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Tab. 1 Diet formulation and analyzed chemical composition (based

on dry matter)

JE E% E/F‘n “1/)2;1'1@1‘6 “1/)3;6@15

o HOE O HWE am A
Ingredient (gkg)  wop'  HoD®  “127s0T° “1/3”sOT'
] = i £ Ky
Chinese anchovy 250 250 250 250
meal
KR ED
Soy protein 140 140 140 140
concentrate
T #y Wheat flour 120 120 120 120
T HiSoybean
meal 90 90 90 90
2 ¥fRapeseed
meal 75 75 75 75
XS A #3 Poultry
by-product meal 60 60 60 60
4 ik Wheat
gluten 60 60 60 60
5 1f BR oK
Spay-dried blood 40 40 40 40
meal
X6 A Sunflower
meal 25 25 25 25
24k f i
Winterized fish 108 54 54 72
oil
T Jfi £t i Fish
stearin oil - >4 >4 36
L- &R L-lysine 10 10 10 10
DL-# 2 FZDL-
methionine 0.3 0.3 0.3 0.3
R — 45
Monocalcium 10 10 10 10
phosphate
EZ =20h
Vitamins and 55 5.5 5.5 5.5
minerals
= H
AR S0%
Choline chloride 4 4 4 4
7 2% 7 Anti-
mould 1 1 1 1
P AL Anti-
oxidant 0.5 0.5 0.5 0.5
e RC VC 0.5 0.5 0.5 0.5
HEHE VE 0.2 0.2 0.2 0.2
IR Analyzed content (%)
7K 4 Moisture 492 4.93 4.81 4.72
F & A Crude
protein 51.67 51.76 53.33 51.66
FAEMiCrude fat  15.78 15.67 14.91 16.07

#: 'WOD. &1k H Wiwinterized fish oil direct-coating;
’HOD. #J3E H Bthomogenized fish oils direct-coating; *“1/2”SOT.
“1/2” % g 4¥W51/2” fish stearin oil top-dressing; *“1/3”SOT.
“1/3”1ifi flg 43 M51/3” fish stearin oil top-dressing
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TH 49 JE o B 4EL R (I 5 77925 GB 5009.168—2016) 1L
* 3.
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PRIV E W ) <1/2 8 AR 43 25 Wik (R AR 1/2” i
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IR Y, R A I A I 1) Smin, 554N 4R 2R
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JE, FFHE A% H) T F R (8] 15min.  FHER B, &
Pt FE2min 5 {45 15 3min, KRR E, B2 FHE SR,
DAARE 7E R UE 78 A 9k 35 53 W% 3% 1) [ e RS o ek i bar
PR RE; SR E W R FHE AL B — 5y
75, BT i e A A g RN i R i 22 10 1 ER AR TR
I3 VRA) G BRI < 1/27 R g 2 WA, W) S L
FE R T i R /210 A b f g, ORRE A S5 IR R
B[] (Smin), ¥ A2 i) S B (8] 10min, #5745
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Tab.2 Extruding parameters

BRI IS (5 00T 4 I B /2 A R A g /378
JIE 2 W% 2 B 5% 9% SR D << 1727 el I 43 vk 4L ) [ )
1, (S mER2/3 440ty , FEmTR 1/360 I .
WA 58 HE I PRDRHA E0 I B 24h DU I IE 78 70 5 1
W VAT, FH 4 7 AL 07 o e A R S5, P Bk s SR
SR RN AR T K R R T 2
DUFRPERRL ) BRI 4.
1.2 AR KPFRREMRINE

A 353 A KA 85 °C 4t it 120 A 4 ) W 1
(E 4265 mm, =65 mm, W FL0.85 mm)#EiTFREid
S FERARREN3S g2 A7 A REIBURE, 34750 i 42 9 1A

*3 ZUHEHSEIEE MR S
Tab. 3 The analyzed fatty acid (FA) composition in winterized
fish oil (WFO) and fish stearin oil (FSO)

o e ms ROk
Composition iyl 4y Composition iyl fajh

AN T 241 wE

Extruding parameter Setting
ML ¥ Feeding rate (kg/h) 298.6
FEHLFE I Screw speed (rpm) 340.0
FE WA Torque (%) 47.0
AU EFESME (Wh/kg) 46.6
5 I 7K Water added to conditioner (kg/h) 53.4
5T #% i JE Temperature in conditioner ('C) 95.2
LRFF 2% H T B Temperature in retentioner outlet (°C) 96.0

AL A3 X 5L FE Temperature in the 3" screw section ('C) 953
JE AL B4 [X 5. ¥ Temperature in the 4" screw section ('C)  113.7
JALHLS X 5. ¥ Temperature in the 5™ screw section ('C)  113.1

13 H E Die temperature (C) 111.0
183k i 77Die pressure (bar) 19.7
HifLfL4% Diameter of die holes (mm) 5.0
Hi #5758 B Bulk density of out-die (g/L) 421.0

WFO  FSO WFO  FSO
C4:0 0 0 Cl8:3n3 094 085
C6:0 0 0 C20:0 049  0.38
C8:0 0 0 (€201 3.11 127
C10:0 0 0  C20:2 024 028
C11:0 0 0 C21:0 0.03  0.06
C12:0 0.15  0.14 C20:3n6 020 024
C13:0 0.08  0.07 C20:4n6 133 1.01
C14:0 6.55  8.12 (C20:3n3 0 0
Cl4:1n5 0 0.07 C20:5n3 941  6.79
C15:0 0.82  1.06 C22:0 0 0
Cl15:1n5 0 0  C22:1n9 093 027
C16:0 21.60  32.10 C22:2n6 0 0
Cl16:1n7 837  6.98 (C23:0 038 032
C17:0 0.87  1.06 C24:0 1.68 135
Cl17:1n7 0 0  (C22:6n3 194 105
C18:0 493 752 C24:1n9 027 036
C18:1n9t 0 0

C18:1n9c 14.60 14.50 YWIFIFA 37.58  52.18
C18:2n6¢ 332 439 YHAMAFA 2727 2345
C18:3n6 033 034 YEAWMFA 3518 2440

x4 SRERAIEMREESREE)

Tab. 4 Physical properties of experimental diets (mean+SD)

B & W 127EflE 13RI
Pa;meter ELIE =L A i
WOD HOD “12°SOT  “1/3”SOT
K
Length (mm) 5.27+0.46
fift
Diameter (mm) 6.96+0.29
#i FEPellet 01132+ 01130+ 0.1125¢  0.1130%

weight (g) 0.0005  0.0005 0.0012 0.0008

¥ EBulk 430.85+ 431.03+ 43045+  430.50%
density (g/L) 0.28 0.84 0.46 0.38




1728 K& A& Y ¥ 47 &

JEEH; FH1000 mLAE A 8 HL600 mL/K B T1HiR k%
KRR, IR E26°C, T 25 A AR 190 12 B
Tletrrh, 7£60 r/minkF N T IR R
B (8] 43 531 % %€ 9 10min. 20min. 40min. 60min.
90minfl180min. £ REHE S-I2 LI ] Y 43 73 i3k
T3 ERNE . (ERIEIEFE T, Fr A R 45
TEIKTHE F o 7EIRIEEE HJE K W5 AR b 22 22 42
i, AHE /K 30min)5 B T-85 CHAE T8 12h. K
RILTEVIE T8 e 0 TR R AN 4 0 B 5k e ick
40 H ARETT, TRAEFRI .
1.3 #H&matr

FE ST Y0522 GB/T 6435-2014 )51, K 2k
FEIETIOSCTHAM T EEEN &, HEASH
GB/T 6432-201877 1%, 1 FHEILIKE &4 (Opsis KD310,
Sweden) | 5E, *HNENT 2% GB/T 6433-200677 2%
(BZEAE M), 0 FH i R /K A AT B R B (1) 2% IR 324X
(Opsis SX110A, SX-360, Sweden)illl 5E .
14 HESSZITSH

TARNA KRBT A W T

TYIA KRR (%) =
m2 x ZHTDM% — (m3 — m1) x ZL/FDM%
m2 x ZIEHIDM%
%100

HLZB I % (%) =
m2xIZ VAT F1% —(m3-—m 1) x 2 EHE %
m2 x {2 HTDM%

x 100

R IIE R (%) =
m2xIZ Y HTHLAG 1% —(m3—m 1) 32705 HAR %
m2 x Z{EHDM%
x 100

FH, DMOWFE 5T 105 °C 4 22 18 1 0 E 1 T4 )5
(%), mAEE M 0 E 2 (g); m2 NIRRT
L & (g); m3 985 CHET 5 4@ W 12 A ) 2 &
(2). RS 5HHEHREHEHEA SHIEN &
BT (%)

T4 BUdE A5 FISPSS 22,05 4 HEAT SE it 20 7 .
G 45 B R H LR 25 7 22 73 T (One-way ANOVA)
HEAT 2 5 B E VARG, Wi 25 (P<0.05) )5 44 Ab 3
HiET 2 H L # (Duncan’s test). #B43 56 25 AR
P 75 BAE R — DB FEAR AT SG o FEXT A b 2R
HPAT T TR S, ST E R R EN, B
PEZKF R P<0.05, Wl 5E 18 LA 3 (A A5 1 2 (mean+
SD)" &R

2 #£R

2.1 FEHERBGAAIEXT A O B85 5 B A% E
RERR7K iR R A SN

WIE LFR, BRI S, MR R 5=
6] S IEAH 9, ¥ 2 2 B 12 Y st 1] 28 K 1T 32 7 T 5 o
128180min &IP3 2R % 4.60%, H I H11.95%
(79 29 R AE T IR 10miniR i . (HIE &R
IFIE) N, 2 AbBRAH 8] R A I v R R R 2 7
(P<0.05). {2if10minj5, LA EMZH 3% TR
B, Hop &R L 2 7 (P>0.05); 121E20—
60minjr&, XML EWHH R I ZE, B m T HA MR
H, <1200 l5 73t R A i, B IR T HAR &4,
IR B WA /3R i A T 2 R IR
90min/&, &b B W B AR BT TR 3% 2= 5, 2
A7 35825 v T 1 /27 RN /3B IR s 2L, A 0 2L T
TREER. 1RIN180min/a, “1/27H fig /Mt 4 F 3
B, BERTHASH, HAKANEEEZER.

W 5HT7R, 16 HT60mini= HIN () P, 1578 B
AH HTREL IR 07 i O 2 B AR T AL LR A iRV
8] =90minf, P93 0] 0 2 3 25 5 o X 1o B 2 T 1t
% FH AR PR VLRD R RE A 50 PR AR TR HR VR 7 K
— 72 I [0 P FETREL g 77 9 2

W2 6, I3 10min/a, 7R B4 F<1/2”
Tt i 2 W 2EL 0K G 77 9 2K %6 G J 38 (P>0.05), 1524
VYIS 6] =20mintF, «1/2° 88 54305 26 R i 7 7%
B AR T YR BB (P<0.05), i B iR %
G Gt I, 025 65 X KLl U7 17 2 23R 1 s | 2
FIRA G M BB

W TR, B 10min)g, <1/27F1<1/37 1 fig 5

I 2L HmtWOD A HEEBHOD
B “1/2”ff g4 mt<1/27SOT EX “1/3”ffi g5y M5t 1/3”SOT

gs a aa 2apa
& 4 a b
E{E% a bop| 2B b
wE 3 b b g
el a b Ci C|
=% o ([}h2b
=g
#2E

2

S0

10 20 40 60 90 180

&I} [A] Soaking time (min)

B 1 ASEh G S Tr sUAR B A PaDRHEE ZK s i AS [ I ) 5
PR T R F A2

Fig. 1 The effect of oil sources and vacuum coating strategies on
crude fat loss in feeds after soaking in water for 10 to 180min
AR T BEAN [R] R [R] — R VL S [ P % Ak 2 2 [ A7 7 8 3 22
(P<0.05); T H

Different superscript letters indicate significant differences among
treatments (P<0.05). The same applies below
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st 2 8] 6 2 3 22 53 (P>0.05), 24I2 ¥ ] =20min
H.<60minitf, «1/27 t i 73 W 2H (R REL i s 975 Ok %
FART 1374, 2RI (8] =90minff, PI# S
FHER . R D WR 2 A Il i BE BE A AL
i PR A ARD R AE 7K Hh— 5 IR 8] YRR R T 07 375 2K
2.2 FREIHBEBURCEN K OERSSER/MEE
SIS 0 A )

N 2FR, ML AR R SR AR B I
5 BUATEIAFREE RS M RRERIA KRN
Tab. 5 The effect of vacuum coating of fish oil with different

saturations on crude fat loss in feeds after soaking in water for 10
to 180min (mean+SD)

Kl R fE iy v e 2R
sﬁlﬁgﬂe Log?fiiﬂfsffuﬁyéﬁ%) P-value
(min) AMCEWE IR
WOD HOD

10 2.27+0.09 1.86+0.09 0.01
20 3.17+0.04 2.66+0.13 <0.01
40 3.61+0.10 2.96+0.06 <0.01
60 4.06+0.10 3.17+0.16 <0.01
90 4.33+0.15 4.32+0.20 0.94
180 4.72+0.15 4.63+0.03 0.37

F* 6 FRIFABHAFEE &M ARHEARR AR E R
Tab. 6 The effect of vacuum coating of fish stearin oil with
different strategies on crude fat loss in feeds after soaking in water
for 10 to 180min (mean+SD)

TP v Ok 2

Si%i%lﬁgﬁtri?ne I‘Joss rate of crude fat (%) Povalue
(min) POREE <12 BRI
HOD “1/2”SOT

10 1.86+0.09 1.85+0.26 0.95
20 2.66+0.13 1.96+0.48 0.048
40 2.96+0.06 2.30+0.02 <0.01
60 3.17+0.16 2.79+0.10 0.02
90 4.32+0.20 3.44+0.34 0.049
180 4.63+0.03 4.40+0.17 0.049

R DLBUATREIELBIRE RS & i &L & A RE R BAA
el

Tab. 7 The effect of step-coating of fish stearin oil and winterized
fish oil with different ratios on crude fat loss in feeds after soaking
in water for 10 to 180min (mean+SD)

FHOG, Bl 0 B ) S, FH B 1V K SRR T
1R I180minf5 1) 359 4 % 910.26%, HHH13.02%
(P 359 O R AL T BRI T 10miniz it . (H 5 KR
U 5 R R AT AN A, 72 10—60min 32 1 [R] Y, 2%
Aab B 2H 1] (KL B 1V R R 38 T IR 3 22 R (P>0.05) 6
R (B =90mink, 440 EWTH B E & T HAR
HAH(P<0.05), KA KA E ZE R

el WL e = o N ik o - I
YA A 90mink, ¥R E WA ER A E LR B
FR T LA E WA, AR (A], ¥R B2 1
FLER A R R BAERUE EIE T KL E w4, HE
HIMHTEEZERGER S). ARG 5% R E
B A (R 9) B AR [F] 1) 43 A8 Wik 07 AT IR AN [F) &
T g f6.3H (2 10), 3394 2 38 B ma Al L /K Hp (A 2R
K.
2.3 ARELHEEREBRALIEN XORES SRR T
PIRK B R RSN

W 3R, BRI [R] FRZT K, TR
KFINEZ TH i, B 180min G 1T VA S K A
22.34%, HILH16.80% 11351 R K A T e A I HT

I 2L EHmt WOD A ik E %t HOD
B “1/27Ff g4 m51/2”SOT EX “1/3”#fi g5 M 1/3”SOT

12 a
bbp
@b
10 20 40 60 90 180

10
=15} 1A] Soaking time (min)

HUE ik

Loss rate of crude protein (%)

S N B~ O

Bl 2 ARl g A w7 A B (0 DR K 2 WA [R] B8] 5
R B3 R F A

Fig. 2 The effect of oil sources and vacuum coating strategies on
crude protein loss in feeds after soaking in water for 10 to 180min

* 8 WUANENAFER MR ARHEERR AR RIFN
Tab. 8 The effect of vacuum coating of fish oil with different
saturations on crude protein loss in feeds after soaking in water for
10 to 180min (mean+SD)

S PR IR 107 2k 3 o TARLHLE VA
S({)fli%lwtli?ne Loss rate of crude fat (%) Poval S(/))Zl:%lwtli?le Loss rate of crude protein (%) Poval
(i) SUZBERESYWE <U3CRERRsMEE CVRYC (i) KA R WA FL “vale
“1/2”SOT “1/3”SOT WOD HOD
10 1.85+0.26 1.83+0.04 0.93 10 3.07+0.06 2.9540.12 0.21
20 1.96+0.48 2.50+0.05 0.04 20 4.26+0.04 4.06+0.23 0.27
40 2.30+0.02 2.96+0.04 <0.001 40 6.39+0.08 6.33+0.19 0.75
60 2.79+0.10 3.30+0.03 <0.01 60 7.81£0.08 7.63+0.33 0.39
90 3.4440.34 3.55+0.03 0.70 90 9.1440.18 8.43+0.05 0.03
180 4.40+0.17 4.66+0.01 0.06 180 10.85+0.44 10.08+0.01 0.13
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10min{Z 0. SR R AU, £ BRI 5]
W, AR ) 4 U R R B B R (P<
0.05). Zifl10min/m, XL EWIHE IR ZE, K1)
JRVE R R T HAR S A, <127 g Wi R
A, HTYRERREZMTHASH, BRE
M AL AT 1/3 7 i 4 g 201 1) G &k 35 2 5 (P>0.05); %
11120—60minJs, “1/2” B fig 7 W A R IR AL, T4
R FEKHEFABAFEEE & M AREERRREN
S0

Tab. 9 The effect of vacuum coating of fish stearin oil with

different strategies on crude protein loss in feeds after soaking in
water for 10 to 180min (mean+SD)

TR & VA 3

Loss rate of crude protein (%)

R A]

Sovme e Tyygrwr  cumam e
HOD “1/2”SOT
10 2.95+0.12 3.05+0.06 0.27
20 4.06+0.23 4.35+0.10 0.20
40 6.33+0.19 6.584+0.05 0.22
60 7.63+£0.33 7.80+0.12 0.43
90 8.43+0.05 8.59+0.16 0.32
180 10.08+0.01 10.2040.01 0.20
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Tab. 10 The effect of step-coating of fish stearin oil and win-
terized fish oil with different ratios on crude protein loss in feeds
after soaking in water for 10 to 180min (mean+SD)

TR I R R

Loss rate of crude protein (%)

BRI A

Soalgsrrlli%l)time UG 13" T E P-value
“1/2”SOT “1/3”SOT
10 3.05£0.06 3.00+0.03 0.30
20 4.35+0.10 4.02+0.20 0.13
40 6.58+0.05 6.57+0.10 0.89
60 7.80+0.12 7.62+0.11 0.13
90 8.59+0.16 8.64+0.09 0.72
180 10.20+0.01 9.90+0.11 0.06
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Fig. 3 The effect of oil sources and vacuum coating strategies on
dry matter loss in feeds after soaking in water for 10 to 180min
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Tab. 11 The effect of vacuum coating of fish oil with different
saturations on dry matter loss in feeds after soaking in water for 10
to 180min (mean+SD)

Fetg T A 2
sﬁﬁﬁgﬂie Losgﬂrﬁrjﬁ@d% {rfftif(%) P-value
(i) AL T 0T EL
WOD HOD
10 7.27+0.15 6.75+0.26 0.14
20 10.11+0.01 9.86+0.03 <0.01
40 15.02+0.08 14.39+0.24 0.05
60 17.43+0.29 16.66+0.43 0.05
90 19.74+0.55 19.08+0.06 0.24
180 23.00+0.51 22.30+0.11 0.21
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Tab. 12 The effect of vacuum coating of fish stearin oil with dif-

ferent strategies on dry matter loss in feeds after soaking in water

for 10 to 180min (mean+SD)

IR TR R

Siii%liﬂ?ne Loss rate of dry matter (%) Povalue
(min) POREBE 127 5y
HOD 1/2”SOT

10 6.75£0.26 6.37+0.04 0.029
20 9.86+0.03 9.76+0.15 0.35
40 14.39+0.24 14.01+0.20 0.23
60 16.66+0.43 16.30+0.10 0.22
90 19.08+0.06 18.67+0.15 0.37
180 22.30+0.11 22.03+0.33 0.36
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Tab. 13 The effect of step-coating of fish stearin oil and win-
terized fish oil with different ratios on dry matter loss of feed after
soaking in water with different times (mean+SD)

TR VA 3

Si%i%lﬁgﬂhtri?ne Loss rate of dry matter (%) Povalue
(min) “U2EEARGE <1/3V G ) 6
“1/2”SOT “1/3”SOT
10 6.37+0.04 6.84+0.06 <0.01
20 9.76+0.15 10.00+0.05 0.049
40 14.01£0.20 14.75+0.08 0.04
60 16.30+0.10 17.14+0.14 <0.01
90 18.67+0.15 19.03+0.20 0.10
180 22.03+0.33 22.06+0.14 0.88
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TOP-DRESSING OF FISH STEARIN OIL BY STEP-COATING PROCESS
ELEVATES THE WATER STABILITY OF HIGH-FAT FEED FOR
LARGEMOUTH BASS (MICROPTERUS SALMOIDES)

KE Tian-Hong"*®, DONG Zhi-Yong">, SHI Bo', CAI Lin-Wei', WU Bo-Wen' and ZHANG Yue-Xing'

(1. National Engineering Research Center for Marine Aquaculture, Marine Science and Technology College, Zhejiang Ocean
University, Zhoushan 316022, China; 2. Department of Animal and Aquacultural Sciences, Faculty of Biosciences,
Norwegian University of Life Sciences, NO-1432 As, Norway; 3. Application R & D
Centre for Asian and Pacific, Biihler Group, Liyang 213300, China)

Abstract: The current study was aimed to test if step-vacuum coating with fish stearin oil can elevate the water-stabi-
lity of high-fat feed for largemouth bass. A batch of uncoated pellet was obtained from a commercial extrusion line,
based on the current practical feed formulation of largemouth bass. Four groups of high-fat experimental feed were pre-
pared by direct vacuum coating or step-coating with fish stearin oil and winterized fish oil to the uncoated pellet from
the same batch, and named as winterized fish oil direct-coating (WOD) group, homogenized fish oils direct-coating
(HOD) group, “1/2” fish stearin oil top-dressing (“1/2”” SOT) group and “1/3” fish stearin oil top-dressing (“1/3” SOT)
group. The parameters on water stability of feed were measured after soaking in water for 10, 20, 40, 60, 90, and
180min. under the conditions of water temperature at 26 C with slight oscillation respectively. The results showed that
the loss rates of dry matter (DM), crude protein (CP), and crude fat (CF) of each feed increased gradually with soaking
time, and the average loss rates of DM, CP, and CF were 22.34%, 10.26% and 4.60%, respectively, after soaking for
180min. Soaking within 60min, the WOD group performed the worst, the loss rates of CF and DM were significantly
higher than that of other groups, and the “1/2” SOT group performed the best, the loss rates of CF and DM were signi-
ficantly lower than that of the other groups, while no significant difference was found in the loss rate of CP among all
groups (P>0.05). After soaking for 90min, the CF loss of both “1/2” and “1/3” SOT groups were significantly lower
than that of WOD and HOD groups, however, no significant difference was found between the two SOT groups. The
DM loss of “1/2” SOT group was significantly lower than that of WOD group, but there was no significant difference
among WOD, HOD, and “1/3” SOT groups. The loss of CP in WOD group was significantly higher than that of other
groups. After soaking for 180min, the CF loss in “1/2” SOT group was significantly lower than that of the other groups,
and the loss of DM and CP in WOD group were significantly higher than that of the other groups. Based on the compara-
tive analysis furtherly, the results indicated that by increasing the saturation of oil for coating through blending the more
saturated fish stearin oil with winterized fish oil, adopting the step-vacuum coating process to top-dress the fish stearin
oil to feed pellet, or increasing the proportion of fish stearin oil for top-dressing was helpful to elevate the water stabi-
lity of high-fat feed for largemouth bass. And each mean could effectively reduce the loss of CF and DM in the feed,
but not the loss of CP.

Key words: High-fat feed; Water stability; Fish stearin oil; Step-vacuum coating; Micropterus salmoides
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