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( , 2013; Zheng et al, 2014;
, 2015),

(Lee, 1995; Domingues et al, 2005; Solorzano et al,

2009) , ,
1
1.1
2017 9 ,
, 180 (127.27+
12.19)g, (67.23+6.12)mm, 30L
1.2
(6mx1mx0.6m),
PVC ( 90mm, 700mm), 0.5m
, 28—30, pH 7.8—
8.1, 17.2—20.8°C, ,
, , 5d 1 17:00
Ws1), 8:00
(Ws2)

(Ruditapes philippinarum),
(6.30+0.45)g

(29.29+0.91)mm,

6 ©, 3, 6, 9, 12,
15d), 3 , 10
, 5d ,
O] (SR),
, (HSI),
~80°C

15d,

(SR)=N,/ Ny x 100%
FD=(Ws1— Ws2) I N
(GRY=(Wyn— W) | Wy % 100%

(HSD=W, / W, x 100%
(SGR)=(InWy, — InWy) / t x 100%
(CER)=(W — W)/ FI x 100%

=Wy — W) ! Wy x 100%
UA )/ W

N2 > Nl
Wsi » Wso
Wy . Wi Wa  Wa
t
1.3
-80°C ,
, HP6890 PLUS GC
SIGMA
, 3
1.4
+ (Mean+SD)
,SPSS 21.0 , ANOVA
Tukey , P<0.05
2
2.1
, 6 3
, 10 5d
(") (SGR) (SR)
(P>0.05)( 1),
2.2
« 1,
( 0d), 3d 6d 9d
F1 KE#HE, BEERKERBEERSRIT
Tab.1 Statistics on the wet weight, specific growth rate, and

survival rate of O. minor

(%) (%)
0d  129.22+7.64 138.36+10.32 1.35+0.31 100
3d  126.14+12.79 135.92+15.04 1.48+0.46 100
6d 126.55+£11.40 135.67+£10.54 1.41+0.36 100
9d  129.58+9.18  138.94+8.37  1.40+0.42 100
12d 123.68+15.82 132.70+19.40 1.37+0.41 100
15d 128.92+18.09 137.63+19.29 1.31+0.37 100
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(P>0.05); 0d  (4.23+0.35g)> 9d  (4.09+0.96g)> 12d
12d  15d (P<0.05), (3.41+£0.57g)> 15d  (2.81£0.43g)
0d(97%) = 3d(97%)> , ( 4
6d(93.3%)> 9d(83.3%)> 12d(73.3%)> (P>0.05)
15d(56.7%) 6 R ;
(2 od 12d 15d s b BIEEE -FHAL |,
94 bc bc 5;\;;
3d  (P<0.05) glg@ ) W o, 145
3d(5.38%=1.44%)< = 3k
= 2 an
6d(9.54%+1.61%)< 9d(12.72%+2.06%)< <*1 f
12d(15.93%+2.18%)< 15d(18.15%+4.46%) 0 ‘ 0
6 9 12 15

( D,
(P<0.05),
3d (4.20%=0.88%)
8 . 1120
; a BFARLY - BUEE
6 £ k. ab be 11
s [ el I jso0 &
N Y o o é c 4
B4 o o 160 \ig
i e = B B
i 3 R R S P
f L E B
e o
0 0
3 6 9 12 15
ANENEE (d)

1

Fig.1 Effect of different starvation duration on the survival rate
and hepatosomatic index of O. minor
: (P<0.05),
i B0 EE 41%°
;\; 1.4 cd N 120 §
—12 . M
%10 he e cki?s &
0.8 o RPN
e i
= 0.4 15 &
0.2
9 12 15 0
NEUVHNE (d)

2

Fig.2 Effect of starvation and re-feeding on growth
performance of O. minor

2.3

, 3—15d ,
(P<0.05)

3d  (5.24+0.39g)>  6d  (4.85+0.54g)>

NRHEIE (d)

3

Fig.3 Effect of re-feeding on food intake and hepatosomatic
index of O. minor

, od (9d  12d
15d ) (P<0.05),
(5.98%+0.54%) 15d
(2.88%=0.43%)
« 2,
3d , 12d 15d
(P<0.05),
3d  (1.40%%0.16%), 15d
(0.77%+0.17%) :
« 4,
12d (P<0.05)
2.4
15 ( 2),
14 —22
(SFA) 5, (MUFA) 4,
(PUFA) 6 , C16:0
(18.12%+0.11%),  C22:4n-6 (1.06%+
0.06%)
2 , ,
SFA
3d 15d (P<0.05),
(P>0.05) SFA
Cl4:0 Cl16:0 C17:0 ,
UFA( ) ,
MUFA (P>0.05), PUFA
, 6—15d (P<0.05)
*n-3 PUFA (P<0.05),
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Fig.4 The difference of wet weight and food conversion efficiency of O. minor in different starvation groups after re-feeding

¥n-6 PUFA Xn-9 PUFA (P<0.05), (P>0.05)
(P>0.05) EPA+DHA , UFA , 12d 15d
(P<0.05) (P<0.05), MUFA
2.5 (P>0.05), 12d 15d PUFA
15d , (P<0.05) ¥n-3 PUFA Xn-6 PUFA ZXn-9
( 3) SFA C14:0 C16:0 PUFA EPA+DHA , Zn-3 PUFA  EPA+DHA
C17:0 , 15d 12d 15d (P<0.05)
Fz2 AEIEBAKIBENABHESE
Tab.2 The muscle fatty acid content of O. minor in different starvation groups
3d 6d 9d 12d 15d

C14:0 1.71+0.10° 1.54+0.09% 1.41£0.18" 1.37+0.28% 1.16+0.18° 1.14+0.21°
C15:0 1.43+0.03° 1.36+0.13° 1.40+0.17° 1.38+0.17° 1.31+0.02° 1.22+0.02°
C16:0 18.1240.11° 17.21£0.22%° 17.27+0.53% 16.25+1.22% 15.18+0.31° 15.31£1.17%
C16:1n-7 1.30+0.12° 1.15+0.06" 1.35+0.11° 1.21+0.13" 1.12£0.09° 1.29+0.05°
C17:0 1.29+0.12° 1.26+0.12° 1.18+0.06" 1.14+0.06™ 0.99+0.02" 0.87+0.04°
C18:0 13.79+0.91% 10.80+1.34° 13.27+1.09% 12.57+2.02% 14.81+1.57° 11.07+£1.37%
C18:1n-7 2.12+0.09 2.29£0.25 2.29£0.07* 2.15+0.21° 2.06£0.20° 1.97£0.25°
C18:1n-9 4.27+0.54° 3.50+0.36™ 2.95+0.13° 2.49+0.26" 2.67+0.60™ 1.78+0.19°
C18:2n-6 1.46+0.06° 1.2340.06° 1.24+0.11% 1.29£0.11% 1.26+0.08" 1.44+0.06™
C20:1n-9 4.39+0.10° 5.74+0.37" 4.61£0.35" 4.69+0.14" 5.71£0.86" 6.15+0.34°
C20:4n-6 8.60+0.52° 9.03+0.05° 7.99+0.37° 8.45+0.97° 8.48+0.28° 8.75+0.99°
C20:5n-3(EPA) 11.19+0.73* 12.90+0.55% 14.02+0.97" 14.08+1.31% 15.82+0.50% 16.60+1.10¢
C22:4n-6 1.06+0.06* 1.24+0.13 1.21£0.12° 1.18+0.09° 1.28+0.05° 1.17£0.18°
C22:5n-3 3.23+0.24° 3.39+0.05° 3.10+0.09° 2.79+0.04° 2.86+0.38° 3.1240.65°
C22:6n-3(DHA) 13.68+0.94° 14.83+0.32% 16.25+1.35% 16.67+0.34% 18.58+1.05% 19.38+0.93¢
SFA 36.35+0.78" 32.18+1.00% 34.54+0.79" 32.71£1.05%° 33.45+2.03%° 29.59+2.20°

UFA 51.3142.26" 55.29+0.70% 54.99+0.31° 55.00+1.49° 59.85+1.85" 61.66+2.44°
MUFA 12.09+0.48* 12.67+0.40° 11.19+0.63% 10.55+0.58° 11.56+1.11*° 11.19+0.71%
PUFA 39.22+1.90° 42.62+0.91% 43.80+0.33" 44.45+1.85" 48.29+1.28% 50.47+2.10¢
¥n-3 PUFA 28.10+1.38° 31.12+0.90° 33.36+0.47° 33.53+0.5° 37.26+1.25° 39.10+1.22°
2n-6 PUFA 11.12+0.55° 11.50+0.17 10.44+0.37° 10.92+0.95° 11.03+0.36 11.37+1.06
*n-9 PUFA 8.66+0.51% 9.23+0.09° 7.56£0.47% 7.19+0.40° 8.38+1.40% 7.93£0.50™
EPA + DHA 24.87+1.19° 27.73+0.85° 30.27+0.40° 30.74+0.97° 34.40+1.24¢ 35.98+0.57¢

(P<0.05),
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Tab.3 Changes in muscle fatty acid content of O. minor in different starvation groups during the re-feeding
3d 6d 9d 12d 15d
C14:0 1.74+0.08° 1.72£0.01° 1.75+0.1° 1.71£0.13° 1.59+0.13" 1.43+0.02°
C15:0 1.45+0.13° 1.24+0.12° 1.45+0.12° 1.25+0.31° 1.42+0.16" 1.25+0.14°
C16:0 18.59+0.70 18.32+1.05% 19.02+0.49° 18.55+0.48% 16.69+0.43% 16.05£0.91°
C16:1n-7 1.27+0.13° 1.15+0.06 1.09+0.06 1.25+0.16° 1.26+0.12° 1.27+0.05°
C17:0 1.27+0.18° 1.28+0.08" 1.25+0.12° 1.25+0.07* 1.10+£0.04" 0.95+0.04°
C18:0 13.46+1.97° 11.86+0.33° 11.45+0.41° 11.58+0.08" 12.66+0.10° 12.82+0.86°
C18:1n-7 2.16+0.36° 2.09+0.03° 2.16+0.22° 2.06+0.31° 1.95+0.06" 2.05+0.06°
C18:1n-9 4.24+0.60° 4.29+0.32° 3.45+0.43" 3.36+0.27% 3.04+0.40° 2.69+0.16"
C18:2n-6 1.53+0.17° 1.42+0.17* 1.23+0.08% 1.23+0.03* 1.19+0.09° 1.31£0.08*
C20:1n-9 4.49+0.36" 4.52+0.45° 4.54+0.31° 5.29+0.31% 5.61+0.27° 5.81+0.32°
C20:4n-6 8.77+0.28" 8.26+1.12° 8.40+1.12° 8.98+1.42° 8.76+0.14° 8.47+0.17°
C20:5n-3(EPA) 11.19+0.73° 11.44+0.31° 11.57+0.79° 12.93+0.87% 14.38+0.53° 14.92+1.75°
C22:4n-6 1.06+0.14° 1.32+0.02% 1.17+0.04 1.1440.16" 1.29+0.06% 1.40+0.03°
C22:5n-3 3.15+0.13° 2.95+0.36° 2.84+0.22° 2.97+0.34° 2.86+0.15° 3.29+0.23°
C22:6n-3(DHA) 13.35+0.61° 13.25+0.59° 12.73+0.68° 14.49+0.53% 15.95+0.33% 16.71£1.37¢
SFA 36.50+2.04° 34.41+1.00% 34.92+0.11% 34.36+0.39 33.46+0.99 32.51£1.21°
UFA 51.19+0.95% 50.69+0.67% 49.17+1.13" 53.69+1.15% 56.30+1.11% 57.91+2.70°
MUFA 12.15+0.26° 12.05+0.72° 11.23+0.93° 11.96+0.01° 11.86+0.60° 11.82+0.13°
PUFA 39.04+0.84° 38.64=0.52° 37.94+1.99° 41.74+1.16% 44.44+0.72% 46.09+2.74°
¥n-3 PUFA 27.68+0.66" 27.64=0.98" 27.15+0.85° 30.39+1.05® 33.20+0.78" 34.92+2.79°
*n-6 PUFA 11.35+0.36" 11.00+1.26 10.79+1.15° 11.34+1.55 11.25+0.28" 11.16+0.08"
*n-9 PUFA 8.73+0.41° 8.80+0.75° 7.98+0.74° 8.65+0.42° 8.65+0.66° 8.50+0.17°
EPA + DHA 24.54+0.76" 24.69+0.81° 24.30+0.65 27.43+1.32% 30.3320.86" 31.63+2.86°
3 3
(D (Plavnik et al, 1985;
31 Fang et al, 2017), (2) (Kim et al,
’ 1995), (3)
(Luquet et al, 1995) 3d 6d
( , 1998) 9d ’
,
( ,
2001) , 15d 3.2
« 2 , 3d 6d 9d , , ,
(P>0.05), 3d 6d
9d , 15d
(Litopenaeus vannamei) 18.15%+4.46%, (Acipenser
(Fenneropenaeus chinensis) schrenckii) (Epinephelus malabaricus)
( ,2001; , , 2004; ,
2004) 124, 2008) 1)
(P<0.05), 2 , (Acanthopagrus schlegeli)
4, (Oreochromis niloticus) ( ,
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, . 2001.
(G , 15d ,32(3): 233—239
56.7%, (Cyclina sinensis) ’ ’ » 2008.
( » 2008) , 15(4): 606—614
’ s s , 2012.
33 -1 mRNA .
) 36(6): 900—907
’ . . , 2016.
) , 27(6):
, 2002—2008
, 1998) i , 2013.
SFA, MUFA, , , , 2008.
PUFA, EPA DHA (Cyclina sinensis)
( 2) 28(5): 2052—2059
' : , , 2001.
EPA DHA (Zamal L 21(3): 452—457
et al, 1995) , 1962. -
,213—217
’ 5 , , 2008.
, 3d
6d 9d 15d , SFA PUFA 17(6): 674—679
( 3), 12d 15d UFA ; , , 2004
PUFA (P<0.05), - ,28(1): 47—53
, SFA MUFA PUFA ’ ’ 34(12): 14—18
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4 R , , 2004.
, , , 28(3): 279—
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EFFECTS OF STARVATION DURATION AND RE-FEEDING ON THE
GROWTH AND MUSCLE FATTY ACID CONTENT OF OCTOPUS MINOR

SONG Min-Peng, WANG Jin-Hai, ZHENG Xiao-Dong
(The Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract Under the temperature of seawater of 17.2—20.8°C, Octopus minor [initial wet weight (127.27+12.19)g,
initial mantle length (67.23 + 6.12) mm] were starved at different durations (0, 3, 6, 9, 12, and 15d). After the starvation
treatment, O. minor was re-fed for 15 days to study the effects of starvation duration and re-feeding on the growth and the
muscle fatty acid content. The results show that the survival rate and hepatosomatic index of O. minor decreased with the
increase of the starvation time, in which the survival rate was significantly different from that of the control group after
starvation 12d, the ratio of hepatosomatic index decreased the most obviously in the 0—3d group. After re-feeding, the
hepatosomatic index of O. minor with a long starvation period (9, 12, and 15d) was still significantly lower than that of the
control group. The decrease rate of body weight showed an upward trend, reaching the highest value of 18.15%= 4.46% on
the 15d. The specific growth rate of the 3d group was significantly higher than that in control group, those of the 12d and
15d groups were significantly lower than the control group. The wet weights in 3d, 6d, and 9d groups after re-feeding were
not significantly different from those in the control, but those of the 12d and 15d groups were significantly lower than the
control. The content of PUFA in the fatty acid of O. minor significantly increased with the length of starvation from 6d.
After re-feeding, the values of UFA and PUFA in 12d and 15d groups were higher than that of the control. In conclusion, O.
minor in starvation for 3d, 6d, 9d could fully compensate for growth, and for 12d, 15d could pick up partially only. The
starved O. minor could complete the compensatory growth by increasing their food intake. Therefore, in practice, the
starvation duration shall be within 9 days.

Key words Octopus minor; starvation; re-feeding; growth; fatty acid



