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in B, , AFB, ) fl & >K 75 2% /% il ( zearalemone , ZEA )
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2539 8 B B S AT A R AR kA
MiMA %F B & (patulin, PAT) K 5 B & ( fumo-
nisins, FB) WA 2 & A=A 40 H, JE 25 4 g
o5 1/ B A T G T TS Y T RE S U R B ORAS
AR TR B AR, A T S A 1 v R R R AT
P =T ) 3 AR Y R A R A R A
7 040 AR A | 48% B FE A B 2 Fhsl 2 Fh L
FRERETFRIGEY ) Gallo LR T 2000 4
AT 15 AE SRR rh R R T Y i A R kR
B A3 0 R R R 2 B LR R R A R R S
e X AT B8 T B G 0 b R T R A SR AE B

a7 & M, (aflatoxin M, , AFM, ) %5 % I8 7 K 7F
L PR T 45 4 9 n T R A7 2o 7 op A7 SR P R AR
BN IR TE SRR B R R VS R )
A REAFTE 7 1 7 2% TS Qe RO TE R

i I BE R A0 TRy AR ) B B A A S T AR
L SCRVEDI 52 Bk 852 3 28 AR 6 1, 2% 1
SRR rh g T B K B9 A ) RE AR AN W
SR, AN IR, AR A 1R 2% DX Y 22 30Tk LR AR
HE S 2R W Ay ) ARML, B R AT TR
ME , b s 28 53R 1

Fz1 HFFEEHE &b AFM, [RENE

Table 1 Limit regulation of AFM, in milk and dairy products in different countries and regions ng/kg
| 5/ Hh [X. A5/ g5 it IR AV RR i
Countries/regions Milk/dairy products Maximum allowable limit
WA H . Australia By LA 0.01
¥ K Egypt LR/ G 0
i .
ELPS Brazil %f ;) 50
0.05
i F
%[ France SR 0.03(<3 #JLHE)
% 5, g . Romania LR 0
£ [E America LR/ 05 ) 0.50
JE H | Nigeria 415 1.0
_ 15 0.05
KX ¥4 European Union W LA 0.025
HA Japan A/ W 0.50
Hit 1 Switzerland B LA 0.01
+ HH Turkey LS4 0.05
. B 0.2
A
AU Syria iy 0.05
DY Iran 15 0.50
: W/ 0.50
Ch
1/ China 1 LU 0

FoAt 7 B 7 2K 4 0 R A HLR Y B bR

G2 BRI R 5 T A PR ] I X 2 275

B EATTE A4 0 v i) 2 8 KU 2 R AR 4 9 h
95 Y g KBS AT SR AN T 2200, FRAH A X oo ) 2
Wb i RS T 7 R AT T KU HERE K A % R L
() JLRH 55 TR BE R 1 IR 48 b B SR AR HE S
AFM, .OTA ZEA ,o—T K 7R 55 4 I ( a-zearalenol ,
a-ZOL) . T-2 7 % ( T-2 toxin, T-2) . HT-2 # %
(HT-2 toxin, HT-2) .DON A K FB, KR EX B %

il ity e A R AT 22 0 TR R AR ARSI, DA o
171 DON ,ZEA OTA FB1 FB2 T-2 Dl & HT-2
M 3LT5 g LUEPFAS B S BEE T . HAlT, B f
— 80 2 b T 1 2 A [ IS A I AR R 1 22 5
Uk, AN 38 38 A T ik AN B, AR EE D A
A O A B R AT A 5 A ) A P R R R R
G R BEPEA o A W5 A A P 2 D R R
HIIAF IO 2,
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Table 2 Co-occurence condition of mycotoxins in milk and dairy products

5%/ IX il 75 3 AR R R

: : SRAE B 1] K FEA . EZ DTN
Countries/ Detection . i Mycotoxin
. Sampling time Samples Amount References
regions method co-occurrence
I} IR
I \ T
H IAC Ll 2007 4F 5— %;y (L% *\)ﬁf s AFM, +OTA (7.4%) .
Portugal HPLC-FD 6 H A AFB,+OTA (3.7%
ortuga HA1p i 5 4 R 1 ( o)
R y — )
+ HOHR IAC b F1 2011 4F1 ééJL” . AFM, +OTA(1.6% ) (147
Kolem, Turkey HPLC-FD 2 A5 fic J WAy
AFB,+0OTA(10% ) .OTA+FB2(4%) .
DON+ZEA (2% ) .DON+T-2(2%) .
FUT . L DON+OTA (4% ) AFB, +OTA+
7S LC-MS/M &
oha, Qatar i AFB, +FB2+DON (2% )
AFB, +OTA+FB2+DON (2% )
AFB, +OTA+FB2+DON+ZEA (1% )

N N 2 MG HTER I (15%) .3
5 UHPLC-ESI- 2012 4F PR B RS iﬁiﬁt f£(15%) .3
Beijing, China MS/MS 4 A WA 50 BRERIA(S%) 47 [16]

’ HRERILE(22%) "

AFM, + B AR
B RS HPLC 2004 4 7— WA 48 lém ) [17]
Sao Paulo, Brazil 12 Ay & ( )
(4.2%)
752 2003 4E ; AR (MPA) + 54l 8 % C
LC-MS/MS 11 18
Finland 12 Ay Yike (ROQC) (9.1%) [18]
15 4~ [H 2011 4F 10—
! -% LC-MS/MS i N W U 86 MPA+ROQC(51.2%) [19]
15 countries 12 A%
2 MR T RIS (24%)
=S| UHPLC-ESI- 2012 4F 6— X i e '
i 178 3 T (45%) | 20
China MS/MS 7 B e MERSRIE(45%) . [20]

4 MR TR I (25%)

IAC . %% 3% FfAF immunoaffinity chromatography ; HPLC-FD . =% ¥ AH 2% 6 €4 3% K U 72 high performance liquid chroma-
tography-fluorescence detection; LC-MS/MS & #H — 2% 51 liquid chromatography-tandem mass spectrometry ; HPLC ; = 550 ¥ #H
{63 high-performance liquid chromatography ; UHPLC-ESI-MS/MS : 8 = %0k AH {2, 13% — A, 155 2% £ B Ji 3% 7% Ultra performance
liquid chromatography-electrospray ionization tandem mass spectrometry, * : A Ui B EL&K 7 & 41 & co-existing toxins are not
mentioned ,

AFM, . il B 7 F M, aflatoxin M, ; OTA . 5 i ## & A ochratoxin A ; AFB, . ¥ i1 % #: & B, aflatoxin B, ; DON; il &%
J& 9 J] M5 deoxynivalenol ; ZEA : T K IR FE 5l zearalemone ; FB: fk & & & fumonisins; T-2: T-2 # & T-2 toxin; HT-2: HT-2
#ZE HT-2 toxin, I #[A] The same as below,

T 2 A S T A AR R A 50 kT
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AR S R I S M e S R A e MU AT RO S W A S DN (BN TR (B Ok P

H R ST, — A S A P PR PRTRERR RS SR SONE, S e iy 3 ORIy vk i
HHERCY . B TG EgzReay P

2 AR Ik e ok kg 21 B o
VRCHLASEEAR ) ) B B 2 R A Grenier 5 L& 17 112 i 41 A5 T 5 3% Mk
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AR EMER RSk, 2 8 T ILF e BEAE R B 2 2.
1RG 3R A B0 45 T 3 R Bl ) 2 MR AL
N Z RSN B R Z B AR AAE IR B B &R
)5 Py A = M I W = o 5 & S AN ]
AN IRt 75 2% 100 2 PR 0N B A S i A 5 2 2
i 22 A B0 G 3 PR 800 R T R ) M B 2
B A PR AR 28 B0 O 5 2% 5k AR HH 80O 5R A AL B
I, EE 1 PR BERBCRNEN T, &
RIRA 5 WE R 58 T I 4 AR 58 19 27
25 2 FhEE R DY G BE PR RON /N TR Pk Y 7
BN Z B S H 5 BUAE T, R R 2 FhEE R AR
FHRCRAR LS AR R 15 0T, B R IR A J5 VE AL
RATFWEZME,
2.2 EHEKEEIT

G KT FR A A 8 it b ok 8
TR I B T A B 25 ) 0 A6 80, AR R
RV R Je i, BARE Ry, i 4% 2 Mk &
P00 SRR B S [ A A IR BE (1C50) 15 31 45K
2, Z 5 FIWTIR A ) i 55 800 1t A ([RRE S IC50)
FITAE IO, 776 AR S5 82k b, ) 2 Ak 244 22 4]
FEAEINFVE R s B IE AR 2 Bk 2, ) 2 Fif
e Z AR TE RS B U [ AR T 5 ok 7R 558 4L
2R BRI ELRE 51T Bliss!™ #2114 & 8 %L
MESH Tk 2 Fhok 2 Fh L E B E R R Z A
HAER AP FE CalcuSyn B AF I F BT, o]
AR KA e E . LG8t B A R

. (D), {[D]; X, [D]}

an .= ot

(D,);{ (fax) /[ 1=(fax) ]} ™

Krph."(cn, ZEn BV (NEHEER) 1 x%
FHIVE T Cansg s am ) S AH S 858G (D,) e
HEFRWE R T EHA x% M 1EH o Ffib &9
M2 (D], X [D] REKGHEFR T
KHE x% I AE B n B4k & W 00 Wk B L B
(D)t (fax) /[ 1=(fax), ]| V" 2R R A Py o
KA x T M HIAE TR BE

HETRBER 1 FoRIA 55 W 8 2 2 A A
RN, <1 Fom A RER, >1 Rom BA 5Ptk
o SRR T AU DUB 2 55 18 35 2= ¢ BAF
FHEYZEA T HAT AR E 22 BAE R/
23 KB EFRSERAYNBBESEMIN
FHER KRBT (-8 %

Weber %5 % $5 i LA 55 1 75 R IR A W T
SO 0 S0 B A AR T A6 56 T i A EE A

J5 S A 1B DU S H AT i 2 i O g it
B, DL 2 Fhas 18 3 R BEA A 31 R g R 1 F
WHE AR MR 22 IR AT .
Mean g (% ) = Mean g 5, ( % ) +Mean gy 4,
(% ) —Mean,, (%) 3
SEM=[ (SEM sz ) +(SEM s ) * 120

A : Mean K7sFHI{H ; SEM KR brifiiR 22

T H R R AR B 1=K 35 5 v e S I 5
WA, AT 25, W 2 P E R R Z R
S HAE A AE L 2 55 DA 3% & T FU0IE
) 2 Fhag TE B R 18] 09 32 5AE I S U R VR D
SN I T UM A, I 2 DA T R R Z A
ZHAE A HUER]
2.4 HftFHE

B A 5 A 466 4 A R i 3 AR 43 d R T
F2 BT Pk A T R ORTTR 5 ) 0 3R A — B R G
AT LU Ry o 1l 000 R TR # R () 1Y 22 54
PSR <1575 TS % e SRV s e o T P g | AR
Btttz E, AT DO O B Y A8 BAE i T
HERR I 20 A, DA DR RN SR AR X 2E 52 HAR T, ol
AT [FAE AT LLRUN 2 B0 55 & T 2 Fhag 1H 1 R
Z A B 52 HAE T AH 2, 50 B 1 07 i
ST e 1) X 0 % AR /D A i TR A O DX S T
NIRRT o = I T B W v S L N = AR e o i
I 0 o it DA 2 Bt b 22 ) TR, K 2 O
FEIEH S PO A BT B TR BE R T R AR &
MR AT RE 2 A rY ks /0 B R BB, AE T
PEESERRGYZMAT RN ZEERZE, i
FHA T PRI BR 0 B R vk A I 44 AR &
T 22 AR PSP SR, 24 B R A
B2 HMRERREGY IR Wi 8md 2
B T OCHGEIT AT RSB T/ER AR, 52
HAE TR A Ho i 0 S R T AT BB 53l

3] EREEHETLEMRHBENEEZIE

B, % F 4 5 vp ey e T 1 R W 4
R AR B, 275 RS % 240 0 R i i s X
WY % 1 B K 41/ AFM, + OTA | AFM, +ZEA |
DON+ZEA .DON+FB1 ,DON +T-2 % () 2 B %
FETENEGE R X T A4 1 v 35 YL 25 7 BE R X
WS PEAl Bz HCHK G 7 JH AL A A B B R R A

U4 Bk 22 75 BROBL A AIF 5 M6 1) T 08 5 1A
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SMERIEAT /Ny A W) (R R LR GY))
SR T Z M2 EAE R 30, SENER
FAEE, O i 7 2 /0N, 3R o 2D
AR, SRV E S U SRR /N R A Bl e, 2%
e 2R By P, T HLUE R A 3R D AL A

1L (reduction, refinement and replacement) | J& U

M T B R (19% ) . DNA 51455 (17% ) Fi4a 4k
#1455 (16%) . B, FH T8 00 40 it 36 71 19 0y A
RZ, EEALHEHE T DU U v ER 4 T, Y R L
R (MTT) B 1 U H A 0k 3 (MTS) Fitzk
Gk DU —1 (WST-1) A8 I 2 H7 HE €23 DL K
PELLIL TN 6 W 0 105 55 17 2R 7 {6 100 40 1t % €8 07 1k

AR SORE A W Hh e JRUBS: 1) B 1 7 3R 2 B X I FL 3
PRSI 240 1 7% 3 9K & SR DT ST 64T THE &,
PIZEAER 3

Fsh Wk A Jy T AR R TE AR Smith 45701
BT 100 225 B A R RDRL bR TR R R A IS T
ARSI ST A B, AT TT (64% ) J2 T 23 B Bk
& FEVEAVE I e SR B B 2 1, Z 5 2
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Table 3 Combined toxicological effects of mycotoxin combination on cell viability

N o A BEEAE A
BHEEAL L =y AIngIE TR &5 A5 5 .
BHERAA . A5 g I 1] i BRI Combined S22 30k
Mycotoxin Exposure Statistical . .
L. Doses/ ( wmol/L) i Cells toxicological References
combination time models
effect
AFM, :0.5~10.0; HETE R B FEHTEH
AFM, +OTA ! ’ 48h Caco-2 4 SRR N ’ 39
1 OTA:2.5-10.0 aco-2 A1l st aes a0
_ e ﬁ == )
AFM, :0.5~ 10.0; Caco-2/ Hﬂ‘ttgﬁ'ﬂ;ﬂ# P B
AFM, +OTA 48 h HT29-MTX 3L 3 1 0 R Fe Xt - B [40]
OTA:2.5~10.0 IRELN 0 Keg oy ik
24 h AR EE mAIYEH
AFM, :0.12~12.00; . s o o ’
AFM, +ZEA ZIEA 100 | 2472h Caco 4 SRR BT N RECEIR (N [41]
: 72 h fEPTVEA
24 h . FEHEH .,
AFM, :0.12~12.00; s - o ,
AFM, +a-ZOL a—ZlOL-O ssp 2472h Caco2 4 SRR T2 h ARVREE RS PUERT; [41)
B VR B A sk B [ 4R
OTA:107°~107", s ,
OTA+ZEA JEAL0" 100 48D HepG2 4iififs Br A Bet ECENR (] [42]
=24
DON:0.2~3.0; Caco-2 4L - .
DON+ZEA JEA .20 33 48 h Hepa RG #ifits. A& 15%0%T i/ W el [43]
: THP-1 48 if
DON:100; . N
DON+ZEA ZEA.-40’ 14 .28 42 d HCT116 40 5 ik EyiEH [44]
DON0.25~2.00; ‘ . N
DON+FB, FBL.3.5 400 ' 48h IPEC-J2 41 ity LA AW HAEA [45]
DON:5~40; s
DON+FB, FBL.5 40, 72 h Caco-2 4l T Lk PRI [46]
DON.0.25~40.00; 24 .48 b ,
DON+T-2 : ’ Y CHO-K1 408 Zsise|ikit YR [23]

T-2:0.006~0.100 72 h

a-ZOL:a-FE K IRE /&I a-zearalenol ; Caco-2: A 45 17 i 955 41 ffd human epithelial colorectal adenocarcinoma cells; HT29 .
NEE R 4B human colonic adenocarcinoma cells ; HepG2 : AJ# 4l fff human hepatocellular carcinoma cells; Hepa RG: A
JFJE 41 i human hepatoma cells ; THP-1 . A H% 2 IS 48 /ff human monocytic cells; HCT116: A 457 %% 41 /il human colon cancer
cell; IPEC-J2 . %& /Mg I % 4018 porcine intestinal epithelial cells ; CHO-K1 ;£ F{ 5P # 40 iff Chinese hamster ovary cells,

RSN SEIE S S T B2 AT TS R R B (FOR B InAI I 3R i R BRVE (K A 773 5 BRI
HATH W ANF A IR A AR — Se e Z I B R B Z R 3g i) | e 7 28 Uk L I 2
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TSI ) 2 B R R LA % g 2R A B (] A
if 72 h &, UL, SRR ESC I O0 AY EE  AA EOT
MEREREW IR E T HRKINZZEN, A
ISR AR B =, S PR AL 5 SR L, 7R
YR AN 4 Z 18] 9 &2 28 A8 BAE R, 0 F 0
FEARAR A S, U8R 02 — R AT i 2 3l 2
PR TR ARSI AT AR A 45 v e KU
W RAG WA HEERENGE, R4, A
PRI, X SR N I R 2 Kl o FOE S 1
BRI AT s BAEH, B WOk 72 3% 4 o, R
A TG B S TR X 22 BAE F 47 PEAG Al
LT RE 24 5 55 1A B R KA B 2 IR N 52 A 1
PRE I Z—

Tajima 25 % 30, 2 Fh ik 7] B 35 KBS 1E
TN B, 3 R Z A &k A 22 BAE A
I 350 fe 2% 19 B PR A R 3 5% 5980 559 . Luongo
260550 Severino 25 1°°) Fl Chen 25057 o Xt 2 Fh 88 7]
WHRMNIK G HEEREST TR BRI A

b4 & ELR A 38 AR 2 Corcuera 457
WF5E% 8L, OTA Fl AFB, % HepG2 “ s 1 3 P 5
PEEL AT 55 Pk R, ) P Rl 2 A0 I TS R
(ROS) T3 m, 2 P £ 5 W — 40 i 5 %
PAS0 B IE (CYP) B2 6] 1) 55 % ] B P B0A A8 1Y
AFB, SR A ALY 43 F Bk i /b, i 5 50 DNA
B K- AR, Tavares 4577 #f 52 & B, OTA Al
AFM, BEA A0 B Caco-2 4l g il BE T3 2 Fh i R XT
B WEH IR F B 58 4, T &R OTA B L ik
JEAEER BN 77 AR 19 ROS B it e X S EUE HL R 4
MoEE A . FB1 H AT HUME — B A9 7 1, 1 ZEA
HA M AR, Ot 2 FhEE £ 2 ) 0] BE 7 R 4
POt A& FB1 ZEA Fil DON ] H A % &
&k AL T B (MDA) A= i RE 7, T HL
HRAE LA LR AR 1/ B 75 AR Ry 40 05 38 23 A [ B AL
A B 5 A A DNA A, B X s 8 2 1
245 A] R RO AN B By AR

x4 BRRBASRAAHNBKASHERENTR

Table 4 Study of combined toxicological effects of high risk mycotoxin combination of mycotoxins in vivo

e = SH AN Al A=
ycotoxin Exposure . Combined
. Doses . Animals . . References
combination time toxicological effect
Bl BB (ALP) 161 ( T,
OTA :2 mg/kg 1k} ; E— TN 5 KA QRS A (AST) |
OTA+FBI FB1:10 mg/kg f7¥} 45d HREZA% AR Z M (ALT) 36 14 L47]
(1WA
P FIE4 % AST (ALT 16 4,
OTA 0.5 mg/kg /il B} WLEF (CRE) i ( 1, BhIAD) 5
OTA+FB1 FB1:10 mg/kg 1A 35.49.d Xt Morbus Aujeszky fY [48]
PR (L P
JBLTA % (MDA) & & M M iy CD3*
CD8" T Aiff it ( 1, Brla]) ; B S e
DON:1.5~ AL (SOD) i 1 24 (OH-)
2.5 mg/kg BW; 3.5.8., HfE 1 R B HIRE ST A B H B A Ak
DON+ZEA ZEA .20~ 12 d /MR (GSH-Px) 36 BT AL EE 1 (T-AOC) Fll [49]
30 mg/kg BW T4 % (IFN) -a IFN-B . IFN-y &5 M
CD3* il CD3" CD4" T 41iJifs
B (LU
DON: 1.5~ Ififif CRE JRE A (UN) \MDA |
2.5 mg/kg BW; e e AME(NO) E R AT T
DON+ZEA ZEA :20~ 3.5.8.12d - HEFENR AESMA) 5 SOD i ¥  OH—-#11 i i L50]

30 mg/kg BW

(L, EmAn)
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23k 4
TR P an A 2k VA
ﬁlﬂfﬁifﬂn 4 T % BiF (8] L I mﬂlﬁ’ﬁzﬁﬁ B0k
ycotoxin Exposure . Combined
. Doses . Animals . . References
combination time toxicological effect
DON:55 pg/kg BW; 8 JE i Wistar AST .GSH-Px &4
DON+FB1 FB1:30 pwg/kg BW >d CPN (1, ) L51]
M Hil =R (TG) AL
[P (TC) & o s MEMERNARENE . S
DON:45 pg/kg BW; 7~8 JH (TP) # CRE & = ; Mk : ALT #
DON+FB1 FB1:110 wg/kg BW wd B WMy AST 3G HEC T IS Al ) o L52]
WEVE - (A B P AR PE - CRE 5 &
C L moAnE i s A )
AST ALT &P B RIR JRE |
NO H- il =i JE [ iR
FHEH(LDL) HIGE H (AFP) |
ZEA+FB1 ZEAA0O peke BWs o) g e s KR IR (CEA) | FLATIA %6 [53]

FB1.50.0 mg/kg BW

(IL-6) MDA &8 ( 1, W) ;
MEEH(TP) \HEH (ALB) |
B BF R 11 (HDL) &k ( |, W)

T .+ increase; | B decrease,

e e =

BERE 2 MR R Z LA B L
PERIZRB e A Z 8] n] A7 AE AR I AN AR 1, ke 2D 52
AR AT RE AR I 2 2 FhaE R i Rk
AR AR HIBIL A A T s 2 3R 22 18] 38 A7 6 i AR
RO 2 g 3R A IR — A R 2 A6
TEAE A FEHUIE I 1 R VF S8 5 A A T 2 b
B 2R NLT A — B R AN [ B B, B0 1 R R
2 AT LA 3 5 — i 2 3R 9 i sl b o5 — Mg R
(AR PE R A

4 IN 2
HENA K, 5 EH R NS 1B A0 5 A 0k
T AR, 5 W 5 R 75 Ye iy ok 59 B XU A2

TERURATI AR P, R DA AR A SCik T LA & B8, B
il 2 REMEAE T A W) B 22 g T 2 3R 22 ) L AR
AR HAR AT, B R U R A, X R
RIVEE A 7% v 4 o 2 3R A 3 B AR T iR OR AL VR IR
i, 2 MR R R LA O A3 e A AR
ARBE R XU, . DRt o 2 AT T DRI A 58 3% g
R 22 b R B 7 K R IR I R O 8 22 b e
TR WA B B AT 5T, ()RS 7 R R R AL TS e
ZNATG TG TR, 3 DA ) R A 4 XU DA T 5

DA AR AR AL

SE
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Co-Contamination of Mycotoxins in Milk and Their
Combined Toxicological Effects

WANG Ziwei">? GAO Yanan"*® WANG Jiaqi"*’ ZHENG Nan'?**"

(1. Ministry of Agriculture-Milk Risk Assessment Laboratory, Institute of Animal Science, Chinese Academy of
Agricultural Sciences, Beijing 100193, China; 2. Ministry of Agriculture-Milk and Dairy Product Inspection
Center, Beijing 100193, China; 3. State Key Laboratory of Animal Nutrition, Institute of
Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract; Mycotoxins are low-molecular-weight secondary fungal metabolites mainly produced by Aspergillus,
Penicillium and Fusarium spp. food and feed commodities are often contaminated by more than one mycotoxin,
which is highly valued by relevant practitioners and researchers in various countries. However, data on the
combined toxicological effects of mycotoxins is still limited until today, moreover, in vivo toxicity studies with
long-term co-exposure to low-dose mycotoxins are still scarce. The present establishment of relevant standards
and regulations around the world generally focused on the toxicological effect of single mycotoxin. As the main
commodity of daily consumption, milk is a critical food source in the early development period of infants, and
its safety is particularly important. In the present context, we reviewed the research progress of co-contamina-
tion of mycotoxins in milk and their combined toxicological effects, which can provide some reference for risk
assessment as well as establishment and improvement of relevant standards of co-contamination of mycotoxins
in milk and dairy products.[ Chinese Journal of Animal Nutrition , 2021, 33(1) :107-117]
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