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WE.: @k shXE, ¥ 8 7ABR M (humic acid sodium) 5 7R F R W 7 3k 47 £ 4, JF#t 47 = K 7 & % B (Zearalenone,
ZEN) BLA 2 RAF R, ik ot ZEN B2 R kAR 09 26/, JFad MR 67 69 2 AR M ALkl kAT A1 50, it h s fE
i, ERFRFPHRARELLSNG, #—FHRAEKREZRRAR X (E ik pH, BAE., &LEE, L468GH%K
mE . BERFEMBGAERE . BN ST EAF GEM ZEN 9%k, AR B 7, 1)RBPILARKA P, B
B 4h 5 7P R (active carbon) 242 5, BLAK R &1k 95.17%, AT RL K 4.94%, Freis B 7488 4 R W ZEN 89 Bt &
£ H79.53%, @i MABMME ERRLS, AR EXR BN, FELISNGE ZENHRGALSGHEFHT; 2)E
37 CHMTHRMOIS%GAASNG, £1hRNANRM-F4H, MAEERYpHIT&H, AWM ERH &, pHAE 7~38
Z [} B35 B R %5 3)ZEN A7 48 R E 3 B4 ) G R M ZEN A 2 % % #f (P < 0.05), 3 % % R H 4 4 Freundlich % & X .
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Effect of humic acid sodium composite adsorbent adsorption of Zearalenone

XU Jingl, QI Desheng2
(1. Bureau of Agriculture and Animal Husbandry, Wenfeng district, Anyang 45000, Henan, China;
2. Institute of Animal Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei, China)

Abstract: Using an in vitro test, humic acid sodium composite was tested using different adsorbents. The optimal proportion
of the two adsorbents making up the composite was tested using the best composite G, and the effect of different factors
(buffer pH, temperature, processing time, the amount of compound G used to add volume, initial concentration, and alkali
gibberellic ketene corn analysis) on the absorption, were studied. Results show that 1) when testing several kinds of sorbents,
the humic acid sodium and activated carbon composite was the best adsorbent, with a detoxification effect as high as 95.17%
and a resolution ratio of about 4.94%. The humic acid sodium adsorption rate of zearalenone (ZEN) seedlings was only
79.53%. The detoxification effect was better when using the composite humic acid sodium and activated carbon, and
compounds made of composite G and the ZEN form were very stable. 2) We found that the adsorption rate increased by
increasing the pH of the solution at 37 “C and adding 0.15% of adsorbent G to reach the adsorption equilibrium at 60 min. The
highest adsorption was observed at pH = 7~8. 3) Initial concentration of ZEN has a significant effect on the detoxification of

ZEN by absorbent G. For the detoxification of ZEN by adsorbent G, the data was better fitted to the Freundlich equation.
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A ERARHLIAAE L R, BFEEEABYK
216 25% ZRHEER RS R, Castt Raeas
B R AR E A 150 B, 7 200 B E E R
Hodp K IR % J# Wi (Zearalenone, ZEN) #2& 75 4% 1] %}
M EEEHEEL —. Placinta " W = +Z4HE
FIMAW IR, KA B K B A Y 30 16k
AN [F) F2 B M 52 ) ZEN 1975 4% . Stob 51 B LA
K1 KK (Zea mays)F 41 B5 13 B 1 K 7% 25 45 i
Jean ¥4 ZEN J& YL t8 ) 1t 7% 43 v H [A) 5% B DA B2 Aifs il
B MR MG FOK ARSI )75 4 5 F
Sk 5 AT EM . 2017 48 F2pa, xR 2 %d
N 8 1] 358 43 X ek A0 DL i RE ) ZEN {5 B2 IR 3
HATG M, SR WORTE A 356 R, ZEN
B 2% 81k 95%, ZEN E 3% 8 698.0 ngkg '
KIS 2, 4- IR H R ARG,
KBRS, BRARMMERAMER, T5KAN

MEB R A S, P MR BN, 3G R
BoREGL, SEw . RS, RNtz 380

B DI RE R . a5 Y, KOk IR B AR (ZEN)
Rei sl Y 2 g e b 5, 2w AR Kk e i
BCAETE R S, N MR R A ERE . TR
AT TN (Triticum aestivum) “EREEY). & &
BEAT e b, ROK R 85 0 B 25 2 BeAE & 77 b ik
B, HaFMrERmBEREFmMEC A E 2R
PR e) . BT DL, el A 2800 B oK A 25 0 T 5
FIEE & AR O E A TR
HREBRNFINEEAT A 4R, 502
. ERBEE. ARSI RE, FK
AVCRBIWE A A, . Y. (b REFED
TEEFEEBF M ERER, FAERZAL, W
AEFEIN TR, BEIRERE IR S, EOBEAS 53K
15, HEBAMKE. B, 477 5N T
()72 ) BRI BV, AH 2 AR E W P SR AN, 25 Bk
R E—EE A, ZEN 2B A8 I A 15 2R 47
fif o JBE TR BN 2 DA RAR IR L T8 R RN A O TR KL
SHFIR 2N LA — B B A 2 R Th RE K 4y
THEIERMNESE, HEAMIBRER, CMEHER
T E AR IR B S e BR (it g L PR
W MIWEEE), & ENZEAMEAE, HER

LHERFIREER, TERERE. ME. BE.
A, B, R R TR B
i 75%, &R O 3L P R A BT e 2
AL AT, [ A 4h o T i B 1 NV Bl
ZEN f) 5 i v SR 00 0F e f i M 2 . ik, WRACE
SE R A ZEN BRI B R, 3 0 BT AR R R Ak &
TR RN 2 I ZEN IS, LA i R 2
5 T 7 20 0 A S e R P 4 1 B R R A

1 REAR

We 55 B R N . WA (Zeolite)s MY #5
(Palygorskite) 15 & 1 (kaolin). [iZili 1= (Bentonite)+
WEPER . WA (Medical stone) fif 47 (Biatomite);
B-# 5 BE (B-Glucan). T K 7% 55 45 B b #E & & & K
T 99%, W H Sigma. 5K AH L 4% (Sinochrom
ODS-BP), ZEEZHERRIHEARA A 1HiRE KBk
Vit BOHL R, 2, Botikal, HE Fisher
scientific. BEMRZ 8. BEIR A B, BERR: A&
T Ko

2 RETE

2.1 HEBRSFIFERRRERZENRE
2.1.1  JEFEFEREN S AN A B R 2 A e

W IR AN S AR R e MR, &
Wyt B SRR . REEEA, B-ENRNE) o5l
13, 101, 31 X3 WpEtTES, &A
AT ), SR 54T % ZEN 5%, A
H3IANESE, PCFME, MikhEE 2B RtE
FRJ R B 7]
2.1.2 B G E H ) o ik

43 9K 8 A TR AN 5 AE 2,101 0 3k H I AR A
MEEARLEE, 2alher1. 4710 311,
200, 131, 1020 133, 114, 116, FHAN
ISR B 57, BEAT 22 Bk ZEN R, AL E 3 A
HE, DCFWME, ks rEtee, RHlmEE
A GG R E), dxEdE.
2.1.3 MK EEY) G W ZEN 50

gyl W B AN [\ B B RS b & (5. 10 15,
20. 25 mg). pHQR2. 5. 7. 8). ZE I IA (30. 60.
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5 9 1 VEEE e O R A L R R S T K o A R ) 5 e R 2443
90. 120 min). i JF (20, 37. 60 C), HAhRE % Y =100x(Co~C)/Co- (2)

T—8, B0 5 RO i R i
FOKIRE IR o &, 13 10 T S5 PR R B
2.1.4 2G5 G &R

iR 20 mg HA&F G T HLEH, 4
M 0.5, 2. 3. 4. 516 ugrmL™ ZEN 47 #E VA ¥
20mL, 7€ pH N 7% MFF, 37 C 120 rmin '
PE I IR % K B 8% _E AR 3% O 90 min. N 45 G T
5000 r'min ' B0 10 min, U8 BiE W, HPLC ¥
M E FVEWCP R 4 ZEN & &, 5 SR
AR5 . DA B I MR & b 25 3 5 R IR N
BEASKR, BREE RN NALRR, 22 S5 55 ih 25
2.1.5 E A7 G-ZEN T3

SEMER ARG, Wik RIER, EYHIK
J¥ 9 1 pgmL ' ZEN 2508 43 3 i\ 10 mL pH A
TR gzt . = bR, AN TR A T
R TV R, 7F 37 °C 120 r-min | [ 1E 5 4R
% K AR B IR AL FE 30 min, AR5 &0 E ZEN
TE, @BBERIEE, THEMBRE. MRk EE
23, REFERR,
22 BIESZITRSH
220 WLEEE RN E

Q0=Vx(Co-0)/m; (D

A ONBERE (ugg): YHREFRE %): VN
W EIARF (mL); m N FEBR B H & (mg); Co
4 ZEN HIHE K ¥ (ngg ), C 48518 R BLJE ZEN [
W (ngrg e
2.2.2 ZEN & &M E

FEMmAE =& W, 4. ¥1ib)5, ZEN
EHRATN eI e,
223 Git o

F SPASS A 3k AT B 48 kb B AN 43 M, T7 2 4y
Bt 5 2 & W 34T Duncan's ¥ £ B HLE, 45 R <P
PIME £ b iE R EKIR

3 HR50M

BEBRMNSHEMRETNESER

EG— R KA, TR N 5 H At 1B 55 57
E3MIE 2 FiiTRHAEZ G, X ZEN B3R
w1 fral.

JEFERAN S A . FUCA . MR, Mgt
fi i S I R AT R A, X ZENZ R AR BOR
AR, BLEEETE 10%~64%, AH 2 55 B N 5 0 T
Xt ZEN i 55 2 mik 97.3%, MR B S5 T
PER LB 1013 1) BRI A B 70 35 B B 1% M

3.1

x1 BERVWSEMERSHIESER

Table 1 Results of a complex experiment between humic acid sodium and commonly used adsorbents

Motk i % Motk it B 2
24} Grouping Ratio of Rate of 24} Grouping Ratio of Rate of
grouping  detoxification/% grouping  detoxification/%
301 39.4+0.43 301 29.5+0.23
JEFARREA + U\ 4 JEFARR AN + e T
1.1 + 1:1 +
Humic acid sodium + palygorskite 33.6+051 Humic acid sodium+diatomite 264+0.29
1:3 21.4+0.46 1:3 20.5+0.21
301 39.4+0.77 301 58.6 £0.23
JEFE RN + -7 S JEBARREN + A
1.1 101
Humic acid sodium + B-Glucan 31.9+0.69 Humic acid sodium + zeolite 632+054
1:3 37.8+0.71 1:3 36.5+0.73
301 40.1 £1.22 301 20.4+0.42
JE RSN + e L A RN + A
1.1 101
Humic acid sodium + kaolin 343083 Humic acid sodium + medical stone 17.2£031
1:3 229=+1.14 1:3 10.5+0.47
301 49.3+0.56 301 95.4+0.63
JE AN + B . JEBARR AN + I MR .
Humic acid sodium + bentonite bl 47.1+£045 Humic acid sodium + activated carbon bl 97.3+037
1:3 35.2+0.62 1:3 92.6 £0.23
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HiE TR AT B Al .
3.2 [BIERRIA S E M R R AL BTk

1 3.1 0 ik i I A R AL, AT AN A LE A

WM&, WA ] R 5 R 2 &
A EBR ZEN R, S RWE 255 iR R,

EHELIEE N, MEFERALENREEK, 246
7RI 0 R e ek, AE 2 B R A S R M R
B2 2 D 1B, X%F ZEN 58 28 50k 99.62%, ZEN
JUT-A bk 2e Bk, AR el A DA ik BCJS e R Y -
TR =2 0 1 OB ER L

*2 TEILLFIMEERMNSEMERESEMR ZEN FIHR

Table 2 Detoxification of ZEN by different proportions of sodium humic acid and an activated carbon compound

214} Grouping

2H 4y bt Ratio of grouping Jii 7% Rate of detoxification/%

JEFEEREN + 75 P % Humic acid sodium + activated carbon
JEFARR N + 35 % Humic acid sodium + activated carbon
JEFERREN + 751 7% Humic acid sodium + activated carbon
JEFARR N + 35 % Humic acid sodium + activated carbon
JEFERREN + 751 % Humic acid sodium + activated carbon
JEFARR N + 35 % Humic acid sodium + activated carbon
JEFERREN + 751 % Humic acid sodium + activated carbon
JEFARR N + 35 % Humic acid sodium + activated carbon
JEFERREN + 751 % Humic acid sodium + activated carbon
JEFE RSN Humic acid sodium
i PER Activated carbon

6:1 95.41 £ 0.42a
94.25+0.28a
94.98 +£0.18a
99.62 +0.83a
96.13 £0.25a
96.07 £0.91a
92.62 +0.65a
93.21 £0.95a
91.15+0.27a
79.53 £0.13b
69.17 £ 0.47c

—_— = = = = N W N
AN AW N = = =

EFIA NG FRER R AR AL A 1) 22 5 535 (P < 0.05). R,

Different lowercase letters within the same column indicate significant difference among different treatments at the 0.05 level; similarly for the following tables.

33 EAFIGIHIIMRIELER

E AT G IS0 & X I B ) 5

B Ras 5. 100 15mg B &/ G, ME
ANFE X 2 A7 G W ZEN f52m, 45 1 an
L 3FTH.

3 EAFTIRMER ZEN WK M 895200
Table 3 Effects of the amount of compound adsorbent on the
detoxification of ZEN

3.3.1

2&7 i 25 3 i 2 5
Compound Rate of Detoxification
adsorbent/mg detoxification/% dosage/(ng- gﬁl)
5 56.02 = 0.08b 494.85 £ 6.10b
10 99.87 +0.03a 615.39 +8.50a
15 99.88 + 0.04a 652.87+491a
20 99.90 +0.07a 650.26 + 1.96a
25 99.95+0.03a 648.03 £ 5.47a

EEE MR RIEE N, MEESFEm,
A FF0T ZEN 1) i B AE B 2 38 0k . (45 A
MR A 15 mg B, &4 70 ZEN I 5 5k 3
B (652.87pgg ), AkEME SFIAE, EaRx%
ZEN [f] it % & M 652.87 pg'g ' T % 5 648.03 pg-g '
(P >0.05); W45 R E/R, UREFBINEN 15mg

N, HE T ZEN W B2k 5k B fe fk
3.3.2 RGN EXEEF) G Wt ZEN 520
I8 I 5 s AN R R s s TE], 05 A TR0 9 B TR
HE7 G WPt ZEN Biszm, g5 Rk 4 pral.
* 4 IRHETE) T KR ZEN B80T

Table 4 Effects of interaction time on
the detoxification of ZEN

- i B 2 i B i
Time/min Rate of Detoxification dosage/
detoxification/% (ng gﬁl)
30 58.94 +0.75b 119.92 +3.13b
60 99.08 +0.43a 650.12+2.51a
90 99.16 £0.19a 650.75+1.72a
120 99.36 +0.87a 650.98 £2.43a

W B 3k R v Ak BB [ S 25 Bk ZENG& A — S RE i
(o BE A Ak BN R (0 3, &2 & I ZEN i
AR R IZ WG N, (52 4% 60 min K, H &7
Xf ZEN FI e R K s Rk 8] T — A T . bk
J& 4k 22 G K 1A] 3] 120 min, &% ZEN £ i 2
AP E S 60 min i %2 7 AR F (P> 0.05). K
I, ASHEFT R BL 60 min Jy 5% A3 i 5 15 17 .
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333 pH X E & G W ZEN 50
L B E ASFE N pH MR MNAR R, Wl E A A pH
St A G W ZEN [, g5 Rangk s prsil

&5 A pH X ERR ZEN KR
Table 5 Effects of solution pH on the detoxification of ZEN

Jhi 2% it =
pH Rate of Detoxification dosage/
detoxification/% (ng'g 1)
2 69.04 £ 0.05d 362.94 +£3.15d
5 83.26 £0.12¢ 557.23 £2.47¢
7 99.21 +0.03a 650.81 £4.10a
8 91.25+0.23b 599.16 + 3.59b

GEREOR, fEpH2 ~70REIN, BEE W pH
I3, B AFIXT ZEN BB 8 7E B iz 2
pH N 7 BIE B K, ke niaw pH 1H, K&
BJ5 R 650.81 pngg | MR F 599.16 ngrg . BT
HEMERTHD S G AR, HP R
NFEER, SRR R K E . U T pH A2 R i
270 2<% ZEN HEE R &K .

334 REXE AR G W ZEN 520

— MR UL, RIRA R TR, A R T
2 R B o iR R T K A R 0 T R 2 B ) S
Hk, WETE, BHERN YT #Esh— ke,
Wb B K 4 S T R A AR P R 2 B, AR T
PR . 246 N 20, 37. 60 C I, H A FIN
ZEN [0 Bt 43 549 283.12. 651.64. 386.29 pg'g '
ZREEP<005), HERETUSELMERR
(F 6), ULWIE G G X ZEN [ B BE A 4 FE R Ff
WAFEAL 22 TR B

* 6 AHRE KR ZEN KIF 0

Table 6 Effects of interaction temperature on the
detoxification of ZEN

R NPT, 335G 70 ZEN 155 iR M il
4. S AR ZEN [l 5 & & ZEN WK K
MR, I HAEZESKREBEN, 4 A
ZEN [ 5 K3 B ik 961.42 pgg ' (# 7).

# 7 ZEN ¥387KE 3K ZEN £
Table 7 Effects of initial concentration of ZEN on
the detoxification of ZEN

T 5 ik i 2 F
Temperature/ Rate of Detoxification dosage/
C detoxification/% (ngg)
20 56.38 £ 0.42¢ 283.12 £ 1.62¢
37 99.21£0.79a 651.64 £ 3.46a
60 75.26 + 0.63b 386.29 +4.58b

335 HAE7M G SRR

7637 CEIR . pH 7. AR ] 60 min 2% 1F
T, 5K R B M R G655 R R A
KR UIBLE R PR R ZEN WK N AL bR, it

ZENK FE

e
Zearalenone

. - Detoxification d /(ug g
concentration/(ug'mL ") etoxification dosage/(ng-g ')

1 652.48 £ 0.41f
2 705.73 £ 0.78e
3 756.36 + 1.44d
4 795.04 £ 1.09¢
5 853.27+0.83b
6 961.42 +0.24a

2 A7 G-ZEN & &Y i fr ik 56
=&ML, PBS. ATHEMBER. NTHEUG
WA ZEN— 4 71 b ZEN 18 AR W 2243 51 3.17%
4.39%- 6.39% 1 5.06%, #BTE 20% LA~ (% 8), *
] ZENS 751X 28 5 S Wb M Fe e TR, [AIFE ik
FHEAIX ZEN 7] BEA7TE AL 22T B o

*8 BEAF-ZEN SEAYNREM
Table 8 Stability of the compound adsorbent-ZEN complex

3.3.6

BTV TR L TES
Desorption solution Desorption ratio/%
PBS Phosphate buffered saline 3.17+0.25
=5 %t Chloroform 4.39+0.85
N B
Artificial simulated gastric juice 6.39+£0.47
TR
A TEBH 5.06£0.19

Artificial simulated intestinal fluid

337 H & G AL 4 R WA Langmuir 5
Freundlich 77 2

HEETRAUEE R GENE, Earx
ZEN (1) 56 i W Bt BE 75 & Langmuir 77 12, 5 &
Freundlich 7%, {H Freundlich 77 #2 {4 & FLE (R’ =
0.973 9) KT Langmuir /7 F21 (R* = 0.961 8).

4 g

4.1 3 FhOR B FIBR M
AW, ERING RGN, TR R BN
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% 9 Langmuir 5 Freundlich B35 %2
Table 9 Regression equation of Langmuir and
Freundlich isothermal

FET Ttem 77 #2350 Equation R P
A Langmuir 7 F230
Simulate Langmuir  y=0.297 9x+2.7300 0.961 8 <0.01

Equation
& Freundlich /7 #22{

Simulate Freundlich  y=0.0855X+0.4373 09739 <0.01
Equation

EiEERWE N2 01 EERE SR GR, X ZEN
JBi 25 280 R 1A ) 95.62%, T HL A S BE FR B 5 TR
PR 1) i 55 543 53l A 78.5% AT 69.17%. X 3 R B
X ZEN W B ROCRHE T . A G > AR AN >
WEMER . E A7 G X ZEN (KW I £E 60 min i& 5] —
AN RBP4, T S A R BN 75 90 min A3k #1 S fi7
UL E A G fe 5 PR B ZEN.
42 RIBFEZ T ZEN R0
421 HW pH
AIREIRH, R R 2 BR B B R A
B, WMRTREFNMDRSEMEE R EEE R
(BRI 2 . 4 W pH BRI, T
IV R AR AR KR H, T B R A 2 T A AR T
B HOK R 8, XD T IS IR S ZEN (1)
VEFH AL 25 [, HOFI ZEN [ 408, HEES
JEEBR MR ABME FREES TSHER,
755 ZEN W IR 22, B ZEN T &a 2 4
My, Sy 7.6, EVEW pH<7.16 I, ZEN
FERGEEE, A4 pH=2. 5B E A7 G X} ZEN
(0 2 1E 8L SS . i 24674 G v Re LA B 7 X
Wi B ZEN. BEZE pH I N, @ik Hgd, 58
A7 G a4 AE R T, RIS B R A I R 2 AR
YRR H RS, 435 470 G 4 ZEN IR B

fe Sy,
422 R E
AWEF R, WL AE 20 'C A 37 C &R,

37 °C #1160 C 26 T IR FHE A — 3. 1X e ik
JERERN S5 E A7 G ERE Fif. f£37CH, &

£ 2 Y #k References:

G G W ZRIK 99%. fEm T IR 37 C I, R E
P B R B A 22, R TR A R e A TR B S D A R i
NE. BEREERE, 2475 G2 8RR
RAP TR, HE2WIER T 7526%, BHEE T
G WA T BEAFIEAL AR B, Z BT LA R &S F AT T
B 2 J5L IR AT RE A A% Ak 2 SN A TR R

423 BEHEFHE

KEFFH, E—EEE N, WA EER S
G GBI, BERMNAE ST G IR
th ZEN (9 3 15 F @i g s, ix 50 AN e T
B 1A B 2 00 0 57 B R R A AR 1 s e 45 SR —
;o FEEAREZWM AR INEXMEAHGE
ZEN MERIERM SEE. AMARERER, &
AR GHRMAEE D THBERANBNE, 56
FGHETEEG.

4.2.4 WY PR ARE ) B[R]

AHEFEA,  JEFE R A PR AR E B R[] 24 90 min,
M2 A7) G W B A2 B 8] 9 60 min, BEEFIE 2] T
— NEE WP . 5 A AT R — R R 7 AT
LS B bk B0 B AR . W B ST 0 B TR R
TE S AA P9 IR B 5706 ZEN (6 W B A P R A, 25 I
Bk B T 3k A, R B ) AT R AN 4 7 40 W B k) R
ZEN.

43 B &7 G 3 ZEN B MR

FE AT FARSMR B, W 1.5 mgmL ' (15
&7 G ¥R 60 min Jg Al &5 K, KIE A G Xt
ZEN W [} & B8 5 ZEN W) 46 < B 38 iy 38 n, 25 %2
O N B Tk 961,42 pgrg |, X T AP sty
M &5 S — 2o

5 /N4

G — R KM TRERMN. EER. ES
7 G X ZEN BLEE R4 51N 78.5% 69.17%- 95.62%,
2 A H G X ZEN IR B 2R B AR, R4 AT
WAEH, HAF G X ZEN WM i N FaE . AR
45 LN B B R 2% ZEN B 7 1R S bR B R At T
BRI
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