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Abstract

Radish green juice was used as a dual source for the production of plant protein precipitate and Can-
dida utilis biomass. Precipitates ranging from 10.0 to 16.5g were obtained from a liter of radish green
juice by heating at 80 ~100°C for 1 to 10 min or by modification of the pH of radish green juice.
Crude protein content of the precipitate was between 25 and 38%. The residue remaining after pro-
tein precipitation was used in turn for the cultivation of the yeast, C. utilis, in order to produce yeast
biomass. C. utilis grew well in radish green residual juice and completed growth within 24 hr at 30°C
and 200rpm in shake flask experiments. Maximum dry cell weight obtainable from a liter of radish
green residual juice was 19.5g, when the yeast was grown on the juice residue diluted 3 times or more
with water to make sugar content be equal to or less than about 1.0%. Supplementation of 3-fold di-
luted radish green residual juice with yeast extract and (NH+)SO4 enhanced yeast biomass production
and cell protein content significantly. Total high protein material obtainable from a liter of radish green

juice was 33.0g.
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INTRODUCTION

High quality protein sources such as microbial
proteins(single cell protein; SCP), fish protein con-
centrate and leaf protein concentrate have been de-
veloped to alleviate protein shortages facing man-
kind.

The use of fresh herbage as a raw material for the
production of protein concentrates has received
considerable attention over the past 200 years".
Plants such as alfalfa and ryegrass have been pro-
cessed to obtain the juice, a liquid suspension con-
taining soluble protein, nonprotein matter and
chloroplasts?. Upon treatment with heat, acid, alkali
or natural microorganisms the juice yielded a pre-
cipitable material of high protein and low fiber con-
tent.
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There have also been world-wide efforts to pro-
duce SCP from agricultural by-products or food pro-
cess wastes. Whey and molasses have been proven
to be economically feasible in some countries in the
world®. However, it has been unsuccessful in Korea
to find an indigenous and readily usable carbon
source available in quantities for the purpose of SCP
production.

Radish green is a vegetable by-product not used
efficiently and contains about 3.0% protein, 10.6%
non-fibrous sugars, vitamins and minerals®. In a pre-
vious report we found that Chinese cabbage juice
was an excellent substrate for the production of C.
utilis biomass®. Therefore, it was assumed that
residue from radish green juice after protein extrac-
tion would support good microbial growth, since
the vegetable is readily fermented by lactic acid
bacteria which are known to be nutritionally fastidi-
ous. Especially significant is the sugar content of
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radish greens, because sugar serves as an important
nutrient for microbial growth.

In the present study, we examined the potential of
radish greens, which is a renewable resource and
can be produced in great quantities as an agricultur-
al by-product in Korea, as a novel resource for the
production of plant protein precipitate and yeast
biomass by growing C. utilis in the residue after pro-
tein precipitation from radish green juice.

MATERIALS AND METHODS

Radish greens

Radish greens were obtained from the Karack
Agriculture and Marine Market during summer and
fall of 1991.

Preparation of radish green juice

Washed radish greens were cut into approximate-
ly 5 cm long pieces and pureed in a Waring
blender. They were then strained through two layers
of cheese-cloth.

Heat precipitation of proteins from radish green

juice

Forty ml aliquots of radish green juice in 2.5 x 20
cm glass test tubes were heated to 80, 90 and 100
°C in a preheated water bath at 1 min intervals for
10min and cooled by running tap water. Precipi-
tates were obtained by centrifuging the heated juice
at 1100 x g{Hanil Centrifuge Co.) for 10 min and
washed once with cooled distilled water. Washed
precipitates were dried at 105°C for 16hr, before
measuring the dry weight of heat-coagulable precip-
itates.

pH adjustment of radish green juice to obtain
precipitates

The pH of 40ml aliquots of radish green juice in
100ml glass beakers were modified to 3.5, 4.0, 4.5,
and 5.0 with 0.1N-HCI, 0.1N-H:SO., 0.1N-lactic
acid and 0.1N-acetic acid and to 8.5, 9.0, 9.5, 10.0

and 10.5 with 0.1N-NaOH and NH:OH. The pH-
adjusted radish green juices were allowed to stand
for 24hr at ambient temperature. The measurement
of dry weight of precipitates was the same as the
method used for heat-coagulable precipitates.

Preparation of radish green residual juice for
yeast cultivation

Radish green juice prepared as above was boiled
at 100° C for 10 min to coagulate the heat-coagula-
ble materials in order to prevent them from precipi-
tating upon sterilization. The boiled and cooled
radish green juice was centrifuged at 1100 x g for
10min and filtered through filter paper (Whatman
#41) to remove the heat-coagulated precipitates
and other suspending solids. Clear juice so prepared
was named as radish green residual juice and stored
at -3° C until used.

Before each experiment, the frozen radish green
residual juice was thawed at ambient temperature,
and was used as it was, or aliquots were diluted to
yield desired sugar contents. Nutrients such as glu-
cose (2.0%), ammonium sulfate (0.2%), yeast extract
(0.2%) and peptone(0.2%) were added separately
to 3-fold diluted radish green residual juice before
sterilization to test the supplementary effect of each
of the nutrients on the growth of C. utilis and on the
production of protein by the yeast.

Microorganism and growth conditions

Candida utilis ATCC 42416 obtained from the Ko-
rea Federation of Culture Collection, Seoul, was
maintained on yeast extract{(0.3%)-malt extract(
0.3%) -peptone (0.5%) -glucose (2.0%} -agar (1.5%)
slants. Inoculum was prepared by shake flask cul-
ture at 30° C and 200rpm (Low Temperature Shaking
Incubator KSI-200L, Korea Instruments Co.) in media
similar to those used in the fermentation studies.

Growth of the yeast

Radish green residual juice (undiluted or diluted ,
nutrient supplemented or unsupplemented) was dis-
pensed into a 500ml flask in 100ml amounts and
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sterilized. The flasks were inoculated with 1Tml of
the inoculum grown for 24hr in appropriate media
and shaken at 200rpm(Low Temperature Shaking
Incubator) at 30° C.

Analyses

Absorbance at 620nm (Spectronic 20D, Milton-
Roy Co., Rochester, N.Y.) was employed to measure
the growth of the yeast. For dry cell weight mea-
surements, aliquots of the growth medium were
sampled at 4hr intervals and centrifuged at 1100 X g
for 10min. Yeast cells washed once with cooled dis-
tilled water were transferred to a preweighed weigh-
ing pan and dried at 105° C for 16hr. pH was mea-
sured at 4 hr intervals using a pH meter (Dongwoo
Medical Co.). Total sugar and soluble solids con-
tents were measured by anthrone method® and by a
refractometer (Atago Hand Refractometer, Atago Co.,
Japan), respectively. Crude protein contents of
radish green juice precipitates and dried yeast cells
were obtained by multiplying 6.25 to nitrogen con-
tents measured by microKjeldahl! technique”.

RESULTS AND DISCUSSION

Precipitation of radish green protein by heat

The amount of heat-coagulated precipitate did
not vary much, when one kind of radish green juice
(6° Brix with 3.8% total sugar content) was heated at
80, 90 and 100°C, ranging from 10.0 to 12.5g/| of
radish green juice, regardless of the length of heat-
ing time(Table 1). However, a somewhat higher
amount of precipitate was observed when the juice
was heated at 100°C.

Heat-coagulated precipitates from juices of 15
different kinds of radish greens ranged from 10.3 to
16.5g/1 (average = 13.5g/1), and the crude protein
contents of the dried precipitates were between
21% and 34% (average =27.0%) when the juices
were heated at 100° C for 10 min (Fig. 1). The differ-
ences in the amount of precipitate and in the crude
protein contents could be due to the differences in
radish varieties, the cultural conditions or the post-

harvest conditions. It was found that 13.5g/l of
heat coagulable precipitate with 30% crude protein
content can be obtained from radish green juices
which otherwise are mostly wasted as an agricultur-
al by-product.

Precipitation of proteins by pH adjustment

The pH of radish green juice was adjusted with
acids and alkalis to obtain acid- or alkali-coagulable
proteins as precipitates. As in the case of heat pre-
cipitation, there was only a slight difference in the
amount of precipitates obtainable by pH adjust-
ment. pH adjustment by lactic acid showed the
highest amount of precipitation among those acid-

Table 1. Precipitation of heat-coagulated materials (g/1) dur-
ing heating the juice from a single kind of radish
green at 80, 90 and 100° C for 1 to 10 min

Temperature
Q)

Heating time {(min)

1 2 3 4 5 6 7 8 9 10

80 10.8 105 11.010.5 103 12.013.0 12.0 11.5 12.3
90 11.3 10.5 11.010.0 10.5 10.8 11.5 10.0 12.3 10.5
100 115 123123 11.5 125 11.5 11.0 125103 12.3
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Fig. 1. Heat-coagulated precipitates of radish green juices
and their protein contents.
B : Heat-coagulated material, N : Protein contents.
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treated samples, regardless of pH values (Table 2). In
the case of the radish juices with pH adjusted to the
alkaline side, the amount of precipitate was higher
when pH was adjusted with sodium hydroxide than
with ammonium hydroxide (Table 2).

Growth of C. utilis on radish green residual juice

C. utilis was grown on undiluted radish green
residual juice and on YMPGB for the purpose of

Table 2. Precipitation of proteins (g/]) from radish green
juice by pH adjustment with acids and alkalis

Acids Alkalis
pH
HCl H2S0O«  Acetic Lactic NH«OH NaOH
acid acid
35 120 10.3 10.0 12.0
4.0 113 10.5 10.8 12.0
4.5 10.3 10.0 10.8 11.8
50 103 10.0 11.0 11.8
8.5 10.0 11.3
9.0 11.0 11.8
9.5 10.3 12.5
10.0 10.8 12.8
10.5 10.6 13.0
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Fig. 2. Growth(ODs20) of Candida utilis on undiluted radish
green residual juice and YMPC broth.
-O- ¢ undiluted radish green residual juice, -A-:
YMPG broth.

comparison (Fig. 2). The yeast grew equally well on
both of the media. This result was the same as the
previous report that C. utilis had a lag phase when it
was grown in undiluted Chinese radish juice but not
in YMPGB®. Maximum absorbances attained were
comparable between the two media®. In this study
the final absorbances were even higher when C.
utilis was grown in radish green residual juice than
in YMPGB (Fig. 2). This result apparently implies
that the radish green residual juice was a good sub-
strate for the growth of C. utilis.

Fig. 3 shows the growth curves of C. utilis on
undiluted and 2-, 5- and 8- fold diluted radish green
residual juice. Yeast growth on undilted and 2- to
10-fold diluted radish green residual juice are as in
Table 3. From these results it was found that radish
green residual juice contains growth inhibitory sub-
stance (s) against C. utilis like cabbage juice® and al-
falfa residual juice®. There was no difference in

-growth rate in the diluted radish green residual

juice, regardless of the extent of dilution, as long as
radish green residual juice was diluted up to 7 times
(Fig. 3).

Maximum dry cell weight attainable from unit
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Fig. 3. Growth(ODez0) of Candida utilis on radish green re-
sidual juice of different strength.
-O- : undiluted, -A- : 2-old, -O- : 5-fold, -[3- : 8-
fold.
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volume of radish green residual juice was accom-
plished when the yeast was grown on the residual
juice diluted more than 3 times (Table 4) to make a
total sugar content be equal to 1.0% or less. Most or
all of the sugars in the radish green residual juice or
diluted radish green residual juices were depleted in
about 20hrs of cultivation (Fig. 3) regardless of dilu-
tion. From the Fig. 5, C. utilis completed its growth
within 20hrs and pH decreased as the yeast grew.
pH increased after the 20th hr, when the yeast al-
most completed its growth. This can be explained in
that, during earlier phase of the cultivation, organic
acids were produced from sugars as metabolic by-

Table 3. Growth (ODs20)* of Candida utilis on undiluted and
2-to 10-fold diluted radish green juice (DRGJ)

Cultivation time (hr)

0 4 8 12 16 20 24

Undiluted juice 901 005 0.20 1.59 10.00 12.70 13.50
(Control)

2X DRG) 0.01 0.06 030 2.81 9.89 11.93 1298
3X DRG] 0.01 0.05 0.33 2.73 9.21 10.87 11.34
4X DRG) 0.01 0.03 0.20 266 7.31 9.10 9.56
5X DRG]} 0.01 0.04 024 2.54 6.84 895 9.08
6X DRG]} 0.01 0.02 0.23 255 593 697 7.16
7X DRG] 0.01 0.03 0.24 253 542 6.27 6.89
8X DRG) 0.01 0.02 0.18 196 436 5.29 6.10
9X DRG] 0.01 0.01 0.16 1.73 369 487 534
10X DRG] 0.01 0.02 015 1.34 3.63 4.55 5.05

*Absorbances are corrected for O time value

Table 4. Effects of nutrient addition to 3X diluted radish
green residual juice (DRGJ) on the growth of Can-
dida utilis, dry cell weight production and protein
contents of dry cell mass

Dry cell weight Dry cell weight Crude protein

(g /1) from g/ 1) from content
3X DRGJ undiluted RG} (%)
Three-fold DRG] 4.4 13.2 254
(3X DRG))
3XDRGJ+glucose 49 12,0 241
(2%)
3X DRG] + peptone 48 14.4 315
(0.2%)
3X DRG] + yeast 5.2 15.6 35.4
extract (0.2%)
3X DRG] + (NH4):504 5 15.6 45.1
{0.2%)

products, which in turn were used by C. utilis as
carbon sources, as fermentable sugars were deplet-
ed. As radish green residual juice was diluted up to
5 times the cell yield was increased dramatically
(Fig. 4). Further dilution did not improve either one

Total sugar content(%)
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Fig. 4. Yeast cell production and crude protein content of
dry biomass on diluted radish green juices.
-A- : dry cell weight, -[]- : protein contents.
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Fig. 5. Time-course of changes of pH, total sugar and cell
growth on 3-fold dilluted radish green juice.
-A-: pH, -O- ¢ total sugar, -O- ¢ absorbance.
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of the fermentation parameters. From the view point
of operational costs and efficiency of sugar utiliza-
tion, diluting radish green residual juice of 3.0% to-
tal sugar content 3 times was found to be optimal
for the maximum production of yeast biomass.

Effect of supplementary nutrients

Table 4 and Fig. 6 show the effects of various sup-
plementary nutrients on the growth, the final dry
cell weight and the protein content of the dried cel
of C. utilis grown on 3-fold diluted radish green
juice. There was not much difference noted in the
growth rate (Fig. 6), but there were many differences
in the attainable final dry cell weight(Table 4).
There was more or less a 20% difference in dry cell

weight production when nutrients other than glu- .

cose were supplemented to 3-fold diluted radish
green residual juice (Table 4).

Nitrogenous nutrients such as yeast extract and
ammonium sulfate increased cell protein content by
up to 18%. The enhancement of dry cell weight
production and cell protein content by supplement-
ing such nitrogenous nutrients as yeast extract and
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Fig. 6. Effects of nutrient addition on the growth of Candi-
da utilis.

-(O- : 3-fold dilution, -A- : glucose 2%, -O- : pep-
tone 0.2%, -[J- : yeast extract 0.23%, - * - : (NHa)2
SOs 0.2%

ammonium sulfate was significant compared to the
amounts of nutrients supplemented.
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