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Effect of Dietary Lipid Sources on the Immune Function, Metabolism
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Abstract : The objective of this study is to measure the effect of supplement of fish oil, soybean oil and fish and
soybean mixture oil (1:1) in diets on the growth, immune function, metabolism and resistance to hypoxia in
Chinese Mitten Crab ( Eriocheir sinensis). The three diets for adult crabs with 3% fish oil, 3% soybean oil and
3% mixture oil were prepared. These diets were used for feeding crabs for 115 days. Crab weights, lengths and
widths were measured. And then the crabs were placed into normal DO level (9. 06 +0. 06 mg/L) and hypoxia
water (2.57 £0.44 mg/L) ,and their immune and metabolic indices were measured. We found that the hypoxia
stress evidently influenced the metabolism of crab. The weights of crab were not significantly affected by the

variation of oil lipid in diets; the hemocyte count, hemocyanin content, the activities of SOD, ALP, ACP and
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LDH of the crab were the highest in the mixture oil group (1:1), so the supplement of fish and soybean oil (1:1) in

diets evidently improved the crabs’ immune and antioxidant ability, comparing to other two groups, and the

crabs in mix oil group had a better ability of resistance to hypoxia.
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SOD) {f P [, T i 5 4 1 SR 1 FLIR A
BRFEEACT
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BRI FF R, REXRIK AR R, H R
AR T AR A R AR A O i A
HUER B 28 b i BT 58 & B, L 4N B R ER

( Litopenaeus vannamei ) % W& A [f] & 12 19 fiff 44
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Table 1 Formulated diets with different lipid sources in feeding experiment of adult crabs

LRty | ] ESRTIiRAYII N AR IR A S e
Fish oil group Soy oil group Fish oil + Soy oil (1:1)
A Soy dregs 216.8 216.8 216.8
21 Rapeseed dregs 120 120 120
F3H1 Cotton dregs 60 60 60
ik Fish meal 200 200 200
WP RE Y Beer yeast powder 30 30 30
T4} Flour 120 120 120
0K Squid meal 100 100 100
WRFEH Shrimp shell powder 20 20 20
Skt (g) W 22 A Vit:l)min mi[))clure 4 4 4
Ingredient e
Wi — A4S CaH, PO, 20 20 20
WK Zeolite powder 40 40 40
AEAE Sinkaline 2 2 2
Biligi Lecithin oil 15 15 15
#5403 Codfish oil 30 0
K3 Soy oil 0 30 0
fifi R IR Gl (1:1) 0 0 30
Mixture of codfish and soy oil
MM Crude protein (% ) 38.90 £0.01 38.72 +0.27 36.31 £0. 12
e, SRS iE N JK5> Ash content (% ) 13.93 £0.93 13.72 £0.75 13.63 +1.57
Biochemical indices of diets 7K 43 Moisture content (% ) 11.56 0. 01 9.47 +0.05 17.04 £0.07
KfIg Total lipid (g/kg) 6.43 £0.01 7.09 +0.20 6.34 +0. 11

TRPAHEUREE YT g i TR 2 w43

The feeding sources were all provided by Bada feed company at Nantong in Jiangsu Province.

1.2 fAFREKW SRR E R H KGR
ARG FEFEMA K x T x 5 =50 em x 30 cm x 20
em, B E) IR AE , DA B 1k 00 [ AR AR N, FRE
SAFARFFAE IR B N 20,50 ~ 20.90°C , ¥ it 4
(dissolved oxygen, DO) & 8.98 ~9.15 mg/L,
pH }78.03 ~8.34, A~ 0.1 ~0.2 mg/L, L.
il 5 /N T 0.005 mg/L, Y6 I &4 12L:
12D, HRKFM WS AR 2 K, 7E 5 R iE

Jre T — R ) F e Rk B g e 5 1 7 Ak
YuoK 5, WEFRINE] g 115 d, SC3e 4% o 5 4% 20
Bl o K ik AR E Se KRFI5EE

1.3 {REXW HFRLIEHG B A
AT RGNS 1 RGO E &
E(9.06 £0.06) mg/L FIEAE (2. 57 £0. 44)
mg/L Z50F T 90 h, & R —DHEE 73 5
M9 LA T G R AR FRER BRI 2, S48 i
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AT UK ARE i B AT B0 = K IR R IR
RGPS, LR G Goodman 55l Brown-
Peterson S5 4 1R 1) 7 Gt gl e ifi ok~ B 3
A VEREAE— B KA B, 53 )2 3 KAl | S
R R AR AU ] P A R KR 2 | A
AR EITE AL, I R O A I
B KA A SRR 7K R R 60 L/h, #K

FEMZS A 192 L, 5250l h 480 L, 7ES240IH
(i) A o ] S — U D)7 1 A EL AR
RS A B K G kB — e KT e
Fa35) Ml A\ S S A v it A 2N T E A S 5
e R RE AR S0 A AR AR B, 7EAR AU
], BB 1 h ] YSI-pro20 %4040 5 5256 1

R AR IR SRR AT A

F2 IR EEN 3 WAL PSRRI S (%)
Table 2 The profile of fatty acids in three diets feeding the crabs

JE iR AL ZEs fah AR A
Fatty acid Fish oil diet Soy oil diet Fish and soy mixture oil diet(1:1)
Cl4 2.59 £0.23 1.86 £0.53 2.05 £0.07
C15:0 0.56 0. 01 0.22 +0.03 0.39 0. 00
C16:0 20. 88 +0. 05 15.93 +0. 41 18.45 +0. 10
C16:1n7 3.58 +0.01 2.23 +0.41 2.70 £0.04
C16:3n4 0.75 +0. 09 0.24 £0.02 0.51 £0.04
C18:0 6.08 0. 30 4.19 +0. 88 5.39 =0.01
C18:1n9 15.46 +0.22 18.32 +2.09 17.18 £0. 10
C18:1n7 3.65 0. 04 2.95 +0.27 3.37 +£0.05
C18:2n6 20. 14 +0. 66 38.21 +0.28 28.81 +0.32
C18:3n3 2.86 0. 25 4.97 +0.87 3.74 £0. 11
C18:3n4 0.48 +0. 05 0.45 +0.17 0.45 +0.03
C18:4n3 0.29 £0. 15 0.22 +0. 16 0.43 +0.13
C€20:1n9 0.82 £0.03 0.47 £0.27 0.77 0. 14
(20 :4n6 1.04 0. 01 0.49 +0.43 0.78 £0. 06
(€20:4n3 0.23 £0.17 0.21 0. 04 0.25 +£0.06
C20:5n3 5.02 £0.55 3.58 £0.74 4.07 +0.13
(€220 0.34 £0.01 0.26 +0. 11 0.33 +0.05
(€22:5n3 1. 14 £0. 06 0.47 £0.02 0.85 +0.05
C24.0 0.26 +0. 01 0.16 0. 06 0.21 £0.06
(22:6n3 12.20 +0. 47 3.81 £0.21 8.62 +0.20

1.4 MHKBKRESERONE

1.4.1 IMAHMEM e A B TE I H i ARG
090 h Ji, H 1 ml RS EREUMMR AL . BARTT
P B 5 3 % IR B R 0.9 ml 49 i 94k
EVE S5 ES RN EA 1 0.1 ml PTEER] (30
mmol/L F7 # BR #M, 0. 34 mol/L & 1k 44, 10
mmol/L EDTA,pH =7.55) S MR &, K —T
LR EE% T 88 711) A T A5 YR 80) i 200 e 5 ple L
I 51 R 2 S i O e I 240 i 22 38 2 35 B
I 240 B 255

1.4.2 MRS SEAAMESEAMGNE N
1EH AR 90 h J5 AYME I L 0. 1 ml I3k
L BB A TR R LB [, SR 5 510K A S

LA 4°C 12 000 r/min B0 15 min, T H
THWA - 80°C vKAE H IR AF, LAAS I 22 5 S il
o I R B, 75 K B0 S i
W R 1: 99 MARFR L 5 Tris-Ca 22 1P K
(50 mmol/L Tris-HCI + 10 mmol/L CaCl, ,pH =
8.0) R4 . FIFH UV-2600 4366 EE T, LA Tris-
Ca ZE A ZS FAKT IR, I 280 nm 1334 nm
B G BE , LA S a6k EL rp s B 1 R i 5 R
BV EE o 43S FH 280 nm 1334 nm Tl 5E )
WS Y6 X6 7 98 Y R B 13,5 R 2. 3 1A R
FRIIM 3 2R

1.4.3 FHAWERESEPR ARk A p
FHEBUALIAR L Sk oA 4°C vkAs Tt i, SR )5
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HGHH 6 000 r/min B0 30 min, FVE I
HEAT 2 Tl il R A RS AR 09I € . SOD % i B
MR A T EA T DU AE | SR T R 5l J AR ) O
FEITA LRI & BRI E J7 S R &
VEBH A3 17, R PR 8% 2 i (acid phosphatase,
ACP) P4 1 B8P B FR 1 ( alkaline phosphatase
ALP) 15 P42 BB R 2R Bkl e, >R e mt gt
A B 9E BT AE  RR) & BAR S N &
UL AR HEAT o LRV BE R v i A M Y
Fr & AR Al L i o . FLIRR IR Sl
(lactate dehydrogenase, LDH) i 14 Sz IR & 1 )
ARV, A 2 0l 1 RO B A B AR A e
A R B A A R s w ) AT I E BT
R th o B A m AL RSB
B R

L5 HiEALIE FIH] SPSS 12.0 AR S
Bells AT G oA, BT e B R FHE A ME +

PriEZE (Mean + SD) /8, R [ Levene’ s 3 i
F175 2P PERG G, AN 2 SR TT 220, X 454
PEAEAT R I SR 5 (BB S T IR 1 R
KJH one-way ANOVA 43 51] 43 # 45% MR i 41 432 R
J &R A AR Y 25 5 SRR oA B
(independent samples t-test) 43 BT 1F H ¥ A F1IK
FURRMESATEIR A, 3 i) L 2H 22 1]
KM one-way ANOVA 73 51| 73 Bt 1% 480 F1IE 5 1
AT Einz 2SR, JFRH two-way
ANOVA LA S B2 FIAS ] G Xof A R 45>
EARIEZIR I P <0. 05 225 W,

2 % R
2.1 HK¥ERR 25 115 d RN 3 FhiEk 4
IR O NG Eoe s e | s 0 | I (S P |

B2 TR 25 (£ 3) 76 3 bkl eh
TSI T 55 KRS ST A BT

x3 hEHGEBRLIRS 3 MARMERAR 115 d FERE. FKMITENTH
Table 3 The growth of the crabs during feeding with different dietary lipid sources

1A KL Diet group

fiihZH ERIEE] BEIMREAL(1:1)
Fish oil diet Soy oil diet Fish and soy mixture oil diet
S KHE Weight (g) 37.42 £8.43 45.10 £9.75 42.71 9. 47
i

. 51K Length (cm) 4.00 £0.28 4.26 £0.29 4.20 £0.28

Before feeding e e
Ftve Width (cm) 4.40 +0.40 4.67 £0.31 4.65 £0.34
B IRTE Weight (g) 69.92 +15. 54 76.25 +26. 38 57.53 +8.97
u. 55K Length (cm) 4.78 +£0.27 4.94 +£0.48 4.70 +£0.21

After feeding e o
Ft7E Width (em) 5.34 +0.33 5.44 +0.58 5.07 £0.25

2.2 HEMEALER SERPEmaE  ahd.

5 JE 175 T o 4 L 28 A (IR SR IE B IR U T
WEMER(F4), two-way ANOVA 4347k B
IR AR R B o35 I il 4 2 B S i B 4, %o
TR 3 FP ALK, IE I S0 T R I 20 A
175 P A0 200 B 25 38 4% 21 =2 ) 22 5 O B 3, F
REABE R, IKE 90 h 5 & B, fa G
THTR B 2B o e L 3 v T Al

MR A EEMRE T B H 5 ERHF
AT e R AN SR A R i
W R A R e S A i B R R A
AT HEN(54.42 £5.60) mg/ml [R5 & &
9 (56.96 +4.54) mg/ml, # = T £ 3 Al 5

SOD {4 37 1 fifk 20 FD I8 i g 1) 52 i) 5
15 25 AR A AR (B TE R AR 3 4 in
AR E5 (8 0 3k 22 5, b A SR A A i
5, M (387.25 £52.15) U/ml, iK% 90 h J5 4
GIMEA L M (417.00 +27.30) U/ml, & # &
Tl (E4),

S In i 4 R IR A 4 ALP FEIE R
WA K 2 9 R (995.00 + 69.28) U/L Al
(1 020. 83 £36.66) U/L, 7E{K4 90 h J5 551K
(1181.25 +28.69) U/L FI(1 121. 67 +42.52)
U/L ARG S M B 3 b T, i S b 4 TG %
PEAEAK . two-way ANOVA J3H7 i HITE E % ALP
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{5 90 h I AR R G RBEIBRITHL
Table 4 Effects of diets with different lipid sources on immunological and physiological
indices in Chinese mitten crabs at normal DO level and exposed to hypoxia for 90 h
. B ERHER . ANOVA (P {§ P-value)
WA, R {4 Pl e
R TR Diet Normal dissolved . %A Al T4 x Rt
Indices Hypoxia P-value . .
oxygen (DO) DO Diet DO x Diet
S I 40 M 2 Total Y 7.20 + 8. 80" 9.85 +6.39° 0.613
hematocyte counts D 7.64 £5.81° 14.14 + 4. 45 0. 136 0. 057 0. 058 0. 456
(THC) x10°(4~/ml) YD 13.47 £ 15. 14° 29.13 +17.15" 0.283
375 I 1 4 i Y 2.40 £3.07° 2.67 £1.13° 0.936
Hyaline hematocyte D 2.18 +2.28* 5.11 +2.52% 0. 121 0. 023 0. 026 0. 191
counts x 105 (4~/ml) YD 4.07 £4.17° 10.33 £5.19" 0. 149
T AR Y 58.57 +27.34" 38.75 +25.62° 0.342
Haemolymph protein D 38.75 £21.34* 35.00 +13.23* 0.736 0.259 0.020 0. 833
(mg/ml) YD 72.50 + 13.32" 65.00 +5.00" 0.390
IMEEE A Y 31.41 +£12.99* 34.35 £ 14. 82* 0.731
Hemocyanin D 25.90 +16. 18* 31.45 £16.91* 0. 636 0. 470 0. 000 0.967
(He) (mg/ml) YD 54.42 +5.60" 56.96 +4.54" 0.522
WAL Y 355.54 +37.69° 367.51 =20.37° 0.572
Superoxide dismutase D 386.86 +41.83? 400.23 + 3,38 0. 608 0.228 0. 069 0. 869
(SOD) (U/ml) YD 387.25 +52.15° 417.00 +27.30" 0. 395
TR R Y 995.00 +69.28* 1 181.25 +28.69° 0. 000
Alkaline phosphatase D 1 005. 63 + 83.73% 1 095.00 +5.00" 0.119 0. 000 0. 330 0.227
(ALP) (U/L) YD 1 020. 83 + 36. 66° 1 121. 67 +42.52° 0. 008
TR P 1 1 il Y 4.36 £0.76* 3.45 +0. 35" 0. 052
Acid phosphatase D 6.21 +1.60" 3.17 £0.45% 0.014 0. 000 0. 000 0.071
(ACP) (U/L) YD 8. 14 +0. 64¢ 6.18 = 0.52" 0. 003
PREZ Y 1.28 +0.25" 1.12 +0.18° 0. 269
Uric acid D 1.47 +0.48* 1.21 +0. 24 0.916 0.263 0.471 0. 605
(mmol/L) YD 1.33 £0.19* 1.36 £0.15* 0. 812
B Y 29. 88 + 0. 58" 29.75 +0.50° 0.723
Glucose D 29.86 +0.38* 30.17 £0.29* 0.245 0. 586 0.562 0.537
(mmol/L) YD 29.92 (. 20" 30.00 +0.01* 0.516
N Y 294.95 + 87.59* 282.83 +112.48"  0.869
Lactate dehydrogenase D 575.76 £ 109. 73" 249.16 +128.30* 0. 005 0.013 0. 000 0.200
(LDH) (U/L) YD 901.01 = 316. 08¢ 659.93 = 11. 66" 0.248

Y FORISIN A A R D FORE I AL R YD R A0 A A SR A R P <0.05 FoRZ R . KifrE
— BN AR _EAR R FORTEAR R EUKE T 3 iRl A R T2 5,

Y represents diet supplement with fish oil; D represents diet supplement with soy oil; YD represents diet supplement with fish and soy

mixture oil (1:1);P <0.05 represents the significant difference. For every index different letters in the vertical column represent the

significant difference among three diets at two DO levels.

TEPERZI 2 (R 4) . XT ACP R, ik IE
HREALE T, AR IR & A E N B
JEH B E T aah A g g, HAE 0k
(8.14 +0.64)U/L (6. 18 +0.52) U/L, HA%
AT 3 PRI B ACP B E Y T 1F 1A 4]

THI, 745, H two-way ANOVA 437 Al IS 4R
JKFEFIASA] H AR ACP 15 P 547 2

2.3 EABEAHESR kO RER SR
WK AE A A 12 3 (H IR 90 h J5
3 PRI SR A A A A A TR AR,
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A AL H E R AU (58. 57 £27. 34) mg/ml
[ %5 (38.75 +25.62) mg/ml, 5340 1 1E 3 1%
A (38.75 +21.34) mg/ml [ % (35.00 +
13.23) mg/ml, 1 G M IR A 41 i IE & 3B A
(72.50 + 13.32) mg/ml [ = (65.00 *
5.00)mg/ml(FK 4), 7EIEH B AT AR
B RE R e, W T A IR R A4
Z AT 3% 25 57, (F 2 G il A ) B (BT A i
Fo FLRREEEIE W HAMMA 9 h 53 4
TRPRLZH 22 (R R TG ik 3 25 S XT3l | S0
MR A DB R UL, LR & I E RIS RS
UG LB = R (R 4) , A
WEe m ny A2 b 5 2L R AE W A L, two-way
ANOVA 53 Je I H: 32 75 S R Rk v B 19 5%
M35 (3R 4) , M4l LDH 3 P A6 AR 42U
190 h J5 5 IEE A L AR,
(575.76 + 109.73) U/L & & (249.16 =
128.30) U/L, fa i 4L A £ 5 3 TR A 4 I BEAIR A
B, PR EKE T, ARG AHr
LDH & 1 #8 &% w5, 43 51 F (901.01 +
316.08) U/LHI(659.93 = 11.66) U/L, H #B i
FE TG

3 3 i

3.1 3FMARAMIX R EEE KN
S X AR B B SR TN 3 i 4R R
115 d J& , HAkE Fe KRS TEAE 3 ARk 8] T
WEMEZER JRMARA AR n-3 IR IR
F AN, SR AR, i o iR B
S n-3 AN 107 L RE W A2 rh AR ol
S5 N0 2D 0 D% 4 U N o N | B o
CREM X5 FLAN T BRI #0288 rp 1 5 4 AR
R34 S 80 % F FIAE A i 2 AR A, 723
fb— S BT 5T A 2 1A AT IO R 2R
Richard 45! FTAE 40 TR 5 1428 1R e 0 432 ML o
( Oncorhynchus mykiss ) , VA A = A= 5200 5 XI|
Hi%E AR E 6% 1Y L3 Tl AE A
S I LK BRI BOTR A i R A1 3k
7 ( Megalobrama amblycephala ) HE i, & IR &
TIZE AR X 38 AR 2R ORI B 1 RO B

G200 s Ng A5 R BUAE AR 8 IR S 3 £k
T A A I DA A 65 o gl R 3R 22 2 6 ( Miystus
nemurus ) , 23 7= 28 M R] A A 4R B X
S HR A W FH AR i 2 A R At s i A=
BT W, SRR S A 5
3.2 3FHRERARN G EERE ABR
MR EERER R Hicshyik = &35 s A
A R AR BR AR A AR S P SR, PRI
A A H 58 S R AR S R B A SOy P A
FEAEFIY v A 5 RS 18 7 40 S ) Al R 2
S — B, S B AE B I 20 A DL RAF A T 40
A4 A B I 380 0 5 v ) 22 e BT A 3 2
Az, R YRR 1 1 200 i TG 0 L e 5 T 2
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