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Abstract

Chinese radish juice (CR}) was used as a culture medium for the production of Candida utilis ATCC 42416 bie-
mass. Solubie solid and total sugar contents of Chinese radishes were in the range between 5.5 and 8.8’ Brix
and 3.5 and 6.5%, respectively. Since sugar in radishes are in readily usable forms, pretreatm ent procedures
were not necessary after the extraction of juice from fresh radishes. in shake flask experiments, C. utilis ATCC
42316 grew well in CRf and completed growth in 24 hrs at 30°C and 200rpm. Maximum cel! dry weight
obtainable from a liter of CRJ(1.0% sugar DCRJX5) was 21.5g, when the yeast was grown on CR! diluted 5
times or more with tap water to make sugar content to be equal to or less than 1.0%. Supplementation of 5-
fold diluted CR) with some nutrients did not greatly influence the growth rate, yeast biomass production, or cell
protein content significantly, indicating that CR} itself was a good substrate for the production of biomass by C.

whifis ATCC 42416.
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INTRODUCTION

There have been world-wide efforts to produce sin-
gle cell proein(SCP) from agricuiural byproducts or
food process wastes. Whey and molasess have been
proven to be economically feasible in some countries
in the world (1}. However, it has been unsuccessful in
Korea to find a Korean indigenous and readily usable
carbon source available in quantities for the purpose
of SCP production. There have seen reports in Korea
to produce SCP from agricultural byproducts or food
process wastes, generated in the country, such as rice
and wheat straws (2-4), distiller’s waste (5,6), citrus
peel press fiquor (7), ginseng cake extract(8), sweet
potato starch cake {3, Chinese cabbage juice(10),
etc.

A new renewable resourc, Chinese radish, which
can be produced in great quantities in Korea was test-
ed as a substrate for SCP production. Chinese radish is
produced in Korea for the principal purpose of prepar-
ing kimchis. it is frequently overproduced too much
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to be consumed by the conventional purpose of use.
An alternative way of consuming the surplus agricul-
tural product is tested to produce microbial cells as
SCR

Especially significant is the sugar content of Chine-
se radish because sugar serves as an important nutri-
ent for microorganisms. Sugar content of Chinese ra-
dish range from 3.1 to 6.1% depending on the variet-
ies of Chinese radish{11). Radishes consists of 70%
glucose and two other compounds are mannase and
fructose (12). In addition to fermentable sugars, Chi-
nese radish must contain nutrients supporting micro-
bial growth, judging from the fact that lactic acid bac-
teria which are nutritionally fastidious grow weli on it

In the present study, we examined the potential of
Chinese radish, which is a renewable resources and
can be praduced in great quantities in Korea, as a no-
vel substrate for growth of Candida utilis ATCC 42416
for the purpose of producing biomass.
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MATERIALS AND METHODS

Microorganism and growth condition

Candida utilis ATCC 42416 obtained from the Kor-
ea Federation of Culture Collection, Seoul, was ma-
intained on yeast extract (0.3%)-malt extract(0.3%)-
peptone (0.5%)-glucose (2.0%) agar{YMPG agar) sla-
nts. Preculture was prepared by shake flask culture at
30° C and 200rpm {Low Temperature Shaking kncuba-
tor KS1-200%, Korea Instruments Co., Seoul) CRJ{(dil-
uted or undiluted, nutrients supplemented or unsup-
plemented) was dispensed into 500ml flask in 100
ml amounts and sterilized. The flask inoculated with
1mi of the preculture and shaken at 200rpm at 30° C.

Chinese radish juice (CR)) preparation

Washed in 47 different lots of autumn-sowing Chi-
nese radishes were cut and ground by a Waring blen-
der to puree before strained through two layers of
cheese-cloth. The strained fresh iuice was heated for
10min. at 100°C and cooled to room temperature.
The cooled CR) was centrifuged at 3500rpm (Hanil
Centrifuge Co.) for 10min to get clear liquid and kept
frozen until used. This upper liquid did form precipi-
tation upon sterilization.

Before each experiment, the frozen CR| was thaw-
ed, and it was used as atiquots which were diluted
with tap water to give desired sugar contents. Nutrien-
ts such as glucose (2.0%), ammonium sulfate (0.2%),
yeast extract(0.2%) and peptone (0.2%) were added
to 5-fold diluted CR} before sterilization to test the
supplementary effects of each of them on the growth
of C. utilis ATCC 42416, KH2PO4{0.2%) was separa-
tely sterilized before it was added to CRJ.

Analysis

Absorbance at 550nm (Spectronic 20D, Milton-Roy
Co., Rochester, N.Y.} was employed to determine the
growth of the yeast. For cell dry weight measuremen-
ts, aliquots of the growth medium were sampled at
4hr intervals and centrifuged at 3500rpm (Hanil Cen-
trifuge Co.) for 10 min. Washed yeast celis were tran-
sfered to preweighed weighing pan and dried at 105
°C ovemight and then weighed the dried yeast cells.
pH was measured at 4hr intervals by using a pH

meter (Dong-Woo Medical Co.). Total sugar and sobu-
ble solids contents were measured by Anthrone me-
thod (13) and by a refractometer {Atago Hand Refrac-
tometer, Atago Co., Japan), respectively. Protein con-
tents of dried yeast cells were measured by microKjel-
dahi technique (14).

RESULTS AND DISCUSSION

Sugar contents of Chinese radish

Soluble solids contents of 47 differert lots of Chine-
se were in the range from 5.0 to 8.8° Brix and the total
sugar contents of them ranged from 3.5 to 6.5% (Fig.
1} which was in the similar range as that reported ear-
lier(11). In this research, results were effected by envi-
ronmental conditions such as weather. Fluctuating
temperatures produced uneven growth in Chinese
radish. This influence had only a direct effect on the
soluble solid contents but not on the permability of
the radishes (15).

The relationship between scluble solids(X) and to-
tal sugar (Y) cortents was ¥=0.735X - 0.135.

Effect of dilution of CR} on cell dry weight produc-
tion and on the substrate yield coefficient

C. utilis ATCC 42416 was grown on undiluted CR|
(UNCRJ) and on YMPG broth (YMPGB) for the pusr-

Sygar conent{#)

Soluble sclid content( °Brix}

fig. 1. Relationship between soluble solid and total sugar con-
tents of Chinese radish juice.
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pose of comparison (Fig. 2). A similar result was repor-
ted that there was not much difference in the growth
pattern when C. utifis and Saccharomyces cerevisiae
were grown on Chinese cabbage juice and on YMP-
GB(15).

Fig. 3 shows the growth curves of C. utilis on UDC-
R} and 2~ to 7-fold diluted CRJ(DCRJ}. From this re-
sult Chinese radish was thought to contain growth in-

Firmedhre)
Fig. 2. Growth of Candida utilis ATCC 42416 on Chinese radi-
sh juice and YMPG broth.
B : Chinese radish juice {undiluted), & : YMPG broth.
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g. 3. Growth of Candida utilis ATCC 42416 on Chinese radi-
sh juice of different strength.
& UDCR], & @ 3X DCRJ
@ I 5XDCRY, ¢ 17X DCR).

£

]

hibitory substance (s} against C. utilis as it was in Chi-
nese cabbage juice (10) and in alfalfa residual juice
(16). There was no difference in growth rate in DCR)
regardless of extent of dilution as iong as CR} was di-
luted more than twice. Maximum celi dry weight at-
tainable from unit volume of CR| was accomplished
when the yeast was grown on CR} diluted more than 5
times {Table 1) to make total sugar content which was
approximately 1.6% or less. Most or all of the sugars
in UDCR] and DCR} was depleted in about 20hr of
cultivation (Fig. 4) regardless of the degree of dilut-
ion. The pattern of pH change was chvious from Fig.
4, as the degree of dilution increased, pH increased
mere rapidly from the 12th hr of C. wtitis cultivation
on UDCR] and DCRJ. This can be explained during
the earlier phase of cultivation, acids were produced
from sugars which in turn was used by the yeast as
fermentable sugars were depleted. As CR{ was diluted

Table 1. Cell dry weight production and substrate yield coeffi-
cients of C. utifis ATCC 42416 grown on Chinese
radish juice (CRj) with different degrees of dilution

Total _{,l;_ll_dry weight (gj}) Substrate yield

sugar {%) D(ij. VU})CRJ” coefficient (9}

UDCRI (contre) 5.0 5.7 5.7 i1.4
2x DCR| 25 4.8 9.3 19.2
3x DCRJ 1.7 4.6 13.8 271
4% DCR) 1.5 4.5 18.0 200
5x DCR} 1.0 4.3 21.5 43.0
6x DCR} 0.8 3.6 21.6 42.4
7x DCR) 0.7 3.0 21,0 429

DCR} : diluted CRj, UDCR] : undiluted CR}
“Cell dry weight calculated as from UDRJ after C. utilis was
grown on DERY{DCR) x dilution ratio)

Tabie 2. Fffect of nutrient supplementation on the production
of cell dry weight and cell pretein content when ¢,
utilis ATCC 42416 was grown on 5-fold diluted Chi-

Cell dry weight (@/L} protein content
Nutrients e )

DCR UnCRY (dried W%
5x DCR}(control) 4.3 21.5 45
Ki-2P04(0.2%) 4.0 20.0 35
(NH4)2504 (0.29%) 39 19.5 53
Yeast extract (0.29) 4.6 23.0 50
Peptone (0.2%) 4.1 20.5 52

Glucose (2.0%) 3.8 19.0 46

DCR) : dilited CR}, UDCRJ © undituted CR?
HUDCRI=DCR]) x dilution ratio
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Fig. 4. Time course of changes of total sugar content, pH and optical density during the growth of Candida utilis ATCC 42316

on CR] of different degrees of dilution.

A undiluted, B2 2 fold dituted, €t 3 fold diluted, D 4 fold diluted, E: 5 fold dituted.

A Total sugar content, [ & pH, O 1 Optical density,

up to 5 times both the cell productivity and substrate
yield coefficient increased dramatically {Table 1). Fur-
ther dilution did not improve neither one, From the
view point of operational costs and efficiency of sug-
ar utilization, diluting CR) of 5.0% total sugar content
5 times was found to be optimal.

Effect of supplementary nutrients

Table 2 and Fig. 5 show the effects of various sup-
plementary rutrients on the growth, the final cell dry
weight and the protein content of the dried cell of C
utilifs grown on 5-fold difuted CRJ. There was not
much difference noted in the growth rate except dur-
ing the initial growth phase (Fig. 5} and in the atiaina-

ble final cell dry weight. There were more or less 10
% differences in cell dry weight production when nut-
fients were supplemented to 5-fold diluted CR)(Table
2), which was believed to be within the experimental
eITO7 range.

Nitrogenous nutrients such as yeast extract, ammo-
nium sulfate and peptone increased cell pratein cont-
ents by up to 18% while KH2PO4 decreased it more
than 10%. This phenomenon was different from the
resuit with a Candida sp. on alfalfa residual juice wh-
ere KH2POs was stimulatory (17). This should be due
1 the compositional difference in the media and the
yeast strain. The enhancement of cell dry weight pro-
duction and cell protein content by supplementing
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Fig. 5. Effects of supplementary nutrients on the growth of

Candida utilis ATCC 42416
B control, A Glucose
@ : peptone, € I yeast extract

such pitrogenous nutrients as yeast extract, ammo-

nium sulfate and peptone was not significant compa-

red to the amounts of nutrients supplemented. Over-

all, CRJ itself is an excellent substrate for the produc-

tion of yeast cell mass by C. utilis.
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