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R F BT E AL BE J s TS I 10% 19 1R £ AL A
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AL FEIE: (Eriocheir sinensis) WA KMGE, M
TE AR e R, R BT RE ) RN R
GaBE 1M, FBAN, XFF MOS Bl A A — 2R
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1.1 St 5iEst
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JEATBRZH], 87 3% 4 ) e HRA 11 3% H5% PR3l
R, AR 2 I HERE . RE A
oA (2.2+0.2) g 4t 315 B, FEHLA A 3 44k
P, BEEA W 3 AT, BAELN 35 2
i, SEE I KR (28.0£0.5)°C, pH (7.0+£0.5), ¥
fift >6.0 mg/L. HOGAT BESFISE] 7:00—19:00, #5%
PUH FOCRE REAS 2 43 0 I R B DR O B4,
C, TEMKTH 35%). b (mhEdl, HC,
VE R KR 45%) LA B v W5 ek v s in H &8 S b
(PR H SRS, HM, JERIKER 45%, HE
SEREA &N 0.5%) (34 40, i iR
1) 6% e, AR 2, HMLE Bk 10 )7,
TR 7 DL 3R 1o ARSEEG R, RN B
ST AR AR T R Bl 4 S 6 40 B A A 28 01 43 S0
SYMC IR, I AR R K 2= s L 5 12
PRZE 51 2 i L B 1) B R T

1.2 HEREMEKIEFRNE

FRIASLI WIS, WA 3 AP 10
FE fa (BF 4 30 B i), FHORRBE S (MS-222, 20
mg/L) BRIE, AR IR EE . B 45 A i) ) B
JHERE I I A FR ., PRAF T80 °C VKA H T Ja 4L
WHFE . REAETCH T IR LUK SR P REAS
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Tab. 1 Formulation of experimental diets g/kg

iﬁéi C HC HM
J5Hl  ingredients
fa¥y  fish meal 300 300 300
F&HLE  casein 88 88 88
KE/r B soybean protein isolate 50 50 50
FKVER  corn starch 350 450 450
FKiM corn oil 40 40 40
HEYEAEERD  vitamin premix 15 15 15
HEW YR mineral premix 15 15 15
AL YERM CMC 10 10 10
P43 cellulose 109.75 9.75 4.75
ZRUTH# BHT 0.25 0.25 0.25
SALAETE  choline chloride 5 5 5
&7 phagostimulant 2 2 )
PR =48 Ca(H,POy), 15 15 15
HFEZH  mannan oligosaccharides 0 0 5
WIS  proximate composition
HE A crude protein 3282 3282 3282
KRR crude lipid 64 64 64

). EEYEA R(mg/kg) B S 4EE KA 172.0, 4E4E KD, 12.5, 4545 KE 2 500.0, 4i4: %K, 5 000.0, 4i2E KB, 5 000.0, 4E42 % B, 5 000.0, 4i4E KB,
5000.0, 443 B, 5.0, JJLEE 25 000.0, 72 /2 10 000.0, JHFE 100 000.0, ML 2 500.0, 2 1 000.0, 43R 250.0, 4E4EFC 10 000.0; 2). EEH W)
(g/kg) B TRIRER 147.4, SUALEN 49.8, M EIHEER Y. 10.9, BilREF 3.12, B4 0.62, ALLER 0.16, SHALEE 0.08, HHERHE 0.06, WREREN 0.022, C.XTIK
éﬂ,jj’tﬂi{*ﬂrqﬂi%*%‘7kﬂlzﬁ35%: HC.mbEdl, SR e R KT h45%: HML i ek a i b 88 S 4L, TRl b kP 945%, B 58 SERE v n
#H0.5%, FF.

Notes: 1). vitamin mixture(mg/kg) contain vitamin A 172.0, vitamin D3 12.5, vitamin E 2 500, vitamin K3 5 000.0, vitamin B; 5 000.0, vitamin B,
5000.0, vitamin By 5 000.0, vitamin B, 5.0, inositol 25 000.0, pantothenic acid 10 000.0, choline 100 000.0, niacin 2 500.0, folic acid 1 000, biotin
250.0, vitamin C 10 000.0; 2). mineral mixture (g/kg) contain MgSO, -7H,0 147.4, NaCl 49.8, Fe(Il) gluconate 10.9, ZnSO,-7H,0 3.12, CuSO, -5H,0
0.62, KI 0.16, CoCl, 6H,0 0.08, NH, molybdate 0.06, Na,SeO3 0.022. Control group contain the diet carbohydrate is 35%, high-carbohydrate diet
contain the diet carbohydrate is 45%, high-carbohydrate added with mannose-oligosaccharides diet contain the diet carbohydrate is 45%, and mannose-
oligosaccharides addition is 0.5%; C. control, HC. high-carbohydrate diet, HM. high-carbohydrate diet with mannose-oligosaccharides addition, the same below.

Horbr— MBS RG BB 3R U A, g — I A
W URJEIRAE T-80 °C UKAl, M TIRLLiffsy., &
RO | MR HC R AT H A A 5P,
B R (WGR, %)= (W~Wy)/Wyx100%
AR (CF, g/em®)=W,/L’x100

mm, TERRECH 2, filk S50 6.8 ¢ WA

AREFRA R 3 DGR T A, S EOE R
HAULA, VK 58220510 4 em % 3 emx 2 em

TR A L B A EATAG

1.4 FALF4RNE

AR HE (VST, %)=W,/Wx100%

JFIREL (HST, %)= W/, x100% gL L AR AT EALA (1 em x 1 emx 1 cm),
Ko, Wy BRI (@), W, WEKKTE (@, £ /0 Bovin [CIETE , f%rELM. AR Harris Jj A
WK (om), W, Wl B (o), W, hfafp 0 ARG (HE) XS um BRI G,

I WSS (Nikon DSRI2) FakfTMsE, T
JULZT 24 1 8 48 1 2 AN RO A AR BT, R ke A A [53
F AR A BE B (KA HA) R FR LA 4E R 2

EHE (2).
1.3 A8 Bt

% 9k £ L IR RS R AR B A 4 (Brookfield
CT3) A7l &, #KFEAN TA3/100, H TPA #
AMENUA BB . RSy . NERME . . IRE
PERIE R, 0 A 0.5 mm/s, HEREN 0.5
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il M 7 AT
L5 ALARIRLEE R EFRR S 7

LR FLER &2 mE B 0.2 g I HRILIAAE
i, A 9 R IRRR KB oK S0, SR M
T AR ) T AR S i A 5 ) LR R A T L
PRI ZUS 3 M LR & 1

ARAMEME 03 g FERh (W) T 2mL
B, 70 °C KIS 10 min, BERE AL MK A B
h, WAEERGIRE (W), BEBK (%)= -
W)/ Wix100%2,

LS B &2 g M K FH e S50 A 35
2 (HPLC) P WL BR (IMP) & &>, M ARSAb B
I 3RS 2 2cfa, B g A TR EBALA
FESL, BIA 5 mL 0.6 mol/L =5 54 B2 I F i i 4 41
SIS R, 4 °C 8 000 r/min B5.0> 10 min, Y
EBELE FHWRT 50mL EPE T, filA 5mL
ddH,0, H 1 mol/L KOH (43 #r &4l ) i pH{H M
6.5~6.8, J ddH,0 % & % 20 mL., 4 °C. 5 000
r/min .0 5 min, BCWEWR, IS T S RIOR
FHEE T, SB0RAE (354X (Shimadzu LC-20AT,
HA) it 244 0.4 cmx25 em A2 [N EAE, P
%5 um Cg KL, WBIAH N pH (H 6.5 BYBERR I
WAHEE (95 : 5, WRFLLL), J#RH 1 mL/min, %
SMTPA N 254 nm. JILE R 4 v 2 38 o A v it 2k
THERTE, RS EiEAR:

X=Nx20 mL/M
X, X MALH RS B (mg/e); N AN BRIKE
(mg/mL); 38545 0 A T4 M,
LA E & ().

WLP) F K g %@ Ao G i 6 T
MEFASAE LY 3 ANG0 P A BEPLIE R 2 B, B
HALARE S (VR AR 6 I RE Sy, dEFT/K4 .
SR LR IR A 5 o K 4rR 105 °C HEik,
SRR AR A 3L E A (FOSS Kjeltec 8200,
By, SARWIR A -PEE, U RS HEE
PrbrifiEl: AOAC (1995) R,

FRBRE RSN AR TR AR R
Wei %507 (1) 75 v i & 3L W% B sh 4 B (H 52 L-
8900, HA) 4T, MAEEAZLFRL 1 3 46D N 45
Bl , WO TS RIS LR TR, B
20 mg FEARE KR, A 6 mol/L #hi2 5 mL
F120 pL 281y, 76 78 A SRS TR A
H, KB 110 °C BEFE oK 24 h, R HI R
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i, B mL KR BB T, ARET,
JA 1 mL 0.02 mol/L R 2 %5 f# , 12 000 r/min &5
L 15 min, B EWEW 700 L #8 & R, E
MURSI o 38 a5 A v iy A G i RREA T LU B, A9
WA R &R A &/, I mg/g MR R .

RE Bt WL H R B4l i i1 S
R BEEP Ork  FH AT - F R O PR
B W5, Jf it 2 6% (TLC) 40 55 45 Fh 4 41
IEEAS AR R 1 3 AT A REPLEER 2 B, HX
WLARE S (BN AEERAL 6 Iy RESh), BREE B Y 20
mg UL PR B 5 IR B 25 R o 2 2 AT e A
I (200 mm=200 mm), HELURABEIERIZR [ £
BRI EG SNl &5 B 0.25% KCI=25 ¢
25:25:10:9, YRFL ]2 100 min, 50 °C #t
P 30 min, FHEBEEHM MBS RER
[ SOk : 2Bk : 21#=80.0 : 25.0 : 1.5, &AL ] P
J#)Z 160min, 50 °CHAEF T4 20 min, L% 20 min
J&, FEEZHr ik E i (BHT KH-3000 ) 43
MRS i, & T 1 1R i 4 vk o H il = e
(TG). NEWifR (FA). HIH K (DG). BEIEMR (PA).
Wi R IE L BERE (PE). B AR MENLES (PT) A% 5 Mt H
B, (PC), 419 HH ke iy e i AR BIAR 26 &% 28 g o 1) 4
X, WU 2SR Y & at2om A “mg/g LA,

1.6 SERFSEHEE (RT-qPCR) MZE

K RNA $2HGRF £ (Aidlab, HE) $EEUILA
M RNA. JH NANODROP 20004y Yt )t B it
(Thermo, 3&[E) KA RNA B9 . i FH 5 5%
M & (TaKaRa, HAS) A LA & RNA XL Y
¢cDNA, KW T la (EFle) #1 B-AL 30 & M1 (B-
actin) fE R AN F LB SN S I . 51 R R
FRIE R IR 0, F= e B R NCBI € . R
PSR R 518 (7003 2 TR, 7E CFX
Connect Real-Time System (Bio-Rad) f*) 96 fL #x I
£ 4T RT-qPCR, 2 pL ¢cDNA 5 10 pL 2 x Ultra
SYBR IR & (Aidlab, HE)IRA, BAHEH
SEMESIYIE W MU 8145 2 ul, 6 pL ddH,O #% 20
uL (RAFIR A . B4 QRT-PCR W B H 8K, %
kit 128 X (Cp) MBS o SR 2735
HIXT mRNA ik,
1.7 BIESH

{45 Bl SPSS 20.0 %4 (IBM, USA) #1781 H %
75 2253 H1 (One-Way ANOVA), 45 5 H V- 2 {H 5
HE1R (mean+SE) Frn o A [A)fRDRL & MR 2 2 [B] i 17
Duncan [RZH LM, BEM2ERWN P<0.05,
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#*2 qRT-PCREMHERISIHY
Tab.2 Primers used in the qRT-PCR assay
RS FrAl HRERT
gene sequences (5 to 3) gene accession no.
EFla F ATCAAGAAGATCGGCTACAACCCT NM_001279647.1
R ATCCCTTGAACCAGCTCATCTTGT
B-actin F AGCCTTCCTTCCTTGGTATGGAAT XM_003443127.5
R TGTTGGCGTACAGGTCCTTACG
MyoD F AACGCAGTTCAGTGGTCTCC NM_001279720.1
R GATCAGCAAACTGCATCGGC
MyoG F AACGCAGTTCAGTGGTCTCC NM_001279526.1
R GATCAGCAAACTGCATCGGC
MyHC F TGAGTCCCAGGTCAACAAGC LR535849.1
R AGACTGGCCAAGTCAACAACA
CAST F CAGCCAGACAACACCCAAAC XM_005450321.4v
R AGACAGGTGCAGTCTCTGGTT
2 4R (P<0.05), UiH] HC 41tk C 41f0)Je % BHE LA B

OB (K 4), 5 HCAHAML, HM 4 e % %k
£ L PR R BE RS T R O 3, N SRR N
W, HSRMERE T, K B R (P<
0.05), FHAH BN IR E P P AEALA
TN SR HA

21 HEERENSRABETESTIEREKM
BRI

HC 41 % 9 £ 14 384 1 R FUIE A& Fb 55 %) B8 2H A
He TG i 3 25 R (P>0.05), 1 AT e 2 T (P<

0.05), VLEAFEA SRS, e B HE i ik
AR, EOHEEDREL AT BB X e B B A A il R A R
FISZM . HM 212 % % ) f0 ) 348 5 % L X BE 4 F
HC 4 & Tt s, MR B & AR (P<0.05) (% 3),
I 100 BA 7 e M AR TR N H R SRR RE A I e B
el Win=R%E, 54, IMARP ¥
AR S RAME TR E 25, 5 HC
YUAH LA BT R R i AR R B W 22 5%, R4
W H 5% SE0E A AT RIS = W AR R X JE 2 B A £ i
JIE 7= A B AS RIS

22 HEERNSBRARTESZIELINARK
nkeed:pAl!

HXFAMLIL, HCHe® B ARl |
JIS8 3 P R L WG 2 ARG, P R

23 HESENSHARTESSEGAIRSA
A

X WLET4Ed) i R BEAT S e dr s i, S xR
AL, HC e % HE fa i 5 /N AR LA £F 4t
(0~30 um, 30~60 um) J7 LB E T, K ER
WL £F 4k (60~90 um, 90~140 pm) /5 b i 3 i /0
(P<0.05) (1, & 2, &l 3-by, K, AT i FL
HC ANLALT 4R 5 TR (P<0.05) (K] 3-a),
5 HC 4HAH, HM 2H 30~60 pum EL42 (1) LA £F 4
o7 b i 3 T [ (P<0.05), {HJZ oK T [ 2 X7 B4
IR, 1T 60~90 pum ELAR AL £F4E &5 He A r el -
HREZRARE (P>0.05), HFEHEHN HM 4L
PR 2T 24 1) B i W 3 B AIR (P<0.05), HJZ i R F %
EXRIAKE (K1, K 3-a), FFRL, iR An
e BRI H SR SR Re R e B B e e LA

*3 HEEREMNSRARTES ZEEEKMNB[EHRRNTN
Tab.3 Effects of mannose-oligosaccharides addition on growth indexes of

O. niloticus fed with high-carbohydrate diet

|

item C HC HM
WAEE 2 /% weight gain rate 1743.99+113.26° 1988.78+90.12° 2519.23+90.36°
JIi# B/ (g/em’)  condition factor 3.42+0.05 3.37+0.17 3.41£0.09
MEAARLL/%  viscerosomatic 15.57+£0.59 14.55+0.43° 12.92+0.28"
JIFfAL/%  hepatosomatic 4.23+0.23° 4.85+0.21° 4.54+0.15%

T AFNGFREFORFET Z0E BEER, FH.

Notes: Different lowercases refer to the significant difference in the same line, the same below.
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x4 HEEREWNSEARTRES TN ARSI
Tab. 4 Effects of mannose-oligosaccharides addition on the muscle texture quality of

O. niloticus fed with the high-carbohydrate diet

WA

item C HC HM
T /g hardness 85.64+8.50° 64.39+5.17° 44.64+1.25"
¥541/g  adhesion 1.12+0.08" 1.25+0.10° 0.75+0.02°
W EEPE  cohesiveness 0.62+0.01° 0.68+0.01° 0.74+0.01¢
Fif%/mm  springness 0.53+0.01° 0.53+0.01° 0.56+0.01°
%M /g gumminess 50.99+3.63° 42.87+2.84° 34.02+1.01°
MM E/mJ  chewiness 0.26£0.02" 0.22+0.01° 0.19+0.01°

LR, R T 2 B PR B AR (P<0 05) WL 2 ﬁ%‘ﬂ‘m

1&#%1& &% % ﬁﬁ ﬁH'J % o i B 225 (P>0.05) (K 5). 'Ej HC éﬂ?i‘ﬁ tl:,

HM 21 Je % %' 4E 0 5 L PR 0 JILE R & itk 35 B AR
XA, HCH R T B AL 1 28 b (P<0.05), oAl 48 47 ¥ A 25 L (P>0.05).
{3 HM H WL IR % 2 8 35 & T C 41 (P<0.05), Ut
Y v W R B R S o H R SR A e R IR
RE PR ZEZSK, If HARTHER, Xf

oC
= HC
20 =M 3:}1JLI*‘IE’JZ’B-L\‘?EIJﬁ *ﬂﬂaﬂﬁ ffﬁ'?%ﬁ%ﬁifﬁﬁﬁf M
10
0

ﬁﬁ@ﬁ@@@@$§00@@
SRSERESESESINESE %%,Q/ SN O

AT YRR 1) E 2 H /%
percentage of total muscle fibers

WLAT 2 H A% /um (a) (b) (©)
muscle fiber diameter ) REEIFalRSEYEE
1 BETEEARERANFTHENSLESHE ()C4l, (b)HC 4L, (c)HM 4.
Fig.1 Proportion distribution of Fig.2 Muscle fiber section of O. niloticus
different muscle fiber diameters of O. niloticus (a) C group, (b) HC group, (c) HM group.
250 c ° £ 80 -

% 200 b & § 60
i > = £
o 1500 4 = E

Lz 2% 40
.8 100 b il
5 E W O
= % &%

g eb 20
o 50 | = g
= pia} 34

0 1 1 1 ! g 0

C HC HM 0~30 30~60  60~90  90~140
2H ) LA 2 HAZ/um
groups muscle fiber diameter
(a) (b)

B3 REFIEGAINFEKE () MAAFLEER (b)
(@) NRANEFRERRZ 7 B, P<0.05; (b) NN FEERRAER — L4 EARTEE A (A1 0~30 pm), ZHIAZE 5783, P<0.05.
Fig.3 Number (a) and proportion (b) of muscle fiber of O. niloticus in three groups

(a) difference lowercases refer to significant differences, P<0.05; (b) difference lowercases refer to significant differences between the three diet groups

in the same muscle fiber diameter range, P<0.05.

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries



K2 23], 2023, 47(7): 079610

x5 HESEMNSHEARTESZELMABUEEREFRI BN

Tab.5 Effects of mannose-oligosaccharides addition on the physical and chemical properties and nutritional components of

muscle in O. niloticus fed with the high-carbohydrate diet

TiH

tem C HC HM
AM/(mg/g) lactate 3.04+0.26 3.15+0.22 2.65+0.22
7RAEMK/%  cooking loss 39.16+4.19° 24.19+1.25° 23.87+0.96°
WIHER/(mg/g)  inosinic 2.99+0.19° 4.0120.09° 3.58+0.12°
JK4¥/%  moisture 79.03+1.82 77.27+0.93 77.05+0.93
MEEH/%  total protein 16.08+1.15 18.11+0.93 17.00£0.58
SR /% total lipid 0.82+0.18 1.07+0.31 1.36+0.30

25 HEEBRMNSHEEARTESZIESNAA
A FEBE RSN

X RRAARLL, SRR e B B AR LA
i R 2 FE R (DAA). F 075 2 JE R (SEAA)
SRR (TAA) & i W FH 5, DAA/TAA FilSZ
B Z R (BCAA)JT T R A 5L TR (AAA) L I 3
THE: (P<0.05), EAA/TAA EFHIE (P<0.05) (% 6).
TE R DR S I H BRSNS , e B B AR LA
T & LR (EAA). DAA . SEAA Fll TAA &
Fb HC 411 C 4135 18 3 FRAIK (P<0.05); BCAA/AAA
5 HC 4 M Lk Tt i 2 28 4k (P>0.05), HE &S
TXHR4H ; HM 41 EAA/TAA 5 HC 4 AH I i 3 T+
1 (P<0.05), 55X TG 3 25 5% (P>0.05)
(F6). VL LZERERM, mbmp st m e ¥ P HE
£ AL AL PR 35 1R 5 o 19 [ A AT T R B R
EFNE, S &SRS, DA EER D
JUBRAT FTREAS, {0 EAA AHXT 5 i 34

26 HEEREMNSERABRTRESZIEAANAA
£0 b BE R4A AR RS2

EXTREAAH L, SRR e B 2 gk
LA TG & & % J+ & (P<0.05), 1 FA,
DG I PI % & i 2 FEAR (18] 4) (P<0.05), ¥RINH &%
MG, 5 HCYIMLL, BRP P IEMPLAF FA
Ml DG & 5 2E T1H 88 (P<0.05), i PE Fil PC & it
BFW D (P<0.05), 74h, SXHHRAAML, HM 4
RBEHEMP AT TGH FA S B B E T &
(P<0.05), PE. PIFl PC % & i & %Ik (P<0.05),
M DG FEILEEES . UL LR, &hEE
RE AR @ LA R HERL TG, il FA, DG il PI
TR, SIS LT DG FRIKE R
XTREAIOK -, H A FA & JHm, (B4l PE A
PC Fatii b,
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27 HESENSHEARTESTIELNNA
A A4S KIAXER AN RIEENFN

Extg4IMEL, HC 4Ue B P HEANLAT MyoG
FE R ) 4235 & B PR AIK (B 5-b) (P<0.05), CAST
R R LA BE T (] 5-d) (P<0.05), bR
BEA I H SRS . WL MyoG £ iE & T
W Hb B 35 (8] 5-b) (P<0.05), CAST [H) %Kik
BT A T R 2 (B 5-d) (P<0.05), {H MyoD )
FIREAE 3 AR 3% 22 7 (Kl 5-a) (P>0.05), 1
B HC 41 Fl HM 41 ¥ fig e fifi je & % e WL v
MyoG R IR ARV BEAK, (28 CAST F1 MyHC
FF A FRBKFE LT, I H RN MyoG
H1 CAST FEPH 3K 1) 52 M) R0 R BB

3 i

3.1 HEEREARTTELESHEARTH
ERMERER IR

e BRI RE (R /v i K AL 3 40) 1) i
AT I, LIk Ak AR o
TR, TR £ 28 A4 A M R A R
Wi, FREARR AR AR, AR RS B T 3 KT
FAFS D, i IR O AT IR A, B
A B 0 g S DUR I kA n ), dnH -
B = FIAg AR e 45 A B T sh B A REIR DL o
ABFER R, R R ATl Je 2 % A £
REM AR, HRS AL S E 8, X
RERAE W ) B R AT L 2 2 1 R v DR
R, BJE T BE S O A G S e, X S5 AT
WFFE A R — 2 A B RDRE R S H e
LU SR R e 2 B AR Y O B REIR L
R = A AR AR, LA RO i o i it
JULPA 47 4 14 35 P850 ) 3 22 P ARBIL A R S 3
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*6 HEERNESRARTEZZEAINATERBRNEN (TE)
Tab.6  Effects of mannose-oligosaccharides on the amino acid composition in the muscle of
O. niloticus fed with the high-carbohydrate diet (dry weight) mg/g
amﬁoﬁﬁzds c HC HM

BEE Gl 121.14+0.73" 129.89+1.98° 115.74+0.81°
REAEKR  Asp” 81.67+0.52° 83.18+1.36" 76.38+0.69°
WA Lys” 75.1120.41° 78.28+1.31° 70.48+0.42°
HEKR  Leuw? 63.73+0.38° 66.24+1.05¢ 60.41£0.37°
W Ala” 49.57+0.43° 50.17+0.83" 45.59+0.41°
WER  Arg"? 47.34+0.25° 50.9+0.76" 46.56+0.3"
4 val?? 39.31+0.28" 40.56+0.68" 38.35+0.29°
HE® Gly" 38.49+0.24° 40.52+0.62° 36.99+0.51°
FreER e 37.85+0.34° 39.1420.66° 36.02+0.14°
FEAR  Thr 35.57+0.22 37.57+0.57° 34.31%0.26"
KNER Phe®? 34.3240.26" 33.8120.61° 31.29+0.22°
Y Ser 31.11£0.23° 32.51£0.49° 29.92+0.28"
Fx i Tyr” 26.59+0.26" 28.05+0.50° 25.72+0.17°
HEAMR His” 24.32+0.05" 23.46+0.44° 21.18+0.20°
HAR Met? 20.94+0.27 22.07+1.05 20.79+0.20
FMERR  Cys 3.35+0.47 4.24£0.86 4.89+0.33
EAA 306.8242.05" 317.67+5.61° 291.65+1.73°
DAA 338.2242.14° 354.66+5.53¢ 321.26+2.63"
SEAA 71.66£0.22° 74.36+0.89° 67.75+0.31°
TAA 730.42+5.05° 760.57+12.75¢ 694.64+4.98"
EAA/TAA/% 42.01=0.03 41.76+0.06 41.99+0.06°
SEAA/TAA/% 9.81+0.04 9.78+0.08 9.75+0.05
DAA/TAA/% 46.3120.05° 46.63£0.07° 46.25+0.06°
BCAA/AAA/% 231.31£0.31° 235.94+0.57" 236.42+0.33"

T D).EREIER(DAA), 2).UFAIEM(EAA), 3). HERIEM(BCAA), 4)LLHEEIER(SEAA), 5). HHIFEILR(AAA), TAA. BEIER.
Notes: 1). delicious amino acids (DAA), 2). essential amino acids (EAA), 3). branched chain amino acids (BCAA), 4). semi-essential amino acids (SEAA),

5). aromatic amino acid (AAA), TAA. total amino acids.

TEARA R AR R B B, B2 PR A AL 2 8] 1 £
FIEE R, AR R, HC 45 C AILET 44K
W LT, M4 AR R IR, R
BB, N4 BN T HC 3, A%k
it NI, BT, HER SRR e e B
B A A A R T WLER 4 AR R A B .
FAN, HEE SRR T LLE o A S i i s e
P& 15 S E BT A R T SR G2 i S e 45, DTG
HE AR EKYERE. W0 Lu 270 Torrecillas 250
& BLAE B (Ctenopharyngodon idella) 1 5 4 fii
(Dicentrarchus labrax) RN, H & F @ i+
KipE ek, ebiefene s, ks
Koo WA BT A I H 8 SRR 8 i S, H
JHEREH B A AR 3G o, ARACHTIE T igagt,
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AWFFEE KB, T R SRR T A 2 B e I A B £
[Epinephelus lanceolatus (3)x E. fuscoguttatus ()]
i3 B e A BT AR BE T, B 9 S e AH OGS A
ERIR, /D AN R DGR DR Y Rk ok 2 e £
R Ty, fEdb @A K™ NI fE AR S g
5 HCHM I, BhnH & SEp il e & 2 3E o ik
PREE 0 B BRI, I LA A, LRI H B S A
A TTREPE HERRACHE, WA AR, ok T U £
FEROL, (SR K

32 HESRRERSTEENAFEREE
AHAHRFARBRIRE K58

iR iak S o A R P IO DG < X A O
R PIRYE . RHWEE SRR SR
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types of lipids
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Fig. 4 Proportions of different lipids in

IR BT R A 23 E %
percentage of total lipids
=

the muscle of O. niloticus
TG. triglyceride; FA. fatty acids; DG. diglyceride, PA. phosphatidic
acid; PE. phosphatidylethanolamine; PI. phosphatidylinositol; PC. phos-
phatidyl choline. Different lowercases refer to significant differences

between the three groups.

1.5 -
=]
7 T
s
X = 1oL —|_
Ky -
' < -
=2
S E 05t
e 2
g&§
8 0 1 1 1
C HC HM
2H 51
groups
(a)
_ 20
S b b
i 2
ggLS_ T T
R g a
g < —I_
=310t
=y
<ZC g
~ 205 |
=
8 O 1 1 1
C HC HM
2H 5]
groups
()

TN CURSE, WURAYREEE . IHEE . BRE
ARG TR, WLRRREE 52, FUBGEAT I, i
AR, R, KRN &
IR Z WLy, KA R TR T 2 AR bR, InEF
Heordn . . BHCR . A HE . HEMS
B DL RORSE, KA FRESEENLA M &1L
SO TR X T RS R R, R R
i MOS 1T DL =5 LR K o A, FEAR
WFaErh, SXFE4AL, HC 42 B R ALA R
TR | MR NEE  E R RR, NRE  E
i, JFH HM A e &, 54, HCHA
1 HM AW LA ZE B R 2 WL T X R . D
ERRWY BRSNS AL B e
e P LR R K T, WL S, TR H R S b
JERCRE IR, X5 MOS X T HALE & W T r4R
FHE R AR

2 LN 25 48 55 RS T AE 56 . John-
ston A5 (R GT B, fa LAY FLEORT LA 4t

1.5 -
o
.2
% 2 c
ﬁ g 10| - b
z < ——
m Z
—+< 7 a
:<Z‘: g 05 | I
e 2
&3
o)
= O 1 1 1
C HC HM
2H 5
groups
(b)
5 ¢
g 1
R E , b
= o - 1
£
S R L
o
aéé 1L -
=
o
= 0 1 1 1
C HC HM
2H 5
groups
(d)

E5 HESEMNSEEARTES ZIEAFHEEKHEXERE mRNA B FREEHFM0
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O. niloticus fed with the high-carbohydrate diet
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WERIEASC, FEAMIR T, HC AR HM 41
LA e e % 22 T X R4, H HC 4 LA 4%
W2, MR ERKEE, CHMBRKERIN
SRYE S bR, T HC 4R HM 44 /N ELAR L
R T LB R . T LA, R R RS I S
Qb 3BT R 1 I LS 2k %% B, AT 4 AL PR B
A, R E L

MyoD il MyoG J& LI 43445 A+ (MRFs) %€
R N L, MyoG 78 IILET 2 1) 43 Ak ot 25 B8 B4
F, T MyoD F5 il %5 WILEF 4t iy 3% 22 B9, 7 i 6
(Oncorhynchus mykiss) RPN, Ak v i 4 7K S AR
WELERT 1] 347 2% 5 W - B WL MyoD 1 2638, HEAS B
e, 3 Z e S B AEALA D MyoD ik
B REES, W HC 422 PRl MyoG
Foih g WEACT X IR, IF LU0 H 5 S s H
FaR it — D REAR, U R R B 0 H 8 o
WEAb BRAE —E R EE B T LR A ok . A
K WLEKE P AR L (MyHC) 2 ILET 425 RUIE i
PP -, 8 AR X A3 BILER 2 3 22 R i o
Fhric™, H5REMAREVIMEG, SREE
WL BE I K A SR FEARWES H, HC 4R
HM 41 Je & B 4k LA 1) MyHC 3R 33k 1 i
EE TR, G, SRS H R SR AR AE
AR LR LT YEs 2, (AL PR M B T
JULIRIBE i S5 %% o 5 2 1 g 1 2 L SR I (cAST) AT
DA 3 00 1) 5 AR 1 X 1 AR A ke A UL
PSS, (e d LA AR FF3E LA 2B
ABFGET, HC 4 CAST Feik it i35 T
WINH SR G CAST M Ek B —5THm, X
FES T KV LB T o e AR )2 2 B R fa )L
PROZEFIPERE I, S I H 88 0 SR T
33 HEEBEZWEaRERNEMNIK

KRR E SRR F RO E N S A
BHi e S IEFR AL NG A A, o L
T R i IR 2 B 1R S PR O i A 1Y) R O AR AR,

NN T EAA 5B FERR % i (EAA/TAA)
A, KRB E RN E R . A, BES
21 DAA &1 (DAA/TAA) Fi1a 25 HIL A A8 6 R B
IEHE, RUFREE RN, St lis ey %
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BRI AT DUE = e B B AR L g, (H S REAT
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AR A T RO R RO JE B W R LA h R
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Effects of manna oligosaccharides on flesh quality of
Nile tilapia (Oreochromis niloticus) fed with high carbohydrate diet

MA Yingying ', JIA Yongyi’, GU Tingting', ZHANG Zhiyong', WANG Tong ',
ZHANG Meiling', DU Zhenyu', QIAO Fang "
(1. Lab of Aquaculture Nutrition and Environmental Health, College of Life Sciences,

East China Normal University, Shanghai 200241, China,
2. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: Mannan oligosaccharide is a new kind of feed additive whose effects on fish flesh quality has not been
well studied. In this study, 315 healthy juvenile Oreochromis niloticus with an average body weight of (2.2+0.2) g
were randomly divided into three treatment groups: control group (C, 35% carbohydrate), high carbohydrate diet
group (HC, 45% carbohydrate) and high carbohydrate diet supplemented with mannan-oligosaccharide (HM, 45%
carbohydrate, 0.5% mannan oligosaccharide). Three tanks for each group, and 35 fish reared in each tank. After
feeding trial for 10 weeks, the growth indicator, muscle nutritional composition and flesh texture of all groups
were determined. Compared with the control group, the hepatosomatic index, muscle cohesiveness, myofiber num-
ber, content of inosinic acid and triglyceride, proportion of delicious amino acids, and elative expression of CAST
gene, which could improve muscle growth, were significantly increased in the fish of HC group; the muscle hard-
ness, gumminess and chewiness, myofiber diameter, cooking loss, proportion of essential amino acids, contents of
fatty acids, diglyceride and phosphatidylinositol, and relative expression of MyoG gene, which functions in the dif-
ferentiation of muscle fibers, were significantly decreased in the fish of HC group. Compared with the HC group,
the muscle springiness, proportion of essential amino acids, contents of fatty acids and diglyceride, and CAST gene
relative expression were significantly increased in O. niloticus of HM group; the muscle adhesion, number of
myofiber, contents of inosinic acid, phosphatidylethanolamine and phosphatidyl choline, and MyoG gene relative
expression in O. niloticus of HM group were significantly decreased. Compared with the control group, the weight
gain rate, muscle cohesion and contents of triglyceride and fatty acids were significantly increased in fish of the
HM group; the hepatosomatic index, muscle hardness and chewiness, content of phospholipid in the fish of HM
group were significantly decreased. The above results indicated that with the addition of manna oligosaccharides in
high carbohydrate diet, the meat yield of O. niloticus was greatly improved, the flesh quality was improved due to
elevated water holding capacity, texture and nutritional value of amino acids, but the decreased phospholipid con-
tent should not be neglected. In this study, the effects of mannan oligosaccharides on the growth and muscle qual-

ity of O. niloticus were comprehensively evaluated, with a view to broadening its application as a feed additive.
Key words: Oreochromis niloticus; high carbohydrate diet; mannose oligosaccharides; muscle quality
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