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REVEL A R, B RERS SRR R AR TR
B AR 8 )Rl HE £ £ (Pelteobagrus fulvidraco)
e VE ) e A Y 2R P ERDRL OK IE BR  IT 3 1 ) i T
500 M R 2 AL, R R v R I R
PEEYSCRNVNEES SRR 3 8/ SER SEED N )
% (Pseudobagrus ussuriensis)I¥] iz 18 Pt & AL BE T1 )
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e I TE LR AL BE ) B B3 i TE A A0 25 A A T 4%
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1.1 SEIER

SEG DA — 2R Aty . L. Rtk
RNEZE AR, A EA R, BCHS B SR
(RS2 AR Bt BB 41 (LQBFOZL) LA, HoAt44H 4]
B N0. 1% B RERE 7=, H 237 FH0 (LQBFO+
YC41). 10% (LQBF10+YC4). 20% (LQBF20+YC
ZH)F130% (LQBF30+YCZH) - ¢ 41 ff b B AR S fult 4]
Bhrb—2 1 oy, TR BAR R LR 1. BT R
WRE K080 H), 1% HE AR kAL 75 B9 R B
KILIRA YIS, B Ja I SR ) TR T RN S
FEHL(WCS-2, Westing House /A 7, 3&[H) F45£#30min
e (Al R 25 R AE T—20°CUKAE TR % . IR
FRMNOK P 25 R 19 32 4% R A 00 R TR AR (U
YA PR 2 7, A2 SR FH R P9 e B - [ 79 R R T R T
T2 MR R &, IS INE S 25 A\ 5= fh
B SEIGTARNE FRA RS KT R 1.
1.2 AFERE

SIS BT 5 5% N 8 6 4y £ 0 T-AR 4 — 9 T B
BEYUEEIN A RAR . B4 ARG IER
SG, U600 MRS — B, Ak fe B H C W T
SPEA 4K N (13.52+0.05) gt &t T FE 8 J 1 1F 205k
5. SEISMmBENL D NSA, B 120 M, 7 N4 E
5, BANEH30E M., LA IR T = NER KR
B B (SE BRI K AR FR 2 400 L), S256 3 18] 24h AN 8]
Wr 78 8, PRI K o 75 S 56 1 18] 45 K 3R 20K
(6:00F1118:00), RF I MEFTR TR & 4 SA SLEG AL LA
BRI B ETPR TR, H #5240 f Rk

(1 1%—3% (FRHE SEPRIE B 1 DU R AR AL A8 2
AR I ). AR IR 20min /5 W82 10 Sk RHE
S ABFET R o BT 77 FH S8 3 1) 7K T DR 7 £E 25—
26°C, WfREIKE>T.6 mg/L, pHAL T7.8—8.2, A&
W E<0.25 mg/L.
1.3 HmRERLE

8B F7 JH S I 25 R, 0k 56 I 68 i &)y £ 2R 4T 1)L
TRACRE24h o SRAFIS X B AN T GE L ) 68 i 1 47 =
it FAGPRENEC0E f . 1100 mg/LK)
T I PRI Smin 5, G TR BT T RIBE T A B A
EH, et piE . B2 SN HIERCT A 2%
PRI [ 7 YR H) K B R A7, I T B A R
8 P& 11 1) Jlzy 38 F PBSZ2 i i Mt I , T R U TR
J& PR AT 280 C AR UK A8, FH Tl i Hit Sk e
AR 2 DA BT A 22 Ak 20 BT O U E
14 WERTRFZE

M S5EARERKE k5 ER R4
KPR FH B C BRI E , 18 F 417 & (Histamine
Test, KikkomanZa &, H A)#E47 0 52, W € 777k 2
RESnw i raa IR e

iR

14 # K (Weight gain rate, WGR; %)=100x(W~
Wo) W

¥ 58 A K % (Specific growth rate, SGR; %/d)=
100x(InW ~InW,)/¢t

£ £ (Feed intake, FI; g//&)=100xFC/N;

1A B} 3% 2% (Feed efficiency, FE) (%)=(W~W,)/
FC

1735 % (Survival rate, SR; %)=100xNy/N;
A, FC (v f R ik ikl S B (T HEE); ¢
(d) VAR R E W(g/ ) - Y43 B W ah 14
W, (g/ ) -V ¥4 et 4 RAK HL; NN SR 4R 1
R Nl SEge g i th R4

PEERRHESHE b e b
JE 2 /D 24h R HEAT i /K, AL R SRR SO A i
HHLIB-LS, KR AR T AR AR )R F i)
R e S 7E 4 i ) F AL(LEICA RM201, gk
AR A BN F VI 3—S5 pm, F % FRFHK 53
170% Fv o B FIHE(RARKS -4, B e i
J& 7E 1E B % %6 2 1U8E (BX80-JPA, Olympus, Japan)
R SN

FEMEXEDHNE  RAMEERE
W) LRI 5 BT ik 70 S i 3 S HU R AL RE ) (Total
antioxidant capacity, T-AOC). & & 1t ¥ i 1 B
(Superoxide dismutase, SOD). i 4 & & [ (Cata-
lase, CAT). A Mt H KL %Y1 (Glutathione pero-
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xidase, GSH-Px). &RMEAHEH Ik(Reduced glutathi-
one, GSH)Al j — 1% (Malondialdehyde, MDA), ] %
TESHE U BT .

7B E D E N E ffiH EZN.A.
Soil DNA Kit(Omega Bio-tek, Inc., USA)IR 7| & 2
HY B A i A AR 1 25 (R 2 DNA, 350712 18R
FIERIA . 2 514 H Nanodrop 2000 (ThermoFisher

SPSS 20.0%% 14 % B £5 H 4 347 B RV &R 7 2 o A
(ANOVA), 4R 5 347 Duncan’s % B4, % MNHZ
] () 2 MK N P<0.05. 3EF OTU K HF )
g5 F QIIME (v1.8.0)# F it 5% Alpha# #f 1k
(Chaol. ACE. Shannon L& PD whole treeff#¥)
FiBetaZz ¥4 . FKruskal WallisyE 43 A i & T8 7
ZE5t

Scientific, Inc., USA)K Il DNA Jii s AWK & . £ 56
B HORE ok AL B YE AR L R R IR A A AE
Illumina Miseq/Novaseq 6000 (Illumina, Inc., USA)
TG Fe, U FF S0 O PE250/PE300. ,\1ZIST5M’E%/F
RS T 43 B 30 725 Xu ™51
15 BIEGHS S

SO 5 R P I Eehr 1l 2 R o . R

2 #$#R

2.1 AFREEEHURRRL &MBIAR P RMEEEIE A
% 5% M B2 8 4 £ A KM RERYSZ M

AN TR PO ARAEG ot J5 21 # sk H A i 1 B % %
WSk 36 YN B2 8 ) £0 A2 K1 BE B R ILER 2. BT,
HLQBFO4L # b, LQBFO+YC#1 . LQBF10+YCZ4

F 1 LIERER. TEEFIBIRREARKF
Tab. 1 Ingredients, proximate composition and histamine levels of the experimental diets
. 2H 5 Group
T H Item
LQBFO0 LQBF0+YC LQBF10+YC LQBF20+YC LQBF30+YC
JFURE K FE L i Name and composition of ingredient (%)
P18 (—2%) White fish meal (Grade 1)’ 30.00 30.00 20.00 10.00 0
4144083 (—4%) Brown fish meal (Grade 11’ 0.00 0.00 10.00 20.00 30.00
2141} (CF4%) Brown fish meal (Top grade)’ 36.00 36.00 36.00 36.00 36.00
oy #ra-starch 24.5 24.4 24.88 25.39 25.88
21k K 5 Puffed soybean 3.00 3.00 3.00 3.00 3.00
& fy Beer yeast powder 4 4 3.83 3.66 3.49
M Fish oil 0.5 0.5 0.34 0.19 0
fi 3£ i Betaine 0.50 0.50 0.50 0.50 0.50
S ALJEFE Choline chloride 0.50 0.50 0.50 0.50 0.50
%2 — &5 Monocalcium phosphate 0.50 0.50 0.35 0.16 0.03
YU E Z TR FFVitamin premix’ 0.40 0.40 0.40 0.40 0.40
140 5% T K Mineral premix’ 0.10 0.10 0.10 0.10 0.10
FERERT TR Y east culture 0.00 0.10 0.10 0.10 0.10
Mt Total 100.00 100.00 100.00 100.00 100.00
R A S 2H % 7K ~F-Nutritional composition and histamine levels
125 F1Crude protein (%) 48.44 4834 4828 48.22 48.19
FEWI Crude lipid (%) 5.88 5.88 5.87 5.87 5.88
K53 Ash (%) 12.14 12.19 12.09 12.65 13.09
éﬂﬂﬁl—listamine (mg/kg) 101 96 187 242 361

— 4 Ry LB 17 1 68.46%:; HLTE T & BE7.14%; JK o) 5 B 18.66%:; I /K T22.24 mg/kg. M 5 R LT k. HLEE 1 45
69.25%, FELAE 7 & 58.39%,; 2K 4 & 521.28%; ZHA% /K T-868.17 me/kg. “RFZRAL fUl): HLEE (18 570.61%; KIS T & 58.56%; K54 i
15.08%; 2R /K F156.12 mg/kg. M w44 EHURE & 442 A 3300000 1U; 442 D3 416000 1U; 44 ZE 15000 mg; 484 k3
1000 mg; 4E4EFB1 2667 mg; 4E4EFB2 5000 mg; 4E4E 2 B6 2000 mg; 4E2E 3 B12 10 mg; D-A4% 50 mg; D-IZ 1 10000 mg; M8 333 mg;
B 23000 mg; 4E4E 25C 30000 mg; JIEZ30000 mg; 7 A FEMEMKS00 mg. 6 T- 500 M TRk & 47 95 g 4 38 ¢ M 12 & B 175 ¢
£ 0.8 g; it 50g,ﬁﬁ08g
Note: 'S White fish meal (Grade 1): crude protein 68.46%; crude fat 7.14%; ash 18.66%; histamine level 22.24 mg/kg; Brown fish
meal (Grade II): crude protein content 69.25%; crude fat content 8.39%; ash content 21.28%; histamine level 868.17 mg/kg; Brown fish
meal (Top grade): crude protein content 70.61%; crude fat content 8.56%; ash content 15.08%; histamine level 156.12 mg/kg; *Vitamins
premixed per kg contains: Vitamin A 3300000 IU; Vitamin D3 416000 IU; Vitamin E 15000 mg; Vitamin k3 1000 mg; Vitamin B1 2667 mg;
Vitamin B2 5000 mg; Vitamin B6 2000 mg; Vitamin B12 10 mg; D-Biotin 50 mg; D- Pantothemc Acid 10000 mg; Folic Acid 333 mg;
Niacinamide 23000mg; Vitamin C 30000 mg; Inositol 30000 mg; Ethoxyquinoline 500 mg; *Each kg of mineral premix contains Zinc 95 g;
manganese 38 g; copper 12 g; iron 175 g; cobalt 0.8 g; iodine 5.0 g; selenium 0.8 g per kg of mineral premix
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fIWGR. SGR. FIRIFE & &#EE(P<0.05); LQBF20+
YCHMIWGR. SGR. FIMFET & 3 % 5 (P>0.05);
LQBF30+YC4LYWGR. SGR. FIFIFE .24 K(P<
0.05). 5LQBFOZHiHLL, LQBFO+YCZl. LQBF10+
YCA FLQBF20+YC4 1) SR & % 7% 57 (P>0.05);
LQBF30+YC41f{ISR & 2 P& 1K (P<0.05) .
22 AEIEEHUERRL &SRR PR MEE ST
Y3t 3 B B 4 £ R E LH 2R L AS RS2

AN [R] AL ot J53 21 8  F 8k o  m 1 RE 3% 7R
WSk 3 PN 8 B &) £ gy 1 2H SO &S RO RS LR 3 A
1. B 31 17750, 5 LQBFOZHAH L, LQBFO+
YCZH. LQBF10+YCARIZE R BEIER(P<0.05);
LQBF20+Y CHHI7IE 4 = 5 0 2. 22 7#:(P>0.05);
LQBF30+YCHL 128 & &1 & i 3 FE K (P<0.05). 5
LQBFOZ A t, LQBFO+YCZ4 . LQBF10+YC4. .
LQBF20+YCAHFINZ R 42 = (P<0.05); LQBF
30+YCAH 95 E = J i 3 FEAIK(P<0.05). LQBF10+
YCZH FILQBF20+YCH 2 A L)ZE B FE L B 3 %
F(P>0.05).
23 AT EIELHHE R &M R R R Bz 815 75
Phxt 35 MBS B 4h £ R IE T L BE STRIRZ I

AN [) B AGEG it J53 1 £k ARk A VS i BE 3 77
IR 35 W 65 i 4 £ i T AL RE T B2 R LR 4.
HH % 4 %0, 5 LQBFOZH A bk, LQBFO+YCH I T-
AOC/KF-}2SOD. GSH-Px. GSHi&HM: & T+ m(P<

0.05), MDA & I 2 P& (P<0.05), CATVE 1t 76 &
# 7 5 (P>0.05); LQBF10+YC4 [ SOD. GSH-Px
W5 PE B 2 T (P<0.05), T-AOC/KF 2 CAT. GSH
WM B 2 7 (P>0.05), MDA S & i % PR R (P<
0.05); LQBF20+YCZHHIT-AOC. MDA % & & SOD.
CAT. GSH-Px. GSHiEM:TCEE 7% 7(P>0.05); LQ-
BF30+YCZ I T-AOC/KF . 3 FH 5 (P<0.05), SOD.
CAT. GSH-Px. GSHEM: 23 FAK(P<0.05), MDA
R E T (P<0.05).

24 A EILLOHERROEBIARFRMEBZES
3t 36 I 68 i 4 £ R E B B A9 S0

i & 28] &1, LQBFO+YC4L f1LQBF20+YCH
Chaol 154, YR EAITE R 2 £ 22K T LQBFO
H(P<0.05), LQBFO+YCZ FILQFM20+YC4 2 [al )
ZE AR E(P>0.05), Tfi{EshannonfE%L I, LQBFO+
YC4L 5 Z K FLQBFOZL AILQBF20+Y C41(P<0.05);
LQBFO41 FILQBF20+YC4L 2 I ff) % 3 /AN 8. 2 (P>
0.05).

i & 3 A %0, LQBFOZH 5 LQBFO+YC4L FILQ
BF20+YCZH (P4 A R HBLAZ 4L . 1T LQBFO+YC4L
FILQBF20+YCZH i 18 B 22 AN B & . LQBFO+YC
ZHFILQBF20+Y CAH I 2H P B A B oy A 3 5

1 & 47] &1, LQBFOZH . LQBFO+YCZ4 F1LQ
BF20+Y CZH Ji7 i 18 B AE 1] /K ~F B A 34 18 11 4
FAPL, DL ZG A TE R [ ](Proteobacteria) . J5

2 AREIELGUR AL SRR RN S5 F 47 M 8 em4 & £ K14 RERY 220

Tab. 2 Effect of yeast cultures on the growth performance of juvenile American eel fed diets with varying proportions of low-quality

brown fishmeal

5 H Ttem 20 51| Group

LQBF0 LQBFO+YC LQBF10+YC LQBF20+YC LQBF30+YC
VIR EIBW (¢/)%) 13.49+0.04" 13.51+0.03" 13.53+0.06" 13.54+0.06" 13.55+0.08"
LA HFBW (¢/)E) 32.29+0.4° 40.02+1.21° 35.90+0.69" 32.52+0.17° 28.07+0.95°
4 HRWGR (%) 139.00+3.95° 196.01+9.02" 165.13+4.33" 140.37+2.16° 107.67+6.40°
5B A K ZESGR (%/d) 1.55+0.03° 1.93£0.05" 1.74+0.03 1.58+0.01° 1.30+0.05°
BEEF (¢R) 24.15+0.48° 30.47+1.18" 27.3120.84° 25.0840.35° 20.20+1.25°
TRRLRFE (%) 77.75+0.58° 86.02+0.92° 81.90+0.54" 76.87+0.26° 72.06:0.48"
JIEF SR (%) 98.75+1.59" 97.78+1.57" 97.79+1.57" 97.50+1.67" 88.85+1.60"

T R BAE AN ER BT IMEREE, AT 8 A BT R FROR 2 5+ B 34 (P<0.05); T

Note: Values are means=SD (n=4). Different letters in the upper right corner of each row indicate significant differences (P<0.05); The

same applies below
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Tab. 3 Effect of yeast cultures on the height of chorionic villi and thickness of muscle layers in juvenile American eel fed diets with vary-

ing proportions of low-quality brown fishmeal

20 51| Group
I H Item (um)
LQBF0 LQBFO+YC LQBF10+YC LQBF20+YC LQBF30+YC
2R E R FZ Villus height 609.03+20.32° 1055.69+26.04° 924.80+34.77° 617.55+22.58° 506.80+24.25°
WLZ JE ¥ Muscular thickness 127.53+11.68° 227.78+8.59" 191.69+18.90" 179.14+18.88" 89.84+5.94"
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EETR | 1(Firmicutes). LT 1 | J(Bacteroidota). JiflZk
I 'J(Actinobacteriota) 142 #T 1% I ] (Fusobacteriota) .
LQBFO41. LQBFO+YCZFILQBF20+YCH 1142 %
B 2 51 N83.57%. 84.18%A181.60%, J5BETH
T2 9 912.54%, 15.21%H117.37%. H AR
PO A 2 BN T 5%, 0 B0 AT B 1D (1.18%.

Bl 1 AR G it 5 20 0K DRk b 8 im % ) 5 R A ) 2 i
M %)) #8173 2H 2R 2 RO 5

Fig. 1 Effect of yeast cultures on the intestinal histomorphology
of juvenile American eel fed diets with varying proportions of
low-quality brown fishmeal

i 1—5% 5] 3 7R LQBFO+YC4H . LQBF 10+YC4. . LQBF
20+YC4. LQBF 30+YC £ M B 1 /2 SUB A 4544, VL.
REBKE, MT. UZE

The graphs 1—5 represent the morphological structure of Ameri-
can eels in LQBF0+YC, LQBF 10+YC, LQBF 20+YC, and LQBF
30+YC groups, respectively, VL. villus length, MT. thickness of
the muscle layer
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Tab. 4 Effects of yeast cultures on the intestinal antioxidant capacity of juvenile American eel fed diets with varying proportions of low-

quality brown fishmeal

2H 3 Group
i H Item

LQBF0 LQBFO+YC  LQBF10+YC  LQBF20+YC  LQBF30+YC
7§ MDA (nmol/g) 187.72+8.03°  57.49+13.15° 81.03£3.70°  174.15+13.65°  357.71+8.25°
Fi kB8 1 T-AOC (mmol/g prot) 0.37+0.03" 0.56+0.02" 0.46+0.02° 0.47+0.02° 0.46+0.01°
FBEBAL BESOD (U/mg prot 200.74+3.73°  231.1343.15° 215.6842.26°  195.69+3.29° 174.19+4.67°

gp

TENAEFECAT (U/mg prot) 11.61+0.74" 11.24+0.60° 11.85+0.58" 11.09+0.75" 10.06+0.69"
B H K H A S GSH-Px (U/mg prot) 36.45+1.61° 46.14+2.75 44.32+0.71" 35.3241.32° 26.45+2.07°
At H GSH (umol/gprot) 117.1243.56"  143.10£11.34°  114.7240.92°  115.75+2.79" 86.73+3.05°
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Fig. 2 Effect of yeast cultures on the intestinal microbial alpha
diversity of juvenile American eel fed diets with varying propor-
tions of low-quality brown fishmeal
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YEAST CULTURE ON THE GROWTH AND INTESTINAL HEALTH OF JUVE-
NILE AMERICAN EEL (ANGUILLA ROSTRATA) FED DIETS WITH
VARYING PROPORTIONS OF LOW-QUALITY BROWN FISHMEAL

WU Xin-Yi', XU Yi-Chuang', XI Feng', ZHANG Dian-Guang” and ZHAI Shao-Wei'

(1. Engineering Research Center of Modern Industry Technology for Eel, College of Fisheries, Jimei University, Xiamen 361021,
China; 2. College of Marine Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: This study aimed to investigate the effects of dietary yeast culture (YC) supplementation on the growth and
intestinal health of juvenile American eels (Anguilla rostrata) fed with varying proportions of low-quality brown fish-
meal replacing high-quality white fishmeal. The experimental diets consisted of a basal diet devoid of low-quality
brown fishmeal (Grade II) and four trial diets in which low-quality brown fishmeal (Grade II) replaced high-quality
white fishmeal (Grade 1) at levels of 0, 10%, 20%, and 30%. All trial diets containing low-quality brown fishmeal
were supplemented with 0.10% YC. Over an eight-week period, American eels [initial weight of (13.52+0.05) g per
fish] were administered the experimental diets. The results revealed that dietary YC supplementation significantly
enhanced the growth performance, intestinal tissue morphology, and intestinal antioxidant capacity of juvenile Ameri-
can eels fed the basal diet and the diet with 10% low-quality brown fishmeal. Compared to the basal diet group, YC
supplementation had no discernible impact on the growth performance, intestinal tissue morphology, and intestinal
antioxidant capacity of eels fed the diet with 20% low-quality brown fishmeal. However, YC supplementation failed to
mitigate the growth inhibition, intestinal injury, and disruption in intestinal flora induced by the 30% low-quality brown
fishmeal diet in juvenile American eels. Furthermore, YC supplementation promoted the proliferation of probiotics and
inhibited the growth of pathogenic bacteria in the intestines of eels fed the basal diet and the diet with 20% low-quality
brown fishmeal. In conclusion, this study demonstrates that the inclusion of 0.1% YC in the diet promotes the growth
performance and intestinal health of juvenile American eels, providing effective alternative to replacing 20% white fish-
meal with low-quality red fishmeal. This research establishes a scientific foundation for reducing eel feed costs and the
judicious utilization of YC in fish feed.

Key words: Yeast culture; Intestinal health; Growth performance; Antioxidant; Anguilla rostrata
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