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kUl , PR A S H VR A & (acceptable
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[E3 WA O IR e ol (IR &R b A e (Y
B0 U 20 ) B ORI I AR
B, TR EES & T ADLKF, #riERHE AR
23 EOR BUFF RN B s 42 U HAT, RTHrE
B A W ) B Y B e FL S U,
XS F 00 25 ) M DU /D 5

JV T AT I AR S SR B )
HN e E BRI R HEE R, FRE b
WUEMEREX fE A K SR 2 CHEREN, §
il , VRS I IX R AR O
J B ERERT 259 . IR BB TS YR A
B JEAEk, CAREHEIE, IV RERESE.
FE AMER LI W) . A2 . DKM R TS e
Wb U BB E Y A, S EWUARE &R
W IR WOSCRN 528 2R 48 U R 25 L k™ AR FoAh rh
BEAEARI, SR, HATC T AR IEAX KA 5
Vil B AR Y ) o AL, I, R
AT

i (Carassius auratus) & J& #8I H (Cyprinid)
i Bl (Cyprinidae) #lJ& (Carassius), 44,
TP [ 2% M IR OK Iz SR . BRINZ A, )
(R AE AR DD RIS N M, BHIF (RS SR
Bt AT LA R PPAL AR TS YR L AE Wi He A,
T AR BRI R g, ) AP g
TR 5 H 2 A B S A . AR 2 30 DL Sl
RIS, . A LUEE . biA b
J B AR D A5 X 3 A D7 T 2R i 5 AR s
AN TRV BE g v o B e e, DU E AR 6
FEXARAERTFBHEIT M, KAESAEES
Y KK BRI P AR 22 4 A

1 MRS

1.1 LISt

St pe Rl 0] R A R R A PR FD, HAd
T BB SR IR 1 W AT B S T 28K
T Mk Bl 0.1 /mL BB, B 5 i B S AN [+
W, PETEAER T, Lo (RHERZL). 1.4, 5.5
110 mg/kg (AbEEZH) By fa] A £ 30 do
1.2 SNt REFEE

S50 FH P [ T R U A K 7 SRR S b
Peak Al —Hb vk o AR R g R B0 R 47 Y P [(35.0+
1.5) g], RAPEHRIBEIRK R G NG, 4
AEIR), 16 1.2 m® FFREEAT Pt AT 3 30 d Ay
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®1 BERMEARES REFER

Tab.1 Composition and nutrient levels of basal diet

T H EE%
items content

JFE#}  ingredients

a4 fish meal 20
Tt flour 20
THI  soybean meal 20
I cottonseed meal 5
B A casein 19
FRF LR CMC-Na 10
Gl soybean oil 3
WR A5  CaH,PO, 1.5
TR BURER  mineral premix’ 1
AR HUREL  vitamin premix’ 0.1
#Hh salt 0.2
L4 4EZR  methyl cellulose 0.2
it total 100
EFRS  nutrient level

HEE  crude protein 33.16
HUIENT  crude lipid 6.52
FK5>  crude ash 4.93

L AR RTURRIAT PSR, T R I R A TR A
Notes: 1. vitamin premix and mineral premix, Henan Tongwei Feed
Group

FRAH . fEIESCIHET, KRR 2 M Tk,
PRI B R AE 24 °C 247, KPRk
7.5 mg/L /247, pH 7.1~7.4, EAE & H<0.01 mg/L,
T HBK—W, BoKEhEOKER 1/3, J6RRE
i 14 hOGRE/10 h RIS . B FRIIA], SRR A
R, R 3R, BEMRETE 55 8:30, 12:30
A1 17:30, Jic kiR HE.

FHEPBEAL oA 4 41, 30 % B4 (0 mg/kg) .
T1 4 (1.4 mg/kg). T2 4 (5.5 mg/kg) f T3 4 (10.0
mg/kg), B 3AFPAT, BT 30 B, %R
RS e e B | E LSS S I N T R iy
FrgE i i Rk AT IE R S, LR 30d )5
HURE
1.3 HmRESSH

Bk & 30 d FRIHL AN G, FE
24 h, MASAPREHLAI 6 BB, KR &Ik
m, BMEFISmLELER, 4°CHE 2 h,
5000 r/min 0> 10 min, WHCE 2 ML 53234, I
B T80 °C VKAE A o [ BUVF BFA ZUA
BAPE T AW AR, FT-80°CvkH, MT
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Ao M. B, BURF . P2l 201 e 7 il B R
T TR SEALFET . Rtz 4h, XFRE4 . T2
T3 A FA LI 15 B, fETRmERERMA TR
WHIENEY), &3 KA BHENEYIRA N —
AREAS, BILHCS ASPATHEAR, AT IENEY
My

LA NH SR ERBAL TN
BB EE %, 4 1xPBS Ek, )5 ks
WG (70% . 80%. 90%. 95%. 100%) ZHMiK, 1/2
TS T CHELNSEWE, A
M YIA . HE 3t BHROREIFHARE (Zeiss Axio
Scope Al),

A 7 Ao 20 42 30 BAL A4S AR AL ) AL
Y ALTE (SOD). 1l AL &l (CAT). &M H ik
(GSH-Px) FlI TN [ (MDA) 7 2 (1) I 5 fi JH g 58
A TR G BT AE P R S AT R, A
D75 2 Bt il I A TR A

M 38 A AR 45 AW B o AT o 1 A
DNA # 1 QIAamp” DNA Stool Mini Kit(Qiagen) i
A G UL HRI, DISRERAFE R 4] DNA 1E AR
4T 16S rRNA V3-V4 X Fe& X4 3 . BT 5|
Yrk338F (3-ACTCCTACGGGAGGCAGCAG-3) il
806R (5 -GGACTACHVGGGTWTCTAAT-3 ),
PCR & & Fl 52 v 72 /¥ Z: B Chang %%, PCR ;=%
JH AxyPrep DNA & H UM & ik 74lidl, 25
1 b i o0 35 AR W BE 25 B BCA IR W) 19 Tllumina
PE250 V-5 LT o D)3 45 SR 43 A mi AR 90 ) 371 ot
TR IR B TR T A, SRR T A . SR
Ja #EAT A B AE 47 25 B JT (operational taxonomic
units, OTUs) R 253#7, 2T OTU 76 A [l A
o3 Aa, PSR REAR T o 28K, B 2AE
4 48 043 #3111 55 Weighted UniFrac I 25 17
F 1435 #1 (principal co-ordinates analysis, PCoA);
WRIEUL L2225 8, 7ET TS /320K Likdy
HE V& S5 A 2H S GE T o3 B o AS WI935 X i
OTU it . Wyh ZHEME 34 S B R 454 3 A4~
7T F A3 A ARk v R 0 AN ) e 3 Ay A o) il gy
PR AFE IR 5 0
1.4 HIEGT

SIS U - B AR E 2% (mean+SD) 7R o
K H] SPSS FAF X E 4 AT et or b, S X i
BEAT AR K )5 22 70T (One-Way ANOVA), #54H [i]
B FH2S, FH Duncan [CIEHHTL2 HE I,
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2 ZER

2.1 FPEERANEEA ARSI

H.E Y@ won, xF W82 6 i 16 41 41 45 44
SEEETEMT, SCR G E R AR HES 5, A
MR, HAEEE. 8%, NZEEHS,
WRESEHE (FIR T -1, 2), T1ACERZH H B b iz 4n
Mizsiife, Mo ERIEImE (KT -3. 4). T2 4
PR B, BRI, SCREHE
AR (FRR T -5, 6), T3 kbFRZ 7 H 4 25
PR, M EW R AE e, SOk
bR aipaHES AL, I EseRih SRl A IS
(BT -7, 8)o Aol B K i 2 i £ 24 iy 16 fekt B
MEBESRIRZ —, ARSI, A B A
BRI (P<0.05) (K 1),

22 TR EX I A AR SRR

HE g iR, X4 d, BrimsE &
INEREDI 25 TSN, IF2H 2 b e bk JE] LA 4
Moy di sy, RS R, TR U, /It
Z A RS B b mT L (R -1, 2). 7€ T1 AR
W, T A AR, AR ERTIE,
LA A 2 itk (BAR IT-3. 4). T2 A1 T3 kb B
WAL BG N, /N R RO, H B
FHLAZ 5 ik RN JHE /N 8 S RSO AN VS IR 42, L HLE:
T3 WbFRAH A, A BRAORAN T, ARy
TEARASFS AT, 4 Zs AL B g, i 58
ANHUL /N SSRGS, I ZH s f i )™
(i 1 -5~8)

23 FEEXNEME. FEARFLEDN
A0

Ab B2 I3 P MDA B A ASE B S A 3 i
T, T2 1 T3 4 PE4H MDA B E T IR
2 (P<0.05), {H T14bH 4 5% AL L2
(P>0.05), FrigEabBl )5, SOD 7 P:F1 GSH i 1
B R R [RIRE, i Ak S 6 Mt e 2 T R
(P<0.05), J HBE&Fri ik B g, o E b=
BTGP R MA@ . (1 2), ZERFASU, Fr
BEBA T MDA &2 LT EH; SR
M, AbPRZHRFZHZH) SOD, CAT 1 GSH-Px iif
PR (P<0.05).

24 ITEEEANHEFEMEYEENZZI
APAR H BT B A W S AR R h
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Ehi 1

o Con -».‘W‘:F""-'(,f 7 2
e 6 25 i pOMEA
IR E AL IR A LA M B R R
C: XHH; T1. T2, T3 #5189 1.4, 5.5, 10.0 mgkg FFEEEALEA; 1. 3. 5. 7 A& NAHHAL HE J (20%); 2. 4. 62 8 4 1. 3.
5. 7 KRR (40%), VF: FREWH

Plate |
C, Control; T1, T2, and T3 are the groups treated by 1.4, 5.5, and 10 mg/kg bwt/day tartrazine, respectively; 1, 3, 5, 7 are HE staining of intestinal tissue

i

Effects of tartrazine consumption on intestinal structure

in each corresponding groups (20x), and 2,4,6,8 are local zoom of 1,3,5,7 (40x). VF: intestinal villi rupture

400 .
b
E _ 300
2 a - 2
M 2200
w2
§ 5 100
0
1 2 3 4

E1 EELENMAEE KBNS
AE TR R B M2 R (P<0.05), TR. 1. 2. 3. 4 3 HIER
C. Ti. T2, T34l. C: XH4; TI. T2, T34 518 1.4, 55,
10.0 mg/kg #7558 Ab B ZH
Fig. 1 Effects of tartrazine consumption on
intestinal villus length

Different lowercase letters indicate significant difference (P<0.05), the
same below.1, 2, 3 and 4 are groups C, T1, T2 and T3, respectively. C.
Control; T1, T2, and T3 are the groups treated by 1.4, 5.5, and 10.0

mg/kg tartrazine, respectively

J 3B TR W) o 22 MR BRI i T T A P
T 5 BRI A . T R 45 R R
- 2H W 15 R A8 HL (coverage) KT 0.99, KA
PR 28w T RERUEY, ARk
PP R Chaol 454, A% (Shannon) Al
AR R HL (Simpson) I #AH (P<0.05), 45
WK, A AR A W] e T B £ i 1 T A P
T2 S5 MR (3R 2),

Ry 20 TR RECZH b B ZH 8] 7 3 B Y
ZREME, XTENREAR IS OTU #E4T T F W4 43 Hr
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(PCoA) 431 S5HEIR, WMiBEAEA b i Ak P
AT, wor ok 3 R4 (F 3).

AP R BT S I E A A T OTU 57 6
#oh 15 MRES R 4R 2613 4 OTU, TEA%
JEN A AL B4 (6] 8 & OTU 8T, C4f 784
A~ OTU; T2 417 13214 OTU; T3 414 1641 4,
Horb € A T2 ZHAEAT B OTU %0k 305, C F1 T3 41
AR OTU %k 393, T2 F1 T3 434 19 OTU %k
g 691, 3 IR OTU NECH 256, 5 BBUK
9.8%. LM, BEE TR R R B A
il i & OTU %k H 28 L%, Cc 4l OTU
BH AR R SRR, XF B2 Ak 34
A A A D TR G RN, R
Aob BT 0 3 e A= 0 2 R LA — S AR T

AT BN 80 By 18 4 A 20 PR 2B M 69 B
h RS AR K X 3 S LR A AR AR
HEAT T FHEBESHT, FETTKE L, 6038 b i 2
HASEATFRT] . AT SR FEW
T AT TR (& 4-a). X HE 41 Ab A B
FEALRC T 2EAERL, (OFE A4 BT o LA — 22 1Y
ZE5r. SRR, BRI A B
PRV IE A T TARR & BB, AP TR
TR AR 3= BB AR, EAKF B, @
R P R R LA R . BARZF AT R
BT wE (& 4-b), FrEEEAE, —SLHER
KRR (R 3)0 ILAN, TEFPEE AL FEAY
ifp i, —semg gy, 5EEE R DR A
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sEA

CV. i ik He SFEMA: HS. FFMSE; CL @MAEERBIMIANE: Ka. Z0MIE0AM: HPV. FFF L, PN @A, C. xIM4: T1.
T2, T3505009 1.4, 5.5, 10.0 mg/kg AT AL BEA; 1. 3. 5. 7 N&EXNAFFHALN HE et (200); 2. 4. 6. 8241, 3. 5. THRMIK
K (40%)

Plate Il Effects of tartrazine consumption on liver structure
CV. central veins; He. hepatocyte; HS. hepatic sinusoid; CI. cellular outline indistinguishable; Ka. karyolysis; HPV. hepato cellular vacuolation; PN. cel-
lular peripheral nucleus; C. Control; T1, T2, and T3 are the groups treated by 1.4, 5.5, and 10.0 mg/kg tartrazine, respectively; 1, 3, 5, 7 are H.E staining

of liver tissue in each corresponding group (20x), and 2, 4, 6, 8 are local zoom of 1, 3, 5, 7 (40%)

E
b 30 ¢ o [fiLi serum b g 100 b o M3 serum
g 5 m fiT liver b sl u fif liver
= .2 24 Y o 80
e = Mo a
g i=] a g = a
E S 18 = 60 | a
B =
po j 12 A BooExz 40
a6 A 2O 20 D . 5 N
= =
B0 i 0
1 2 3 4 ?:E 1 2 3 4
H5%|  group A 05 group
(a) (b)
?0 ~
g 8000 B o (i serum %D 200 0 il serum
= u fif liver 5 ¢ u I liver
#H > 6000 < » 150 b
= = b
E 2 4000 | ST 100 |
ij S A A g : B a
Ko A ® < A A A
A 2000 ' 23 50t
= c a ab b W
I 0 b 0
) 1 2 3 4 1 2 3 4
My group 25 group
(c) (d)

B2 FERERAN BT S CEE MR
1. 2. 3. 40 AFoR Cy TIL T2, T3 4. CoWM4: T1. T2, T3 403104 1.4, 5.5, 10.0 mg/kg Fri s 4 # 4
Fig. 2 Effects of tartrazine consumption on the serum and liver antioxidant enzyme activity of crucian carp
1,2, 3 and 4 are groups C, T1, T2 and T3, respectively. C. Control; T1, T2, and T3 are the groups treated by 1.4, 5.5, and 10.00 mg/kg tartrazine, respect-

ively
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Tab. 2 Effects of tartrazine consumption on gut species diversity of crucian carp

PP (mg/kg) Chaol &% ARIGH AR B HRFAEE
tartrazine Chaolindex Shannon index Simpson index Coverage
0 365.3162+56.91° 5.3636+0.25" 0.9428+0.01° 0.999487
5.5 664.3844+54.91° 5.943440.16° 0.9451+0.01° 0.998957
10.0 810.6094+91.61° 6.9219+0.14° 0.9709+0.01° 0.998981

Ve B SRR AN AR R IR A7 1E 22 72 57 (P<0.05)

Notes: Values in each column with different superscripts are significantly different (P<0.05)

04
PR Group
Y & C
. A v £T2
_ 02+t = -7 = T3
X
°
o,
~ 0 R
w
% \ N
< v e ® N
AN
N \\ o °
02 | =, .
-0.2 0 0.2 0.4

Axis 1 [45.2%]

B3 xfBRZAFNALIRLE A IE W IR R LA AR Y
FE K257 (PCoA)
FRIY | AR 2 2 BIARRE T 45.2% A 31.6% HIJT % . C. X
H; T2. T3 2918 5.5, 10.0 mg/kg ¥7: 8 Ab PR 4L
Fig. 3 Principal component analysis (PCoA) of gut
bacterial community compositions in the control and
treated groups

Principal components (PCs) 1 and 2 explain 45.2% and 31.6% of the
variance, respectively. C. Control; T2, and T3 are the groups treated by

5.5, and 10.0 mg/kg tartrazine, respectively

A DG B A TR G FELRT TR AR AR 2F MOAT 187 3= B2 K
SF-REAR (P<0.05), T —SE 0w A= Y (an i 5K A
T FLECHD) BYECE IS TN (P<0.05)(55 4). 459360,
A v A L SO fi T b B R A 2R 25 R R A

54k,
3 W

FWREMERRTHEARK, 5565, 2
PGP, TERAh . S5 EIRISE Tl P g™
A, ™ AR B B BRI HE, KA AR
WA — 2 BRI RO TR R B X K A A W)
AR RN 3 AT HI0H , A BIFTE LA A AR TG AR K Y
B, B AEBRITAT B B I A R R AL B

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

LUEEH . PURALAE bR 5 W38 LA P 45 R S )
DU M 7 TR AL 5T B SRl SR AR
YiREZ MRS E, BA —EnNEsYine, #
AA BRI G 92 %6 E I s At 405, ol JHF 400
PSR A S FRATT L 2 A ACAS [R] 51
AT 30d 5, WAL AR, AniE A
4. WIRE RE R, Eakt, iU
LA T RE ) E 27 i, S22 AN IY)
JF R RE B AR P £ 28 3 X T AN R B 1Y
AL HUR, 52 s . AN ROK AR A
HZE B, 5 B w . ARAFse g h
FrE A S 2 bz ss it . oM
IGEIG, VLA A AT BB A AR g iE
A FREERA I R

Wu P {8 R, B R A B 60
d, 530dHM L, WHHLIESHE— B IR,
I E AT, OB W LR SN,
R A HER AL S, BCIRG R A IS A
JFHEU, ARG 2, Al as b B4
Jl, A R RRBO AN . IS AT UL, N
SRR, IS, Hk, [F
EFET, BEE T AR A RE R, 2R
PR EEXG N, XHUAR G FE T REE K, X AT g
T E R A S BT . 5541 2040 iR i
S, HE T A R A AU A

YA IEPRAENS I AL R fERIR A, SOD
CAT 1ENHURBT ARG, LA 5 b AT 40 i
WA A IEAYYER . GSH-Px AT LIAES 4 it e 52
B LG A, MDA 28 Bt E AL AT
A, HRBE I e T R B AR B KSR
I, SOD. CAT. GSH-Px L4} MDA )87 -
PURVIRYNORF: S5 B S o A N & I E
IRV AP B, g . P % SOD .,
CAT Fl GSH-Px {4 N %, MDA 27, X
55 H At B 9 SR 5 P UL ) 4 i 3 R S B
A AP, RFFEREAGIUAR LA T
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46 &

100

~
W

17K /%
W
(e}

abundance at Phylum level

N
(9]

0 L L L L

R

100

~
W

JRIKFF /%

community abundance at Genus level

N
W

[w]

(@)

T - T Ve e - S T VS VL T S
s O O INZENZENZEN ZEN IR RN RPN R e

™

N I N % 5 N b
(SN2 Q'} s O O &'\,/&"\;}({\,/&%/&W/&%/&%r}&’\)/&ﬁ)/({-)/

& 4

(b)

STERLAFNALIRLE A1) (A) FE B) K FHIEXTEE

Top 20 phyla

B [Thermi]

Bl Ws6
GNO02
OD1

I Gemmatimonadetes
Chlamydiae
Acidobacteria
Tenericutes
™7

I Planctomycetes
Cyanobacteria
Verrucomicrobia

Il Fusobacteria

Il Bacteroidetes

I Firmicutes
Chloroflexi
Actinobacteria
Proteobacteria

Top 20 genera

Il Demequina
Paracoccus
W Pleomorphomonas
I Rubrimonas
Luteolibacter
Roseomonas
W Oscillochloris
Shewanella
Candidatus _
Xiphinematobacter
Hydrogenophaga
Hyphomicrobium
I Anaerospora
Thermomonas
I Clavibacter
B Flavobacterium
B Cetobacterium
B Aeromonas
Clostridium
Chloronema
Rhodobacter

Fig. 4 Relative abundance at phylum level (A) and genus level (B) in the control and treated groups

®3 IrEREREANHBERER BTN

Tab.3 Changes in the intestinal microbiota at the genus level after tartrazine consumption

/% abundance
J&
Genus name X 2L
control T2 T3
unidentified_Actinomycetales 0.006+0.018" 0.026+0.025" 0.109+0.072°
unclassified_Rhizobiaceae 0.036+0.033" 0.006+0.002° 0.003+0.004°
Thermomonas 0.026+0.007" 0.001+0.002° 0.002+0.056°
Microbacteriaceae 0.003+0.001° 0.005+0.001° 0.020+0.006°
Clavibacter 0.002+0.031° 0.025+0.009° 0.005+0.001°
Hyphomicrobium 0.007£0.001° 0.044+0.011° 0.0410.013"
Flavobacterium 0.001+0.001* 0.101+0.021° 0.0440.005°
unclassified_Sphingomonadales 0.001+0.001* 0.005+0.002" 0.009+0.070"
unidentified TM7-1 0.001+0.001* 0.002+0.003" 0.008+0.009°
unidentified_Xanthobacteraceae 0.024+0.007° 0.105+0.021° 0.058+0.009"

A B A ) _E AR RS AR A AE 2 25 57 (P<0.05)

Notes: Values in each column with different superscripts are significantly different(P<0.05)
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F4 TERBANHEFEEHNZE
Tab. 4 Effects of tartrazine consumption on intestinal

microflora of crucian carp

FBE /%
Fhk abundance
name R
contol ™ &

Shewanella 0 0.03+0.000° 1.30£0.110°
Bdellovibrio 0.06+0.028" 0.19+0.036" 0.22+0.044°
Roseomonas 0.41+0.291° 0.18+0.06" 0.15+0.022*
Bacillus 0.23+0.124° 0.04+0.038" 0
Clostridium 0.95+0.090" 0.02+0.000° 0

A= FIEHEA R EARR S IRAEAE 3 2 R (P<0.05)
Notes: Values in each column with different superscripts are
significantly different(P<0.05)
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Effects of tartrazine consumption on liver and intestine structure, antioxidant
indices and intestinal microbiota in crucian carp (Carassius auratus)

XIN Qingging, LU Xixi, WU Limin, TIAN Xue, MA Wenge, LI Xuejun"
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: Tartrazine (TZ), a synthetic food dye, is widely used in food, cosmetics and textiles to improve the sens-
ory properties of final products. In recent years, there are reports on detecting azo dyes in the aquatic environment,
so the impact of these compounds on aquatic organisms could not be ignored. In the present study, we aimed to
evaluate the effects of different doses (0, 1.4, 5.5 and 10 mg/kg) of TZ consumption on health by using a teleost,
crucian carp (Carassius auratus) as the experimental fish. The effects of TZ on liver and intestinal tissue structure,
antioxidant properties and intestinal microbiota of crucian carp were analyzed. The results showed that the intake
of 1.4 mg/kg of TZ led to the vacuolization of intestinal epithelial cells and decreased the height of intestinal villi.
The intake of 5.5 mg/kg caused the rupture of intestinal villi, while the pathological phenomenon was more seri-
ous in the 10 mg/kg treatment group;It also showed that TZ consumption, even at 1.4 mg/kg resulted in hepatocyte
injury, nuclear atrophy, deformation and even dissolution, and with the increase of TZ, the vacuolization of hepato-
cytes increased. Moreover, with the increase of TZ concentrations, the activities of superoxide dismutase (SOD),
catalase (CAT) and glutathione (GSH-Px) in serum and liver were downregulated, while the contents of MDA
elevated. In addition, the intestinal contents sequencing results showed that TZ consumption also affected the com-
munity of the intestine microbiota structure of crucian carp. Compared with the control group, the number of
effective OTUs, Chaol, Shannon and Simpson diversity indexes increased significantly in the treated groups. The
number of some beneficial bacteria (Bacillus and Clostridium) decreased significantly, while the number of some
pathogenic microorganisms (such as Bdellovibrio and Shewanella) increased markedly. The above results indicate

that the addition of TZ in diet could damage the liver and intestinal tissue structure of crucian carp.
Key words: Carassius auratus; tartrazine; oxidative stress; intestinal microbiota
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