 90
0 10 3.24+£0.58 7.09+0. 36 17. 60+0. 84 1307. 6+176. 8 7.22+0. 13 13.60+1. 32
. 2.5 11 3.82+1.25 7.05+0. 48 16. 00+4. 71 1198.2+144.0 7.34+0. 14 14.31+1. 14
. 5.0 11 3.59+0.97 6.93+0. 48 16. 82+0.98 1383.5+512.7 7.24+0. 15 14.14+1. 06
10.0 11 4.00+0.91 7.05+0. 43 17.18+0. 98 1305.4+223.6 7.31x0.21 14.60+1.51

H:WBC 4 AN, RBC SHZE 40, Hb S 1L £0 8 1, PLT S I /B, PT 2 358 10 6 JR A TR] , APTT S 37 Ak 38 43 358 1 88 J5E 1 [ 5 550 &k 0 Sy Xof R A1 B
HAYEIREA SN 11 1, 34 RE8 D i B R R I 80 7ROk 5T IRA A L, P<0. 01
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Table 5 Effects of B-glucan bioaugmentation rice on serum biochemical indexes of rats (x+s)
o ik ALT AST TP ALB UREA CREA GLU
(g/kg bw) /(U/L) /(U/L) /(g/L) /(g/L) /(mmol/L) /( pmol/L) /(mmol/L)
0 21.85+3.42 81.4+8.71 52.30+1. 89 39.08+2. 08 5.85+1.18 24.27+3.23 7. 14+0. 88
i 2.5 19.73+4.07 75.92+8. 67 53.37+3. 11 40.29+2.99 5.81+1.06 25.82+4.02 7.00+1.01
5.0 22.07+3.45 85.47+24.39 51.54+2.18 38.58+2.39 5.35+0.74 24.91+4.83 6.77+1.32
10.0 18.20+3. 13 85.31+26.90 51.01+2.03 38.58+3.31 6.06+1.00 25.56+4.28 8.11+1.38
0 15.92+2. 16 94.58+26. 6 56.93+5.34 45.73+£3.65 6.93+1. 06 27.30+2.91 6.34+0.56
, 2.5 15.35+2. 64 85.90+16. 83 56.25+4.01 44.85+4.40 6.55+1.79 25.09+3. 36 6.38+0. 55
i 5.0 17.00+2. 61 101. 23+30. 81 54.96+4. 12 43.75+4. 17 7.01+1.56 26.09+4.78 6.34+0. 43
10.0 17.02+3.59 97.65+25.71 54.18+3.21 42.52+3.90 6.79+1.51 28. 64+5. 26 6.81+1.06
o i TG CHO ALP GGT Na K Cl
(g/kg bw) /(mmol/L) /(mmol/L) /(U/L) /(U/L) /(mmol/L) /( pmol/L) /(mmol/L)
0 0.36+0. 18 1.77+0. 20 221.91+49.38 0.45+1.13 146.89+2. 49 4.10+0. 24 105.41+1. 06
i 2.5 0.23+0. 10 1.83+0. 34 207.91+63. 23 0.18+1.40 147.09+1. 71 3.94+0.23 104.86+1. 59
5.0 0.36+0. 20 1.70+0. 26 249.09+48. 43 0.09+0. 70 146. 16+ 1. 80 4.05+0. 24 104.63+1. 39
10.0 0.25+0. 15 1.66+0. 29 222.22+55.13 0. 11+0. 60 145.81+1. 80 4.12+0.25 105.16+1. 09
0 0.20+0. 07 1. 88+0. 40 122.00+28. 13 0.40+0. 84 147.15+1. 69 3.85+0.20 106. 89+0. 93
, 2.5 0.22+0. 10 1.76+0. 19 124.73+39. 83 0.36=0. 81 145.78+1. 74 3.94+0. 36 106.26=+1. 26
W 5.0 0.20+0. 05 1.83+0. 28 143.36+63. 36 0.73+1.27 145.54+1. 84 3.89+0. 25 105.63+1. 03
10.0 0. 19+0. 04 1. 87+0. 32 138. 18+66. 37 0.27+0. 65 146.35+3. 12 3.83+0.35 106. 10+1. 70

HALT IR &, AST A H A/, TP B EM ,ALB N AEM ,UREA NJR 2, CREA A WLEF, GLU A4, TG 24 H i =T, CHO N R
[ B, ALP N B P B R Bl , GGT o 45 & BE S5 KA , Na (K C1 2390 o 40 50 IR 07 g 0 IR B s B ] 26 1

6 B IRME AR My i Al ROR A R BIR AR AR IS (x£s)

Table 6 Effects of B - glucan bioaugmentation rice on urine indexes of rats (xs)

Fyey = R (% I (% B il ( %
P (g/}lljg%})w) Zj(JLZ?( REE pH 2+ ( ;+ 2+ ( ;+ 2+ ( )3+
0 11 1.01+0. 00 8.55+0. 27 0 0 0 0 0 0
i 2.5 11 1.01+0. 00 8.41+0.20 0 0 0 0 0 0
5 11 1.01+0.01 8.32+0.40 0 0 0 0 0 0
10 9 1.01+0. 00 8.50+£0. 25 0 0 0 0 0 0
0 10 1.01+0. 00 8.55+0. 16 0 0 0 0 0 0
. 2.5 11 1.01+0. 00 8.50+0. 50 0 0 0 0 0 0
. 5 11 1.01+0. 00 8.55+0. 15 0 0 0 0 0 0
10 11 1.01+0. 00 8.45+0. 35 0 0 0 0 0 0
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