Eur Food Res Technol (2007) 224: 343-347
DOI 10.1007/s00217-006-0323-z

ORIGINAL PAPER

Ok Taing - Kazuya Taing

Production of malic and succinic acids by sugar-tolerant yeast

Zygosaccharomyces rouxii

Received: 26 August 2005 / Revised: 5 March 2006 / Accepted: 8 March 2006 / Published online: 31 March 2006

(© Springer-Verlag 2006

Abstract Zygosaccharomyces rouxii V19 was grown in
YPG medium (yeast extract, 0.5%, peptone, 1.0%, glu-
cose, 10%). Fermented broth was purified through a series
of ion-exchange columns and ODS column and the purified
sample was TMS-esterified. Malic and succinic acids were
identified with GC-MS analysis. The yeast was cultivated
under various cultural conditions and quantitative deter-
mination of the organic acids was carried out with HPLC
on Shodex column. Glucose concentration of 30%, initial
pH 5.0, and 25 °C incubation temperature were the opti-
mum conditions. Inclusion of glutamic, malic, and succinic
acid precursors in the medium increased the production
of malic acid. On the other hand, only addition of malic
acid enhanced the production of succinic acid. Maximum
amount of malic acid produced was 74.9 g/L. (32.8% yield,
based on glucose consumption) in the medium with 0.5%
glutamic acid supplement, and that of succinic acid was
7.7 g/L (8.1% yield) when 0.3% malic acid was added in
the medium.

Keywords Zygosaccharomyces rouxii - Sugar-tolerant
yeast - Organic acid fermentation - Malic acid - Succinic
acid

Introduction

Malic and succinic acids, along with other organic acids,
are widely used as acidulant in soft drinks, and as chelating
agents in a variety of other products. Radler [1] had re-
viewed the possibility of production of many organic acids
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by yeasts. There were some reports on formation of malic
acid from S. cerevisiae [2, 3] and from S. bayanus [4], and
that of succinic acid from S. cerevisiae [5-7]. Burden and
Evenleigh [8] proposed that yeasts have potential for com-
mercial production of a wide range of organic acids. How-
ever, with malic and succinic acids, Radler [1] concluded
in his work that the quantities produced were so low that
industrial utilization was not practical. On the other hand,
there were some works on transport of malic and succinic
acids, together with other dicarboxylic acids, in Hansenula
anomala [9], Schizosaccharomyces pombe [10, 11], and S.
bailii [12]. With S. cerevisiae, Albers et al. [7] had studied
the influence of precursor glutamic acid on product forma-
tion. Camarasa et al. [13] also explored the tricarboxylic
acid pathway in this yeast and concluded that assimilation
of precursor aspartate led to the formation of malate and
succinate. Sousa et al. [11] mentioned that succinic acid
and malic acid itself, among other precursors, were com-
petitive inhibitors of malic acid transport at pH 5.0. Pines
et al. [14] reported that L-malic acid was synthesized from
its precursor pyruvic acid via oxaloacetic acid.

Z. rouxii is an osmo-tolerant yeast associated with foods
of low water-activity, such as soy paste, soy sauce, and high-
sugar foods. It has been known that salt-tolerant strains of Z.
rouxii produced considerable amount of polyalcohols such
as glycerol and/or p-arabitol [15-18]. Young et al. [19] re-
ported on the formation of acetic acid from glucose during
anaerobic fermentation with a strain of salt-tolerant soy
yeast. Apart from this information, little has been known
about formation of organic acids by this yeast. Nowadays it
is generally regarded that salt-tolerance and sugar-tolerance
are different aspects of osmo-tolerance; salt-tolerant strains
were not necessarily tolerant to sugar concentrations of
same water activity, and vice versa [20, 21]. Although
there has been considerable work on salt-tolerant strains
of Z. rouxii, little has been done with its sugar-tolerant
counterpart. In our previous work, we isolated, identified,
and characterized many strains of Z. rouxii from high-sugar
fermented foods [21]. During our investigation of antibac-
terial activity of these strains, we found out that some strains
produced organic acids in such a considerable amount that
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bacteria were killed when they were co-incubated with the
yeasts.

Our preliminary results and lack of information so far
prompted us to investigate the potential application of Z.
rouxii in production of organic acids. This paper deals
with identification and quantitative determination of or-
ganic acids produced by a selected strain of Z. rouxii.
The most suitable culture medium was chosen and the
cultural conditions were optimized. Effects of precur-
sors and their possible metabolic pathways were also
investigated.

Materials and methods
Yeast strain and medium

The strain used in this work was Z. rouxii V19, which
was isolated from high-sugar fermented food and identified
according to standard taxonomy [21]. Unless otherwise
expressed, the yeast was grown under control conditions,
in YPG control medium (0.5% yeast extract, 1% peptone,
10% glucose; all% w/v, initial pH unadjusted), at 25 °C,
for 140 h. All of the media used in our work were filter-
sterilized to avoid formation of Maillard reaction products
during autoclaving.

Optimization of cultural conditions

With many variables to be determined for optimization,
we varied one by one, keeping the rest at control condi-
tions. Cultural conditions were varied as follows: glucose
concentration, from 10 to 50%; initial pH, from 4.0 to
8.0; incubation temperature, from 20 to 37 °C. The yeast
was cultured in 5 mL medium, inside 15 mm-test tubes,
for 140 h. Overnight grown yeast (0.1 mL) containing ap-
proximately 4 x 10° cells/mL was inoculated to each test
tube, and the yeast was incubated semiaerobically, by gen-
tle shaking each day. Growth was determined either by
measuring optical density (OD) at 660 nm or wet cell
weight.

Effect of precursors

To YPG control medium (10% glucose), 0.3% each of
malic, succinic, fumaric, aspartic, or glutamic acid was
added and pH was adjusted to 5.0. With each type (group)
of medium, the yeast was cultured for 30 days in a number
of test tubes. From each group, two test tubes were taken
out occasionally for analyses. Values were expressed as
average of two.

Next, in order to study the effect of concentration of each
precursor, 0.3-0.7% each of malic, succinic, or glutamic
acid precursor was added to YPG medium with 30% glu-
cose, and initial pH was adjusted to 5.0. Inoculation was
carried out as described above. Incubation was carried out
at 25 °C for 15 days. For chemical analyses, two test tubes

were taken out each time at prescribed interval. Values were
expressed as average of two.

Analytical methods

pH was measured by Horiba pH meter. Remaining glu-
cose in the broth was determined by AOAC method [22].
Glucose consumed was calculated by subtracting glucose
remaining from the initial added amount.

Identification and quantitative determination
of organic acids

Sample preparation

After incubation, the cultural suspension was centrifuged
(9,000 x g, 15 min) at 4 °C, followed by filtering through a
membrane filter of 0.5 pwm pore size. The filtered broth was
kept frozen at — 18 °C until use. One mL of this sample was
ion-exchanged with Amberlite IR-120 [H*] and Amberlite
IR-45 [OH™] resins in two successive columns. The latter
was eluted with 2 N NHj solution followed by washing
with distilled water. Combined eluates were evaporated
to dryness under vacuum at 30 °C. The solid residue was
dissolved in 10 mL of distilled water, and the solution, after
purification through ODS filter (syringe type), was injected
to HPLC.
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HPLC analysis

Quantitative determination of succinic and malic acids were
carried out with HPLC, Shimadzu LC-10AS liquid chro-
matograph, equipped with Toyosoda UV-8 model II spec-
trophotometer and Shimadzu C-R4A Chromatopac integra-
tor. The column was of 50 cm x 4.6 mm i.d., packed with
Shodex HC-125S resin. Mobile phase was 0.1% v/v phos-
phoric acid. Analysis conditions were: constant pressure
of 43 Kg/cmz; temperature, 55 °C; flow rate, 0.3 mL/min;
detector, UV 210 nm.

GC-MS analysis

ODS-purified sample was TMS-esterified and analyzed for
mass spectra. GC-MS analysis was carried out with Hitachi
M-80B gas chromatograph, equipped with Chrompack cap-
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illary column (CP-Sil SCB, 25 m x 0.25 mm i.d.; 1.2 mm
coating) and coupled to Hitachi M-80B mass selective de-
tector. The analysis conditions were ionization potential,
70 eV; source temperature, 200 °C; GC-MS interface tem-
perature, 220 °C. Oven temperature was increased from 80
to 250 °C at 5 °C/min.

Results and discussion
Optimization of cultural conditions

With each variable, we determined best values both for
growth and production of the organic acids, keeping the
others at control conditions. Figure 1 shows the effect of
glucose concentration on growth and acid production. Al-
though 20% glucose resulted in a maximum growth, 30%
was optimum for production of both acids. Figure 2 shows
the effect of incubation temperature. Here again, while the
optimum temperature for growth was around 32 °C; that
for acid formation was about 26 °C. Acidic medium fa-
vored growth of V19, as can be seen in Fig. 3 that growth
was maximum at pH 4.0. However, production of acids
peaked at pH 5.0. These results helped us choose the best
combination of cultural conditions for getting maximum
concentration of the two organic acids in the later part of
our work.

Effect of added precursors

Figure 4 shows growth curves of strain V19 in media with
various added precursors. Growth (rate as well as yield) was
in ascending order for fumaric-, malic-, succinic-, glutamic-
acid containing media; it was clearly repressed by addition
of precursors. Maximum growth was observed with con-
trol medium. However, except fumaric acid, production of
malic acid was greatly enhanced by all precursors added
(Fig. 5). In particular, addition of glutamic acid and malic
acid precursors increased malic acid concentration in the
fermenting mass by about four and five times, respectively,
that of control. In Fig. 5, malic acid concentration was ex-
pressed as net amount, which was obtained by subtracting
the initial added amount from the final value. Hence it was
clear that addition of malic acid enhanced remarkably the
production of itself. However, this effect was transitory, as

the concentration decreased beyond about 15 days. Based
on this finding, we chose the cultural time of 15 days for
further experiments. On the other hand, only malic acid pre-
cursor showed a moderate positive effect on succinic acid
production (Fig. 6); it increased the production by about
30%, compared to control. All other precursors had either
adverse or insignificant effect. Addition of succinic acid
did not appreciably increase the net production of itself.

Optimum concentration of precursors

In optimizing concentration of precursors, we chose the
incubation time of 15 days, as the concentrations decreased
beyond this time. From Fig. 7, it was noted that optimum
concentration of added malic acid for production of malic
acid itself was around 0.5%. Net malic acid concentration
in the fermenting mass increased from 43 g/L at 0.3% to
about 72 g/L at 0.5%. A similar trend was observed with
succinic acid precursor. Malic acid production increased
from 8 g/L at 0.3% to about 13 g/L at 0.5% added succinic
acid (Fig. 8). Glutamic acid showed the strongest impact on
malic acid production (Fig. 9). The concentration of malic
acid increased from 30 g/L at 0.3% to about 75 g/L at 0.5%.
In all cases, succinic acid production was not affected by
increase in concentration of added precursors.

Yield

In Table 1, a summary of production values of malic and
succinic acids are shown for selected conditions, together
with calculated yields based on glucose consumption.
Among various cultural conditions, only glucose concen-
tration (optimum value of 30%) had a considerably high
impact on production of malic acid. Of the precursors
added, glutamic acid was the most effective enhancer
for production of malic acid from the medium with 30%
glucose. We achieved maximum concentration of 74.9 g/L
with 32.8% yield. This value was much higher than the
reported value of 175 mM produced by permeabilized
cells of S. bayanus from fumaric acid [4]. On the other
hand, only addition of malic acid enhanced the production
of succinic acid. Maximum amount of succinic acid
produced was 7.7 g/L (8.1% yield) when 0.3% malic acid
was included, which we noted as not a feasible value for

Table 1 Concentrations and

leulated vields of acid Glucose Malic acid Succinic acid
calculated yields of acids ) —— -
Medium consumed (g/L) (g/L) Toyield (g/L) %yield
YPG 10?, control 99 4.5 4.5 54 5.4
YPG 10, 0.3% malic 95 21.5 22.6 7.7 8.1
YPG 10, 0.3% succinic 95 10.1 10.6 6.1 6.4
- 5 YPG 10, 0.3% glutamic 98 17.8 18.2 5.8 5.9
Incubation: 13 daysat 25 °C *ypg 301 control 212 45 2.1 53 2.5
gﬁllzgsfe“%%“gnownh 10% (W) ypG 30, 0.5% malic 175 37.1 21.1 6.8 3.9
bYPG medium with 30% (w/v) YPG 30, 0.5% succmlF 180 13.3 7.4 4.1 23
glucose, pH 5.0 YPG 30, 0.5% glutamic 193 74.9 32.8 5.5 2.8




commercial production. From these results, we consider Z.
rouxii V19 as a favorable strain for commercial production
of malic acid. It is anticipated that improvement in
cultural conditions such as divided dosage of glucose and
precursor, maintaining fermenting pH, and controlling
aeration in an automated fermentor would increase the
yield further, without modifying the strain.
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