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Tab.1 Feed formulation and nutrient component

WiH items

25 groups

SOl SOp BO1 BOp
J5kL  ingredients
M1 rape seed meal 24.00 24.00 24.00 24.00
¥ soybean meals 38.00 38.00 38.00 38.00
Tk flour 26.18 26.18 26.18 26.18
TKUER)  corn starch 2.87 2.87
Hil  soybean oil 4.30
kK soybean oil powder 7.17
S blend oil 4.30
S HBIAR  blend oil powder 7.17
TR 4485  calcium dihydrogen phosphate 2.00 2.00 2.00 2.00
SALMESE  choline chloride 0.40 0.40 0.40 0.40
24k vitamin premix’ 0.75 0.75 0.75 0.75
%% mineral premix” 0.75 0.75 0.75 0.75
KRS soybean phospholipid 0.20 0.20 0.20 0.20
HUA M B ARHRRA  ascorbyl palmitate 0.20 0.20 0.20 0.20
H%R methionine 0.35 0.35 0.35 0.35
A1t total 100.00 100.00 100.00 100.00
B IRRA/% nutrient component
7K4r  moisture 6.91 6.19 9.62 7.66
MEA  crude protein 36.84 36.75 37.14 37.35
AHAEWT  crude lipid 7.70 7.90 7.52 7.46
FA4;  crude ash 6.33 6.26 6.26 6.33

VE: a. Z4EmgikIU/Kkg): 4EE A 2000 1U, 4E42KD, 700 U, 44 KE 10 mg, 44 %K, 2.5mg, BiflkE2.5 mg, HERS mg; b.2H (mgik
g/kg): 5230 g, #36g, ¥9g, 10g, #8g £hl9g #1.5g, %250 mg, M32mg, 50 mg

Notes: a. vitamin premix (mg or IU/kg): vitamin A 2 000 IU, vitamin D5 700 IU, vitamin E 10 mg, vitamin K3 2.5 mg, thiamin 2.5 mg, riboflavin 5 mg;
b. mineral premix(mg or g/kg): Ca 230 g, K36 g, Mg9 g, Fe 10 g, Zn 8 g, Mn 1.9 g, Cu 1.5 g, Co 250 mg, I 32 mg, Se 50 mg

e weE . MWERELE2 R A 700 LA BT
FREPE, Sy T 08 SR AU e o BF
AR ENETEEARE, IdRERE,
14 SHNZE R E

4 RIARIT T R 14 K (weight gain
rate, WGR, %)= (W Wy)/Wx100%

¥ E A2 KR (specific growth rate, SGR, %/d)=
(in W, —In W,)/t100%

1) B} 22 # (feed coefficient, FC)= D /(W W)

F#1% % (survival rate, SR, %)= A,/4,x100%

JEJ# £ (condition factor, CF, g/em’)= W,/L,x
100

FF K I (hepatosomatic index, HSI, %)=
W W,x100%

AE {4 L (viscerosomatic index, VSI, %)=
W,/ W,x100%
s, WA S350 R W) b RN R B - 24 A 5
(g), WA 3 00 b6 F 4R 1Y o 1k 8 (g),
N AR FFFRE(), DR EBEAT R (g, T
WJst), A FNA Sy 0 R 00 b R R Y R
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F 2 KIGIAREY AR AFER4E AR
Fatty acid composition of the experimental diets
%

Tab. 2

A5 groups

fEWGTR  fatty acid

sol SOp BOI BOp
14:0 0.25 0.32 1.10 1.08
16:0 13.97 1470 2462 24.66
18:0 491 4.89 5.40 5.40
18:1 2242 2230 2871  28.04
18:2n-6 4562 4347 2703 25.64
18:3n-3 4.94 5.15 4.74 4.64
20:0 0.38 0.36 0.32 0.31
20:2n-6 — 0.19 0.27 0.24
22:0 0.45 0.46 0.29 0.27
SFA 19.95 2073 3173 3L72
MUFA 2242 2230 2871  28.04
n-3 PUFA 4.94 5.15 4.74 4.64
n-6 PUFA 4569 4402 2738 2594

E—T
Notes: —not detected

W AR AR T i (), W, w4 AR 2 B Ay
I (), LyfRERMIKK (cm),

A A8 AR I3 & JH [5 B (T-CHO)
Hh =H8(TG). =% & I (HDL-C)., k% ¥
JE#E I (LDL-C). &P LB J1(T-AOC). it %4k
ARF(CAT), S A AL Bl (T-SOD) Rl N i
(MDA) & 2 ¥ 5% g st 8 1 A= 0 AR F 5 1) 3
ST E o

AR BRI B R AT IR E bR
735 W 5 AL VA B H RLE R LAY o K o
WETHREIE, IKIBGT/T6435-2014; K4 H
AR B 2, HKGB/T6438-2007; HLZE I
FHEILIR E ZIE I E , K IEGB/T 6433-2006; Hlf
5 &R B #2380 22, MK BEGB/T6433-2006; fig
5 2 2L AR FH S AH €535 1 (A gilent 7890B GC),
T8 GB/T 1737720085 AH €8, 33 1 ) 52 21

LR TR A 45 A =T R e e T
R R LT I PR AN RS B A BR A B AR 7 1 T
Fa 4L (Universal TA)EFTINAE o B0 22 1) 52 56 £ 4
WUHR, ZETPAREAT, i HITA 25/100005 4+ &
Bk, A HTEE E2.00 mm/s . 3K B 1.00
mm/s. HRJE HEE2.00 mm/s . JE4EH75% ., %k
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2R RR2 s, e fe b EAE s U 0 . AR
SR R A TR IR A

LA pHAE R FH pHIH I 2, 3 45 52 0 £ (0
A I PR AS [R5 43 53000 2 3k, OSP4 1

AL 2 >R (cooking percentage, CP, %): H
TS gZe i (W)E T ZMB YK, 5 minf5 R
L HIEARW TR MKy, RHIEFREMW,), it
BAR: CP=wyW;x100%

AL N $F 7K 3 (water holding capacity, WHC,
%): BOFWLS g4 (W) IHE e84t b, FFE
B R AR, 1 kefE A EY S min/F FREL
WL BT i (W,)o THEARX: WHC=(W,-W))/
W,x100%

1.5 HIEALE

S K4 FH SPSS 21.08K ik A7 4 M, SR H
ANOVAHEAT 5 25007, AR ZES BE, WH
Duncan[G LA, 25 5 LIP3 H 45 fE 12 (mean+
SE)#R/n, ZRREWYLIP<0.058E, if %R
¥ % FH Excel 201651 1E -

2 4R

21 TRAMKRRESTEZSEENEEKN

RELLER

F 4 R R W B AR g R s
HAERKERETE AR W3, S5 R B, &4k
A ER, FredKE, MR, K
b . R H 3400 35 M 22 57 (P>0.05) . B S5
AR LG, G R A S E A R A U T
L R RN Th- AL
22 AEEANERESESEEaNEMmMEE
RigtR. MERAFARIT S ILER IR ML

IR A JE T e s % e R P SO
K-, BBTEALRE 1, S Ak P s Ak I
SEAE AN )G B 35 25 5 (P>0.05); {HSOp. BOp.
BOIZH Y H il = TR I %5 B2 i 4 H /K i 8T
SOI4l, BOp4l iyt & 1k &0l % PE 8 3 =+ HAh
3 (P<0.05)(F4). JHIER TN ZEEKF-FE440 18] T8
¥ 2% %(P>0.05); {HSOp. BOp. BOI4 H &bt
ALRE 1 B3 R T SOI4, SOp4 iy it A 1k & it}
LR Ak s Ak e R e T M 34 (P<
0.05)(#5),
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Tab.3 Comparison of growth performance of juvenile GIFT O. niloticus fed with different experimental diets
485 groups
HEKFEPR growth index
sol SOp BOI BOp
Yitatk i /g initial body weight 15.45£0.12 15.31+0.06 15.300.12 15.4620.10
LARRJFFR/g  final body weight 131.01+4.53® 140.88+4.07° 127.83+2.92° 132.24+4.23"
WHER/Y% WGR 751.68+33.81 815.93+76.71 736.02+22.4 755.97+11.62
FEEAEKE/(%/d) SGR 3.69+0.07 3.81=0.14 3.6620.05 3.70.02
TFEF/% SR 100 98.25 100 98.25
kL RE FC 1.08+0.05 1.05£0.09 1.0420.03 1.00£0.03
FFAEL/%  HSI 1.51£0.12 1.42+0.06 1.55+0.06 1.54£0.11
MEAAEL/%  VSI 7.65+0.27 8.37+0.41 8.68+0.45 7.83£0.26
M/ (g/em’)  CF 3.73+0.12° 3.43£0.06" 3.40£0.07° 3.53+0.11°
W F—ATPARNEVNG RO LA A 53 %2 R(P<0.05), T
Notes: in the same row, values without sharing a common superscript letter means significant differences (P < 0.05), the same below
F4 FRANKEBESTETIES H6 MFEWIERILE
Tab. 4 Comparison of serum biochemical parameters of juvenile GIFT O. niloticus fed with
different experimental diets mmol/L
L A AU groups
serum biochemical parameters sol SOp BOI BOp
MJHEEE  T-CHO 5.65+0.23 6.3%0.59 5.49+0.32 6.01+£0.39
HH=m TG 0.75+0.09" 0.55+0.05° 0.54+0.07" 0.47+0.07"
mEERESE  HDL-C 0.6:0.06 0.52+0.05 0.520.11 0.42+0.02
% ENEE A LDL-C 1.3+0.12° 0.84+0.15" 0.66+0.06" 0.58+0.17*

x5 TRARMKRASTE TG EMERIFRERELEEELEER

Tab.S Comparison of serum and liver antioxidant enzyme activity of juvenile GIFT O. niloticus fed with

different experimental diets

BRI e AL groups

antioxidant enzyme activity SOl SOp BOI BOp
% serum
RMPUEARE/(UmL)  T-AOC 7.13+0.8 5.16+0.28 6.22+0.77 5.10+0.55
HEMER/(U/mL) CAT 13.7843.46" 12.92+2.28° 14.83+2.23" 24,03+4.23"
S BA B ALES/(U/mL)  T-SOD 176.8+13.27 143.18+16.78 162.02+7.71 148.98+13.19
N =E/(U/mL) MDA 3.55+0.50 3.66+0.36 4.00+0.48 4.6120.62
FFE  liver
MPTEALAES1/(U/mg prot)  T-AOC 5.17+1.87* 23.8246.29" 17.1943.02° 12.84+3.81°
i AL SUY/(U/mg prot)  CAT 35.41+1.86" 42.60+1.63° 35.65+2.2° 33.58+2.48"

S ALES/(U/mg prot)  T-SOD

79 —B&/(U/mg prot) MDA

160.20+6.77°

4.86+0.50

218.85+11.73¢

5.72+0.98

126.75+7.87°

6.14+0.66

134.53£9.17"

7.35+1.37

http://www.scxuebao.cn
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23 TEANKERETSETEFaNaELRSE
AL 57 LR

KUl A MK oy B0 B E 2 (P>
0.05), {HSOp. BOp. BOIH 4Ky & i
FHILT SO, MHAEH &R WS TSO0I4, BOp
2o 4 fa KL AR WG B & B 3 K T BO14L (P<0.05)
(#6).

24 FTRARRBALEESFEHBAASR
AR IEHREL B

WU R s . MEE A L RS MR L A
FEIK FAE 45 2 0] JC b 35 M 2% 5+(P>0.05); {HSOp.
BOp. BOI Y59 Y] J1 8 3 % FS0141, BOp4l Ky
i 32 5 3 v 1 HAth 341 (P<0.05)(£:7)

#6 FRANKRETEFEENEEFRRINLE (TR

Tab. 6 Comparison of proximate composition of juvenile GIFT O. niloticus fed with

different experimental diets(% dry matter)

7 groups

EIENS proximate composition

Nell SOp BOI BOp
444 whole body

/K4 moisture 81.11+£0.93° 76.9+0.64" 78.36+0.44° 78.20+0.77
Hl#H  crude protein 57.99+0.68" 61.88+0.38° 64.43+0.54° 64.13+1.23"
T crude lipid 23.46+1.22% 20.92+0.40™ 25.24+1.73° 20.38+2.05"
FLK4y  crude ash 11.32+0.20 12.17+0.53 12.33+0.51 13.14£1.16
LA muscle

/K4y moisture 83.18+0.35 82.32+0.36 83.25+0.28 83.30+0.30
MM crude protein 86.65+3.68 89.68+0.30 89.62+0.53 89.66+0.46
FHREW;  crude lipid 4.13+0.62 6.65+0.34 6.40+1.18 6.83+1.09
K4 crude ash 6.51+0.71° 5.12+0.20° 4.77+£0.25" 5.87+0.10

®7 TRARRRESTETEE S LA MRBREXIERLR

Tab.7 Comparison of textural properties and edible qulity of juvenile GIFT O. niloticus fed with different experimental diets

M groups
WL muscle quality
sol SOp BOI BOp

FitdGtE  textural properties
B5Y)/1/(gf) tenderness 1560+161.35° 2154+109.67% 2631.11+92.06° 2255.78+155.02°
Tfi%/(gf) hardness 169.11+18.26" 188.22+21.92" 160.67+24.76" 255.11+18.84°
#PE/(mm)  springiness 0.77+0.01 0.75+0.02 0.77+0.02 0.75£0.01
WHIEPE/(m])  chewiness 96.37+10.23 110.35+14.11 96.48+14.95 128.41+11.13
JeH# ME/(m])  gumminess 124.51+13.09 144.99+15.47 124.97+18.23 169.95+12.99
47 resilience 0.42+0.02 0.35+0.04 0.41+0.03 0.39+0.02
FRFAMRR edible quality
A% CP 83.4+4.17 78.94+1.98 82.27+4.2 77.24+2.21
FiK#%/% WHC 8.6+0.32 8.21%1.28 7.2+0.66 6.09+0.74
pH 6.45+0.03" 6.47+0.07 6.46:0.03" 6.59+0.04°

T gf 3y, 181 M2 B H IR

Notes: gf. the force of gravity on 1 g of mass

http://www.scxuebao.cn
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25 TRIAMNRRETEZSEENENAR
FFF Bt B 7 & 26 AR

T B R g £ R R R RS 7 R 2H A
o1, B B T ARDRE I B R 4E A A T R D5 R
s, SOpFIBOp4LHSFA. MUFAH i E (KT
SOIFIBOIZ (P<0.05), TMin-3 PUFANIAH & . Bk
I, SOI41¥n-6 PUFA {2 3 & T BOI (P<0.05); 7
WLPA G D BR 2 1 P, BOIZH Y SFA . MUFA %
55 T SOIZH, TiBOIZHn-6 PUFAN] i 2 ik T SOI4H
(P<0.05)(#8, #9).

3 iR

TER WP FERGE T, 5L SRR AR
B, 0 0 e Ak T 2 R e ML S 9 S 0 g
ARUCT PR R B A AR R A R P R
LI WA FLIR A L, B IR LR AT 3 s A
KRR, SR, AR, IR RS A

T ek 5 W 2 R AR A AR K P e G B
5o RN, BEREES R UL, IR R AR b
AR BR Wi IR X B AR R KR T
M, AT AR A LA GRDRHIR I IR A T

AwEgEr, T E P AR Mgl fa i b =
P RIS 2% B R 26 KO o P A AR BTG P T IIET-
SOD. CATHHM /M, Mgk # 4l a8 F ik
AL, VLEHRR D7 R RN R 4R s R
1) fg R KCE ML AR BE T o MR DRy 1 R 4K
F, aTRE S Hm & AR T2 KRR b A A
FNGS I B 2y A A O, A RRE AR AR Wi 0 AL
PER WA R e BERE R, #1551k
M 43T BE T8 4 W B AL R R B, LAIE
TRAR TR MRS e ™, EFRB A, AT #eE
FRHH A LA AL AR T N AEE R, — e K )
BRI — e A e, iR RE, MR
FWE, AT KM P MDAY S, B4 i
R SR P A AL RE 1 (SODFICATYE )™,

®8 TRIARGREFT =T & 4@ AT AERTER A A LR

Tab. 8

Comparison of fatty acids composition in liver of juvenile GIFT O. niloticus fed with

different experimental diets %

203 groups

HEWGTR  fatty acids

SOl SOp BOI BOp
14:0 3.5240.53" 2.42+0.27 4.54+0.25° 3.3440.51%
16:0 20.96+0.09" 19.33+1.02° 26.01+0.74° 22.73+0.77°
18:0 12.21+0.34® 11.06+0.58° 13.2740.43" 11.45+0.35°
18:1 27.14+0.76° 23.64+0.79° 27.17+1.11° 26.12+0.86™
18:2n-6 12.74£0.6 11.64+0.49° 7.48+0.41° 7.2120.53°
18:3n-3 1.83+0.05 1.66+0.07 1.57+0.09 1.56+0.11
20:0 0.29+0° 0.25+0.02° 0.25£0.01° 0.24%0.01°
20:2n-6 1.2240.05" 1.13+0.02° 0.76£0.03" 0.76£0.08°
20:3n-6 1.19+0.14 1.34+0.15 1.15+0.11 1.00:£0.09
20:4n-6 (ARA) 5.82+1.06° 5.58+0.56" 2.61+0.32° 3.4420.19°
20:5n-3 (EPA) 0.06+0 0.06+0.01 0.06£0 0.06:£0.02
22:0 0.27+0.02° 0.28+0.01° 0.17+0.01° 0.20£0.01°
22:6n-3 (DHA) 2.07+0.48" 4.05+0.35 1.77+0.09° 2.89+0.37"
SFA 37.25+0.9° 33.34+0.65" 44.25+1.39° 37.97+0.84°
MUFA 27.1420.76° 23.64+0.79* 27.17+1.11° 26.12+0.86%
n-3 PUFA 3.96+0.44" 5.76£0.39" 3.40£0.13° 4.51£0.33°
n-6 PUFA 20.97+1.5° 19.70+0.32° 12.000.52° 12.41+0.44°
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Tab. 9

Comparison of fatty acids composition in muscle of juvenile GIFT O. niloticus fed with

different experimental diets %

171 groups

NG fatty acids

sol BOI BOp
14:0 1.41£0.12* 1.36+0.04° 1.570.12" 1.2140.10°
16:0 18.17+0.21° 18.38+0.18" 21.01+0.63" 22.29+0.30°
18:0 6.77+0.12" 6.63+0.12" 5.9240.22" 7.9240.32°
18:1 19.25+0.37° 20.17+0.49™ 22.46+0.79° 21.85+0.71%
18:2n-6 24.7240.27" 25.05+1.11° 16.6140.55" 15.90+0.14°
18:3n-3 2.8420.05 2.85+0.13 2.67+0.11 2.61+0.07
20:0 0.26+0.01 0.25+0 0.24+0.01 0.25+0.01
20:2n-6 1.64+0.03" 1.58+0.08" 1.08+0.05" 1.14+0.03*
20:3n-6 1.5140.05" 1.4320.04" 1.2140.04" 1.59+0.08"
20:4n-6 (ARA) 3.39+0.15" 2.78+0.14° 2.37+0.09" 3.96:£0.23
20:5n-3 (EPA) 0.11+0.01° 0.070.01° 0.09£0.01® 0.10£0°
22:0 0.32+0.01° 0.290.01° 0.23+0.01° 0.26+0.01°
22:6n-3 (DHA) 2.4640.13" 1.87+0.08° 1.79+0.08" 2.5240.16"
SFA 26.93+0.26" 26.91+0.24" 28.79+0.85 31.93+£0.41°
MUFA 19.25+0.37° 20.17+0.49™ 22.65+0.68° 21.85+0.71%
n-3 PUFA 5.40+0.11° 4.78+0.11° 4.55£0.19" 5.23+0.10°
n-6 PUFA 31.27+0.38" 30.83+1.16" 21.27+0.70" 22.59+0.26"
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Effects of liquid and powdered fat on growth, health and muscle quality of
juvenile GIFT Oreochromis niloticus

YE Rukai', ZHENG Jun', LIMengmeng', CHEN Hanyi', MA Yongcai', XIE Dizhi',
g g Yy g
NING Lijun', SUN Lihua’, WANG Yong’, LI Yuanyou "

(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China,
2. Guangzhou UBT Feed Technology Co., Ltd., Guangzhou 511300, China)

Abstract: In the current production of aquafeeds, oils are usually added directly or by vacuum coating. However,
few reports were seen about the application of fat powders in aquaculture. In this study, with soybean oil (SO,
linoleic acid : linolenic acid =9 : 1) and blend oil consisting of soybean oil and rapeseed oil (BO, linoleic
acid : linolenic acid =5 : 1) as dietary lipids, four formulated feeds (SOI, BOIl, SOp and BOp) were prepared by
adding SO or BO in liquid or powder forms. After the tilapia juveniles (GIFT Oreochromis niloticus) with an
initial average weight of 15.38 g were fed with the diets in indoor aquarium for 8 weeks, the growth indexes
including weight gain rate, specific growth rate, feed coefficient, hepatobody ratio and viscera ratio showed no
significant difference among the four groups. However, compared with the corresponding indexes in fish fed SOI,
the liver catalase and superoxide dismutase activity were significantly increased, while the muscle crude ash
content was significantly decreased in fish fed SOp; the serum levels of triglyceride and low density lipoprotein, as
well as the whole fish water content were significantly reduced, while the liver total antioxidant capacity, whole
fish protein content and muscle shear force values were significantly increased in the SOp, BOl, BOp groups. In
addition, the serum catalase activity and muscle hardness of BOp group were significantly higher than those of
SOI, BOI and SOp groups. The fatty acid composition of liver and muscle showed little difference among the
groups, reflecting the fatty acid profile of feed. The results indicated that compared with liquid oil, fat powder had
no adverse effect on the growth of tilapia and could improve the health and muscle quality of fish. The effect of
blend oil is better than that of soybean oil. Combined with the advantages of packaging, transportation, storage and
usage, fat powder is worth promoting and applying in aquaculture production.

Key words: GIFT Oreochromis niloticus; juveniles; fat powder; aquafeed; growth performance; biochemical
index; muscle quality
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