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Study on the compositions of amino acids and
fatty acids in Enteromorpha prolifera

SUN Wei-hong! LENG Kai-liang'* WANG Zhi-jie!
NING Jin-song? WANG Yu? LIU Yan-ping? ZHAI Yu-xiu'

(! Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,Qingdao 266071)
(* Shanghai Ocean University,201306)

ABSTRACT The compositions and contents of amino acids and fatty acids of Enteromorpha
prolifera were determined by automatic amino acid analyzer and gas chromatograph-mass spec-
trometry (GC-MS). Eighteen amino acids were found in the samples and total amino acids
(TAA) was 8.78%. Human essential amino acids (TAA) covered 35.08% of the total amino
acid. Among the 19 kinds of fatty acids of C12~C24, the content of total unsaturated fatty acid
was 65. 78 % , which were mainly high polyunsaturated fatty acid with a high percentage of C12
and C24. The content of w3 unsaturated fatty acid was 29. 68 % of all fatty acids, and the con-
tent of characteristic fatty acid of chloraphyta—all cis-6,9,12-Octadecatrienoic was 18. 70%.
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KX WP 50 MEMABERD(ERFGE 2007;ACEF 2007, HEKHX, & & RFEEERSL
AHEROHRE A THREEXHANNBRE . RAERRBEAN—GRNERMEBEEARKRE, “ERFE
ERM.

HERREEBHMEIARZERERASARERBNER, SATFLZARLETEREFRST (BRREE
2003; ARG 2005:f % 2006), BT LREME DR MG AHEY , FRAREHE R HE XL
TRIE. BAANGERRRE 55 R7EE 5F B4 P55 1l (Galland-lrmouli ez al.  1999; Netten et al.
2000; Wong et al. 1999.2000), MEREXTHEEFRBRI W REHRKD /0l 2 EBRAIS B F 8 K
WRELS, AHREAINHEEERANBHRARN ST S ERTN, AMEREN N THAMERHARE
HRE, M FRBHERERAFEEE .

1 #HEERZ

1.1 FEMURESEA

Agilent 6890N/Waters Quattro micro™ S 4§ 8,
i/ BRI A H 37 L-8800 & FE R 4 B % ; B BR . IF
B be I i 4, HCL.KOH R R &4, = H LW Z
BETE W R S b, K R ZE K .

F1 HEREARNEERAR

Table 1 Amino acid composition in Enteromorpha prolifera

& (g/100g THE)
Content (g/100g dry weight)

HEMAK

Amino acid

RIT4HR Asp* * 1.15

1.2 HRmir %% Thr* 0.50
BESHBMELFRET ST REA RS8R LA Ser* * 0.45

B ESMAEEANHEREBKMEEREYS, FE A EE Glur " 1.15
WA 105 CHEF GREMHE 1997, MBI B HEMGly" " 0. 50
ERTEE. HEM Alar - 0. 96
(WEERME HEHRHFRENY 200 mg, BEF B2 Cys 0.12

B % ZM R S, BIA 6mol/ L HCL10ml, #1225 #H4% , S Val* 0. 45
Z 110 °C MFE RN 22 h, FFMZ I, €453 50 ml ¥ EE MR Met* 0.09
B2 ml BB REBRERRVET  MEBERKGERE FHAM leu 0.31
F,40 2 ml 0.02 mol/L HCL, & #ER S, it 0. 45um FE M Leu” 0. 65
JKAHRR , EALIZE . AR Tyr 0.22
() IEHRIE  FREEEMEY 200 mg, iIlA 1 mol/ # P98 M Phe* 0.39

L KOH/H ¥ 2ml, i % ]z % » ££ 70~75 ‘C/K¥# 10 min #iE R Lys* 0. 56
g4k, ¥ 5, hn 1 mol/L =& ALHH/ F B 3ml, in 55 3% 5 E M Trp* 0.26
%7 70~75°C/Kik 10 min(HEE4L) , BT , 0 0. 5 SEM His* 10.18
ml EDAEEE R, B kB A VLAHSAT A G- R 55 WER Arg 0.53
. & Pro 0.34
1.3 GC-MS 4} 47 & EREERSTR 4,21
. LEREAERTE 3.08

%% HP-88 B41%E 1% (100 m X 0. 25 BEMNE 8.78

mmX0. 2 um ), OB EE 250 C; RBRXARBFEF
B, #EHE 45 C, % 1 min, YL 25 C/min HE F
% 180 C,{#% 5 min, M 1°C/min HEF Z 195 C, £+ 3 min, LA 1°C/min EEFAZ 210 °C,{£## 5 min, H
PL10°C/min HEEFZE 220 C,{R#F 15 min, BN FEERK(99. 999%) , FEFHAER, W H 0. 8 ml/min, KA
STUHERE, AW R 50 ¢ 1L, #HREN 1pl, BRE—%RER., TiE&MG: RS EMKLRERN 250 C,ETHE, o8

W x AUBEER, » « WEKREER
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H2 FCA3 A, B FEE %2 WETKEBBRTNOLEAREAR
BE & 70eV, —% FE H E 200°C, Table2 Chemical components and contents of fatty acid
i@?ﬂ] %E 3R 10min, E?ﬁ)ﬁﬁ:?ﬁ & methyl easter in Enteromorpha prolifera
50~500. %5 RESE B BT ERUE— L4 R0
No. Retaining time  Fatty acid  Molecular formula  Area-standardization result
2 GRESH 1 16.07 C1z: 0 CisHz0: 0.80
2 18. 22 Cl4:0 Cis HO: 0.65
2.1 UEPEEBRARSTER 3 21.36 Cl6: 0 CiyH3 02 30. 26
S 4 22.70 Cl6:1 C17Hs; O, 1.05
O 5 24.96 c17: 1 CisHuO; 0.70
25.76 Cl8: 0 CioHss02 1.40
1 18 MAEBRTREABLE 7 27.36 C18 ¢ 1n9 CiyH36 O, 2.29
BRE 8 R H AR, AER 8 27.62 C18 ¢ 1n7 CieHi0; 14.71
BE(TAA) N 8.78% , b HEE 9 30.01 C18 : 2n6 C1oH3, O, 11.06
M(EAA)3.08%, ELTAER 10 31.82 C20: 0 CuHizOs 0.19
(NEAA )5.70%,EAA 5 TAA 11 32.09 C18 : 3n6 CieH32 02 1.10
B 35.08%, EAA/NEAA X 12 33.45 C18 * 3n3 Ci9H3O; 18.10
54.91%, FAO/WHO (1973 13 35.79 C18 + 4n3 CisHio 0, 9. 60
EIRFNBAFEORERIAN, 14 39.43 C20 * 3n3 Ca1 HseO; 1.35
FRERFNEAFREEMAR 15 41.56 C20 ¢ 4n6 Cy1 Hs4 02 0.75
EAA/TAA N # 40% £ H, 16 41,81 €22+ 1n11 CosHu O, 0.28
EAA/NEAA EE 60% PLE, 17 45,97 C20 : 5n3 C1H32 0, 1.02
%ﬁ#%ﬁﬁ)ﬁﬁ%@éﬂﬁitbﬁ% 18 50,97 C24 ¢ 1n9 Cys Hys Oz 0.28
B, T LR 3 b 8 4 8 19 55. 45 C22 ¢ 5n3 Cy5 Hys O, 1.18
LLASE W R L wSPURA 2872
EEMTREE, FALEMUR v ePOFA 128
B9 47.95% , 7T 03 5 69 bR 3 1 A0 FE B AR 63.47
Se0E % , T LUIF % 4 K A 5 96 7 e -
BRK - '
2.2 HEREBBARNSH oyt e
iR
5 B R 24 7 T 0 "
B ARAESERELME2, #2 o
2 NIST2005 it FE K R % 6 A 22100
TR B3 % 18 Fi k& 2
Yy, i BT RLEY 96. 77% , Fh °r
MR B 5 B & 1S B R B ok AL Tine

M 34.22%, N4 A0 fg B BR 13
i, 5 BEM 65.78%. w3 PU-
FA 5HeHiBe S B 29.68%, 11
Bo+BmAKBM(EPA, -+
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1 %EPEHRPENRAETFRENE
Fig.1 Total ion chromatogram of fatty acid methyl

ester in Enteromorpha prolifera
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(AME AA RBEHABREREBTNEEY R, A RFARBEM T ARBYEHMIEETEEEM.

ANERHAREAEHREESR o6 Ml o3 BRI, EAXHFLTE R, 06PUFA Ml 0-3PUFA 3 1
BiR1: 1, HATHFHNRE™HP,03PUFA MBI, I 2H T AN - 6PUFA fil w-3PUFA K th
BImERE, EMEACEA R 301, IH"ENAVFEEEREZHBMNAKERRENERRE ERFH
THRuEAMIBHELRER. HP, 00T RWHE FR.EENEEEREHN o3 BEZMSBHRERN
R, HRTAAABUK LB ERA30: 1 KR 4: 1,5 RKERHEALRNER. BT ABEMEBHR
EANEHAAEER, RENEREFREB, UEP o6PUFA #l w-3PUFA WHBIH 1 2, TUEIARKA o
3PUFA M%7, B A R K BRTR .

3 it

BWEPAKFENLEEERSLEERSEMN 35.08%, LEEAEMELSHE, 5 WHO f1 FAO &1
MEARSEEAMHEE AARENEFRNE HARKREERSERE, SEERSEM 47. 952, 7T LIME
ARREGERARBHTHE. BEPES 19 MHEHR, X P ARMBHREEESE, LS A RMEBHERR E,
w-3PUFA SERIFBE A B 29. 68% ,w-6PUFA #l o-3PUFA B HHIR 1 : 2, AT IER A A »-3PUFA H3k
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The instant-drying and preliminary development of Enteromorpha prolifera

TENG Yu WANG Cai-li SHANG De-rong ZHAI Yu-xiu

(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

ABSTRACT Three-level dehydration drying technology of Enteromorpha prolifera was
studied in order to process a large amount of fresh E. proli fera rapidly during its sudden occur-
rence and kelp processing wastes, so as to save energy and reduce pollution. The analysis and
study on compositions of E. prolifera and its content of harmful heavy metal such as As, Pb,
Gd and Hg showed that, E. prolifera was a new type of seafood with low chemical pollution,
high fiber and protein contents. Then method for producing canned-product of E. prolifera
was studied,for which seasoning prescription and steridization technology were developed so as
to utilize E. prolifera after scientifically and rationally.

KEY WORDS Enteromor pha prolifera Instant-drying Heavy metal

Canned food Techniques
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BEFHEM(EH (Fleurence 1999;Wong et al. 2000), T HA HL B 4 . KRR E B2 A58 58 LK G5 H 2 D3 (Wong
etal. 1999, FHEMMIEBRAREZEERBENE BRW T REFE T, AESYEAE; &I &
B, BRIEEAWETH HEBOAMESRENS. MILBATHABENBIESR, WSRT HEAN
HE, RER 37 t BEHRWEAEBRSE, Q™ H 300 ZF T,

2008 4 6 B L], %l iR MEWN RSB W, T RIEE X HI KRS, H 2007 £ 2 —4 A K2 5K
B, B RARNEYS, IR T R WL R RWTEBF 2T SR R, R HME AN AE, Bh
MHER LAY ELRILT. FSTBOR R REEH, AFAA YL BRITENE, LFEHE O TS, AR
WREEE M, RT3 E BT R B A, i & W T R A AR A SE R 47 fdh 2 S BB AR SR

1 #HE5FHZ

1.1 ##

7H 2 H,NE SRR R R E K v BEJS B B BLLE K T ¥R 5 min, 8BS A
K EVE, AR BRI A S Y AR A A, B KAV . BN BE A AR A & BT .
B ) A 68 P o L R AR T T SRR G L e S, S ol B AR R AT R B LR R

1.2 H&
1.2.1 #EARHSME

W E H 8 :GB/T 5009. 3 B & H K4 098l & ,GB/T 5009. 4 & F KW IE,GB/T 5009.5 BT EH
JE B 5E ,GB 5009. 10-85 & & L 4F 4 59 %2 5 GB/T 5009. 11 & & o S & & HL# & Ml 28 , GB/T5009. 15-
1996 & & 4RI E 77, GB/T 5009. 12 & 5 4589 ,GB/T 5009. 17 & S B R B A VLRI E .
1.2.2 #BhEaEzLy

ZHBA
2-level dehydration
R HE E IR Frame extrusior ._( J,__‘jﬁnﬁ; B FScald
(to moisture 50-60%) Liquid (Moisture 70% )
— Sk
1-level dehydration
E% F42 Turn dry fren R
(tomoisture< 10%) Cool Store
SRBA

3-level dehydration

1.2.3 #EmIL?y

2 HRE5iHiE

2.1 HBEZLBASBRTRER
FEHERRL SKBRERRMH#TT RN TS FHE LWENAE R EBOER.E 2
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~3d WAFBELE. HTHEPTARE MUY MHBESERIBL, BrUELEE TR EABRE A X
T ABARR AR M E 3 TR =RBKEAR , 23 Br BOW I & #E47 B K T 4%, BE SR AR B W & B
S, NEBEXBIRATREH. BRNESHFIWWHILEREAT 64F, B - RREBJTETR, DHFEE
HRRERL USBRERBEEEIEERL AR BETREARELEBHFE, FEHETR. &
W E R R YEFH TRELL BT BRI E , AL RE T TR R, ek, R R E LR

WEL=ZFBAKTROERNT - HERBFRE KSR 80K ~90%, e—F R KREHGTEAEEM
KEFASERED 00EAH, BEIFHTITREHTRIEEE _RBKEKS XD 50%6~60%, B &
ZGBKEFETRMEKSED 100U TERE, BB 1 LA WREH.

2.2 HEMESSHHZEERM

WE—BRAWAME L R, WEBARSE 10.22% BFEERE QL. 0%, MuFEEHEE
B G TOMERMUS 670, HEHBEASTRRATP LAY, SHMERML, HEARSEERA EXEL
BE-MEFHEVEAR. WEHSESE S 160, KRTHEWEHSE SR (10. 220 MEH (11.8%),
METHERKC 0N, BEAESEERNAREFRE —EARJBH BRALEY BER . THNEAHET
KRN B LERR, IEAETER LAEE BB B B KRR EES, Xy R
BRTEGAEHA B ARBEDNE T 2EZNOER, PEERFSEWARE B REARM 30. 2 ¢, 5,
WESFERTIEARFNESTERT, IAGESX - LFHERRE. W HENRS SR 18.32%,8F
GEWE (8. 200 MERT. 850 AT MWW (20. 000, KA EBERIBEM PR T D Y5, X & LS
TR N IEH £ 6E, R ARERAFE S EREREA.

®1 HEMRAMBRAD LR

Table 1 The compositions comparison between Enteromorpha prolifera and other seaweeds

BE BEOR Herg K4 5 B & &

Seaweeds Protein Fiber Ash Ca P Mg Fe
# & Enteromorpha prolifera 10. 22 8.76 18. 32 2.56 0.13 0.79 0.04
* BB E Enteromorpha linza 27.0 10.2 8.2 0.3 0.16 1.13 0.15
¥ Laminaria japanic 8.7 11.8 20.0 0.71 0.20 0.16 0.01
¥3E Porphyra 43. 6 2 0 7.8 0.39 0.58 0.08 0.01

* WS A HH Q2004

TYRSET HENESSERE N 2.56%, . R TEEWE0.3%) JEH (0. 71%) FiE3£ (0.39%), 7]
UEBIENNEHREEFRREETHRFL  HELXNE LSEHRR T —REE . HENESTE0.79%
BF4EHEA. B3R EFEH 0. 16 %) FEEO.08%) , ENE SR 0. U EFEENEO. 5WET
¥ (0. 01 %) (0. 01%) .

2.3 HEPEEUWRNSH

BEMAMEEFERERE . BEARMBH AR NREW, B — WA al, BEARAWERERS M,
HREREABEEEEN L SR XEEHRETRLTELELBE T, Cu.Pb M Cd WRHAR, TH
FHRMEDHE, NORFQODMBERFILFTE~RLTHM A BMRNIBHTTHE. GRK
g (TR PEANEEN 1.29~27. 76mg/ke, UM E BT, BEFEH 0.22~9. 90mg/ke, RBE R
& 0~11.83mg/keg, R EEHR 0~3. 04mg/ke; BH(T ) PSS EBE R 46. 68~101. 88mg/kg, BREME
S HMEBRMTIMERRIT, FEEN6.13~18. 31mg/ke, BEEN 1. 97~12. 05mg/kg, REBH 0~
5.17mg/kg, BRANMINHERESBRSERTHR R, AEARZLY., BdXNUENEEY RN .E.BM
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RE NN, FE TSR 1. 24meg/ke 8t 0. 80 mg/kg 58 0. 38 mg/kg FRKRKH, XEH FY R & EIT
AR T M8 3 Y S GB19643-2005¢ JER M i DA RE, RAM S BEMMEBREARE(R 2.

£2 HEMRMERDEEEER TR (me/ke)

Table 2 The contents of harmful heavy metals in Enteromorpha prolifera and other seaweeds(mg/kg)

¥ ¥ Seaweeds i As & Pb & Cd #* Hg
¥ ¥ Enteromorpha prolifera 1.24 0.80 0.38 K
¥ ¥ Seaweeds 46, 68~101. 88 6.13~18. 31 1.97~12.05 0~5,17
¥ ™= 5 ¥ Marine animals 1.29~27.76 0.22~9, 90 0~11, 83 0~3.04
GB19643-2005 <1.5 <1.0 — <0.5
BX 3 PR & EU limit <1.0 <3.0 <1.0 <0.1

1984 FHAEARMUBR Y —IEELRARNILEY R ETEF L), X B F R EHEER 4
PRI FE YRR KRR R —E k. BRI PR SRR AETHEILFEBRBEF AR
PERK B ABRHALAMBENLERSTEN, EEEX B JFEMEE. 1972 £BE4 ERRHAA A
RBAUABKBIIREINTFERECHRNER LY HES 1AL 2 AHERMEFEMM) . 2005
£1 A 25 BRAMWREIRITHES DA GB2762-2005( & & Hi5 e W BR & ) .GB19643-2005¢ K il i T
), MERKH R P TYMBERE(TEI)<{1.5 mg/kg, MFE As SEHTOHHM(E D, EHHE As B
HE 1. 24mg/kg, R THBEWE N 2. 98 mg/kg, FIimJiK T (12. 62 mg/kg) MI%EHK (16. 91 mg/kg) . Netten
(2000 #E K 15 FIE ¥ As FR7E 17~88mg/kg Z[H],Caliceti % (2002)43#7 T Venice lagoon ffj= 7 fi i
P As EBEHNTmg/kgt3 mg/kg) ~ (242 mg/kg+104 mg/kg) , SZHH . HFEK As S BRI, B
As BEABER LR B SR As BAABK . AX—AEH . HERNZEHERR—FSAROCHER,

£3 HEMHAMBERTHHIR

Table. 3 As content in Enteromorpha prolifera and other seaweeds

#
i3 3 WE GZEWE B E-E 3
Seaweeds Enteromor pha prolifera Enteromorpha linza Laminaria japanica Porphyra
As(mg/kg) 1.24 2.98 12.62 16. 91

2.4 HEBLTFREHR

WEPSAEENMRE, AN TR PRGN, ¥ & F 48008, Bk Kk, AR ARZ R, h L x
HERARKEEREWFEREN G, RN ERL=R VA —-SHAEEREFETHNER, FEH
EESMT -

(DFEREE WERKMHE, HELS EUE SR ERE, AT K S mnE 2~3 6 FHERE
B, BANEKRE REHITETETR 3 cm K.

(DR HELBHESHRIRWBER,EZW T HORNK, RAZE. . ZBAIBRSEZRBETE R
BELRE , HEFEMSERYERK , ARKRERFHEER KW ETRERARKSEZRZN T EBE
RUWMBEWN, REBRTHES FEERERMTALSYT & ERMHE D TREKR, RENNZEHSR
WES,BAMTREREARS, BRPTHEFNEEYREZ A MMAEHBRAgEL.

BOOFE%R BEBAEEHNHENERRIED, AP NSRRI, TURBGERE. BTE
RYGHAT R B ERA 2~3 FEYEARENE S M. &MEM AR 4,



114 ok A % o B $£30H
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Table 4 The seasoning rate in canned Enteromorpha prolifera

R LR 3.3 . " N BRHE BHE i3 ITEY. 3o
Seasoning Citric acid Vinegar Sugar Salt Na-G Wine Glue Potassium sorbate
A
0.5 1.0 5.0 3.0 1.0 1.0 0.5 0.1
Rate( %)

ORBRE FARBFHHERR LR, AERER,EHEF 100 THS 15 min FRBEE# S, TS
PHERAERABEARN 10'—15"—15'/105 *C, BUH/FREMA 70,40 CRABRRHNERR. THREHRKE, RHE
Rpg- NSRS '

GORERE RAJNCLI2CRE 7 ERNMHEE ERABZFLTHANBEYS -8, PHE 37
CHERE 7 d, BEZRHRRHEAE, WAL, 76 %IRRT N BT LRIER LN RE.

OO FELBEER BHLEHE.

3 #KiE

WERRED . RERAE MEHNKER BESTVWHERMEERNXRABEEFRTHPOER, REE
AW ERERE, AT RFRHERRNHAT TRR, W EET . UEE BB WERE WE
SFEHRBHEDIREAELE. HILHERNIREED, FRAWETH HWERR MG EREES W
EBMBHEEREASENERESREFRERIA) ENATEHES, WRARH EBENT BELLEN
BETHRES MFESXBEHEREEERSERYUARZHTHRERRNITR. EIRAETEN =SB
Koy B TR OT DR KA B ¥ & RE TR, SR TR IJT R, SRR 2 120 AT E) , 58 5 fE 8 37 & 00 el P 5
BMEMTH & FESEORRETHRE T XHNEE, BRI ELEEE, BEXREBMLTERE.

2 £ X W

XL B, TR 4E, BREL SR . Ak 8L, ZJROK. 2003 REFALFEF-RLTH G B REBYWES S PEERFR, H.38~41

BER.1999. FRFFERD. L A ER TR

5 1 SBEE FRE, TR, 2006. RESKEZE U E BEFRAS 47 RITH. BERE,30(1):34~38

MEE. 2007 REBWEWHARESHAH. FTEEY S5 EFH.9:24~25
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