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HERR A AL R R
EEX? BEY FHC NEE? ZEFOIC HAje000

@ bHRERY AL @B SRR B ST ARG LI 201306, @ HhEBEBEAED TR RO B 266071 @ L
BPERY KPR TR AT RO B 201306; @ FEPERS AKP-RHEER R omE0 i 201306

WE, AFTRER RN AELLEREE (Haematococcus pluvialis) % 8L (Eriocheir sinensis)
PR HERE S L G AT AR AL IR, 43 I GRDRE RN AN 0y 0.2%- 0.4%7F11 0.6% ) FY A2 ZL Bk ok,
i 4 FhaEEAENR M A AR, MR REWIST S 60 d, THESHSIER. WMEE, K KEM
RERE, FEFE T AR E TR TRITRARMEIAS MRS E, HN LR EIRHT %
ST BREIR: (1) TR RN A L BR R S AR R I B B W R e AR K R AR A
WIEREFERN ., (2) MR AR AR (B ST IR A i & f 2 AN A 20 BRFERD 0.4% 2 5, T AILIAIZK
oy BRI AE LU BRI S RN T R R R LTS (P <0.05), (3) HEERFINARATR C20:0 &
R VRL R AR LR VS K B T s 2 BT, T C16:1n7. C18:2n6 F1 C18:3n3 & & 41 HITE R AL
ZLEREERD 0.6%4H . 0.4%41H1 0 4HE (P < 0.05). (4) FFRIRS AR IIER C14:0. C18:0 F1 C18:1n7
EEYI VAN AL RN 0.2%4H w1 C18:1n9 FLE P REFIAEITER (X MUFA) & &3 A 4205k
R 0.6%AH i (P<0.05). (5) WIPIHFIARIIE C14:1n5 F C20:2n6 & fE7E M A2 LLERIEN 0.2%2H &t
& (P<0.05), C16:0 &8 =+ i/ EM/ —THR TR (DHA/EPA) EUMI DAY AR ZLBRERY 0.4%4H
i, 1M C22:6n3. MEZAREHIENE (CPUFA). Yn-3 PUFA HE & AEAENER (CHUFA) &
B LA BRTER 0.6%4Hm (P<0.05), (6) AFRIRFAIIFE R, B-51% N R LA B A fOdF
MR, KRS B A LR S RN ETEE B (P <0.05). ZiL, kg
TR A LT BREER S B B8 ey 38 . 10 EE ORI IES 5 T B s, ErTIE R AR A AR Z
AN « FF ISR Sk i P b R A B N RS, MR IR URDRE & B Y AR ZL BRI i
BON 0.4% 4 .
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Abstract: This study was conducted to investigate the effects of dietary supplementation of Haematococcus
pluvialis powder on survival, weight gain and biochemical composition of adult male Chinese Mitten Crab
(Eriocheir sinensis). Four isonitrogenous and isolipidic fattening diets were formulated by adding powder of
H. pluvialis in 0, 0.2%, 0.4% and 0.6% in weight to feed the adult male E. sinensis for 60 days (defined as D1
- D4) (Table 1). The survival rate, weight gain rate, specific growth rate and condition factor were measured
and the proximate composition, fatty acid profile and carotenoid content in the tissues of male E. sinensis
were detected. The experimental data was statistically analyzed with variance analysis. The results showed as
the followings: (1) dietary supplementation powder of H. pluvialis had no significant effects on the survival
rate, weight gain rate, specific growth rate and condition factor of adult male E. sinensis (P > 0.05) (Table 2).
(2) The highest contents of protein was detected in the gonad and hepatopancreas lipid in the treatment D3,
while the content of moisture in the muscle showed an increasing trend with the increasing of the powder of
H. pluvialis in the diet (P < 0.05) (Table 3). (3) An increasing trend was found for the fatty acid C22:0 in the
gonad with increasing powder of H. pluvialis powder in the diet, while the highest contents of C16:1n7,
C18:2n6 and C18:3n3 were detected in the treatment of D4, D3 and D1, respectively (P < 0.05) (Table 4). (4)
Individuals in treatment D2 had the highest contents of C14:0, C18:0 and C18:1n7 in the hepatopancreas,
while the highest contents of C18:1n9 and total monounsaturated fatty acids (3, MUFA) were detected in
treatment D4 (P < 0.05) (Table 5). (5) The highest C14:0 was found in the muscle for individuals in treatment
D1, while individuals in treatment D2 showed the highest C14:1n5 and C20:2n6 (P < 0.05), the crabs in treat
D3 had the highest percentage of C16:0 and DHA/EPA ratio in their muscle, while the highest contents of
C22:6n3, total polyunsaturated fatty acids (3, PUFA), as well as > n-3 PUFA and total highly unsaturated
fatty acids (3. HUFA) were detected in D4 treatment (P < 0.05) (Table 6). (6) The contents of astaxanthin and
B-carotene in the hepatopancreas as well as astaxanthin, lutein and zeaxanthin in the carapace increased
significantly with increase of H. pluvialis powder in the diet (P < 0.05) (Table 7). In conclusion, dietary
supplementation of powder H. p luvialis had no significant effects on the survival rate, weight gain rate and
condition factor for adult male E. sinensis, while increased the contents of gonadal protein and muscle total
polyunsaturated fatty acids as well as the carotenoid contents in the hepatopancreas and carapace. These
results suggested that the optimal diet was with powder of H. pluvialis at approximately 0.4 %.
Key words: Haematococcus pluvialis powder; Male Eriocheir sinensis; Proximate composition; Fatty acid

composition; Carotenoid composition
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ALY, BB (Eriocheir sinensis) 18RI,
R EEZENARFFRBEELR L —, HLERN
AL R FH XU SRR TR 52 T KT 2 1) %% (W
et al. 2007a, Wang et al. 2016) , #EZit 2016
A4 [ R SR A 78.2 i A, HAREE
SRR Tt I IR RO B e Y v U PR R
2017) o JREREREEER, HibEIRHE
T A A A O, T YV 3 B R
AR T WL, PR R ik A
LI IE IR S R A EE R R —

(Kong et al. 2012) . WK, HEshiE
FHHANERE bR OLHEINE R 4
A S %YM (Wade et al. 2015a, Long et
al. 2017) , {HH B STk MACHHR AR Rl &k
INERERAD bR, FERBT R4
JE2EEHES MR (Yamada et al. 1990, Dall et al.
1995) ,  [A|thyth % 77 FE A 88 S0 4 vk ] e S
HARHR RS b RS ERINE K (Kong et
al. 2012, Wade et al. 2015a) »

AR, O il R R AR AN [
KEHE D FRDGRIME AR, BrEbRE A2
P RER BT T ARE, AR R ICREN T
HALZEEHEE N 25 (Supamattaya et al. 2005, Wade
et al. 2015b) . WAEZLEKE: (Haematococcus
pluvialis) ENRRIEF RN EELEEGREZ —,
HHE 1.5% ~ 6.0%KHF 5 K, K% AL R
e, HEZE N2 AN, HiE ey
AN R (Chien et al. 1992, Yuan et al.
20000 , PN R — 0 BA BRI /) 8
BHAS IR, B ATAEm Bk O — e N (32
L% 2014, Longetal. 2017) . WFFKH, 1A
BF R IN R AR 2L EREER T G AR
F PrEAbRE DA Rt RE, (H A ¢ HO A g
EIRME RS AL (FREW 2007, €&
% 2014) , ¥ Long % (2017) Rki& 1wkl
IS 0 RN AR £ BRBEHy Xof T 48 M A B 7% 1 A
FKEAR MR AR .

AP, PERR RN UL DA 2 T 1)
—RAT AL, HAEMABRKLEHE NREE

Xof VAT B 1) IR A AR VR B A
(Wu et al. 2007a, Longetal. 2017) , [KILfE
TR FEAEIS AR R, A AR B I 5 S T R A
THERY bR OLHEINE R MMIMEEE
TRl CHERRR B IARIEED Skt m I E =M A
A (Wuetal. 2017, BRAESE 2017) o T
] O A ) 60 A 3 ) R Ji R 8
RN (BIENSEE 2008) , NLHIEER
JIEL 3ot H oG IR T 2 ) 7 SR S FERT R (1 AR Ak
H % AT BEA BT AN (W et al. 2007a, 2017, Long
etal. 2017) , M 2 SR MERER] B8 73 T 1HEAT
BT, BT, RSO T B IRER A
[F) 9 2 21 3R VS I 7K S o T B A A iy 38
H, WIS TER . TR BRI b &R
ERMEIE, DA 8 R AC ) A2 R
TR AL EIR AR IR A S e 5%

1 RS

1.1 SRtk

SEEG AL LGN SERFR AN SOy R
BEVE, LA, . KA AR A
RERAVE, FCH] 4 FhAS [F) Y A2 20 BREER VS K P
(0~ 0.2%- 0.4%FH1 0.6%) FrI%5 % 55 g Sz 56 T
B GR D, A NN A ERER 0 41, WA
ZLERVERY 0.2%4H, FAELLERIER 0.4%ZH AR
A LT BRIENT 0.6%2H o FCHAERLET, A 1Akl
BB fE I 60 H i, 48 )5 1 R DRHAC 77 S5
BFE TS, N 30%HEEAKRE R, A
BHZAH L ST R, Rif% 4.5 ~ 5.0 mm,
KEE 10 mm 74, A faEHE SE56 = KT 5
A EAR AT - 20 CUKFEFRESEH .
1.2 ZRABRELREH

SIS MR IR OR S R I S, 3
RAEBE W S HERE, fREE 100~ 120 g, M
Bhik 300 R R {4, ARTEAME . TE TR
AT 9286 . N T AR FT S5 B i Ts
BRAEr=, B ARG LI TE & AN S it (4
X B ox P =78mx7.8mx0.7m) AT,
b DY JE 5 U B R AR, S8 A A
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Table 1 Formulation and proximate composition of experimental diets

WAL EREER VR & Addition of Haematococcus pluvialis powder (%)

iH Items

0 0.2 0.4 0.6
AR ERL Ingredients (%)
T Soybean meal 20.00 20.00 20.00 20.00
SEATH Rapeseed meal 11.15 11.15 11.15 11.15
BHTK Wheat gluten 2.00 2.00 2.00 2.00
4§} Fish meal 18.00 18.00 18.00 18.00
XS PIK Chicken meal 6.00 6.00 6.00 6.00
T4} Wheat flour 14.00 13.80 13.60 13.40
N % RERY Brewer's yeast 4.00 4.00 4.00 4.00
KT Squid meal 8.00 8.00 8.00 8.00
AR TUREL Vitamin premix! 0.60 0.60 0.60 0.60
Y5 iR B Mineral premix? 1.20 1.20 1.20 1.20
iR &4 Ca(H,POy), 2.00 2.00 2.00 2.00
SALAERE Choline chloride (50%) 0.40 0.40 0.40 0.40
JLEE Inositol 0.30 0.30 0.30 0.30
44 K C Vitamin C (35%) 0.15 0.15 0.15 0.15
KE WA Soy lecithin 2.00 2.00 2.00 2.00
¥l Pork lard 2.00 2.00 2.00 2.00
ik Salt 0.20 0.20 0.20 0.20
i Fish oil 4.00 4.00 4.00 4.00
KX Soybean oil 2.00 2.00 2.00 2.00
3 FFH Rapeseed oil 2.00 2.00 2.00 2.00
WAEZLERENRY Haematococcus pluvialis powder 0 0.20 0.40 0.60
EIRMS OXAT2EAE) Nutrient composition (air dry basis)
K4 Moisture (g/kg) 100.00 115.42 112.95 100.18
#EH Crude protein (g/kg ) 422.85 424.83 424.66 425.55
KR Crude lipid (g/kg ) 164.01 163.47 161.75 161.63
4y Ash (g/kg) 100.72 100.00 99.62 100.31
JBIEHA% M &K Carotenoid (mg/kg) 16.92 45.89 68.72 106.11
UFE & Astaxanthin (mg/kg) 1.02 28.50 43.86 82.62
M-3%% Lutein (mg/kg) 0.00 0.34 0.58 1.19
fi#E % Canthaxanthin (mg/kg) 0.00 1.03 1.64 3.55
B-1% b3 B-carotene (mg/kg) 0.03 0.24 0.41 0.82

1. e RTREN: 1 kg PR S4E4ER A62500 U, 4E4 3R D3 15000 1U. 4E4ER E 1.75 ¢« 464 % K3 354 mg. 4845 B 100 mg. 4
A B, 150 mg. 4i2E 3K B 150 mg. 4EE K B, 0.2 mg. MK 4 mg. D-IZERES 250 mg. MR 25 mg. JHELHZ 300 mg. 4EA4EF C 700 mg;
2. IR TR 1 kg TR FeSO4-H,0 200 mg. CuSO,-5H,0 96 mg. ZnSO,-H,0 360 mg. MnSO4-H,0 120 mg- MgSO,-H,0 240 mg. KH,PO,
4.2 g. NaH,P0,0.5 g. KI5.4 mg. CoCl,y6H,0 2.1 mg. Na,SeO; 3 mg.

1. Vitamin premix (per kg diet): vitamin A 62 500 IU, vitamin D3 15 000 IU, vitamin E 1.75 g, vitamin K3 35.4 mg, vitamin B; 100 mg,
vitamin B, 150 mg, vitamin B¢ 150 mg, vitamin B;, 0.2 mg, biotin 4 mg, D-calcium pantothenate 250 mg, folic acid 25 mg, nicotinamide 300 mg,
vitamin C 700 mg; 2. Mineral premix (per kg diet): FeSO4-H,O 200 mg, CuSO4-5H,0 96 mg, ZnSO4-H,O 360 mg, MnSO4-H,O 120 mg,
MgSO4 -H,0 240 mg, KH,PO4 4.2 g, NaH,PO,4 0.5 g, KI 5.4 mg, CoCl,-6H,0 2.1 mg, Na,SeO; 3 mg.
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KRS R AT R . SEERHATAIZKIR 70 cm
KA, WYFEFERR 73 7KFE (Oryza sativa) Flid
wm/KIEH (Alternanthera philoxeroides), VA{i%
AR5 R AL B R . A FE i 4 ANk}
H, BAMEEHEK 3 ANESE QhiE, BN
BEHLIBN 25 HUMERE, 72 St i 97 3 ~ 5 d,
B IR RN AR LLEREE R S IR 0 Bt
BT 2015 48 9 6 HITRIEA L.

TEASEIAN (60 d), &H 18:00 B /24
3R 4 PR S RS (R AR 20 BRI
¥y 0 X HRAED, THIKIR ST 20 CHF, 4%
SERE 2% ~ 3%8R, 2Ky 15~20 C,
T2 HE R AR EL ) 1.5% A0 A $3EMEE AR 7K AN 4%
AEE AT R R, LI R A L
ZH T R R B 2 R SO ey A
W, Ed g S REREEL, SHBR)E 2~
3 h A EARIERS, FHTCH B 9:00 I A4
KB RAEABE TGO, A IE R . TR
e, B 3 dE 1 WOKFFERR, HRIEKR
BhREE 2 JEZ A 1 G oK EINK, FREE AT 7K 5
FEARERA: pH 7.0 ~ 9.0, "7 E =T 4 mg/L,
AT 0.5 mg/L, WASERE(ET 0.15 mg/L.
13 FERRE

IEAREE 60 d JEFE 1 d, W NhIEH
BENLRAE 3 W bEEE, &AMAkiH 9 o AWK
PAFTAREAK S J5 AR JE1002 B 7R (R
B RAGERE IR A, 7% 0.01 ~ 1000 g,
FETAFE 0.01 g) FREE, FHEMERF 150T Wifhs <R
( BRIl A R A, 2 0 ~ 200 mm,
FEIREE 0.02 mm) WETK. 585 HEMH,
FH AL B H P B o A i R R B . PR MR
JH B LA AT S i FR N B B 48R T - 40 °C
UKAE T ARAF & o U SR % 2H R ) TR R
(survival rate, Sg)+ HEHE % (weight gain rate,
Waer)~ FrEEKE (specific growth rate, Scr)
FIPEHE E (condition factor, Cp)o. Sk (%) =
(N/No)-100%, Wor (%) = [(M: - Mo)/Mo]-100%,
Sor (%/d) =[ (In M - In Mo)/¢] -100%, C (g/cm?)
= WL}, X, N IRSEIR LA ARAFIEIM A E,

No 4B LIS W UR IO B A B, M 4R SIS 2 R R]
SEAREE, Mo 4RSLIWIIRTT IR E, ¢« FRLI0K
B, wiRiMEAE, LRmERTK,
1.4 HHEFBRS KIRWiRA R

SIS ) S ] R R K Ay R AR RN
FAR Ay & B B 105 CHETEE. YLK
JEBAE A 550 CHIRRIEREATIE (AOAC
1995). % Folch (1957) 5k, RAE
SRR 201 FVE R IURE S A e
JE I 5 Ho 5 o IR W RR AL R A3 BT AT, KR 14%
(17 = 580 A0 B - R VA O R 3R AT R ORR 1L
(Morrison et al. 1964), #AJ51# ] Agilent
7890B-5977A SAH €A1 - it B R SGHAT 23 AT
il A Agilent SP-2560 B4 (KK 100 m,
MAZ 0.25 mm; B E AR JZ W EEE 0.2 pm) o
FHEFEF: | 40 CLL 10 C/min (R THE
170 ‘C, FLL 2 C/min HEETH] 220 C, f#
1 min, #J5LL2 C/min HFTF £ 230 C,
TRFF 3 min ELZEFTANEWIER g, S8)5 R
AR — Ay AR D B AT 2 = (MR P45
2003).
1.5 RAE PRARS T

JFF PR R Sk ) FRRE S 2 R TR S, %
Johnston 4§ (2000) HI777%, KH ABHHEUE
mn P SEEHE MR, Rt (5. Te
Frited, bt rE S AR ITMEARD 1R
B 470 nm AW e WO FEAR, AR IR S &=
FrviE H 2R T SRR S TR MR N RS E. R
UL [ e i A oA 0 1) S S B S R AT KA
SRIGRF YMC C30 25838 &= Hr & (il
A 100 mm, N4E 4.6 mm, JEEHR4E 3 um)
H Agilent 1260 = 80 7UAH € 350N 2 IR R
IR, TKER . MR - hREE.
HARVEA LR Long 5 (2017) [I4RIE
1.6 FBIEHHT KRG

KH SPSS 16.0 FA:XT S50 Byt T gt
8T, AR LAFAE + iR E R K
F Levene ¥5X} BT #48 3047 77 25 HERLEG, 24
AN JE S T ZE TR T A B AT S R 5L ER
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FTRANHE ., SR One-Way ANOVA #4777 2
O, ZREBER (P<0.05) Hi##4T Duncan's
EA: a3

2 GRE5A

2.1 AR I AR LD BREEAD X e 2 R
EREKKREMH

KT, & oS BB,
90.33% ~ 94.67% 2 11, HIGREZ%ER; Mo,
BB LORIRE, WHER, Rped KRR
MR LR E E R (R 2).
22 FERPHRMEELRESD X iR
B I R4

DAk R S I R A L IR XoF A I T 1
HRITK A TR D7 AR K 43 B3 T {6 3 R )
(P>0.05), FAELERER 0.4%HKHELS
TR 0 4 (P<0.05), (HY
HAWMAZERALEZE (P> 0.05) (£3). F4H
SRR A A& BB 2R, e
e EACERERES, DIWAZIKER 0.4%
Higrm, MAELLEREER 0.2%4EAK (P<0.05).
LRI 7K 73 R B ) v R A 20 BREE AR /KR 1
Fha ik 2 I (P<0.05), SN
RIEWBLEZEZSR (P>0.05) (3.
2.2 PRI I A AL BREE A X B A 2 R
B ERZE B R MR

Xof e B IR A M AT S TR (saturated fatty
acid, SFA) M5, Bk C20:0 & EpElAk AL
BREER & BT mm R LT (P<0.05), %
SH [) L A VRN R 07 R B S R AR I R (total
saturated fatty acids, Y SFA) S ®&WTLE#HE
5 (P>0.05) (F4), ERAEIARHIER S,
M AEZLBREHD 0.6% 4111 Cl6:1n7 S EEE ST
HAhdl (P <0.05), FHILABAMFRNIR
MR A A g 52 (total monounsaturated
fatty acids, > MUFA) E&¥LREER (&
4). FEAMWAAIIRRT S, WAELRERD
0.4%ZH FH TN A= 21 BREE R 0.6%2H 1) C18:2n6 7 &
O =T AR R 0.2%24H (P<0.05), H
5WALRER 0 HERAEE (P>0.05);
M AR LEBRIERY 0% 0.4%A1 0.6%4111) C18:3n3
SEEEFTWALEREN 02%4 (P <
0.05), FHAHRZ AWML, B2 AW
AE Wi B2 (total polyunsaturated fatty acids, Y
PUFA) F & BEANEAINE TR (total highly
unsaturated fatty acids, Y HUFA) & &11E
FEER (P>0.05) (F4).

FFIEAR A ) C14:0 A1 C18:0 & &EH AN A
ZLERVERY 0.2%4H B s (P <0.05), SAHHRM
g R (SFA) FUSAEAIEHTER (X SFA) &
BYWLEEER (P>0.05). ERNEAEN
f® (monounsaturated fatty acid, MUFA) H,

K2 FRREINTE AR LERGOR X B R B RS A K R

Table 2 Effects of dietary supplementation of Haematococcus pluvialis powder on survival and growth of

adult male Chinese Mitten Crab

W AELLERBEERY RIS Addition of Haematococcus pluvialis powder (%)

TiH Ttems

0 0.2 0.4 0.6
FIEZ Survival rate (%) 90.33 £2.20 92.00 + 1.55 90.67 +2.01 94.67 +2.18
WIGEIAE Initial body weight (g) 112.58 + 1.67 111.80 = 1.28 112.30 + 1.50 112.86 +2.20
ZR{KE Final body weight (g) 123.99 +2.81 124.98 +3.27 123.19 +£2.77 123.39£2.55
HE AR Weight gain rate (%) 10.20 + 1.05 11.75 £ 1.11 9.70 + 1.25 9.35+1.20
A KR Specific growth rate (%/d) 0.16 +0.04 0.18 +0.04 0.15 +0.04 0.15+0.03
i Condition factor (g/cm?) 0.64 +0.01 0.65 +0.01 0.64 +0.01 0.64 +0.01
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R3 EEDHRNNELREPEN RAEREERELARKNREM (gkeg BH)
Table 3 Effects of dietary supplementation of Haematococcus pluvialis powder on proximate composition

in the tissue of adult male Chinese Mitten Crab (g/kg wet weight)

WA BRI ISR Addition of Haematococcus pluvialis powder (%)

TiH Ttems
0 0.2 0.4 0.6
TR Gonad
7K4> Moisture 721.68 +£7.82 733.50 +8.30 722.33 +£8.81 725.64 +3.12
HUIE Crude lipid 8.72+031 834+ 042 8.69+031 8224032

HIEH Crude protein 166.80 =+ 2.54 180.12 + 7.63% 192.81 £7.11° 178.44 £ 7.91%

KK 5> Ash 16.50 £ 0.41 15.93 +0.82 16.92 £0.61 16.50 £ 0.54
JTI#R Hepatopancreas

7K4> Moisture 528.64 +5.71 548.70 + 12.30 521.61 +6.42 535.91 + 14.50

#ARWT Crude lipid 340.00 + 4.02: 307.92 + 4.42¢ 347.04 + 6.63* 32732+ 4.12°

FE [ Crude protein 72.40 + 6.64 71.03 + 8.41 67.80+£5.23 63.52+2.73

KK 5> Ash 6.05+1.22 522+1.10 5.14+0.93 5.33+0.62
ALA Muscle

7K4> Moisture 782.62 £ 1.83° 789.54 + 5320 785.22 £ 0.342 793.61 £2.732

HHEWT Crude lipid 8.90 £0.22 8.62+0.11 8.61 +0.22 8.50 £0.23
B Crude protein 168.09 +9.05 17121 £7.42 183.22 +6.50 192.73 + 6.56
A4 Ash 14.25£2.01 14.11 £ 1.09 14.11+0.90 1438 £0.74

AT B bi 8 A A 7 REROR ZE 5 i 2 (P<0.05).

Values in the same row with different letter mean significant difference (P < 0.05); Values in the same row without letters or with same letters

indicate no significant difference (P > 0.05).

C18:1n9 F1Y MUFA & &34 DA A 20 BR Ky
0.6%ZH i, 1M C18:1n7 &5 LR A= 20 Bk by
0.2%ZHE (P <0.05), 44 AAMAE
MRS EBTLREER (P>0.05) (R5). it
LARMWAETEE (PUFA) TS, &4 2 A A
HERFER . & n-3 NEAHEHER (O n-3PUFA).
& on-6 AR (Y n-6 PUFA) 1Y PUFA
SERYLEEZES (P>0.05 (5.

MY AEZEBREERY O UL 14:0 SR
T A LD ER R 0.2%4H (P <0.05), 5HA4
WHERAEE (P> 0.05); C16:0 &=LIN
A T ERTEERY 0.4% 4 5 iy, LAY AE £DEREERT 0.2%
Higfk (P<0.05), 1AL REANERTERF
SRR TR (Y SFA) S LR & E R (P>
0.05) (£ 6). FLHEAMFAEHTER (MUFA) 1
=, BERAELEREEN 0.2%4L11 C14:1n5 SR &
e T WALRRER 0.6%414 (P <0.05), %

2 AR BN VLR T B IR AN SR AN R R IR 17 R £
(Y MUFA) #ERZFZER (P> 0.05). %
AEFRRIR T S, HEREVIAHR C22:6n3.
MEZMBAPERER (Y PUFA). i n-3 Z A1
HMIEITEZ (3 n-3PUFA) HLEL i AN RIS 7 2
(Y HUFA) & &Rtk iy 2LskER & B0
THEmEE FT (P<0.05), M&HEEAEZA
AR IR n-6 Z AR (¥ n-6
PUFA) &8 M n-3/n-6 LLFIB LR EZR (P>
0.05) (£ 6).
23 FIRPHRIMEELRES N R BEER
HE P RARPEW

BRI R R E SR R - b
#, ULB-THE DERES, PIFEHE bR E
P PR R AR 2T BRI B B I e 2
(P<0.05) (Do kM 3RS b ZNIR
HRHEFMEAKER, DIFEF RS SR



2

JEIE A TRk b PN I R A L1 BR R of 1 R B A e B A A AL e -+ 285

R4 BIMETELIRERN B AR R D RRAL RN (5 S AENTERLEG], %)

Table 4 Effects of dietary supplementation of Haematococcus pluvialis powder on fatty acid profile in the gonad

of adult male Chinese Mitten Crab (The percentage of total fatty acids, %)

JENGER Fatty acids

WA LLERBER VR INE Addition of Haematococcus pluvialis powder (%)

0 0.2 0.4 0.6
Cl16:0 9.81+£0.53 9.25+0.39 9.09 +0.29 9.85+0.42
C17:0 0.61 +£0.24 0.63 +0.06 0.54 +0.04 0.54 +0.02
C18:0 8.21+0.23 8.38+0.35 7.33+0.41 7.57+0.17
C20:0 0.19+0.01°¢ 0.22 +£0.02°¢ 0.35+0.02° 0.49 + 0.05*
C22:0 1.16 £ 0.09 1.14+0.10 1.23+0.08 1.18 £ 0.06
> SFA 19.97 +0.58 19.63 +0.72 18.55+0.49 19.63 £ 0.33
Cl16:1n7 1.51 +£0.06° 1.26 +0.08° 1.37 £ 0.04 1.87 +£0.102
Cl18:1n9 19.49 +0.81 20.24 £1.33 18.92 +0.65 19.79 £ 0.76
C18:1n7 3.39+0.16 3.38+0.19 2.96 +0.02 3.01+0.11
C20:1n7 1.22+0.13 1.14+0.03 1.19+0.04 1.15+0.04
C22:1n9 0.57 £ 0.06 0.61+0.03 0.60 + 0.06 0.55+0.02
Y. MUFA 26.17 £ 1.05 26.64 + 1.55 25.04 + 0.66 26.36 +1.01
C18:2n6 9.91 +£0.48® 8.57 £0.19° 10.83 +0.88* 10.66 +0.392
Cl18:3n3 1.29+0.332 0.88 +0.02° 1.11£0.117 1.21+£0.017
C20:2n6 2.77 £ 0.08 2.65+0.20 2.83+0.20 2.62 +0.08
C20:4n6 13.77+1.26 14.57 + 1.06 13.59+0.85 13.72 +1.37
C20:5n3 16.09 + 0.56 16.13£0.79 16.34 £ 0.36 14.70 + 0.81
C22:6n3 9.28 +0.49 9.21 +0.46 9.39+0.21 8.64 +0.37
> PUFA 53.12+1.17 51.99 +£2.12 54.09 £ 0.67 51.55+1.05
> n-3PUFA 26.68 +0.48 26.21 £1.13 26.84 +£0.42 24.55+1.12
> n-6PUFA 26.45+0.94 25.78 £ 1.16 27.25+0.30 27.00 + 1.30
> HUFA 39.15+1.62 39.89+1.98 39.32+1.35 37.06 +1.36
DHA/EPA 0.58 £ 0.05 0.57 +0.03 0.58 +0.01 0.59 +0.02
n-3/n-6 1.01 £0.03 1.02 +0.03 0.99 +0.01 0.91+0.07

FATER T S A AP RFRRERTEE (P<0.05). ¥ SFA. BMAEIE; ¥ MUFA. ESEAERIRNIES; Y PUFA. &2 A MEAI

fEWiER; Y n-3PUFA. & n-3 ZRMWHIENIER: Y n-6PUFA. & n-6 ZRMEHAIEN; ¥ HUFA. & & ANEMIEIIR .

Values in the same row with different letter mean significant difference (P < 0.05); Values in the same row without letters or with same letters

indicate no significant difference (P > 0.05). > SFA. Total saturated fatty acids; ) MUFA. Total mono unsaturated fatty acids; ). PUFA. Total

polyunsaturated fatty acids; >’ n-3PUFA. Total n-3 polyunsaturated fatty acids; > n-6PUFA. Total n-6 polyunsaturated fatty acids; ), HUFA. Total

high unsaturated fatty acids.

IR R IH- 25 K & AR I AR LD BR N & &
P A (P<0.05) (£ 7).

3 it

3.0 BRI R A AL R N FR A B R,
W& EORE T B IR

R T, B 52 B I AR KRR T i 5
(Petit et al. 1997, Pan et al. 2001). AR K
P, 223 60 d ¥ AL FR5E S50 #- 4H AfE E Rl 26
WEARMAERKRS LR EZR, X5FEk
NI AR 21K A PR B 1T 2 2 42 Ry T R 4
BRI R W ST R A S R R (56
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RS SR AR N B B TR b R R BRI (5 SRR EL B, %)
Table S Effects of dietary supplementation of Haematococcus pluvialis powder on fatty acid profile

in the hepatopancreas of adult male Chinese Mitten Crab (The percentage of total fatty acids, %)

) WAL BRI INE Addition of Haematococcus pluvialis powder (%)
AEWil2 Fatty acids

0 0.2 0.4 0.6
C14:0 1.43£0.07% 1.54+0.02* 1.36 £0.03° 1.41 £0.06%
C15:0 0.39+0.01 0.40+0.01 0.38+0.01 0.38 +0.01
C16:0 15.71+£0.33 15.61 +0.19 15.62+0.12 15.37+£0.30
C17:0 0.36 +0.05 0.34+0.03 0.37+0.03 0.27 +£0.05
C18:0 2.63+£0.11% 2.93+0.09° 2.71 £0.08% 2.59 +0.06
C20:0 0.31+0.03 0.38+0.03 0.36 +0.02 0.35+0.04
> SFA 20.81 £ 0.66 21.19+£0.31 20.80 £0.22 20.36 £0.25
Cl6:1n7 3.99+0.17 4.09+0.10 3.81+0.06 4.02+0.10
Cl17:1n7 0.55+0.05 0.51+0.04 0.51 +0.04 0.59 +0.04
C18:1n9 31.78 £0.55* 29.93+0.32° 31.10 £ 0.38% 31.92+0.222
Cl18:1n7 2.66+0.01° 2.72 +0.06% 2.59+0.01° 2.65+0.03°
C20:1n7 1.10 +0.08 1.05+0.01 1.07+£0.02 1.08 +0.02
C22:1n9 0.41 +0.04 0.39 +0.02 0.38+0.01 0.39 +0.02
> MUFA 40.50 + 0.632 38.68 £0.26° 39.45 £0.38® 40.64 £0.11°
C18:2n6 20.83 +0.64 21.02+0.61 21.85+0.32 20.81 +0.20
C18:3n3 2.76 £0.11 3.14+0.14 2.74 +0.08 2.72+0.17
C20:2n6 1.05+0.12 1.09+0.11 1.05 +0.05 0.99 +0.08
C20:4n6 1.06 +0.09 1.08 £ 0.09 1.02 +0.01 1.04 +0.04
C20:5n3 2.62+0.09 2.79 £ 0.06 2.70+0.10 2.79+0.17
C22:6n3 6.72+0.14 6.63 +0.20 6.75+0.26 7.14+0.13
> PUFA 35.03+0.75 35.74 £ 0.49 36.10+0.15 3549 +0.25
> n-3PUFA 12.09 £ 0.32 12.56 £ 0.21 12.18 + 0.41 12.65 +0.34
> n-6PUFA 22.94 +£0.47 23.18 +0.69 23.92+0.36 22.84+0.13
> HUFA 10.40 £ 0.16 10.49 +0.18 10.47 £ 0.35 10.97 £0.27
DHA/EPA 2.57+0.06 2.38+0.07 2.50 +0.04 2.59+0.15
n-3/n-6 0.53+0.01 0.54+0.03 0.51+0.02 0.56 +0.02

FAT bR S AR A AR R Z R 3% (P<0.05). Y SFA. SMAIENE: ¥ MUFA. SERBEFENIR: 3 PUFA. &2 A
BEWIER; Y n-3PUFA. & n-3 ZAMAASHIER: Y n-6PUFA. & n-6 ZARMAARNG; Y HUFA. SE AEMASHIR .

Values in the same row with different letter mean significant difference (P < 0.05); Values in the same row without letters or with same letters
indicate no significant difference (P > 0.05). Y SFA. Total saturated fatty acids; ). MUFA. Total monounsaturated fatty acids; ), PUFA. Total poly
unsaturated fatty acids; ) n-3 PUFA. Total n-3 poly unsaturated fatty acids; >’ n-6PUFA. Total n-6 poly unsaturated fatty acids; > HUFA. Total

high unsaturated fatty acids.

FW 2007) . 4Tl REMIR R A, ZEER (2007) A 5T s s2 3606t GON 5E AR TR S 10 1 6
IE P T GO R e A TARE SR 1 6%l HEARRRE, WA IR 112 g Aof, S
B, VIR ER 27 ¢, WRMRIRINGE R OEARERI TR, Bt %A
PR E WS, AT $% e AR SR TR AR KR I TR B 22 5o T 2 Al ] 1
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&6 RN AR A EELA P RRRRARKRM (5 SRR, %)
Table 6 Effects of dietary supplementation of Haematococcus pluvialis powder on fatty acid profile in the muscle

of adult male Chinese Mitten Crab (The percentage of total fatty acids, %)

) MAELLEREER AN INE Addition of Haematococcus pluvialis powder (%)
AEWilR Fatty acids

0 0.2 0.4 0.6
C14:0 0.20 +0.02? 0.16 +0.02° 0.17 +0.01%° 0.17 +0.01%°
C15:0 0.15+0.01 0.15+0.01 0.15+0.01 0.15+0.01
C16:0 9.54 £ 0.04% 9.35+0.11° 9.83+0.172 9.51+0.16%
C17:0 0.59 +0.04 0.55+0.02 0.57 +0.02 0.57+0.01
C18:0 6.83+0.13 6.73+0.13 6.73 +£0.08 6.96+0.13
C20:0 2.68+0.21 2.78+0.19 221+0.21 2.12+0.55
> SFA 19.91+£0.16 19.72 £ 0.15 19.66 £ 0.14 19.47 £ 0.54
Cl4:1n5 0.23 +0.02% 0.26+0.01* 0.23+0.01% 0.20+0.01°
Cl6:1n7 1.19 +0.06 1.06 +0.07 1.09+0.01 1.06 + 0.09
C18:1n9 17.82 £0.58 17.83 £0.28 18.08 + 0.44 17.69 £ 0.15
Cl18:1n7 2.59+0.03 2.42+0.07 2.51+0.05 2.55+0.04
C20:1n7 0.62 +0.03 0.67+0.01 0.57 +0.05 0.60 +0.03
C22:1n9 0.36 +0.01 0.35+0.02 0.34 +0.02 0.36 £ 0.01
> MUFA 22.75+0.65 22.60 +0.24 22.81+0.50 22.46+0.14
C18:2n6 11.57+0.35 11.59+0.16 12.05 +0.41 11.25+0.13
C18:3n3 1.25+0.07 1.16 £ 0.06 1.22 +£0.05 1.11 +£0.06
C20:2n6 1.47 +£0.05° 1.69 +0.09? 1.45+0.07° 1.60 = 0.07%
C20:4n6 3.93+0.21 3.86+0.31 3.53+0.24 3.61+0.24
C20:5n3 17.38 £0.41 18.05+0.31 17.28 £0.17 18.32+£0.49
C22:6n3 15.23 £0.38° 14.84 £0.24° 15.85£0.26% 16.45 £ 0.65°
> PUFA 50.82 + 0.44° 51.18 £0.35% 51.37 £0.39% 52.34+0.36*
> n-3PUFA 33.85+0.71° 34.05+047° 3434 £0.11% 35.88 £0.74*
> n-6PUFA 16.97 £0.32 17.13£0.29 17.03 £ 0.40 16.46 £ 0.41
> HUFA 36.53+0.81° 36.74+£0.21° 36.66 + 0.36" 38.38 £ 0.56*
DHA/EPA 0.88 +0.01%* 0.83+0.01°¢ 0.92 +0.022 0.90 + 0.042
n-3/n-6 2.00 £ 0.08 1.99 + 0.06 2.02+0.05 1.64 +£0.55

FAT bR S AR A AR R Z R 3% (P<0.05). Y SFA. SMAIENE: ¥ MUFA. SERBEFENIR: 3 PUFA. &2 A
BEWIER; Y n-3PUFA. & n-3 ZAMAASHIER: Y n-6PUFA. & n-6 ZARMAARNG; Y HUFA. SE AEMASHIR .

Values in the same row with different letter mean significant difference (P < 0.05); Values in the same row without letters or with same letters
indicate no significant difference (P > 0.05). ) SFA. Total saturated fatty acids; >. MUFA. Total monounsaturated fatty acids; ), PUFA. Total
polyunsaturated fatty acids; >, n-3PUFA. Total n-3 polyunsaturated fatty acids; )’ n-6PUFA. Total n-6 poly unsaturated fatty acids; >, HUFA. Total

high unsaturated fatty acids.

HEMREMEE R — (IR 20160, A& WRLEKIAE bR OLHEIFER) &8, 1N
W50 5 R IR (1) I I TR 0.64 g/em’ 2 MFFRIEN—FBEAIS DR, 7570 5 pk i
F, WEREZES, mHETRMERLZET  PERERIGAMIER, IHLE R
TR AR IR AR LB R R & TR NLAR JCREE 2 (Long et al. 2017, Wu etal. 2017)
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KT FERPENRELRERN RAREERAT P RAROEW (mgke, TH)
Table 7 Effects of dietary supplementation of Haematococcus pluvialis powder on carotenoid composition of

adult male Chinese Mitten Crab (mg/kg, dry matter)

WA RIS INE Addition of Haematococcus pluvialis powder (%)

TiH Items
0 0.2 0.4 0.6

FFI#R Hepatopancreas

IF#FR Astaxanthin 1.09 £ 0.01¢ 3.49+0.07° 5.07 +0.42° 5.81+0.512

B-#A% NE B-carotene 28.93 +1.82° 89.04 + 5.32° 170.94 + 16.56° 199.54 +9.722
LB Carapace

IF##R Astaxanthin 8.38 + 0.66° 11.75 £ 1.12% 14.55 + 1.49* 16.58 £2.14*

3% Lutein 1.38£0.14¢ 2.55+0.21° 2.72+0.24° 4.02 +0.49°

F K FE Zeaxanthin 1.99+0.17 2.12+0.02 2.13+0.03 2.21+0.05

[FAT B bR e AR R R Z R B3 (P<0.05).

Values in the same row with different letter mean significant difference (P < 0.05); Values in the same row without letters or with same letters

indicate no significant difference (P > 0.05).

3.2 PRI A L BRI X B
BB IR RS IR

286 T YA R ARk PP AN I Y AR £ BR R T A
FEREEA RS AR H, PAEbE
A e (FRERM 2007, 2255 2014,
Wu et al. 2017), T % 8 7720 s i R F
A ANPR T R M 1 R o) R SR A B S 2R
WA FT (Long etal. 2017), A WA <k
IR CHRIE . PERR. FERERRAD LR i) i 3
B = RKAT AL, AL SO P T
FMEMEHM AN EZRERE (Wu et al
2007a, Shaoetal.2013). AHFF KL, wHEH
TSN TN A 20 BRI X R MR RR K 2 . KRR T AN
UK & BTG RE 2, (H AT 58 s g o
EAGE, X500 74 A — 2 (Niu et
al. 2014, Long etal. 2017). X A] GEA& i F-in] 1
TR WAL EREER TR & T RN R AR
MEsE, RBETHRNEER A A K
(Christiansen et al. 1996, Long et al. 2017), M
I AU A DU (3 25 2007).
Ak, WA EE SIS RERAE MR
(R} AT AR A Y ) 8 AL REOK ST (Niu et
al. 2014, Long etal. 2017), MIfiF#K T At &= IH
¥, RIEA R AL E A rTTR.

JHF FR iR 2 FR 5 B A0 g S IR WA i A 1Y) B
#B/E (Wuetal. 2007b), FLARZE o8 52 3
TR (Wu et al. 2007a). AHFFH, @
B 0.4% RN AR 21 35K 350 K Tl Rk 2L HF e e o ) A i
ESEREERTHM 02%A1 0.6% Ak, i
AR P N T3 R P T 2B 2T BR A AT R T I T
JiF Bt AR T BT, X 5 XS BE T XTHR (Penaeus
monodon) I 5T 45 B AH 25 48L (Shiau et al. 2000,
Niu et al. 2014), A REM R 2, WPkl insk
AR b OLHRINE ) (2dk TR =
A I (Ongetal. 1975, Britton, 2008), M
1M AL AR AR (Shiau et al. 2000).

AT, HEEEILP K 5 AR & &
BETRDRL AR L BRER & 2 T AR R BT
#, X5 JeHTHRGE R R R SRS b T
8 e BT 0 R R AR B 1 R A 45 SR — B (Niu
et al. 2014), FHATREMJE A [F] LA Fookpa gl rh s
NN AR LLER iR FT HR m i B I AR IR R A B R
PIfERE . LA S G & 2 AR A 57K 45
FLER UM S, ATRE A HH T /K 4 R AR AR B 4
TR R, NTSFECT SR R K.

2 b, PRI RN 0.4% 89 42 20 BR K 7] 42
s PEIR R R E A AR e S &, HHE
BT iR A I H b 2 et s
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U BRI AR BRI ENLI M ANIE 2, A1y
S,
3.3 PRI I A AL BREE A X B A 2 R
B ERZH B R e

TR 2H 2 1) g 7 TR 2L R AN L8 R
EREZEEFRZ — (Wu et al. 2007a, Shao et al.
2013) . AHFFRIL, Tk IR A 21 BR R
X T B A JU R g i v ) R A0 M T 1R A
AARHAER (Y SFA). R ERMAFEHIER (Y
MUFA). SZAHAENIE (Y PUFA) &
EEAWAEN R (Y HUFA) S8HLEFE
R, 31X 5 S0 HT X R € A X R ( Penaeus
vannamei) WIHFFLEERIALL (Ju et al. 2009),
X T] BESE BT A F0PRDRL A ) T A £ Bk
AR (0 ~0.6%), AL LLEAR HL AR e
SR, [R] b X e A R g R 1 I oy i 4
SN /N o 5 AR B ARAS [F] (1) 02, RERE L
PRI HF D B 7 TR 2EL i 52 A Rk T A 2T R ER7 (1) 5 M)
FEAHE R, LA €22:6n3 . &L n-3 Z AR
JEWER (Y n-3 PUFA) sk i BE AN AN G I R
(Y HUFA) & &tk i iy Az 20 Bk & =
FIFF T B 2 _EFE . Paibulkichakul 25 (2008)
FEFRDRF R IS IR 2R MR 55 0T R f Wt 9 R A5
IR R, MEF VT RER R 2 BT 10
e F S I 2 2 AR LA R T R AR
£, MIFE RMPIBUEE &S5 KRR O
HZ C22:6n3) HHATERILZ &, PRIEXTIRILA
Hf) C22:6n3. Y n-3 PUFA Ay HUFA & &8
BEHIFE RS & B (HRi e E
FAAE DR BT R TS | PR A0 O 5,
WL I8 Ik (327558 2014, Long et al.
2017), BRI e o b 70 W9 AR 21 BRI 8 308 A
JULPA 22 ANV R i BT B AR 3R IO ML) Ayt — 2D T
5t . 4 FAO/WHO( 1994 &, 7 £ 41 n-3/n-6
MBI 208 0.1 ~ 0.2, EUAE#EGE N 2R i R
AR ARFFA, HEEEVERR. AR
H) n-3/n-6 I ET 0.2, RN A4
BRER S R T 2 n-3/m-6 LUBITE R E
. R, ABFREY, FEER i

A LT TR AG Yof fe E : J A0 FEF t Ft ) g 7 P 2L
A RECH, B4 BT WL A 22 AN g 107 1R
(2 C22:6n3) AR,
3.4 FARLeP R N NG A A BREON X B A A 2K
HE P RARKIEM

WLk, KNP MRENEIEML. i
TN v Yo 7155 % 05 T R A AR
(Hughes 2001, Kidd 2011, Fiedor et al. 2014,
Cenariu et al. 2015), Ky 8 4H 2 2UE =
SRS N ERA RS IE TR AWK
P, HEEE IR ) SEEA R N ZONIRE R B-
E bR, DRI PR NE, XA
b 2R 1 B 5 i vRDR o A LT R AN I K P ()
FhEmeZ Bt SR 2R R
NEFE R, HERMERER, DIMERGE
R, X =AERIHE N RS2 IRBER R
AR LLEREER S R T T BT X IRATTRME
S [T 70 25 RARZRAL (Long et al. 2017), iHH
Tl 8 ) A ORI FH R AR LD Rk R RS &R
HUURTARN . tesh, B 5 S H e o
DURRRENEE MMM BAAEZE R, R
Jih T ERLR - D E, TSk R R
IFE R, X RS A RIS IRE 2 7 A K.
JHF IR i 2 HY 58 sl W8 5% 00 o 1) A A7 A AR i e
O, PR B-E D ERATRE % H] TAMEIR
B R Z R MMM (Castillo et al. 1982,
Britton 2008). X} H s &, ShrcHite]
PSR JFL G A R S T T T S5 e A v B B Y
PERL, T ) A8 e il iR R S e
W5 A (crustacyanin, CRCN) FIAFZE A7
HRSLHL (Wade et al. 2009, 2015a), K
BRSO PIRE RAR S R T

Zi L PTIR, ARDRL AR I R A 2L IR E 0
He O8PPSR A 2
Yo som, (Al fgmm i e . ULALE
ZAEANRIITER BB AN Sk i FE o p 2R 25
MREE, ZEHENNHEREFICEE R AE
ZLBRER S BRI 0.4% /4 .
B S RRKEMBARIB AR AT A
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WEFCHRAE A ZLERAERY, B K 5
EAE IR BT TC % AT [F) 27 B B 3E AT 25 9
G NFNE, XFERFYS 550 K0T,
Hh R} 7 B i PRI FT B 9595 [R) 2 3 Bh AT AN
RE, RTINS

Z % X W
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