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Pilot-scale preparation and physicochemical characteristics of
microbiological agar from Gelidium amansii in Korea

Doo-Sang Kim, Hyeung-Rak Kiv, Jeong-Han KiM* and Jae-Hyeong PYEUN**

Department of Food Science and Nutrition, Yosu National University, Chunnam 550-749, Korea

*Department of Refrigeration Engineering, Yosu National University, Chunnam 550-749, Korea
*#*Faculty of Food and Biotechnology, Pukyong National University, Pusan 608-737, Korea

Agar for microbiological medium was prepared with pilot-scale for industrial application by the process of microfiltration (0.4 ym pore
size) in 40~50C, washing with 50C water, and treatment with 0.25 N NaOH at 70C. Transparency, gel strength, viscosity, sulfate
content, and syneresis ratio of agar prepared from Gelidium amansii was compared with commercial agar for microbiological medium.
Gel strength and transparency were increased with processing, however, it’s viscosity, sulfate content, and syneresis ratio were reduced.
The final agar product was superior to commercial agar for microbiological medium.
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+8 Jat @4 e dBFY g2 $E7HEH (Geli-
dium) & A& 712 (Gracilaria) 24 $9 /¥ 433 533
o, 8% Wy distde N&FHo2 =97 A Fo Ao} Jol
et al, 1999). ¥R Fx 7o AEYE o]FE 74 UdBHFEA
a (1-4)-3,6-anhydro-D-galactose$}t B (1-3)-D-galactose”t 23} Z
ot 24E AN F 6% FAINT) esterBRE ol FL YT
(Rudolph, 1999; Jol et al, 1999). 28l2 F L FAA| 7)o wte}
47170 methyl ether, = pyruvate acetal groupS2 X &g
A$= BaH2 1t (Craigie, 1990).

19963 & 7l 3o 98 dete] $EIMAbE AdFe 3,
551 o), §H Aarske 563 Eo2 AMA Y49 o 13%
FEojth ayy 2 vetdM oY FHE g H& &
Ao 2 60~70%7 F2o2 $£&HIL, YA 30~40% € 4 E7}
8oz FolA Au=ER gdon, FA FAY AF FHd
Ao dF A4AL v 2#AY Az FHE v 4
Ao]th (Kor. Fish. Soc,, 1998).

nAE AL i FYde R E ARG 2
ol MAZRCZE HYirFo] F& mAN/|H2EH TYE &
Ao Az7gel 23t @AY PAE AL FHL mAY
Z1gel M F2 3% AxHD Yok SR G mAH 7|25 E
AzE FHEL 2 B4 WA Aolg Holed A7) &
$HozRE AAE nAENAL FHE FHE, gl 2=
olfgo] gt FAe vl 53N, I & W AR Fi7|
D A gafo] Foz Ao =¥ vAEY FFo] @A
of EAste FALIYE, 712 B B3 AP F EEEY
GFe wol Wyl Yol Yyt FHG vAE AR Ag e
A& E745 8t (Hayashi and Okazaki, 1970).
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1998 1299 AFHAUANA $8 Ax2F $E/NEE BFE
FAE F 60TAA 242 Azl @AW F&4 AE2 AHEF
Aok 23 Q2§ FFo2 Y vAE WA E FHL Difcort
(Sparks, ML, USA) 2 SigmaA} (St. Louis, MO, USA) A& &
FhE 4 vt

2. HE{uhy

SHAol =x| : §HY %L Pickering et al. (1990)3 Levy et
al. (1990) 9] W& pilotF ol A& M3t AG3g.
Z Y52 FASE 22T $EHE 10kg (FESF 6%)S
108 F9 250 g A F, AFogLY YEFE 005%
HEE Ariste 3083 A RS FAL 02%
ik 308 AP F FAl @ ARA FARAG 7]
ol 108 %9 002% WERJIAIEF 84& A7 pHE 60
o2 2% ¥ A B¢ 7HE 29D £2 ¥ gzaaz
£ 100gS 7131 1N NaOHE pHE 8022 2H3d F2EE
A9 2% HEE Absto] o B3t o] dHAE Aol ¢A
3a} geldh A7) 5X5X300mme] 2712 FEA 0.1% Zotda
Atatz 58 B —g0To A FEAY F, dEsEAM g
F AZANA #HE AzSFY
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Microfiltration : &H & 10% &4 2 AZF F 65C2 2%
& IAHANA ol& 71F (pore size) ! 5.0, 1.0, 04 2 02 um < mi-
crofilter (CSM type, (F) A §) & 2 dead-end type cartridge
filtration system® AHE-3to] £AHOE 41 L/minf&o2 o7
3tel 7t & ¢ AR ¥, AE2Fo Azd}YP

M A BT 500g9 25 LY B& H7H84 20, 50 2 70T
oM 24 A o3 F B4 ES 92 B F 123y
37 YE& Az

azta] Mel i wle ZA% 025 N NaOH €9 25 L] 3 &
& 500 g8 A7 20, 50 B 70CY =04 2417 A 2)Eo
22 Ao 98 944 FAEFAS.

24 Uy 1 7 39 £8 ¢ 3E FFe Ay g Y
AzY 4 A43shioez ZAAL, 22w & 2992 F
< Soxhlet 324 2 Kjeldahl ¥ (AOAC, 1990) 2.2, &8 &
¢ ¥ X% phenol-sulfuric acidd (Dubois et al, 1956) &2, 1
gL F4d9 FFL DodgsonF Price (1962) o2 ¥438 ¢
oo aEa $HY AzE UL 1% FEE A 65CHA
B type viscometer (Model DV-III, Brookfield, USA)Z4 50
pm® spindle =24 &AA 4 37 Fxe 1% £9
02 24 FH 9L ¢60X30 mme 70 Ho] FAL B
o} A 25CA A 24 WA FI 4CAAM 2417 Wi s A4 10
mm¢ 48939 plungerg ##¥ Rheometer (Model CR-
100D, Sun Scientific. Korea) 24 2733 Ao, 3,6-Anhydroga-
lactose®] ¥ & Yaphe (1960) 9] ¥yl we} 243U g=
T 10%9 3 84& 2A3d 47 65T 20T2 2528 T
A8 ¥, 274 600 nmel A spectrophotometer (Model UV-160,
Shimazu, Japan) 2 3T & FA AT AYEA 289 £3
< 1.0% A snl& 15m cap tubed] FH3}I TE3Fo F2
A A 10°F= AAAA 58 23 F AFR AYA 4C
oA % FAAZ g, o|FE FAE FIYUE 9Ad F
A A FFeo BEE2ZH YR,

Zn} g &k
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1. 3ol %

AFE SR/MAEZRE 5T e gtz 4E Table 190
UErgidct & e o83 2% §HY duxAe #E
2 3Eo) 42t 72 2 31% ¥, 2uWNA Q g4iEe 47
08% 677% fom, 2AWL 2FHR] gyl 1y $2714}
29 AR £7 JE 29NA @538 2 24 77
60, 53,207,889 2 03%2 F+2¥ ¥AFP= F&, 2uwd &
38 9 2AYAA 22 AolE B ARy Fee 1 W3
Zo] Yo, 2R FRY FHATUEY FFL 18%2 H=Z
%9 38% B o7 a3l £Yd 3 39 2129 &
BAUEY w2 FFL FH FAPEY agaropectin® £3}
Zd e 377 fYE AHEZ EBAEA gu, 224 59
A FH2 EA37) g AEPFL NIy g Qe
BaEojA2 ¢t (Lin and Okazaki, 1970).
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LRANEE 7MY &30 FHo] g3H0 AL fde
2 gt old TREE AFEZAZ FAUid dfPosN B
49 A, 99l R A4 YRE0 FZEM ] v
3 &5 BT qIdd, By FRE 3o g3t HE
Z0 qREY §7150) AAGoEN 24 v FHe gud
2 A Fego] RopAle Ao FHEG,

EAEYez Az FAFY 4719 #FE 18%2 e
Boh YA $EVMERRE AT §HY FAY] FEe 1L
92~3.15% (Lim and Okazaki, 1970)0)x, Fite g =g 3
A9 FAa7] FFL 138~1.89% (Do, 1997 & R4 FH A9
el ¥ Buge Aot FA00 BL ¢Ie A9 4%
o] WojA| 1 A 7% 9 3 6-anhydrogalactosed] ¥l&0] ¥t} (Duc-
kworth and Yaphe, 1971). o] #4717} L-galactose-6-sulfate ¥
B2 2437 843 a9 93te 36-anhydrogalactose®
2§77 429 Aoz ¥aHn gt (Duckworth et al, 1971;
Nelson et al, 1983; Craigic and Leigh, 1978).

A9 98 WP E F2% FH E23%H 54 L Table
20) YEhIQlen, §d9 £&& 275% 2 UEnt $571A1E
%9 49 #322 A4 (Kim et al, 1995; Asare, 1980; Luhan,
1992) 2 AY ¥ (Do, 1997; Lim and Okazaki, 1970) 9 wheh &
ZFo o7l adn A Yok FUAr $EIIAE Y B¢ #3
o) %2 330~46.8% (Kim et al,, 1995; Do, 1997)0] 2, YA
7%€ 34~52% (Lin and Okazaki, 1970) B=elth, e &A
o FZ&o] YA 9, BF AFY FAY HE 1Y}y
& Y A S 2 $40] 21~38% (Lin and Okazaki, 1970)
24 £ A fAA vEst.

AL YAe 54 71 A9 B4 oA £4¢ %)
o Az & ARY B2 Rl FHristn ok & A¥ugel
o 228 FHL 10% 22U 2 YN FARE (A
Z=) £9 He9 =& 2T 7 A Fxe 460 glom®H
on AxE 12 cpAdh 22 #HF Y 36-anhydrogalactose bl
&2 403%2 JUeRt (Table 2). FWA 4 Agdz $37)

Table 1. Proximate and sulfate compositions of agar from Ge-

lidiom amansii (%

Composition Gelidium amansii Agar
Moisture 6.0 £0.02 721002
Ash 531001 31%001
Crude lipid 034001 -

Crude Protein 20.7 £ 0.07 0.8 +£0.03
Carbohydrate 67.7£0.15 8891024
Sulfate 3.8 1001 1.8 +0.01

Table 2. Characteristics of agar from Gelidium amansii

Contents
Yield (%) 2151012
Gel strength (g/cm? 460 £ 2.45
Viscosity (cp)* 12£021
3,6-anhydrogalactose ratio (%) 403 £ 045

*Viscosity was measured with 1% solution at 65C by 50 rpm
spindle velocity.
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Table 3. Effect of microfiltration on physical and chemical properties of agar from Gelidium amansii and comparison with micorbio-

logical and commercial agars

icditv® 4 .

Turb;; lCty on i;(())(")cnm) Ge(l g;gile)gth Viscosity (cp)  Sulfate (%) i}gl: r(e%xg

Agar from Gelidium amansii 0.049 0.181 460 + 12 12£0.02 1.80 + 0.002 103 £ 0.01
Microfiltration (5.0 pm) 0.021 0210 460 £ 11 12+ 0.01 1.79 + 0.001 10.3 + 0.02
Maicrofiltration (1.0 um) 0.009 0.182 462 = 12 11 £ 001 1.80 £ 0.001 10.0 £ 0.03
Microfiltration (0.4 um) 0.004 0.161 458 + 14 10 £ 0.04 1.78 £ 0.002 9.8 £ 0.04
Microfiltration (0.2 ym) 0.001 0.141 468 + 12 11 % 0.05 1.80 £ 0.001 10.5 £ 0.02
Microbiological medium agar A 0.006 0.159 368 + 11 8§£001 2.39 %+ 0.001 124 £ 0.02
Microbiological medium agar B 0.007 0.171 358+13 8+0.03 2.18 £ 0.002 113 +£0.03
Commercial agar A 0.061 0.238 39215 11 £0.05 2.54 % 0.001 12.0 £ 0.05
Commercial agar B 0.066 0.226 34122 33 £0.06 2.99 £ 0.002 9.8 £ 0.03

*Data were mean of triplicate.

Mo A #HL A 1.5% £49 A BxE 3 A
496~887 g/em?9] W9 (Do, 1992 & APAA zAT dd
v A 2AAY vt d2ez g3 vie ¥ 5 gAT F
EE A28} FrYUAAE B2 £FL2 YEYL
Motz gto| A AR FZFA Gracilaria tikvahiae McLach-
lan® Neoagardhiella baileyiZ %8 44 &% 39 36-anhy-
drogalactose ¥ A Ao whel 34~43% (Asare, 1980) 2 FAH
Ade Hgen B Afgr Ao

Aoz FAHY AzxA &, 4% ¢ g5 5o g9F
 FAEG B9, BAE, A449 #Z7ls pH 23 #3& o A
Ae FAWE A9 F2¢ Jo) & A= AYE H 36
anhydrogalactose®] Hl&o] ot AFS 2F ¥4& HE ¢ ¢
Ak o HMF AZx FHEL AAF §40] 7Hedte] A H 45
2 91t} (Hayashi and Okazaki, 1970).
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Ayt M uAE wAS FHY £ HH FHPE Aole
BeEe 259 w2, §g02E F&o 753 o &
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(Hayashi and Okazaki, 1970).

3. FAMof ot dg

$EI 2R A2 FHE microfiltrationA ] A F ol A
04 um 7|3 7HAE o3 ehg A8-3te] microfiltration® 3 9
A47t BYE dolAd AgEgE P AL FHTG fAE 2
FE BP9 olg FAL ARE AL43AT FHEe A A
£388A gooz ¢ Fo 44 S B9 AN 99
FHED 50082 44 20,50 2 70T =2 AdEE SFF 25
Lol &34 A7l 247 B¢ Tiete o3, AX F olEY
£4¢ Table 49 Jeblidch Helerrt £&4% A9 F=e
458 oA S68g/em?Z F7FEIE L ol¢t WilE FA/Y FF Y
o]F &L 77 1789 98914 0959 542 o AWt A= TAFd
uZ A 252 Yo 28y dxe 4 Zadte A
< JERRIT

#F AzA 2 A9 dL AL FYNA 54 A5
PRSI A ARl 2EX] HHE Hi €47 AYHr. ol
3 AL 22X 98 A 1A HZAFANM A Anrt 231,
agarosed) FFo) B FAld] A A FHo] W& agaropecting]
2 Zoj £} (Hayashi and Okazaki, 1970). #4t7] 3] A
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Table 4. Effect of washing with distilled water at various tem-
peratures on physical and chemical properties of

agar
(OD o Do) somngn ViSy Sl VG
st wc  (gemd) P (%)

Control* 0004 0161 458+12 100002 17810002 98003
AT 0004 0160 477121 82002 103+0003 63£001
st 004 0163 545+13 751000 095+0001 60%005
70¢C 0004 0155 568+t24 821004 09510002 541003

Data were mean of triplicate.
*Agar was treated with microfiltration (0.4 pm).
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Table 5. Effect of alkaline treatment at various temperatures
on physical and chemica] properties of agar

(OD at 6()8,nm) stlength Sulfate

Syneresis

Viscosity ratio

o we @) @ P @
Control* 004 0161 48+ 751002 17810002 98+007
A€ 0.007 0150 464%21 59%004 05910003 634005
Kt 0005 0160 6B+13 521003 040+0001 601009
e 0004 018 73824 424004 04010002 54008

Data were mean of triplicate
*Agar was treated with microfiltration and washing with water
at 50C,

4. oZa| xMalo ofst dAg
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g A7 JERt
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agaropectin®] FHa3te F47] FFo| FojEol, AN L&}
A== A3t

Agxoe SI/MEERY ZAT §1L 949 B4 F,
microfiltration, Al B €7 AHel9 d&AFo2 Azd A
2 A%He nAE RS dHEYE A FE, AE, $47] #
T2 AE §o FA "ol 948 AEE 4d& & AU

ok
23
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27 2 RH 'HL% ZA 81, o8 AA A ALY
23502 04m 71FE /1AL AF FE microfiltration$ ¥, 50
T 2F2H 7H4 %éa AASIL, 025 N NaOHZ 70CAA
A AYdte ¢ AHdE A WAE WAS FHE A
gt olstetd EA4S G AT W, AT E 40y
em® N 738 g/em’e 2 A5 AR, EE 12 cpolA 52 cpE,
A7) G 18% AN 04% 2, 1 o|FEL 103%1A 54
%2 A3t AFL F4o| 453 FHHUL. 48He A4
B A g §3e ARET} 358~368 gem®, FEE 8§ cp, F4iHV]
ke 218~239% 2 AUHAI2EL 113~124% 2 E4HY
2 Agyos AT F-o] BA L ¥ doA YA ¢
3t o

7I-M.o|
2 ATe AUALTY AT AEA (FREE 993

76-04) A7He Ao ste] £YE Ay A7 Ao, &
TH Ade digte] ZALE .

2 2

Ho
re

Asare, S.0. 1980. Seasonal changes in sulfate and 3,6-anhydrogalac-
tose content of phycocolloids from two red algae. Bot. Mar, 23,
595~598.

Craigie, JS. 1990. Biology of the red algae. (Cole, KM and RG.
Sheath, ed.) Cambridge Univ. Press, Cambridge. pp. 221~257.

Craigie, J.S. and C. Leigh. 1978. Carrageenans and agars. In Hand-
book of phycological methods and biochemical methods (Helle-
bust, JA. and J.S. Craigie, ed.), Cambridge Univ. Press, Cambri-
dge. pp. 109~132

Do, JR. 1997. Extraction and purification of agar from Gelidium
amansii. J. Korean Fish. Soc., 30 (3), 423~427 (in Korean).

Do, JR, Y.J. Nam, J.H. Park and J.H. Jo. 1997. Studies on chemical
composition of red algae. J. Korean Fish. Soc., 30 (3), 428~431
(in Korean).

Dodgson, K.S. and R.G. Price. 1962. A note on the determination of
the ester sulfate content of sulfated polysaccharides. Biochem. J.,
84, 106~110.

Dubois, M., KA. Gillus, JK. Hamilton, P.A. Rdbers and F. Smith
1956. Colorimetric method for sugars and related substances.
Anal. Chem.,, 28, 350~356.

Duckworth, M. and W. Yaphe. 1971. The structure of agar. Part L
Fractionation of complex mixture of polysaccharides. Carbohydr.
Res,, 16, 189~197.

Duckworth, M., K.C. Hong and W. Yaphe. 1971. The agar polysac-
charides of Gracilaria species. Carbohydr. Res., 18, 1~9.

Jol, CA, T.G. Neiss, B. Penninkhof, B. Rudolph and G.A.D. Ruiter.
1999. Novel high-performance anion-exchange chromatographic
method for the analysis of carrageenans and agars containing 3,
6-anhydrogalactose. Anal. Biochem., 268, 213~222.

Kim, D.S, D.S. Lee, DM. Cho, HR. Kim and JH. Pyeun. 1995.
Trace components and functional saccharides in marine algae 2.
Dietary fiber contents and distribution of the algal polysacchari-
des. J. Korean Fish. Soc., 28 (3), 270~278 (in Korean).

Korean Fisheries Society. 1998. Annual Statistics of Fisheries, Minis-
try of Maritime Affairs and Fisheries, Korea (in Korean).
Levy, I, S. Beer. and L. Friedlander. 1990. Growth, photosynthesis
and agar in wild type strains of Gracilaria verrucosa and G. co-
nferto (Gracilariales, Rhodophyta), as a strain selection experi-

ment. Hydrobiologia, 204/205, 381~387.

Hayashi, K. and A. Okazaki. 1970. Agar handbook. Korin publishing.
Japan. pp. 227~286, 495 (in Japanese).

Luhan, M.RJ. 1992, Agar yield and gel strength of Gracilaria hetero-
clada collected from Iloido, central Philippines. Bot. Mar., 35,
169~172.

Nelson, S.C., S.S. Yang, Y. Wang and Y.M. Chiang. 1983. Yield and
quality of agar from species of Gracilaria. Bot. Mar,, 26, 331~
336.



74 A5 - A - AR - Ay

Pickering, T.D., M.E. Gordon and LJ. Tong. 1990. Seasonal growth,
density, reproductive phenology and agar quality of Gracilaria
sordia (Gracilariales, Rhodophyta) at Mokomoko inlet, New
Zealand. Hydrobiologia, 204/205, 253~262.

Rees, D.A. 1961a. Estimation of the relative amounts of isomeric sul-
fate esters in some sulphated polysaccharides. J. Chem. Soc., 81,
5168~5171.

Rees, D.A. 1961b. Enzymatic synthesis of 3,6-anhydrogalactose
within porphyran from L-galacose 6-sulfate units. J. Chem. Soc.,
81, 347~352.

Rudolph, B. 1999. The marine and fresh water natural products
(Flick, G.G., and RE. Martine, ed.), Chapman & Hall, pp. 15~
19.

Yaphe, W. 1960. Colorimetric determination of 3,6-anhydrogalactose
and galactose in marine algal polysaccharides. Anal. Chem,, 32
(10), 1327~1330.

19999 11€ 29 A%
20009 1¥ 159 49



