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Chemical and Gelling Properties of Alkali-Modified Porphyran

Jae-Geun KOO and Jin-Hee PARK*

Department of Sea-Food Science and Technology, Kunsan National University, Kunsan 573-400, Korea
*Korea Food Research Institute,San 46-1, Backhyun-dong, Boondang-gu, Seongnam 463-420, Korea

The chemical and gelling properties of porphyran from Porphyra yezoensis collected from Buan and Wido in Korea at different
months of the year were studied. Crude porphyran was prepared by hot-water extraction and further purified by cetylpyridinium
chioride precipitation. Crude porphyran and porphyran were modified by alkali treatment to eliminate sulfate. The yields of alkali-
modified crude porphyran (AMCP) and porphyran (AMP) were between 4.9~10.9% and 4.0~6.7% of the dried algae weight and
were maximum in February for Buan and January for Wido, respectively. Gel strength of AMCP were highest in February (790 g/cm?)
for Buan and January (740 g/cm*) for Wido, Alkali modification increased 3,6-anhydro galactose content and the molar ratio of
galactose and 3,6-anhydrogalactose of AMCP and AMP showed 1: 0.8~1.1, GLC and FT-IR measurement of AMP showed that
most of sulfate residues were combined to C-6 of galactose. Thus, results of this study suggest that crude porphyran extracted from
Porphyra yezoensis produces an agar of a reasonably good quality after alkali treatment. ‘

Key words: Porphyra, porpyran, alkali modification, agar

M = 2. Porphyran®| H=
Porphyran®] A Z¥ Fig. 19 " g Az &, 1,
e U Ay F8 ¥ AEFY otk Hele Y 4% A 5o (vw) e FFFE 7hate] 100CoA 3412 gk
gol #hsol e dl £8 ZL isofloridoside, floridosides®]  #&¢ ¥ Z¢ oFAsdn. d99 ) (W) FY JE&s I
FE T AEY T AR BE4AH 9 A0 4R22 a9 gte] 948 (4000gX15min)E ¥ JAEL FF A=z3dY
I AER FA 349 #84 929 porphyran® 2 o] Foj A crude porphyran?d A Z3 A} Crude porphyrang FHF =
o} (F#E,1989). ©] % porphyrane 36-anhydro-L-galactose, 6 o 1% &N TE F 5% cetylpyridium chloride (CPC) £
O-methyl-D-galactose, D,L-galactose, ester sulfate 522 T45 HAAo) A7|A X& W7x AR 37CAA 1241 AT F
of o] g F8 YR sd mAHY 2AH A & AR (4000gX15 min) 3t CPC-AHY o HFAY JHE
Ab8te} (Su and Hassid, 1962 ; Peat et al., 1961 ; Anderson et al., & 28389t CPCHARAE 2M NaClEd& W3 37CAA 48
1965 ; Morrice et al, 1983). A H7) ¢de AZE, §H2E, AP Turd F 3w (yw) o N8BS b8l Q48 € 4000 gX 15
Astes F& 429 A7 L A4 Fad gt 74 A8y min) A FREL G FHF Ho K/AT FAF 2
z49 Wiz Q3td gAd, A9 4493 porphyran® A28 porphyrand AZRIACH
TARE A7 v frAbete] RS A Az 482N

HeAel e Eort FUL 9 AH 2 2 A7 BE por- 3. porphyrane] BEHH S
phyrang} 01387 S4do] &% A7t 7 A0 298 7%-32% (Dubois et al, 1956), GWAL Lowry et

E d¥dMe Uit °f}*—1 A o8 N2E A AZE AT ) (19514, F471E Dodgson et al. (1962) ¢ 34, 3,6-anhy-
N2ARE A7) A8 AR A7) R FLEE A4 Pg FANY dro galactose= Yaphe and Arsenault (1965)] ¥ylo] wtz} 2
porphyran® A 231 &) HE dto 3 L 444 2 2439 Porphyrand 747 ZA& Furneaux et al

54 2 (1990)¢) o) ek ¥ EZ 2 A (myo-inositol) % EZA o
(rhamnose, ribose, galactose, 6-methyl- galactose, necagaro-

y U biose, D-xylose, D-mannose, D-glucose) & A& FL3HA

acetylationAlA T=¥ At AN E T AL &

1. M2 peak?d FA4L EF A% retention timed ¥t} FUGA

A8 A& 7] (Porphyra yezoensis)< 19983 1€9%H 3¢ 2.9, 36-anhydro galactoset neoagarobiose (Sigma Co) & &
AR RHEE A9 2T 9% 7 dARAAM 2z fHeg  HF acetylationAl A FFFAD. Porphyrand} BU7E F42
o, AgAe] gutste] o|EAL AANT AW T BHstd & FF7IE KBr pellet FHZ AEE A2 FT-IR Jascorl,
2 87)d 2R F2 Ao AR FT-IR 3000& o] &3te] ZAsA.
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Dried and pulverized Porphyra

- extracted with distilled water( 100C, 3hrs )
- filtered through gauze and filter paper

Filtrate Residue
- concentrated
- precipitated with ethanol ( 3 Vol )

- centrifuged( 4,000 X g, 15 min )

]
Precipitate Supernatant
- dissolved in distilled water
- lyophilized

Crude porphyran
- dissolved in distilled water( 1% )

- precipitated with 5% cetylpyridinium chloride
- centrifuged ( 4000 X g, 15 min )

Precipitate Supexl‘natant
- dissolved in 2M NaCl at 37C for 24 hrs
- precipitated with ethanol

- centrifuged(4,000 X g, 15 min )

Precipitate Sup(lematant
- dissolved in distilled water

- dialyzed against distilled water

- lyophilized :

Porphyran

Fig. 1. Flow sheet for the preparation of crude porphyran and
porphyran from Porphyra.

4. 2Z2| M2l porphyran M= Y A EM

@Ze Ae Rees (196109 FHol wet AN F,
crude porphyran® porphyrang 2tz 1g $F40] 3o HE 05
% 9] NaBH, 02g& ¥ A2dA 4842 947 &

4¥ Yl NaOH 10g# NaBH, 2g& 7}F3ke] 80Tl A 3412 &

ZE AE 31 F3, A4 F FFF 4% 4 F 54
Az3sq ¢ze Mg crude porphyran® porphyrand e
Az#Hd A% ze €242 AT crude porphyran I porphy-
rang 247 15% $4& A2 F I7F Scm, £ 30cme] £
Zlel 50 20Tl M 20217 W¥F F WA | e’ 2027 AL
T e Y FFE AYF=EA7) (BEAR)E AHE8o 23
AT At =9 g2 x e ¢ HeF crude porphyran
porphyran® 1.5% €4& Axste K& MK (197009 ¥l
et &8kt

Zn 4 2
1. #9 et =M
Aol A& 2ok A3 gx A A3 AUE gk R
Table 13 2t} FH9 &3 K<t 7o 3% 1¥0] 359%, 2¥
o] 379%,3¥¢] 384% o, Y= A& 190] 348%, 2¥ 0} 380
%, 340 394%2 F AR BEF AMH A7 542 FAY

TFAZ-

3

o] st o, AFH FALY Aol AU vuAY §
2o Bob 7o) AL 1€} 389%, 29 366%, 39 320% 0|4 o.H
A= & 19¥0) 354%, 290] 33.7%, 3¥0) 304% o] Qct. @A
e FA% 9 ¥ Ag BF A A7 28548 i
[qow ok ol A% Ao vlste] Ao Freko) STk H}
&Y #FFS R 7o) 218~263%, UE HL 251~272% 2
2 5 (19959 & A9l 3P FFol 102 ete Bio) v|de
2] ol YT ot ANEE FEEE FASA g1 w2 A
Zge) 2 d2 §F o] RO AN,

2. Porphyran®| £8 Y 35y EM

¥ AR A= Ho2NH 77 9% F4F crude porphy--
ran¥ porphyran®] HH A|7|d £& 2 3% 242 Table 29}
2. Crude porphyran®) $&2& A3 A7/lE2€ ¥ P& 24
o 156%, A% P& 190]- 162%2 714 Bt AR F24
Ze ¢ A% A% Aol 3 116~156% 9% 130~162%2 &
Aol At ¥k A I 3 EF £80] 5845 39
F& 1 9 §FE 2 A%E Ve oy Fi) #3F
& Aol7t 1%t Porphyran &8 A AVEEE ¥4 AL
29°] 91%, A% AL 19l 95%2 7}4 ¥°} crude porphy-
ran® $9% A%E Yl =& porphyrane crude porph-
yranol| |3 3 7] §FL FoHEd A g3 7
23t Bd AAHUE S ¢ 5 Ao (Peat et al, 1961). F =4
2 crude porphyran® 74 2 % 9= 79 36-anhydro ga-
lactose $Fol 4 7.9~9.0% <} 82~108% AL, 6-methyl-galac-
toset 4.6~52%9} 35~50%, galactose 69.2~82.1% 9} 74.6~
793% °1 k. Porphyran®] <%+ crude porphyranl ®l8to 36-
anhydrogalactose®t ribose™ 7}g ¥HH  6-methyl-galactose s}
galactose® YT AFo] YA rhamnose, xylose, mannose,
glucose= 7434t Ree$t Conway (1962)% # & 50%9)
crude porphyran®] ZA4& 434 F, A7), B A4 #73) np
g #A71e 6~12%, 36-anhydro galactoset 5~20%, 6-O-me-
thyl-galactosets, 9~27%, && Zo| wetME 3~4% ZA3,
£ %9 xylose7t §H5 0l Yotz Bad gt FUHA 34 ol
A F%% crude porphyran®] 3¢ #4719 #Fo] 13.0~142%
29t & B%E YA

3. «Z2| 2| porphyran? $8 % 24 4
Crude porphyran™ porphyran& #tZr NaOHE 7}3te &g

Table 1. Proximate composition of Porplzyra
% on dry basis)

Sample Harvest Harvest Carbohy- Crude Ash Total
Name station date drate protein lipid
Buan-] Buan Jan '98 359 389 218 34
Buan-2 Buan Feb '98 379 366 222 33
Buan-3 Buan Mar 98 384 320 263 34
Wido-1 Wido Jan 98 348 354 267 31
Wido-2 Wido Feb 98 38.0 337 251 32
Wido-3 Wido Mar 98 394 304 272 30
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Table 2. Yields and chemical properties of crude porphyrans and porphyrans extracted from Porphyra (%)
)
Sample' Yield* Total sugar Protein Sulfate - Sugar composition
a Rib AnGal' 6MeGal’ Xyl Man Gal Glu
Buan-1
Crude porphyran 11.6 256 187 132 50 6.3 8.1 52 35 26 69.2 -
Porphyran 6.3 345 142 153 -~ 6.8 8.6 = - - 84.6 -
Buan-2
Crude porphyran 15.6 338 18.1 13.0 tra® 438 9.0 4.7 tra tra 815 -
Porphyran 9.1 36.3 104 159 tra . 54 125 5.1 - tra 71.1 tra
Buan-3
Crude porphyran 140 309 182 136 tra 54 79 46 tra . tra 82.1 tra
Porphyran 74 337 158 150 tra 72 9.6 49 tra tra 783 tra
Wido-1
Crude porphyran 16.2 329 17.1 142 1.7 29 10.8 35 - 19 79.3 tra
Porphyran 9.5 386 12.8 149 tra 41 125 35 - - 799 -
Wido-2
Crude porphyran 13.6 307 17.5 13.0 tra 38 82 50 = - 78.0 5.1
Porphyran 8.1 364 103 154 tra 56 123 438 - - 713 -
Wido-3
Crude porphyran 13.0 293 19.8 136 17 42 85 44 1.5 20 74.6 31
Porphyran 7.0 330 18.8 16.1 14 5.1 9.3 4.0 14 1.1 76.5 1.3

'Refer to Table 1 ; 2% of Dried Porphyra ; *Calculated from gas-liquid chromatograms, taking the total ares of the peaks as 100%

; *3,6-Anhydro-galactose ; *6-Methyl-O-galactose ; “Trace.

He¥ crude porphyran (AMCP)3 €% X2 porphyran
(AMP)8} ¢ 2 A 548 Table 391 Yehidich 9= el
W AMCPS AMPY F82 42 49~109% %} 40~67% A2
m, AF AVE2E Rk 1L 294te] 98% 2 18X Y& AL
19440 109% 2 74 £3%th AMPE ¢ 22 284to] 54% 2
M3 B3, A% AL 149 Aol 67% 2 M w4y AMCP
HEMe 2% £g0] ¥yt A ZxE 2T WAL F14
Hlgte] AAE BE 2on AMCPY 2% AH AJdze ®
oh 2L 294ke] 790 g/em’E 7MY EAI A% L 194ke] 740
g/em’2 7HF E3tth 2gv 2ok FAE porphyranS ¥
A#ste 94& AMP7F 238 crude porphyrans 2 Ad#
AMPCET A Z =7t @t wetd, A& o8¢ A AzxAe
+43% 4 258 18384 & 1 crude porphyrang %7z A
gste Ao wiFIddn gAY, FHLEY Af Lxe
AMCPE 4% 850~89Ts} 33.1~360CH o™, AMPE Z4%4
83.8~888C% 313~347C2 AMCP7} AMPO M3 §32x¢t
Ast 257t A w2 TS Vel dutRezg ¢H A9
3% A A= 2845 §3 &% 78 © porphyran 2

5 fAE A3E Jehi o (Matsuhashi, 1990).

4. 22| 2| porphyrang| 33ty &4

dztel A@# crude porphyran® porphyran®] 383 AL
Table 49} 2t AMCPY 32 ¥ 72 549~596%, 9%
HE 562~623% 2 ¢#e] A3tA & crude porphyrandl H|
3o F7tstgla, @A a7 §FE BAAol 4 35~69
%, 25~32%, AENL 47 41~59%, 27~41% 2 BF A
39tk AMPE AMCPS U8 A $32 S/t §ib7)e &
WA 72389t AMPCY AMPY 36-anhydro galactose 3%

Table 3. Yields, gel strength, melting temperature and gelling
temperature of alkali-modified crude porphyrans and

porphyrans

Sample' Yields® Ge(lgf:rgzl?th tggf;u(gg) teGmell)h(Q
Buan-1

AMCP? 49 540 88.7 331

AMP* 40 430 879 330
Buan-2

AMCP 9.8 790 88.8 35.1

AMP 54 440 86.9 347
Buan-3

AMCP 8.1 410 86.1 360

AMP 50 410 84.5 338
Wido-1

AMCP 10.9 740 889 345

AMP 6.7 590 88.8 2313
Wido-2

AMCP 104 520 89.0 357

AMP 56 440 85.5 330
Wido-3

AMCP 8.0 410 85.0 352

AMP 43 400 838 325
Bacto Agar - 360 86.5 31.2

! Refer to Table 2 ; 2% of Dried Porphyra ; ‘Alkali-modified
crude porphyran ;4 Alkali-modified porphyran

& A% 426~466% % 408~450% 2 FH3] F713te galactose
: 3,6-anhydro galactose®] mole ¥]7F 1.0: 08~1.12 agarose®] &=
A3 §A8E T Rees (1961)2 porphyran 341719] 86% 7} 3.6-
anhydro galactose®] A7 &AY 6-sulfate galactose® EA3}H
otz Hale) 93 A7) 1.0 moleol AAEY ®l 36-anhydro
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Table 4. Chemical properties of alkali-modified crude porphyrans and porphyrans

Sugar composition (% )*

Sample’  Total sugar (%) Protein (%) Sulfate (%)

Rha Rib  An-Gal’ 6-Me-Gal*  xyi man  gal glu

Buan-1

AMCP 549 38 32 tra’ - 426 32 tra tra 542 -~

AMP 56.5 2.8 0.7 tra - 408 35 ira tra 557 tra
Buan-2

AMC 59.6 335 2.7 tra tra 27 5.0 tra tra 523 -

AMP 573 23 16 tra tra 421 44 0.6 107 519 1.6
Buan-3

AMCP 594 69 25 tra tra 444 43 - 1.5 454 tra

AMP 544 56 1.1 tra tra 415 48 1.1 13 513 -
Wido-1 -

AMCP 623 4.1 27 tra - 43 39 - 1.9 499 -

AMP 60.3 3.6 20 tra - 440 36 - = 524 -
Wido-2 -
AMCP 56.5 59 32 1.} - 434 4.2 10 19 48.4 -
AMP 553 1.5 1.0 1.1 - 450 42 - 1.1 472 14
Wido-3

AMCP 56.2 521 4. tra tra 46.6 44 13 1.6 450 10

AMP 56.5 49 2.1 tra - 4.7 4.6 1.1 0.9 46.4 1.2

'Refer to Table 1 ; °% of Porphyran and crude porphyran ; ****Refer to Table 2.

galactose 1.04molec] MHETFL BI3GY Fig 2¥ ¥#d A
2)o] @& porphyrand] TA4%e 24 W3E WEH gas chro-
matogram 2.2 ¢#e] A # porphyran®] 4§ 36-anhydrogala-
ctos’t F1EE @ & Ak Fig 32 €232 Ao} WE porphy-
ran® FTIR spectrum @318 Yed 2goltt, &gl A9
w2} 36-anhydro galactose peak (932 cm™)7F F718t 1 6-sulfate
galactose (815ecm )9 F 47 peak (1250 em ™ D7 H4 ¢S
& £ 2t (Mollion et al,1990). @ty =W porphyrand) %
A7)z BB 36-anhydro galactosed] 7 24 6-sulfate-ga-
lactose® EATE & ¢ ATk

g o

FUA GRS o] 8F A AZE Y48 V)2 ARE 9 9
o} A F4 Z A7) 92 crude porphyran 3 porphyrang
Az F @28 HHstd ¢, 383 € 4 548 248K
o}, 428 AHY crude porphyran® porphyran® £&& 47
49~109% % 40~67%5 29 A AEge ¢ HE 24
Aol Y= AL 19400 &) MY w3t A Axe 44
A2l crude porphyran?] Z-% 24AE 284%0) 790 g/em?, A=
e M40g/em’E 7MY w4k 4E AHed o8 FELe Ft
st @uAn i) gAY 928 Mg crude porphy-
ran® 42¥ A2l porphyran® 3,6-anhydro galactose ¥ &
Z 426~466%9 408~450% 2 galactose . 36-anhydro galac-
tose®} mole B7} 1.0 08~11%th GCs FT-IR ¥4 2% €%
g Ago] mgt 36-anhydro galactose peak (932cm™ )7 S 7}t
3 6-sulfate galactose (81Scm ™)} & #4H7} peak (1250 cm™ D7}
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Fig. 2 GC chromatograms of prophyran (A) and alkali-modi-
fied porphyran (B).
a,13,6-anhydro~galactose ; b, galactose ; ¢, myo-inosi-
to
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Fig. 3 FT-IR spectra of porphyran (A) and alkali-modified po-
rphyran (B).
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