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B, AMEERRFEAR)NE R, AAHLSHN A 25 T 7 FRAEGET)E S
SAn AL R RN ERRA, WARMRN T K REZ G M5
RFHEFEALEZR, EEdEHACKSY: 76.50%WW, & A f148.40%DW)4 th T 2
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BFREE. TR EETE, 24T W7 Ic7E 8 54 4(0.07 mg/100g) &AL+ Al 4y & &
BT AL A 40.05mg/100g). ERALBR T W, MAEAFAET A THHAE
B, HENMAAR. FHR. FEAR. BARFERAERLERFRT2EH T A
Ho MR, WAM AN RAR, EdElElRAAWETREFNER
Bo ARFN, HLBEIARARANGUAEANEFRORARRY T, XAHRY
W, BEEKLEZANHATEE.
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M5 Hedsr, R 98 4% S0 o e 5 Ah 5 JE AR X
FEUE IR RS 1 25 5], A A% S0 B i 5 A AR X 1Y)
ALt =%
1 MRS
1.1 MHERIR

S AE TR A R T A SR R R A
VLB B 3 0 30, R AU ) 3R A 0 4% a0 4 i
K HINARE RS, AL 12H, H24H,
TR0 RE S 38 R R K A R IR, PR AR AR
[, SRAEETEII 201745117, SREER 0 — ik
BRI o S ARRE S A SRR R, R, B
WL ZRT 08, BERY, T80 °CUKMNIR-1E .

ASE R 4R S RKoNFE R TE . LI-DDFERR
AR T VT IR A 8061, SD-DDF /R i /e
ACHE T3 7E LU 2R 5 ol T Vg 38 5 52 5 B 1) 4 S0 R i
MEIATH, LI-DDRSK . 59 . B LR
) E T SD-DD, (HAY7e 9% A B & M2 5 (P<
0.05),

x1 HEHRER

Tab.1 Information of experimental abalones

40 5 e K/mm FE 9 /mm /g SENE /g
groups length width weight foot muscle

LJ-DD 81.73+6.41  55.76+£2.90° 72.98+12.25 33.19+6.16

SD-DD 78.81£5.46  51.66+2.40° 64.54+£12.92 30.22+8.92

e RPE I EAR A, B —SUhR i RS [F M S R R 72
R #E(P<0.05), T

Notes: The values show mean+SD. The different letters in the same
column mean significant difference (P<0.05). The same below

1.2 MEFE

FR AR S5 SR A R 4
SE7KF(GB 5009.3-2010); 25 S 44 B2 v I K 43 (GB
5009.4-2016); 43 BE 2 H 8 11 (GB 5009.5-
2016); 2R R4 5 UKL A 17 (GB 5009.6-2016);
FL B G A5 B AR i 2k (ICP -MS)I & ) Jit (GB
5009.268-2016); B[ Lt £ 7% I B )5 (Braid et al.
2005) ;5 43 ot BE ik DU AR R R (3 R R &
100T/968S).,

IR E A ' M T il 15 72 i 2018 s 1
Mgk . MERM BRI R ME KL, 2. 5. 10,
15mL, 430l HZE1MKE 2 2100 mL, JLETFRifE
MR WOR B 1, 20 5. 10, 15 pg/mL,
Bl mLZE M8 KA Ry 2 (6 I, ) s 0 3900 % B A
FARMEM R VAR A1 mL, 7525 [ IR S & kL
VWM AT mLAT A5 R 2% v RN 1 mL U fE TR
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W, TEZ (25 °C) T #4610 min, /il A3.5 mol/L
EBE M1 mL, JE 10 min/5 il A 1 mLEC & 109 &
5], 7F65 °CT /KA E (20 min, fFHAHE,
TE560 nmAb W S R

FREL0.02 gfifd T4 T 2.0, A3 mL
6 mol/LERMR VA WL, FHH, B T 130 °CIH AL K
it 4 h, EHEES50 mLJ5 & by g g Hok %
JEE",

ERAABRAFHRE TN E (1) #E
WIARE0.5 gkEf, K15 mL, 1231 h, K5
P30 min, SLJEAE4 °CHRAET, Lh4 000
r/minf 5% H 202 min, Bl mL EEW%, 780
KFFEZE10mL,

(2) BROX R YR D A B VR 45 1 mL,
A0.5 mLE#Y0.1 mol/L PITCZ JiE VA VA 520.5 mLAY
1 mol/L=Z i LIEHW, 2R EHEERT
BEOEHLE 1 h, IMAIEC%E2 mL, RAEHE O
HLLA7 800 r/minff) % 3 25,0 10 min, WIS Z2 G
FFanme B R 2%, FH0.22 umE RS Uk, &
FH o BT B o VORI 28 18K, O R AR TR 7
AT AR,

(3) U1 mLAE R AN WAH /NI . B AHA
0.1 mol/L ZREN(HTC/K BEMR#H8.2 g, 7K 900
mL%E %, FHBIHEpH 6.6, FEI100 mLK);
TENAHBN O ;R A I A 0 R T\ e B ik
o S Tk S (4.6%x250 mmx5 pm); I & gh
1.0mL; A 35 °C; Kl K 4254 nm. PE
B BE W27 7

®2 BEHEREE

Tab.2 Chromatographic column elution gradient

I} 8 /min WBIFHA/ % WLBIFHB/%
time mobile phase A mobile phase B

0 100 0

7 93 7

13 91 9

18 79 21

25 55 45

35 0 100

40 100 0

45 100 0

R& Jor BR 2 & M % 8 GB 5009.168-
201630 7 i 17 R 14 20 7 B 5 8
w1 [ 7K 7= 2% 43 3 73 sponsored by China Society of Fisheries
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Sh 3 4L 32 % HISPSS 24.048 3 fk i#: 47
MSTREAR ML, McHm2E R mE, 4
151 11 S84 47 1 22 (mean+SD) 7 .

2 HEiH

21 —REFHTEER

NI E S5 SRR E, P B S R B AT
fE—EM R mdbE SRR T s
g, HJE LK & W S T 2R RN
A £ £ H1(P<0.05), 3X T B8 5 R b IS Y £ B 2%
S K mdvE R O SN B s, I
A URRCRE B L B B RO R T AR T SR
A I 4 S0 B, (25 ORI 35 (P>0.05); R EUE:
Bl fF A AE T SRR, HEME A&
0 T AL ) SR A (P<0.05), HEW AT fE
H5EdBHAEERA X, RFEM T FRMAN
KAy RS R 8 (&% i Trgde e R4l , H
Z R AR E(P>0.05) (£3).

®3 FMENGBHN—REFHISE
Tab.3 Common nutritive composition of

two groups of abalone

x4 THREEHE

Tab.4 Comparison of mineral substance

TLER

mineral substance LJ-DD SD-DD ttest

Mg 298.17+86.72 315.51+£51.79 ns
Ca 149.76+57.88 139.53+23.64 ns
Fe 20.14+5.88 17.68+£5.28 ns
Mn 0.17+0.06 0.16+0.05 ns
Al 5.34+1.33 5.49+0.97 ns
Cu 4.16+2.15 3.95+1.68 ns
Zn 4.77+£0.51 4.60+0.79 ns
Se 0.07+£0.02 0.05+0.02 *

%4> composition LJ-DD SD-DD  t-test

IK5/% WW  water 73.70+3.48 76.50£1.35  *

JIH [ #%/(mmol/g prot) cholesterol ~ 1.60+0.33  2.1040.46  ns

K53/% DW  ash 9.99+1.94 8.52+0.32  ns

EHJE/% DW  protein 56.8043.56 48.40+3.17  *

g /% DW  lipid 3.66+0.86 3.81+1.03  ns

JHEE /% DW  collagen 1491+5.11 14.0244.36  ns

BEJ5/% DW  glycogen 14.40+4.96 16.02+6.85  ns

H: “RIRP<0.05, “ns” RN MR
Notes: “stands for P<0.05, “ns” stand for no significant difference

22 THIREBELER

i L LW O R P Mg B, HRE
Ca, Fedrm X8/ itk FmMBAT,
o L E NP R SRR T AF T
T IR R S, H 22 5N B 3 (P>0.05); 4
A 7 SR BE I A S0 R LS Bk
B S R E TrdbE I REA, PES AR
% (P>0.05); padui ISR pia T, S 2
WL A ) B G SIS T A AR T g O SR AE 41 (P<
0.05) (F64), 3 2 M1 1 B o0 A Xt MO I .

Hp [ 7K 7% 2% 4= 3 /5 sponsored by China Society of Fisheries

e “URIRP<0.05, “ns"FORNLREMEER
Notes: “stands for P<0.05, “ns” stand for no significant difference

BLOWEL OB BA . BERIE N ARTERZ
i EIeER, IR ARLTT YHEY, 595
FRRANRALEZ WA NP T, SHUAIETTIE
WM. AMERNERARKREFTRERY
RRY, SR FE, MUEm R R EA R HE
WIURBRAWNEZS . 0YICREN & EIFE K
Z by, EEMEAM TR ZE M LGS,
BIFFRFEH, HZn : Cu>10MZn : Fe> 1R % &
RAFEYUERT, M B4 Zn : CuflZn : Fe¥J A
TG e AR B BUVE R A5, RO A i 2 L P
A ) 5T LU AR A 5 B

23 ERTERMIEER SR

A b5 7 R A AT A S B Y R LA
R RS E R . A R R R R Y Y R
TR T SR (P<0.05); 24 R J7 SRR X
T, s iR NN H &R & R T At
M, HERARREP>0.05); 24FT I FE5m s
KT, SRR 2 LN T 2 R AP i R
m TR A, (B2 RR 2 (P>0.05) (RS5),

AR EAE R Z, B A PO .
WA S AR R A E T A& RS
A EPG] . E SRR AE O I RN
(L3I RN 2 S AN R =52 IRy i = ]
B PR AP AR, A AT AR A TR T A DA K B IR
2 LA R 5 38 5 A B R T 4 O T
ERPERE, BRI W T F
B G M PR . P2 E — RIVBMAERY .
W, AR — R TR A AR, H e
PELE . BRAEARREPR O i E E AL, 2l
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x5 RERSEHR

Tab.S Comparison of the amount of amino acid

afffi d LJ-DD SD-DD t-test
REEHR  Asp 2.18+0.78 1.62+0.54 ns
BHEM  Gin 124.54+3.02 104.31£9.28 *
H&E Gly 406.39+46.40 436.31+48.99 ns
R Tau 2380.17+55.59  1977.57+120.89 *
WA Ala 391.55+5.77 361.51£19.47 ns
R Arg 371.38+27.77 271.40+79.28 *
FRER Met 28.86+5.10 19.60+13.31 ns
iR Lys 430.93+14.30 384.32+26.30 *

e “"’?%/%Ro.os, “ns" TR LR EHNER
Notes: “™ stands for P<0.05, “ns” stand for no significant difference
R EE RN . 4R FREBUT, Aar
BN RR S B R E S TrdtE 4,
Vi B B A6 42 7 3% BE 0 4% S0 25 60 1) AR il R B i L
A —E IR, AN ik 22 IR EE AR K o

IR 18 5 5 {H (taste activity value, TAV)/E: S
Y AERE b S S B 6 R R E B 2 Y
HTAVEL R T 10, R S R Wy o7 B0k LA B
ik, JFHCYTAVIEBOK, REERTTERBCRN, 52
05 I I 22 R LG [ E, TR TAVAE, DL
FETR N I B 2 R FFAE (2 6) . HITAVES R A AL,
WAL . A = R AN 2 R G £ LA Y
ERTTEL, HOER AR 2R . B R 5
SR, (HHE 85 E R 24% A
(LJ-DD:24.54%; SD-DD:24.34%), H. 7417 i

Fz6 HEREBRKESRE. TAVERXNKIESFIE
Tab. 6 Threshold value of flavor, TAV and characteristics

of flavor of free amino acid

IR T R {1/

N , TAV
[mg/(100-g)]  BRIEFHIE
threshold  characterisrtic | y_pp SD-DD
value
REZR Asp 100 fitt(+) 0.02 0.02
BHEBE  Gln 30 /72 (+) 4.15 3.48
H&E® Gly 130 fith(+) 3.13 3.36
N Ala 60 fith(+) 6.53 6.03
FEMR  Arg 50 /R () 7.43 5.43
HEER Met 30 i/ () 0.96 0.65
MER  Lys 50 FHAE(-) 8.62 7.69
e CRIRER, Bk, IR
Notes: “+” stands for umami and sweet; “—" stands for bitter taste

http://www.scxuebao.cn

225 (P>0.05), [HA4F R 7 7 5H 41 0 Sk 3
Mg i W 2 e T R b4 J1 41 [LJ-DD:(1.76+0.02)
/100 g; SD-DD:(1.58+0.32) g/100g](P<0.05).

2.4 PERRBR4A R ELER

ARSI R BN, B E M A TRy
FIAMT, JEHRRC20:3n67 2 &5 Tt
FJ1 FRHH 2 (P<0.05); WS B AE R AL 3% ) F7 5
ERR, AR AR I R Fin-305 08 5 B = T 2 4E T
R FRAE A, RN RN B T R RN 22 S 1 RN s
Mo 52 R, (HERYRREP>0.05); &4
SRR, SRS 2 LN I EPAFIDHA
T TR A, A2 RN E P>
0.05),

T R i R TT o AAR B LT B0 T R BE
5 REERGEW I A EBVIOCER, A0
AR A, B R AR . 6 AR IR X R AR
I 97 AE [ B 2 AR A Y BN AR R G 7 R A
L AR N < (350111 119 = B 1 £
st B R ICC R BEAE T TR IR U, 2N M A
JIg 7 R D) 5 1 Lo LA e A R ) SR
F o, (R B 7R U A AE SN L A R R ) 7
WL MU A T ERY ., T REE R A
TG K AN BB v, AT BCRR D B 1 AN BT 34
i, SRMEEA M Z A AN R, JCH En-30%
Jig i TR 0 o B AR AS TR R, 3k i AR e I
v ILRE A RSO B I e ) R R n-
3R Wi B AE N AR N IS & B, b A5 S B4
A, BT RERTTFREA, Mt R
3T 1R 48 0 45 00 2 W e m- 3 g T T R DL (2 7)
AT RR R I B AR R AE KRR
BRI X, R A & BRI R 8 SR I (1Y
LR A gk 2 n-3 75 B8 107 2 5 n-6 1% M 19 2 1 LU AH
(N6/N3), L AR B AR 1 £ 8 8 g o B S
P FRMENY . SLIRESIR KRN, MET2FEM T
FRAHA, FEACHEE ) SR T W Ao R e B A
S R R RN AL

MR R, S8 ANEFEH AT,
HAFIR AR . SRR IR . 2 A1 Rl
JU R S i X5 TG ik 3 22 57 (P>0.05),  {.C20:3n6fi5 i
M i RIS, AR T 29 72
A, A I TR T ) A s B 6 A
1) g 19 2 5 AN (L

3 4

S o AN E T 4 4E T R 7 SR 0E AR AL

w1 [ 7K 7= 2% 43 3 73 sponsored by China Society of Fisheries
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®7 REMBRARLER

Tab.7 Comparison of fatty acid components

fjiﬁ% d LJ-DD SD-DD t-test
C14:0 0.624+0.38 0.97+0.54 ns
C15:0 0.46+0.36 0.75+0.16 ns
C16:0 19.10£2.11 21.67+2.46 ns
C17:0 1.7340.25 1.60+0.40 ns
C18:0 8.67+0.20 9.30+0.79 ns
C23:0 9.46+0.74 8.91+1.25 ns
C24:0 7.02+0.80 7.11+0.55 ns
SFA 47.15+4.11 50.48+2.09 ns
Cl17:1 0.99+0.18 1.18+0.40 ns
C18:1n9t 5.59+0.44 5.73+0.89 ns
C18:1n9¢ 11.54+1.83 11.13+0.34 ns
C20:1n9 5.84+0.32 4.83+1.64 ns
C24:1n9 3.46+0.55 3.38+0.58 ns
MUFA 27.43+1.32 26.25+1.26 ns
C18:2n6¢ 1.35+0.22 1.26+0.31 ns
C20:2 0.2840.10 0.35+0.09 ns
C20:3n6 0.63+0.06 0.39+0.21 *
C20:3n3 5.35+£2.26 9.72+4.46 ns
PUFA 25.424+4.93 23.26+1.15 ns
EPA+DHA 6.53+1.00 6.32+0.65 ns
N3 11.8849.81 16.04+8.88 ns
N6 13.27+10.69 9.03+6.87 ns
N6/N3 2.05+1.73 1.04+0.67 ns

TE: “UFIRP<0.05, “ns" TR LRFMER

Notes: “™ stands for P < 0.05, “ns” stand for no significant difference
77 % 58 P A SR B AR T A 0 2 B0 A B R LA
X 5E 45 R AT B AT, A B A SO A A
(G- W= AR < /5 SN =1 BN s - S
JEE R R E LR MR R AT
Beorfhe, HENEAR . FER. FEAR.
KR . 5K SRR B R ) B AR T
AR 07 97 P B AR, (E R A T SR A
T WSS R B LT 424 W 7 IR P AL A B
MRE WiPR E IR (E . £ b, REdbd ISR
X A 3 A 0 1) SR o R AT R e, SO
W, (R B2 A B2

SE R
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Effects of south-north relay mode on the nutritive compositions of
Haliotis discus hannai

ZENG Liting, ZHONG Shiyi, YOU Weiwei, KE Caihuan ’
(Collage of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China)

Abstract: The south-north relay mode of abalone culture, a common practice in China, was designed to increase
the survival rate of abalone in the south in summer. The abalone was usually transported to the north(Rongcheng,
Shandong) in April from southern China(Lianjiang, Fujian)and returned to the south in November. In this study,
the impact of this mode on the nutritive compositions of abalone (Haliotis discus hannai) was investigated.The
main method was the series of GB.5009. The determined indexes include moisture, cholesterol, ash, protein, lipid,
glycogen, collagen, mineral elements(Mg, Al, Ca, Mn, Fe, Cu, Zn, Se),delicious amino acids(aspartic acid,
glutamic acid, glycine, alanine, arginine, methionine, lysine),taurine and fatty acid. SPSS 24.0 statistical
software(independent sample t-test)was used to determine the significance of the differences between two groups.
The experimental results were expressed as mean =+ standard deviation. Two groups of adult abalone(two years
old)with the same algae diet (Gracilaria lemaneiformis) were sampled for the analysis in December, 2017. One
group was cultured in Lianjiang, Fujian (Southern China) without migration (LJ-DD) and the other was moved to
Shandong (Northern China) before the summer and returned to Lianjiang in November (SD-DD). Live samples
were moved to laboratory within 24 hours, taking abalone foot muscle to freeze drying after dissection and
grinding into powder. These powder were saved in —80 °C freezer.The results showed that contents of ash and
collagen were higher in LJ-DD, but not significant. The cholesterol, lipid and glycogen content were higher in SD-
DD, but not significant. Moisture content was significantly higher in SD-DD (76.50%WW) than in LJ-
DD(73.70%W W) while total protein content was significantly lower in SD-DD(48.40%DW). For mineral profile,
Se content was significantly higher in LJ-DD(0.07 mg/100g)than SD-DD(0.05 mg/100g). Besides, Mg and Al
contents were higher in SD-DD and Ca, Fe, Cu and Zn contents were lower in SD-DD, but the differences were
not significant. For amino acid profile, the contents of glutamic acid, arginine, lysine and total delicious amino acid
were significantly higher in LJ-DD than in SD-DD. Besides, taurine content was significantly lower in SD-DD
than in LJ-DD. For fatty acid profile, C20:3n6 content was significantly higher in LJ-DD than in SD-DD. SFA and
N-3 fatty acid were higher in SD-DD, and MUFA, PUFA and EPA+DHA contents were higher in LJ-DD, but
not significantly. The value of N6/N3 was lower in SD-DD than in LJ-DD, but the differences were not significant.
Overall, two groups had similar composition, but SD-DD had higher nutritional values than LJ-DD.To
summarize, the south-north relay mode has both some negative influences and some positive influences on the

nutritional quality of H. discus hannai, but such difference is not significant as a whole.
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