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The Biodegradability of Carrageenan-based Film
by Microorganisms

Seong Gook Kang, Soon-Teck Jung*, Hyun Jin Park and Jong Whan Rhim
Mokpo National University, Deartment Food Engineering, Chonnam 534-729

Abstract — Degradation of k-carrageenan-based film by microorganisms screened from carrageenan
source and activated sludge of a carrageenan producing factory was investigated by measuring
changes of pH, viscosity, total sugar and total organic carbon (TOC) of the medium containing
k-carrageenan as a carbon source. Initially fifteen strains of microorganism were isolated from
carrageenan source and activated sludge and then three organisms among them were selected
based on the ability of growing in the medium including 0.3% «-carrageenan as a sole carbon
source. They were identified as Escherichia coli, Saccharomyces cerevisiae and Aspergillus niger.
As indices of biodegradability of x-carrageenan based film, the changes of pH, viscosity, total sugar,
and TOC of the carrageenan film-based medium were tested by the cultivation of single or mixed
strains of the identified organisms. Mixed culture showed the highest biodegradability, which resul-
ted in the changes of pH from 6.5 to 3.0, viscosity from 164 cps to 15.6 cps, total sugar content
from 2.35 g/l to 0.53 g/l and TOC from 5721 ppm to 232 ppm after 30 days of cultivation. The
biodegradability determined as the reduction rate of TOC by pure cultures of Asp. niger, E. coli,
Sacch. cerevistae and mixed culture of the three organisms were 94%, 86%, 80% and 96%, respecti-

vely.
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Table 1. Operating conditions of GC for analysis of

gas composition

Instrument HP5890 11
Column CTR column
(Alltech Associates, Inc.)
Detector TCD
Carrier gas He
Flow rate 60 m//min,
Oven temp. 30C
Injector temp. 150C
Detector temp. 250C
Injection volume 100 W
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Table 2. Biodegradation activity of the isolated micro-

organisms in carrageenan medium after 7 day incuba-
tion at 30°C

identification(24)ol] &£8lod Za]5. ZFo)E The fu-
ngi(25)el £3ted Fel3tA], whokely W A3t &
Adefl w2t FA st

HZEE Filme MEfc H5H

Carrageenan 7|Ale]| thidle] AEs) Fajo] 7}el
vl ES Aste] o5 38 o s 2§ #F
£ 3lod 3o 3 QHHE HAH3G) Filme
stock solutionel carrageenan & 71322 03%
52 S8 7|2 30TeA 308 Eob siekA|7H
A w21 ] pHH 3}, He W3l F5 2 TOC(total or-
ganic carbon)H 35 FA3le] AR g EA)Y
}. E=oh2 phenol sulfuric acid®(26)el] €3l A
#3ladc}. TOC+ total organic carbon analyzer(TOC
5000, Shimadzu, Japan)E AR8-3le] ZA3}5] 2 to-
tal carbon(TC) standard 2 potassium hydrogen ph-
thalate 2.125 g& = 1000 miol] &3l x| 1000
ppm F X% FA|EH A inorganic carbon(IC): so-
dium hydrogen carbonate 3.5 g3} sodium carbonate
441 g5 E3sle] 2ol 1000 mio] £-30A1A 1000
ppmE A3l UA FE 2 343l standard
curves AA3lech TOC =%+ kel memb-
rane filter(cellulose nitrate, pore size 0.45pm)=E
o HA[7] F ool 3 RMol| gt FEF 3] A5}
ZAslg ov] TCEroA] ICZHE = gre g 3% A)slgl
=

Carrageenan £35 IZ‘I"'~ =9 F2

Carrageenan %3 w8 ES& Ast7) 9s}ed car-
rageenan A 3%l HHE 282 HEf v]PE2
g WA S ARE-sle] 30T A 724)7F Fb wi ok

Gas
Micro- Viscosity 0 mpos: tion
organisim P (cps) (%)

O, CO,

Control* 6.50 155.6 19.74 0.03
F1 6.87 b3.4 8.13 11.87
F2 6.35 141.8 19.80 0.20
F3 6.31 91.6 19.10 0.90
F4 6.32 88.6 18.98 0.24
5 6.95 54.4 8.34 11.66
F6 573 74.0 8.23 11.77
F7 6.29 92.6 19.75 0.25
F8 6.32 96.4 19.77 0.25
F9 5.93 61.6 11.64 8.36
F10 5.52 52.8 5.47 14.53
F11 548 48.2 4.31 15.69
F12 6.35 141.2 19.68 0.32
F13 6.34 66.4 18.98 0.24
K14 6.33 96.0 19.31 (.23
F15 3.98 05.4 8.84 11.16

'analyzed by head space method.
‘pH and viscosity of non-inoculated medium; gas com-
position of the atmospheric air.
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Table 3. Morphological, physiological and cultural characteristics of F1 and F5

Morphological characteristics

Cell shape - round
Cell size L5~3.0
Reproduction type budding
Pseudomycelium -
Truemycelium -
Ascospore +
Assimilation
glucose + galactose + sUCrose + matose +
lactose - arabinose — sorbose - xylose —
D-gluconate — succinate + citrate — L-lysine —
ethylamine —
Fermentation
glucose + galactose + sucrose + maltose +
lactose + raffinose W mehbiose — cellobose —
Urea hydrolysis =
+; positive, —; negative, w; weak
Table 4. Morphological, physiological and cultural characteristics of F10 and F11
Morphological characteristics
Shape short rod Size 05X10~15
Motility gliding Flagella peritrichic
Gram stain negative
Cultural characteristics
Facultative anaerobic Color of broth agar white & Yellowsh white
Optimum temp. 37C Color of endo agar pink

Physiological characteristics

Oxidase — Catalase + M.R test +
NGO, — NO, + Gelatin liquetation - KCN growth in —
ONPG (B-galactosidase) + H.S on TSI — V.P test —
Indole production + Tetrathionate reductase —
Gas production D-glucose + D-galactose + Sucrose +
Utilization of Citrate — Malonate — d-tartarate w
Production of acids arabinose + inositol — lactose W
manmnitol + salicin W sorbitol +
SucCrose W xylose W

+; positive, —; negative, w; weak
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Table 5. Morphological, physiological and cultural characteristics of F15

Hyphae + Septa Te Ascospore —
Penthecium - Colonial color black Conidial head black
Conidiophore smooth & Viscle size 80 Sterimata double

surface granular

Conidia surface smooth Conidia shape radiated Conidia size 3~4 u

arranged in chain
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Fig. 1. Changes of pH during degradation procedure

of carrageenan-based film by pure and mixed culture.
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Fig. 2. Changes of viscosity during degradation proce-
dure of carrageenan-based film by pure and mixed cul-
ture,

3,6-anhydrogalactose’} a-1,4 ¥+ §$-14 ZHio g
5}”3 %l carrageenan®] "’éil—zﬂl o 2 vl Fo] AYAlE=
Aol o)zte] AE-Ape] Fow FalwEa Hais ot
= ‘“l*"g‘g‘«] ol A} A S %71"14 e AEa &3
5 e A 7eldle Zleg AzhEr, 53
Asp. niger2} E. coli®] 79 carrageenan¢] pH 4.0
olslel| A gel @A3Fe] A Holxg 13 o
pH 2ol mpE Hxgkar) #3438 Aes s
w3h 3] HIE HES 7 Fig 304 2+ ulel
2ol E. coli®] 745 Z7] @§rsF 2.35 g/loll A 534
7RA| A As] Fasle] 1.84 g/lE HEow 2 oolF
wA%] Frasle] vk 15dA = 085 g/lR FHAs}
At Sacch. cerevisiae2] 7%= E7]) 5UA 7R A
A3 rasiolrl oo o)l F FAs] ZHAsle] wiek 20
A 0.57 g/l7A] st ew, 3 Asp. nigere

T e ER7)RE G438 FAaste] 159 Hd = 065
g7k Abashe S Bglew 1 o] Fde A
A3E) zhashe e Mod EREFE Aled
A wlFxr] Fge] A Asp. nmiger2} F-AHE
ZAEE Hool aASe o dAstA ey
oy wiof 1594 0.31 g/I7hA] 748k} Carragee-



Vol. 23, No. 6

2.5 1
E coli Sacch, cerevisige

| Asp. niger Mixed culture
—~ - ++
1
@ 1.5 1
o
h
=
/]
© 1.0
=

05+

0*0 . { A A N | R | N { ; I L

0 5 10 15 20 25 30 35

Timea(day)

Fig. 3. Changes of total sugar contents during degrada-
tion procedure of carrageenan-based film by pure and
mixed culture.
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Fig. 4. Changes of TOC concentrations during degra-

dation procedure of carrageenan-based film by pure and
mixed culture.
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