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REFVE (Hypnea cervicornis J. Ag.), 1985 4F 4 AREI REHIT; AXFE
(Chondrus ocellatus Holm.), 1982 £ 8 ARHIIKBET N ; BB (Euwcheuma
striatum Schmiitz) ZZE[E Marine Colloids Division ffi'-{#\:, KEIERE Sulu E"#‘E’Jfﬁﬁ
Eie
2 BEREW

FREL 10g DL MICRO-MILL™ B M (K4 Imm) DITFIFBIER, (1)
Sehn 2L KT EE (22°C) $iahRE 12 /B, AR BEFRE—K. (2) #RFLL 5%
€] 77°C) 80% €] 78°C), 60% (ﬂJ 80°C) R140% (4 84°C) Z@%ﬁ@{ﬁfmﬁlo FH
WREEEREN = YR, 45 UKIM 300ml T, B—k 2 /N, BT SWA 1 AN, (3) IARH=
PLBWN 300ml 7K, BEIFA Lo (4) F 121°C ASENTRER IR, XN 300ml K,
vk 2 /N, B YR 1 /NEE, (5) f 100ml 1mol/L NaOH 73, REBE—7%, AR
FHRI— Ko (6) Jm 100ml BEHEIS# (pHS.0), F 80°C KIAHIRE 2 /MK, FARETER
Bl—Wo Dh:b & YRIZEES FH B LL (10000 r/min.) 438, R SEIBREA I BIE
3&%’, SN EFEMALE Celite 545 Bj3E, DL 1.2pm F10.455m M;%mdzumﬁ%m

%% (Millipore |4 7=)E#8o ﬁ&ﬁ@ﬁ&ﬂ%%ﬁ%%ﬂ»ﬁﬁ?ﬂﬁ?o o

3. ®C-NMR }if#0 IR %i# a4t i

B 70—90mg HRTHIZERESM 2ml DO, FTHROKEHMAMLEHEM, H Bruker
WH 400 Y3/ 100.62MHz (%5 11 000—15 150, ZIMR B % 1 100—5 076) Fi
80°C (4 BIRERL7E 60°C) HEiL R F {8 PC-NMR i, DAIEEHEEF(TMSWE&MﬁEi
EHRETF A B1E (), Pl ppm FiRo IR IRIKCEIE AT E BB 5—10mg KT
i 2ml K, TR B ENAGERE, B 1ml SEA 4 ¢2.5cm ikl F 37°C ?J@ﬁﬁiﬁo
Perkin-Elmer 297 ﬁﬁﬂ‘%%ﬁ(lﬂiﬂ%&l&ﬂ%o o

4 WaE :

FREX 130mg T 2B 100ml = AESHE, A 30ml Ko MNEEMRE,.MA 30mg
NaBH, F 80°C KNk 15 44, A 15ml 3mol/L NaOH % # .18 & /5T 80°C i
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Fig. 2 Distribution of the yield of polysaccharide fractions extracted from Hypnea
cergicornis (a), Chondrus ocellatus (b) and Eucheuma striatum (c)

CW: %7K%Srs 80,60, 401809, 609 1 409% LEEHSYs HW: KB ; AU: mESHsS; AL:
BIRRES; HA: RERES.

AN 40% CHERESWEREE, A THRERN 31.5%; HRPHKAR
BBE Sy, B 5.4 % 4.7% s NERRFRE A 43 51240 4.2% F1 2.8% 3 oA i 7K 160 %
f180% ZBHRBRESBET 2%, SRS BRIETATENS0.6%, BXEHAKE
BUE S BEEE, % 24.0% ; HUABUK. 40% CRAMERBRES 5 8% 9.4%,8.4%
R 49%; 60% CEWBEH B SESBRUBTHTEN 492%, SHBBEN 40%
CERBESBE AR, 289%; RRABRKES, 195%; RREESBRET 2%,
BREH BRI ARATEN 526%,
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TREEEN 12 MRIETFROMLEABE: GL 1025, G2 69.9, G3 78.9, G4 74.1, G5
74.9, G6 61.3; Al 95.2, A2 70.3, A3 79.2, A4 78.2, A5 76.8, A6 69.6ppm, It
HAETRHY o~ FRBIHERILN B 5 «G3 77.1, «G4 72.2; (Al 92.4, (A2 75.0,
¢A3 77.9ppm (5% 1 XEMEM ). B65h, BHILANRANERE S 704, 709,
734,745, 76.5ppmo  60% CEIRSYHUME (BHE) 5 40% ZBERTHOKSS (E 3b, )
LB RE ER - FRROAT 12 ABRETES, JKBSLHLEE, TEIR
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Fig. 3 C-NMR spectra of carrageenan fractions from Hypnea cervicornis
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£1 ARAXYFHRER-BEREFEFL C-NMR {LE LB (ppm, HXT T™MS)
Tab. 1 BC-NMR chemical shifts of carbons of repeating disaccharides of various
carrageenans (ppm, relative to TMS)
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Fig. 4 "C-NMR spectrum of alkali fraction (floridean starch) from Hypnea cervicornss
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LB o~ FRIRESI, 48 o RHRGH/MEERE S, (Al 920, G4 72.1ppm (&
3d)o RRIBER S HOIEE (B 4) BRU L HEN R BN BN (floridean starch) F7i
EES. Cl 100.3, C2 72.2, :C3"73.9, C4 78.1, C5 72.0, C6 61.3ppm; FHHRH
MBIES: C1 1005 /1 C4 70.1ppm, BET (1—6) SE ARSI C4 EEED
(B 5)o WABMERBBRNY 47% (B 22), BEAHDLN 0% LHESH 2% B
ARG, R RERBIOEE 5, S INA 0.2% KC, NIRRT AEE o
X SR KREES (F 62) MEEEA LY - RRBRFHANES, B
B BB — R RBEAOIE S AL, (A3 R (G4, (ERHREAIIERKES
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Fig. 6. “C-NMR spectra of carrageenan fractions from Chondrus ocellatus
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Fig. 7 ®C-NMR spectra of carrageenan fractions from' Eucheuma striatum
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SER, BEEES, BESEAES, RAEW, RBAHTER rEREGLAE
5. G2 69.6, G5 74.8, G6 61.2; A6 69.6ppm, NI 60% ZEIEEEIN2%
K BT R BOA B R EBERE 4 A 0.2% KCI i, T 248088 fo s B 1,

SABB: F 7 hRABB A A K PC-NMR EE, AKELS (E 7a) Wik
HRWERH o RREWN 2 /MES, KB H -~ RRBOES, SHIUARAONES
70.6, 70.7, 79.7ppm, 60% IG5 (M) SR KED BEHEM. 40% TRES (B 7c)
HIER&GT 80°C HilH, ME LRIUTEBR - FRBNES I, BBRH— 8%
HES. 103.1, 102.7, 90.6, 87.3, 83.0, 76.0, 73.4,72.5,71.5ppm &, WAEEE Mk
IREGKBE=Y (IE s~ FRES) WS, BERELT 60°C ik, NHSHLRE
s~ RRB BT EME (8 7b), LT, SEBETN 0% CRERES &
80°C L RBAREN, 2L EEHRE, T 80°C BEEMHE, HRMHER, FkERS
S (BRIN 1.6%) 1€ 80°C B HIEE(E 7d) FHILT s—RRER °CE2 (G1 1023,
G2 69.8, .G3 78.9, G4 74.1, G5 74.8, G6 61.3; Al 95.1, A2°69.9, A3 79.2, A4
78.3, A5 76.8, A6 69.5ppm) DI EFh{EE BN 102.7, 66.9ppm (B-EHEE?); 104.8
65.6, 68.5ppm (r—EHIE?); 92.1, 72.2ppm (e-EHEE?); 103.8, 76.2, 75.2ppm (A—F
FrBE9); DI 109.2, 82.6,81.5, 74.6, 73.4, 73.1, 70.5ppm & —A VIR =L 3EAL
Bo ZBIIBEBBEE 410% LRSS EBIEUR, Hok (B #K)RB A 47 £ 4
AR, R X SR AR R = R B, BB BN 40% CRHREWIN 2% B
RUMA 0.2% KClRRIB A LA BE LT, | p

3. IR %o ' ' :

IR ER—FE S R RS FRERDOSFTRR, ﬁ%%ﬁ?ﬁﬁziﬁmm
S, AT EEREHIRALT BB E. C4- R ER C2-HBRENEE, REX
MR RO ELE AR, AT e T T DA 3 2 R BB R R B e B LT
JBRE%, 5] 5 PC-NMR RS EREAE A, WEXNEH, (EEERETILRIT
AR AR 0 IR R R

B SA FRMBADE. AIXCEHSRBBEEA P REM RRB A0 R WICH
B, TEHASSHIE 1250, 930 F1 850cm™ e ¥ih HH B BRRBGE S, SRRER
SOH.3, 6- PRk HBE 2 (1—>3)-6-D- L F 4 C4 10 SO, (E I8 X BLIX LS5
HEEELN S e R, A BB BIE 805—810cm™ A BRI, FR 3,6-AEE-D-
MIRE C2 b SO, A, Wl SR AH o Fhlk, BADTE RN 60% Z8
%45 (7 8Aa), fX3E 60% Z %5y ( 8Ae) RISABBIN 60% 2B sy (H 8Aj) h
F 1540cm™ HRBORIEE, EHAERSNEARS, HENAKERSS (&
$AR) HTFHSES, 3,6-AC HRIKEHEETRERE R, H60% ZBES LWL
5 (F 8Ag) TR BB RUKREE S (B 8AD) BB h# BIRH 805cm™ R ik,
U —RRIBE L BEAE, XS °C-NMR # I —RRBEESEES

I 8B % Sigma JAEFEHY k-, oK A-RRIEEY IR WU R, A- Jﬁﬁi&ﬁ so«a%
B£, f£1 250cm™ fRKER; R A-FRBEE 805cm™ W ; s-R1 o~ FREE
850cm™ BRI, (B - FRRHRE | | -
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Fig. 8 Infrared absorption spectra of carrageenans

A. ZHILBEROFAEERS

A. carrageenan fractions from three carrageenophytes

a. 60% ZERSY 5. 40% LIRS > oo PKBo U L EEADERE
de BKES 5 €. 60% ZERS> £. 40% TERSY > 8- 60% LER} (ZBLE), he PoK%
o0 LB AR
o WK 5o 60% CEHSY > k. 40% CEEES) > 1. $oKEo) UL L EH R BB R,

B. Sigma | 7 k-5 Rl A--EHIEE
B.k-5t- and A- carrageenans manufactured by Sigma Co.

m. k-Fhk, Type 111, MWERBBRHE (E. corzonii) §l&5 n. t-FHE, Type V, Ml
B (B. spinosum) 4 o. A-—KEK, Type IV, MiE (Gigartina aciculata) 4o
ZRPBEEDEFE 2 920cm™ FREHRW T, BEC—HWEE, BHUEASRES
BINSH, C—HARINREE, EREYIER LB 3, 6- BRI 1 R &
EEBNLETATAR, RAXEEITET 1 250,930, 850 A1 805cm™ Xf 2 920cm™
RO W AR ELEM, S5 Rk 2 ,
3R 2 7L, BmER A th DU A O ROK R & SRR AR 40% LE %45,
hiEE . 850/2 920 (C4-S0,) LEHEAR L EDHMEBEALLEHEM, 930/2 920 thiF
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Tab. 2 IR absorption ratios of carrageenan fractions from three carrageenophytes ]

: B S e b -
e S 4 -
LS FHBRES 930/2 920 1 250/2 920 850/2 920 -« 805/2 920
i (3, 6-AG) ~ (El SO (C4-80,) (C2-50,)
B 60057, 8 1.07 1.58 0.76
10057, 8 417 5.95 3.68
#K 2.57 3.58 2.28
— . o4 m—— -
- + u + - o
AXH¥ - 0.88 2.26 7.27. 8.60 1.87 . 2.11
6097, 88 1.26 1.64 §.38 6.78 1.64.
4005715 1.67 3.91 10.53 10.66 2.44
#, 0.20 14.54 3.33
SERBE & K 2.57 6.2 ’ 2.38
609, 8 2.04 : . 3.93 2.00
409l 3.78 : 6.13 3.60
K 1.06 - 3.59 0.71 0.18
k-ERB | (Sigma =) 4.24 ) 5.03 ~ 3.21 .- el
-ERpE | (Sigma TR 2.05 . 3.95 : 1.62 -, 1.46 -
A-FHB | (Sigma @[ 0.26 12.56 | 3.02

1) = RLE; +: BLE. - .
—RE 2—4 £A, I:l:fﬁ':?&%m, EXREEFHEA C4- SO4E 930cm™ &Eﬂzﬁ%ﬂ&”ﬂ i
WERESENLR AXREEDEWLEG, &S0, 3,6- -AG 1 C4-50, E’EJ[:HE%!S
HHE. SABBSEHRK F 5 Il 805/2 920 thfd, BIRME, %I L—Jﬁﬁﬂﬁ
BHMBAEE, Sigma [TAPH A A-FHRIRE&E K& C2-SO,, # 805/2 920 [hfl
BEE, U 2-FHRF, - FHRAOBREBESELAES,H 3,6-AC 2R, HFH
TR C4-804 o~ FHIEKH 850/2 920 5 805/2 920 tbﬁj:ﬁzﬁﬁa%ﬁ, i‘%ﬂﬂ C4-50, An

C2-80, ZEWABET FREPULE 1)

=. It A

A BRGNS R R R R, B3 SHARRRRNE BRI EE B
DRRD 40% TRENERGRE; fHXNEMREBE LA KT 0% ZE%s
MR . AR A RS K S SN NMR BEA BN, BLLsFRRsE
EAS, BRSRERS, W IR LLEHBTIEH 930/2 920 1R{%, 850/2 920 HfE AR o
NMR %5, BADREHRAK LS hBEEH D & —FHIR, (B2 R W h RS
SEHIHOK B4y (B 8AD) HHEXB B IR R RIRAEIERD 8050m™ IRk, FLAbZLSY
BEAHE, W~ RRRNE B, BADIORKESZMEBEHR ki
B, O — S 5y s R R A BARMRES (2 10% DUF)™, JIZE “C-NMR i & g
S S v, TR B s (824 DUBRAN BRI , — 25 2 BB B S Y, T B AR ZE G oo
BBk v~ RIS B o R, HAERS & BARE, M BoR th IR E S . Boh 10
FBXIE 40% ZEARSY ) NMR S (H 6c) gl o REIRIES (78 TR 3 (7 8AD)
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g1 805cm™ R Wizl (C2-SO,) Ik 850cm™ FHIRMK BT B RA H Ko B2, FrHFsey
 EHLEBRIES KRS, BB EE D REEE K,

R &R R BRI AR KA R, MEER e R R BE, TR
EERS T RO c-RHRE ., BADEN 0% ZEENTEY e R R EHLX
B - RBBAIMA 02% KC HABRE—FTRENRE, SABBSEN-RRR
AIREUIR, B 40% ZWESDBEMA KCl BREE, THETHIBER, KERRE
MR, B RS F RGN FRIR Z 8o Bellion W\ H BB (Eucheuma coronii) )
BAKEBMhA “C-NMR 2T 6-OCH, fIL2Ar 8, (B RABB LA & S5y i
KMo i 6-OCH, ZEL BT & BRI EERSE B, DIHBRES h
RO SR (B 5) 4R ST ESHWRERSS RERN, XEHLRRHELE
HAEHHEBREDR, B EEFRH, ’
 SHROBUBESIR 40% TRE. FIXU 60% LRI I 60% LEANHI IR R
eitth, #EE 1 540em™ B RABARKRBEERORKH, AL 60% LAY (A
8Ac) BWAL G (B 8Ag) BH RRMMEN & T EVH 40% ZHASH BERLE,
PHREEERE 1 540cm™ W, XAEEY%: HAREERS FERK, SHOEERR
BN T, EEN BRI ANEARS FERR RS2 EAEAY, BORLE, &
KRR BB RN T B, AM R RE T ST,

zt:ﬂﬁnaufm—%m ¥C-NMR fﬁ%&n‘é’fixﬁ]%ﬁﬁ?ﬁﬁ%%ﬁ?ﬁﬁﬂ?ﬁgﬁa
AR R ENERER BRSO S, DANRBOE SRR —FE BN TR,
%‘cﬂ&ﬂ’gﬁﬂi-ﬁﬁﬁfﬁnfﬁﬁtha%, 6-AG, B KRR AL B BRI 2 , 3 M LS NR U T
AL E T AT B TIEN & B RS LY,

£ % X &
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STRUCTURAL ANALYSIS OF CARRAGEENAN FRACTIONS
EXTRACTED SEQUENTIALLY FROM THREE
CARRAGEENOPHYTES USING *C-NMR
“AND IR SPECTROSCOPY*

Ji Minghou
{Iustizute of Oceanology, Academia Sinica, Qingdao, China)
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(fo McGill University, Montreal, Canada)

ABSTRACT

The chemical structure was studied of main fractions recovered by sequential extraction
from three carrageenophytes: Hypnea cervicornis, Chondrus ocellatus and Eucheuma striotum
ushing *C-NMR and IR spictroscopy. It was confirmed that the main fraction of carra-
geenan recovered from Hypnea was 40% ethanol extract, and those from Chondrus and Eucheu-
ma were cold water and 40% ethanol extracts. The “C-NMR spectra indicated that all these
main fractions were composed of k-carrageenan, alternating with (1->3)-8-D-galactopyranosyl
4-sulfate-(1—4)-3,6-anhydro-a-D-galactopyranose as the repeating disaccharide unit, except the
cold water extract from Hypnea and 40% ethanol extract from Chondrus, which in addition also
contained small amount of s-carrageenan alternating” with (1—3)-3,6-anhydro-8-D-galactoply-
ranosyl 4-sulfate-(1—4)a-D-galactopyranose 2-sulfate as the repeating disaccharide unit. IR
spectrum also showed the presence of absorption bands characteristic for k- and ¢-carra-
geenans at I 250 (total SO.), 850 (C4-SOs), 805 (C2-SO.) cm™, and their relative contents
were qualitatively estimated by the ratios of 1 250, 850 and 805 cm™, respectively.

* Contribution No, 1495 from Instituté of Oceznology, Academia Sinica.



