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WE  RAFHASN T &, MR EEE— R R R R A0 557 X T A (Saccharina
japonica)* B F EE R M AVATT AR, ERET, 2 AREAHEATHETN A2 EGEHNET
8%, ZRALE; BAMEGEZRALE, MALKKEASEZRIE; B EXNRKE_F
ZRAREF, MENKEREATETNLFEAEARGERBABRNERELR S EHT THA
FEER, b, REABRSERS, 20N 1.75%F 1.27%., 2 Fhr A X T 00 i 4 &0 s B B &
ERE, HRT 1%, mEMFAEXTER N Zn, Mg, Naf1 K4 #5 4 FG R 0T34 & 4%
BTESEFAER, MELRAERXTETNTERESERZ S THAFAER, BERGES
B R 22.66%F1 21.27%, trEMFRER AT, ARXEH, S5EAREEIEL, FFENREER
wmWERNEAR., AER. BHR. 7R TER. THEUEBRGERTCERS, DERG T HE
WERBEARME R, R, WRETHENES TV ENNNE, REBTENETREEN
A EERT

KR AEMKRTE; AR B AR

FESES S963  XEARIRED A XEHRS  2095-9869(2021)02-0170-06

V17 (Saccharina japonica) &k E /K P2 F#5H 09 £ 2018 4, R EWA = E N 152.25 i t, R EF&
BIR R T —, FEFREDK IR 5 A A, ) 64.96% (AL A% B e L Ha B4 BER), 2019), T
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BRER, RAER P W as, BA 8 mEy stk .
T SR | TR AN YT FOBR AR VR T, b A A
S R o ELAE ARPUAR O L AE T A L PR IR
Jok K S 2 FREARR AL 1t A A0 000 0% 25 PR g D28 W]
Vi LRI A 9 R B A R RORE, Mk 1L A
. BA TR B TIE R RS (ORI, 2018, 5L AR,
2008).

Har, X7 IR 0 EE I X, H
TSRS PR B A5 A TR] , gty 758 X 9 9 28 A 4
Vi) 4 2 LA 5 5 7 VA P 22 S (BB G 5, 2015), F
HKIE IR AL 5 2R S0 B R o SR I T R TR A Y
BRI, WA G IR TR QI 24F, W& 7%
PRI K, BB Tl R A O 8%
%, 1996; H13%, 2009), FEMBA R IFHEAM T, WA IK
AHAS N, T aAE, AR EN,
B TR 2 BB . AR . AR B . SR A IR A
T o7 R & E 5 (Hwang et al, 2014; Boakye
et al, 2018), i £E [ — R BUAS [R) 37 8 7 2 g 45 %)
TREATY 078 35 A0 72 A S W M T 48 VRS TE R R DA,
FINVE W SRR A R JEAE b, BT T R
AR S HR, BUS T B MU (5 o 55,
2019), M5 78 1 1 8 57 FEAR =X FbR o Ak 57 i 5
KX, SAFRFEAEGTERY R GEES, B
TEFE— R IT R ITE bR AL Ay SRR R 3,
T FR 5 1 R I 2 A

1 MR57E=®
11 SREEHERIE

SR R B AR EL IR X AL e SR X,
2 ANl X I T SR VS B N B0 AR ) SRR R, AHEE
25 50 mo PRfEfLFRIARI S G REA A, 3
KTEHRMEEE | PR R /NP4 A, b T R4
FESR Ty 2 B e R AR T 4R b AV R, X
ZB0 R o o Ab FR B AR 0 Y 1) R AR A
G 7 Y 62.9% (5 A, 2019), 2 M IX IR
Je RIS A 2017 4F 12 A, F 2018 4 5 AUk,
FRFE A FE 45 By A ] o A5 BEALAE WSO 1 gy
AL 10 A, BRUEH DBARERTE 1, .
| 3 BESEEBRES T 500~600 g 1 A FE S EAT 0 HT .
Horp, bR eI A A ORHT B HAS R (1791+481) g,
15 58 7 FA AR AT O HEA% R (1511+£405) g.

12 HRLEBESEZFHSNE

TET0°C AT T, il A AR 80X J 4 (DHG-
9240A, _LifFyFf i AR AT =R, A ROF

Fra T, TSR, FEARES A A A 2 e o
Horpr, WA R S S I, MR D e
GB/T5009.6-2003 H i J7 6l & 5 24 H: R % GB/
T5009.124-2016 1 4 77 32 ffi Al 2 5 /R A 30 43 B AY
(L8900, HITACHI, H )il ; Jg i i fdi H g i i o3
Fr X (QP2010plus, SHIMADZU, H74)$% GB/5009.
168—2016H (1 7 A 7 5 A7) 5 o0 2 A FH it I o't
1Y (AASO0, Perkin-Elmer, 3 [E)i5E ; #3510 & &%
FHTE TR A5 100 5 5 1T AR T B A A vl s M i 5
S R B QB b vk )T 5 o

1.3 HELE

FASBURE R0 SPSS 22.0 Si 40 b #4143 #r 4k
B, SRS AEA K HL B 2 IR AR SR A )
— BB SRR . EIEIRAL AL . JRTFRALAL . B R OT
RO, AR SRR S, L P<0.05 1F
h#E 5B E K

2 R
21 —BREFES

2 P FRFE AR I 0 — O IR R 1. bR
WEAC SR TR AL 17K 43 | 38 TR R 43 1 s e T
LG gt =0y, HJC W22 55 R & g%
Fieg A=, (A0 E M2 5 (P>0.05), #x
HEAL TR AR AT i AT PR A i s TR 4
FREE R (P<0.05).

x1 2MHFERATEEN—REFKS
Tab.1 Nutrient compositions of kelp under standardized and
traditional long-line aquaculture mode

FFH N s 59
Nutrient Standardized Traditional
7K 43 Moisture (%) 88.32+2.10 88.06+1.58
it Protein (%) 6.88+0.33 6.88+0.33
A 0.74+0.20° 0.41+0.14°
Soluble protein (g/L)
fig i Lipid (%) 0.88+0.25 1.00£0.12
JK43 Ash (%) 48.15+1.19 45.30+1.56

T R Rl A7 A AN [F) 5B A RO s A B 2 ) 22
SR FE(P<0.05), T

Note: Data in the same row with different superscript
letters are significantly different from each other (P<0.05),
the same as below

22 SEBAR
M2 MDA, BRIERR LIS, brifEfb FRaE



172 4 E A 542 %
ST (1 T U FE TR 1) - 34 1 B 3 8 A% e 3R FH AR £ 3 2MHFEERTIEHHAEHERER
g o, PERR . 2SR A B 8 Fh Tab.3 Contents of fatty acids in kelp under standardized and

E%Maﬁﬁ%ﬁT%%%ﬁ&ﬁmﬁmﬁo%M%
x@,ﬁ@W%ﬁﬁﬁﬁ%%

SRR 1.75%F 1.27%,
W@%%ﬁﬁﬁ?;=m%%£%ﬁ%M¥ﬁﬁﬁﬁ

IR, RARE
FRPAAL T A A

e TG

®2 2MFERA T EHREEERER

Tab.2 Composition of amino acids in kelp under standardized

and traditional long-line aquaculture modes (%)

HHER R (EEE
Amino acids Standardized Traditional
WER Ala* 0.63+0.10° 0.51+0.06"
28R Ser 0.28+0.05" 0.24+0.04°
SEEMR Leu 0.39+0.06 0.34+0.06
KW Asn*  0.97+0.24° 0.75+0.16"
REEmR e 0.22+0.04° 0.18+0.04°
HEM Gly*  0.34£0.05° 0.28+0.05"
KA Arg 0.22+0.04° 0.18+0.04°
A His 0.11£0.02 0.09+0.02
HAR Val 0.36:£0.04 0.34+0.04
B Thr 0.37+0.05° 0.30+0.04°
KNER Phe* 0.27+0.03 0.24+0.03
HiiZM Met 0.15+0.02 0.14+0.02
BHER Glu* 1.75+0.61 1.27+0.43
AR Lys 0.27+0.04 0.34+0.35
% Pro 0.26+0.08° 0.13+0.05"
fit R Tyr* 0.22+0.02 0.20+0.02

traditional long-line aquaculture modes (%)

i i 1 PrifEfLFRAE (|
Fatty acids Standardized Traditional
C14:0 0.100+0.010 0.090+0.010
C15:0 0.002+0.000 0.002+0.000
C16:0 0.170+0.020 0.170+0.020
C18:0 0.020+0.010 0.030+0.010
C20:0 0.003+0.000 0.003+0.000
R R A 0.370+0.036 0.330+0.120

Saturated fatty acids

Cl6:1 0.020+0.010 0.020+0.000
C18:1 0.160+0.020 0.160+0.020

C18:2 0.060+0.020 0.06+0.010

C18:3 0.030+0.040° 0.020+0.010°

C18:1n9 0.150+0.020 0.160+0.020
C20:3 0.003+0.002 0.005+0.003
EPA 0.030+0.010 0.030+0.010
C22:1 0.020+0.000 0.020+0.000
C23:0 0.070+0.010 0.080+0.010
AR D 0.310+0.038 0.330+0.048

Unsaturated fatty acids

x4 2MFEBRATEFNTYMRTRESE

Tab.4 Contents of mineral element in kelp under

T * PR BEIRE AR

Note: *: Flavor amino acid

2.3 RERRERLA R

2 Fh R BAR X VT 1) 45 TS I R & 8 AN
Br C18:3 4k, Wiy i L ALRR MR HE An o o 5 22 7
(P>0.05) AnifE A R A AR 20T W4T 1 10 ARG i 1R -1
TR AL G IR X, N AR B IR - 34 B
RFAEG AR, (B0 5222 5 (P>0.05)(3 3).

24 WHIRTE

2 PRI N WA O ) R A i B T W
(P>0.05). Bk Fe. Ca fll P Z4h, ﬁ@%ﬁ@ﬁfﬁ
WY Zn, Mg, Na fil K 4 Fhi 4 T K A0 25 B4R
W T R AL 2, (HTC i 2 1k 22 5 (P>0.05)
(#4).

standardized and traditional long-line aquaculture modes (%)

TR FrEfb e (EER
Elements Standardized Traditional
Bt Zn 0.0008+0.0003 0.0007+0.0001
£ Mg 0.56+0.13 0.54+0.04
Bk Fe 0.03+0.02 0.03+0.01
£ Na 2.62+0.33 2.47+0.24
B K 13.73+£2.87 11.96+2.13
£5 Ca 0.66+0.08 0.66+0.05
WP 0.13+0.01 0.15+0.05
e R 2 PR SO Rl 48 AR 0 B0l I 8 M 2 5
(P>0.05)

Note: There is no significant difference in the same
parameter of the two long-line aquaculture modes (P>0.05)

25 FARABEREBERHESE

PRt 2 B T T IE MR A O
0.89%, HWAL%F A AY0.59%1550.85%, HERF
.3 (P<0.05), 3 0E & A G R A 5 6.54%,
{H2FIAR 20 TC 2. 35 22 57 (P>0.05)(3£5)
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x5 2MFAERATEHFAAMENEERNESE
Tab.5 Contents of soluble sugar and sodium alginate
in kelp under standardized and traditional long-line
aquaculture modes (%)

Fabr FrifE L IR 5 1B 5 3748
Parameters Standardized Traditional

AT MRS Soluble sugar 0.89+0.33° 0.59+0.16°
B Sodium alginate  22.66+3.89 21.27+4.15

3 it

T [ g = S A, g 6 R AR
S HAAEEZRNL, EAMUREZENES, Wik
ZN . W RN H RERE AR R PR, B, 2%
T B E TR TR IER 2, BB EE2011)%F
T AN TR AR B 1% 8 35 R R AT T ST, R AN )
H iy i H #E . M LA S e T e S 2
HEQOI)LIEE 1 S M 4, XHAER
) YR ) 3 3R A EAT T FSE , R B IR)— & A e A )
TR B TR S A R 22 SR X415 (2005) %
L AR T 5 VT 7 D0k V9 e A 9 5 o R AT T F
g8, R O L BURE B B R R T
TS T RO IR R R R Y DG
INFE BT . BRILZ AN, A E R R, B
(Black, 1948; Adams et al, 2011). & Fl(F Kol
1998). fh BZIEHT S, 2001), FEKCEREE %,
1993) 22 5 AR JE 5 A1 5 T2 M N R, 45
AR, W ERREGEE . LRANE R
YRR & S BORH R 2R . Wik, AR
25 SEXHRET R B A B A A E R A A

ELTE A 25— B TRl — IR, SR R[] 118 37 5
AR 2 VY 7 i 8 R B0 7 A R, XA LA
FRIRIF 5T ff DR TE o ARBIFFE R B0, bR AL 37 A =X T
DI mEfga A nAEER G ERR L AR
2 . Sl TR R IA M SRS SR A LR AT
DAt v R TR R I R 1) i o K e A v A SR A AR
A TREHE 7 B SR R S A T g R s X
Xifbb 2 Fh R pE AR QR BEER BT AR b A IR, bR o Ak R A A
N T E AL B0 37 FE AR A 3 78 1 1) O HEORT o
) 7K A8 e B O BB B AN I SR G SR AR X
i E A R, VT BT AL K 2 B O R B AR /D i
8000 Ix; fEH IR P i e, PRI 157k
)BT R, 3 2 ST BN R PR T G R s AR
WA (5 RS, 2019), T FECE R R,
PRI, B 3R 00 06 XA R B 05 2 5 T LA sE M iy A

FVE IR AT AN, 1 DX B PR 8 28 f A5 2 52 1) il
AR RS SRR R R

ARWFFE I, R AL T5 8 0 TR 5 5 o0 1 i
1 b A G SR = . REDE 20 . 48
SR H 8 T S 1) = A 7 [ CR IR AR, 2016; XU ST
2,2007), TENE B EZRRL, 1 P SR &
T A B L E K AR R DR, ik
FREERIECT , BN R T 3440 B & i LU AL S AR
P 6.54%, Q5 LTk 1 07 I 5 1 e 3 fse 7= b A
PEAFTH R (MBS A, 2011), 48 I &5 s R T ol DA™
AR BN B AR, BRAEALFRTEA T WA (1Y)
AT PERE CELAE S . SEWE AN 220 & i L A5 Go 7R A
X F 50.85%, FHoBE AR & A0 A5 DL i (7 5o 4%,
2019), $&F¢ TR 2 0E4R BUSUREE AN A
XF FRFE AL U, A v AL SR TR A 2 RT DA i A 7
mi O, DA AR R AR R AR (5 SRESE, 2019)5 XN T
AR, BT i T sURE, 7 R B T
TG, AT LIRS S A 0 T, RIE R
TP R s (T E5OG, 1986; MIAEZSEZE, 2011); XY
BB AL, T LA 5 A I8t 7= i v AR A a1 Ak
WL ORI SR A4 T RS, T 2 B AR
L, ArfEfb SRR e S 2, AT LA = 7
din I, [RIASE, AT LA N 2R B R A AR A AR AR (T,
2010; FEJATHAE, 2013), fRALFRIALEHS, etk FRaE 7
R HE BT IR B AR TG R T 1]

4 Zig

AT, TE—psl, A RFRFERECT 1Y
i E SRS S T2 S o AR FE A S A (9
FRER, MBI R o SR T R I BR AL
FrRpE A SRR, BESR Al 19 B IO (BN Tl A
fE, A=A B R S

& % X #

Adams JMM, Toop TA, Donnison IS, et al. Seasonal variation in
Laminaria digitata and its impact on biochemical conversion
routes to biofuels. Bioresource Technology, 2011, 102(21):
9976-9984

Black WAP. The seasonal variation in chemical constitution of
some of the sub-littoral seaweeds common to Scotland.
Part Ill: Laminaria saccharina and Saccorhiza bulbosa.
Journal of the Society of Chemical Industry, 1948, 67(7):
172-176

Boakye P, Sewu DD, Woo SH. Effect of thermal pretreatment on
the extraction of potassium salt from alga Saccharina



174 ook B

2 R 42 4%

japonica. Journal of Analytical and Applied Pyrolysis, 2018,
133: 68-75

Cui TJ, Deng HS, Zhang ZY, et al. The common chemical
components and catalase activity in five species of Laminania
descended from Japanese ones. Journal of Dalian Fisheries
College, 1993, 8(4): 62-66 [HEk%, XB2xil, KEFET, 4.
R 5 M H A AL 2 B ROBIE ST, K%K
FEBEFAR, 1993, 8(4): 62-66]

Duan DL, Liao GR, Wang XL. Aquacultural biology of Saccharina
japonica. Beijing: Science Press, 2015 [Btffifk, ZE%, F
7R R, deat BlEEmiEE, 2015)

Fang JG, Sun HL, Kuang SH, et al. Assessing the carrying capacity
of Sanggou Bay for culture of kelp Lamnaria japonica.
Marine Fisheries Research, 1996, 17(2): 7-17 [J7 &6, #
23, Eftle, & RWIEEEIREA ROV K
PEHFSE, 1996, 17(2): 7-17]

Fang JH, Jiang ZJ, Lin F, et al. Analysis on the advantages of
standard kelp long line culture in Sanggou Bay. Progress in
Fishery Sciences, 2020, 41(5): 134-140 [JHchE, HHI7,
L, 55, SIS FRE SRR L BR T, il
RlaEiEE, 2020, 41(5): 134-140]

Fishery and Fishery Administration of the Ministry of
Agriculture and Rural Areas, National Aquatic Technology
Promotion Terminal, Chinese Society of Fisheries. 2019
China fishery statistical yearbook. Beijing: China
Agricultural Publishing, 2019 [V A &Rl e B
Jay, A KRS S, K2 2019 HhE i
AbGEit s, dent: HEgOb M, 2019]

He MY. Study on the relationship between the change of nutritive
composition and processing method of Laminaria japonica.
Fishery Modernization, 1986(3): 26-30, 37 [{ff/#T. KT
AT TR WA S N T 07 B G R ESE. il BAR
1k, 1986(3): 26-30, 37]

Hwang JH, Kim NG, Woo HC, et al. Variation in the chemical
composition of Saccharina japonica with harvest area
and culture period. Journal of Aquaculture Research and
Development, 2014, 5(7): 286

Li T, Wang FJ, Sun XT, et al. Nutrition assessment on Saccharina
Huangguan No.l cultivated in different sea area. Food
Science and Technology, 2012, 37(11): 70-75 [2=#%, £ K
A, IMEW, F. BUE 1 SRR TR AN R B TR
M5, &R, 2012, 37(11): 70-75]

Liu HY, Xue CH, Zhang H, et al. A comparison of differences
between Qingdao Laminaria japonica and Ningbo Laminaria
japonica. Journal of Agricultural University of Hebei, 2005,
28(2): 61-63 [XILLE, REIMI, TKHE, ¢ FIMT
Weiply oy 26 5% OB AR R 72741, 2005, 28(2):
61-63]

Liu JX, Cao WD, Wu CY, et al. Todine content analysis of three
new varieties of Laminaria japonica. Marine Sciences, 2001,
25(6): 810 [XIgLHr, B30k, REIT, F. 3 R
R sAT. WEERLE, 2001, 25(6): 8-10]

Liu SL, Wang CY, Wang H. Utilization and development of
Laminaria japonica in China. Food and Drug, 2007, 9(5):
34-36 (XKL, EAFH, EAE. FREE I TA AT
. B2, 2007, 9(5): 34-36]

Shang DR, Ning JS, Zhao YF, et al. Establishment of the
determination on kelp alginate. Food Science and Technology,
2011, 36(8): 252-254 [MfEIR, TEhk, BHEIF, S5
R B R E DT i ST BB, 2011, 36(8):
252-254]

Sheng XF, Zhao YF, Shang DR, et al. Differences in the major
nutrition constituents and major elements in the kelp of
different growing stages. Food Science and Technology,
2011, 36(12): 66-68 [ELEX, &XHiTF, MfHEsE, . W
AR AEAC I TR M TR 22 5 LA R,
2011, 36(12): 66-68]

Shi J. Numerical study on the influences of physical processes on
the aquaculture carrying capacity in a semi-enclosed bay.
Doctoral Dissertation of Ocean University of China, 2009
(L. B AR X 2 PAT VA V25 5 L o 5 ) ) BB
r LR R A AT A 2 A 5, 2009]

Song WL. Research on the primary functions and utilization of
Laminaria japonica. Journal of Fisheries Research, 2016,
38(1): 81-86 [ARWbK. Ely Y I E I HE Ko T A HIWFFE
FUIR. BT, 2016, 38(1): 81-86]

Su L. The study on reproduction and cultivation problems related
to variety breeding of the economic seaweed Saccharina
japonica. Doctoral Dissertation of University of Chinese
Academy of Sciences (Institute of Oceanography, Chinese
Academy of Sciences), 2018 [FhiN. S AR E A
(R BEHH S R B BT v R B R R e A
B, 2018]

Tang QS, Fang JG, Zhang JH, et al. Impacts of multiple stressors
on coastal ocean ecosystems and integrated multi-trophic
aquaculture. Progress in Fishery Sciences, 2013, 34(1): 1-11
URETE, Jrabt, skaksr, 5. ZEE M TR
ARG ELZERIZRG G, Wl R EitRE, 2013, 34(1):
1-11]

Wang L. Effects of the different maricultural models on Sanggou
Bay ecosystem services. Master’s Thesis of the First Institute
of Oceanography, MNR, 2010 [ E1H. S [RIVAE 7K FRFE AR 200
RINEEB RGNS W, BRI RS — s
PRS2 18 3, 2010]

Wang PG, Xu JM, Yang LJ, et al. A comparative study on
economic properties and basic composition between distantly
hybridized kelp 2 and common kelp. Journal of Fishery
Sciences of China, 1998, 5(2): 31-34 [E153h, 1R, #
ML, 2. L% 2 S S il 2 B PR SIEAR 1 o)
Hasr. EDK R, 1998, 5(2): 31-34]

Wang WL, Wang SJ, Song K, et al. Study on the function and
exploitation of kelp. Food and Nutrition in China, 2008(8):
26-27 [E3C5E, BNV, KA, % BRI HIT A
FIFRWEFE. P EEY5E TR, 2008(8): 26-27]

(B4 T HE)



2 3 P S A RAATEBREAL 5 5 GE SR AR g ls 1) 5 97 o0 LA

175

A Comparison of Nutrientsin Kelp Cultured in Standardized and Traditional

Long-Line Modesin Sanggou Bay

FANG Jinghui', HE Wei'?, MAO Yuze', FANG Jianguang', JIANG Zengjie'”,

GAO Yaping', LIN Fan', DU Meirong', LIANG Bo'*

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao);
Qingdao 266071; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract The primary nutrients in kelp (Saccharina japonica) products cultivated under standardized
and traditional long-line modes in the waters of Sanggou Bay, Shandong Province, were analyzed and
compared. The results showed there was no significant difference in the moisture content of the kelp
produced by the two methods, and in both cases, the moisture content was higher than 88%. The
cultivation method did not significantly affect the total protein content of the kelp, but the soluble protein
level was significantly different between the two methods. The fat content was low in all the kelp samples,
and the difference between the products of the two cultivation methods was not significant. The essential
amino acid content (except lysine) of kelp from the standardized cultivation method was higher than that
from the traditional method. The amino acids responsible for flavor were higher in kelp produced by the
standardized method than in kelp produced by traditional cultivation. Glutamic acid content in kelp from
standardized production was high (1.75%) in comparison to other amino acids (1.27%). The fatty acid
content of kelp from both cultivation modes was lower than 1%. The average levels of zinc, magnesium,
sodium, and potassium in kelp from standardized cultivation were higher than traditionally produced kelp.
Additionally, the soluble sugar content of kelp from standardized cultivation was significantly higher than
that from traditional cultivation. The alginate content was 22.66% and 21.27% in the standardized
cultivation and traditional cultivation modes, respectively. The results showed that the protein, amino acid,
fatty acid, mineral elements, soluble sugar, and alginate contents in kelp produced by standardized
cultivation were all higher than in kelp grown the traditional way. Therefore, the nutrient value and quality
of kelp products were significantly better, when produced by standardized cultivation. The value of kelp
products for food and industrial raw materials was also higher. Therefore, the standardized kelp cultivation
method in Sanggou Bay has significant advantages.

Key words Standardized cultivation; Traditional cultivation; Saccharina japonica; Nutrients
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