Bioprocess Biosyst Eng (2007) 30:135-140
DOI 10.1007/s00449-006-0110-z

ORIGINAL PAPER

Biotechnological production of lactic acid integrated
with fishmeal wastewater treatment by Rhizopus oryzae

Li Ping Huang - Tao Dong - Jing Wen Chen -
Ning Li

Received: 22 December 2006/ Accepted: 24 December 2006/ Published online: 23 January 2007

© Springer-Verlag 2007

Abstract Fishmeal wastewater, a seafood processing
waste, was utilized for production of lactic acid and
fungal biomass by Rhizopus oryzae AS 3.254 with the
addition of sugars. The 30 g/l exogenous glucose in
fishmeal wastewater was superior to starch in view of
productivities of lactic acid and fungal biomass, and
COD reduction. Fishmeal wastewater can be a
replacement for peptone which was the most suitable
nitrogen source for lactic acid production among the
tested organic or inorganic nitrogen sources. Exoge-
nous NaCl (12 g/1) completely inhibited the production
of lactic acid and fungal growth. In the medium of
COD 5,000 mg/l fishmeal wastewater with the addition
of 30 g/l glucose, the maximum productivity of lactic
acid was 0.723 g/l h corresponding to productivity of
fungal biomass 0.0925 g/l h, COD reduction 84.9% and
total nitrogen removal 50.3% at a fermentation time of
30 h.

Keywords Lactic acid - Fishmeal wastewater -
Fungal biomass - Fermentation

Introduction

Lactic acid, a naturally occurring multifunctional or-

ganic acid, has long been of use in the pharmaceuti-
cal, chemical and food industries. Recently, new
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applications of lactic acid, as a monomer in biode-
gradable and biocompatible polylactate polymers, an
environment-friendly alternative to biodegradable
plastics or as an intermediate in the synthesis of high-
volume oxygen-containing chemicals, have the po-
tential to greatly expand the market for lactic acid, if
more economical production processes could be
developed [1-3]. The efficiency and economics of the
ultimate lactic acid fermentation is however still a
problem from many points of view and media com-
position play a vital role in the improvement of such a
process [4]. Much research has consequently focused
on finding cheaper supplements such as whey,
molasses, starch, beet- and cane-sugar and other car-
bohydrate-rich materials for the lactic acid production
[1-3, 5].

Nitrogen source is usually the most expensive com-
ponent of microbial growth substrates [6, 7]. Fishmeal
wastewater containing soluble proteins is produced in
large amounts as a waste byproduct of the fishmeal
processing plants. In spite of a high efficiency reached
in anaerobic treatment of this wastewater, an organic
load accounting for about 20% of the initial COD re-
mains in it. The nitrification percentage for the further
treatment is about 20-65% [8]. On the other hand,
increasing concern is being focused on converting these
renewable materials into commercially valuable prod-
ucts. Although the use of fish protein hydrolysates for
maintaining the growth of different microorganisms
have received a great deal of attention [6, 9, 10], only
limited number of reports have been published about
the application of this substrate to metabolite produc-
tion such as lysine, lipase and bio-fluccant [7, 11, 12].
This is the first time that the fishmeal wastewater has
been tested as one substrate for lactic acid production.
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In the present work, we tested the potential use of
fishmeal wastewater as one substrate for the fermen-
tative production of lactic acid by Rhizopus oryzae,
one important mold that metabolizes L(+)-lactic acid
[1-4, 13, 14] in order to recycle this abundant waste and
develop a new process for lactic acid production inte-
grated with fishmeal wastewater treatment.

Materials and methods
Characterization of fishmeal wastewater

The fishmeal wastewater used in this investigation was
effluent coming from Longyuan Food and Can Pty Ltd,
Dalian, China and arose from the commercial pro-
duction of fish can. The pH of the fishmeal wastewater
was 6.5-7.1. Other characteristic parameters (g/1) in-
cluded total suspended solid, 81-89; volatile suspended
solid, 54-57; COD, 48-56; total Kjeldahl-N, 8.0-12.7;
protein, 50-79 and CI", 7.0-10.

Microorganisms

The strain of Rhizopus oryzae AS 3.254 was purchased
from Culture Collection, Institute of Microbiology,
Chinese Academy of Sciences. This strain was propa-
gated and maintained on potato dextrose agar (PDA)
slants at 4 °C.

Culture and fermentation medium

The composition of the pre-culture medium (g/1) was:
soluble starch, 10; peptone, 5.0; yeast extract, 5.0;
KH,PO,, 0.2; and MgSO4-7H,0, 0.2. This medium was
autoclaved at 121 °C for 20 min.

Experimental set-up

Spores grown on PDA slants at 30 °C for 7 days were
collected using a platinum loop and suspended in
sterilized distilled water. A 250 ml flask containing
100 ml of the culture medium was inoculated with a
final concentration of 10° spores/ml and incubated on a
rotary shaker at 30 °C for 12 h. The overnight culture,
as seed culture, was used to initiate growth in the
fishmeal wastewater media.

The lactic acid production by Rhizopus oryzae AS
3.254 were conducted in 250 ml flasks containing
100 ml final volume of the wastewater media inocu-
lated with 5 ml of the seed culture. In order to avoid
pH decrease due to lactic acid production, the addition
of sterile CaCO;3; (5%, v/v) in powder form to each
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flask after inoculation was carried out. Unless other-
wise stated, the agitation rate and incubation temper-
ature were 150 rpm and 30 °C, respectively.

Sample preparation and analytical methods

The culture broth was centrifuged and the resulting
supernatant was used for measurement of glucose,
COD and total Kjeldahl-N. The glucose was estimated
by the dinitrosalicylic acid method [15]. Solids, COD
and total Kjeldahl-N were measured according to
procedures described in Standard Methods for the
Examination of Water and Wastewater [16]. Lactic
acid and dry cell weight were determined as described
previously [2]. All experiments were carried out in
duplicate and repeated at least twice. Appropriate tests
of significance, analysis derivations (ANOVA) and
confidence difference at 5% level were used in the data
evaluations.

Results and discussion
The use of fishmeal wastewater

Lactic acid fermentation was investigated using fish-
meal wastewater under different strategies. In the first
assay, the fermentation medium contained only fish-
meal and water. No lactic acid production and fungal
growth were observed in this medium (data was not
shown). These results revealed that although fishmeal
wastewater contained large amount of organic protein,
the fungal cells could not metabolize them in this form.
In another experiment, it was thought that the addition
of an easily metabolized sugar to the fermentation
medium containing only fishmeal wastewater and wa-
ter, might improve lactic acid production. Therefore,
the diluted fishmeal wastewater was mixed with 40 g/
glucose and the results showed that the exogenous
glucose had great beneficial effect on lactic acid pro-
duction and fungal growth. Fishmeal wastewater with
COD ranging from 2,500-10,000 mg/l had a compara-
tively high productivity of lactic acid and fungal bio-
mass. The maximum productivity of lactic acid and
biomass were about 0.311 g/l h at COD 2,500 mg/l and
0.062 g/l h at COD 10,000 mg/l, respectively. Other-
wise stated, fishmeal wastewater with COD 5,000 mg/1
was chosen for the following investigation.

Effect of substrates

In order to identify the fermentation capacity of R.
oryzae AS 3.254 and the effect of two common carbon
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sources, glucose and starch, the fungi was cultivated in
the fishmeal wastewater with a glucose or starch con-
centration of 30 g/l. The results in Table 1 showed this
Rhizopus fungus performed at a higher COD reduc-
tion, productivity of lactic acid and biomass in glucose
medium. These phenomena may be explained by an
easy access of glucose by the fungal whereas it needs to
access monosaccharide by secreting amylolytic en-
zymes for the degradation of starch substrates. During
the 24 h of cultivation, lactic acid had a volumetric
concentration of 15.9 g/l in glucose medium, while only
0.818 g/ lactic acid was measured in the starch med-
ium. Additionally, R. oryzae AS 3.254 grew better in
glucose than starch and the biomass volumetric pro-
duction in glucose and starch medium was 2.22 and
1.24 g/l, respectively. As expected, the addition of
glucose in fishmeal wastewater has an evidently higher
COD reduction than starch supplementation during
the 24-h incubation period. With the prolonged incu-
bation time from 24 to 48 h, the difference between
glucose and starch in terms of lactic acid and biomass
productivities, and COD reduction became less al-
though glucose led to a high productivity of lactic acid
and a fast cell growth termed as biomass productivity.

From the lactic acid yield point of view, at 48 h
incubation time, fishmeal wastewater with a glucose
concentration of 30 g/l achieved a yield of 0.818 g
COD/g COD, higher than the 0.673 g COD/g COD in
pure glucose medium. Comparatively, fishmeal waste-
water containing 30 g/l starch only had a yield of
0.220 g COD/g COD which was also higher than the
0.132 g COD/g COD in the pure starch medium. These
results showed comparatively higher fermentation
efficiencies of fishmeal wastewater than pure glucose
or starch medium.

Effect of glucose concentration

Productivities of lactic acid and biomass, and COD
reduction were enhanced with increasing glucose con-
centration with an optimum at 30 g/l (Fig. 1). Any
further increase in glucose level resulted in a decrease
in data of the three parameters. This decrease-trend at

high initial glucose concentrations could be partly
attributed to be a result of repressive effect of glucose
on R. oryzae AS 3.254 growth, and consequently led to
a lower lactic acid and biomass productivities and
COD reduction. This could also be due to the in-
creased accumulation of lactic acid [1, 2, 4].

When the fungus is grown in excess nitrogen and
growth is limited by the carbon source, the protein
component of the cell is degraded most rapidly. Con-
versely, if excess carbon is present in the media,
autolysis raises the amount of reducing substances [17].
Suitable C/N ratio is consequently very important for
microorganism metabolism. The 30 g/l exogenous glu-
cose could keep a suitable C/N ration in fishmeal
wastewater for R. oryzae AS 3.254 and it could keep
higher levels of lactic acid production, fungal growth,
COD and total nitrogen reduction in the medium in
every case of our study.

Effect of NaCl concentration

The fishmeal wastewater contained high salt and it was
necessary to investigate the effect of salts termed as
NaCl on growth and lactic acid production of R. oryzae
AS 3.254. This exploration was carried out in COD
5,000 mg/1 fishmeal wastewater medium with addition
of 30 g/l glucose and the incubation time was 48 h. The
relationship between NaCl concentration, glucose
change, productivity of fungal biomass and lactic acid
was shown in Fig. 2. The productivity of lactic acid and
fungal biomass were greatly affected by NaCl con-
centration which decreased to 98.5 and 95.1% from
0.408 and 0.0479 g/l h in the no exogenous NaCl
medium to 0.00600 and 0.00235 g/l h at 12 g/l exoge-
nous NaCl, respectively. Accordingly, glucose in
exogenous NaCl below 8.0 g/l could be easily metab-
olized and the consumption was completely stopped in
NaCl concentration above 12.0 g/L.

Cells under salt stress initially accumulate salts as
free osmotica; however, a toxic specific ion effect ap-
pears once a certain threshold level of Na and/or Cl
accumulation has been reached. An excess of these
ions may alter membrane integrity, enzymatic activity,

Table 1 Effect of glucose and starch on productivities of lactic acid and fungal biomass, and COD reduction by R. oryzae AS 3.254 in

the fishmeal wastewater

Time (h) Lactic acid productivity (g/1 h) Biomass productivity (g/1 h) COD reduction (%)
Glucose Starch Glucose Starch Glucose Starch

24 0.662 0.0341 0.0925 0.05167 832 11.9

48 0.591 0.174 0.0596 0.0463 91.4 543
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Fig. 1 Effect of different amount of glucose on productivities of
lactic acid and fungal biomass, and COD reduction (incubation
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Fig. 2 Effect of NaCl concentration on productivities of lactic
acid and fungal biomass, and glucose utilization (incubation time
48 h)

and protein and nucleic metabolism [18]. Stress con-
dition by salt is also reported to enhance membrane
fluidity by desaturation of fatty acids and further result
in the change of organic acid productivity, as found in
biochemical studies [19]. For the current fungi R. ory-
zae AS 3.254, 12.0 g/l exogenous NaCl (total salt con-
centration in the medium, termed as NaCl, was 13.2 g/
1) may be above the threshold level and lead to the
great composition change of fatty acids in the mem-
brane of R. oryzae AS 3.254, and further restrains its
lactic acid production. Also, compared with R. oryzae
IFO 4707 reported in the literature, R. oryzae AS 3.254
was more sensitive to NaCl whereas the former had no
virtual change in fatty acid composition in 20.0 g/l
NaCl medium [20].
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Evaluation of nitrogenous substrates from fishmeal
wastewater

People working in the fermentation industry or, more
generally, in biotechnology are used to comparing
nitrogenous substrates on a weight basis, whatever the
water content and the nitrogen content of the tested
samples. So, R. oryzae AS 3.254 was grown in the same
culture medium containing 0.2% (wt/vol or vol/vol)
organic or inorganic nitrogen sources. The medium
were set at (g/l): glucose 30.0; KH,PO, 0.2;
MgSO47H,0, 0.2; NaCl, 0.1; FeSO4-7H,O, 0.01;
CaCl,-2H,0, 0.01; ZnSO4, 0.001; MnSO4-4H,0, 0.001;
CuS04-5H,0, 0.0002; Thiamine HCI, 0.0002; D-Biotin
0.00002 in addition to 2.0 g/l of ammonium sulfate,
ammonium chloride, urea, yeast extract or peptone.
Samples with fishmeal wastewater were diluted ten
times as nitrogen source before 30.0 g/l glucose was
added and no other nutrient was supplemented.

The results summarized in Fig. 3 revealed that R.
oryzae utilized this fishmeal wastewater and other or-
ganic or inorganic nitrogen sources for stimulating
fungal cell growth and lactic acid production. In the
peptone media, the most suitable nitrogen source for
lactic acid production among the tested samples, the
productivity of lactic acid and fungal biomass were
0.509 and 0.0463 g/l h, respectively. Compared with
peptone, a similar amount of lactic acid productivity
0.500 g/l h and fungal biomass 0.0438 g/l h were ob-
tained in the fishmeal wastewater. These results
showed, in view of the nitrogen source, fishmeal
wastewater can be a suitable substitute for high cost
peptone for lactic acid production and fungal biomass
growth. Yeast extract and urea appeared to be a less
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Fig. 3 Evaluation of nitrogenous substrates from fishmeal
wastewater (incubation time 24 h)
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favored nitrogen source for lactic acid production,
whereas more nutrients in yeast extract media was
transformed into fungal biomass.

Although R. oryzae has the advantage of synthe-
sizing lactic acid in a minimal medium containing
ammonium salts as the sole nitrogen source [21], R.
oryzae AS 3.254 can have a comparatively higher
production of lactic acid and fungal biomass in fishmeal
wastewater or peptone medium than the tested non-
organic ammonium salts medium in this study. In view
of the ““waste”, it is feasible that fishmeal wastewater
was recycled for lactic acid production by R. oryzae AS
3.254. On the other hand, taking the fungal ability of
lactic acid production into consideration, the value of
fishmeal wastewater medium may be even equal to
peptone medium and this supported previous report in
that case peptone from fish can give overall compara-
bly results with the casein peptone [6].

Kinetic characteristics of metabolic parameters

The results depicted in Fig. 4 showed R. oryzae AS
3.254 had a high capacity to assimilate glucose and
other nutrients in fishmeal wastewater. Glucose was
utilized immediately after cultivation started. Simul-
taneously, the total nitrogen removal was 48.1% at
24 h incubation. Theoretically, at 24 h incubation time,
the disappeared glucose contribution to COD was
11.3 g/1, lower than the total disappeared COD 30.8 g/1
in the culture. This phenomena indicated that the
carbon and nitrogen sources in fishmeal wastewater
were concomitantly utilized with the exogenous glu-
cose by R. oryzae AS 3.254 and resulted in lactic acid
production and fungal growth. The trends of lactic acid
production increase and glucose decrease were evident
between 24 and 48 h. Comparatively, the increase of
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Fig. 4 Kinetics of COD, total nitrogen, glucose, lactic acid and
fungal biomass

COD reduction, fungal biomass and total nitrogen
reduction was rather slow during this period. Station-
ary phases for total nitrogen reduction and cell growth
occurred after 24 and 48 h. The fermentation broth was
clearly free from suspended solids after 24 h, after
which the biomass could be separated by simple fil-
tration. The highest lactic acid production and yield
were 31.1 g/l and 0.897 g COD/g COD, respectively, at
a fermentation time 66 h. In terms of productivity,
however, a period of 30 h fermentation may be se-
lected for a batch process.

The addition of glucose or starch to the fishmeal
wastewater can realize lactic acid production inte-
grated with fishmeal wastewater treatment. However,
this process may bring in an extra cost. Cheap raw
materials, such as molasses, beet-sugar, potato starch
and other carbohydrate-rich materials have been used
for lactic acid production by Rhizopus oryzae [1-3, 5].
Therefore, the replacement of glucose by cheap car-
bohydrate-rich materials may reduce this process cost.
On the other hand, although the fermentation broth
was clearly free from suspended solids after 24 h,
nearly 50% total nitrogen was still in this medium.
According to the available literature, extracellular
proteases can play a key role in the physiology of some
fungi [10, 22]. Consequently, the 50% nitrogen left in
the medium may be partly attributed to the extracel-
lular proteases secreted by Rhizopus oryzae. The
above possibilities will be the subject of further studies.

Conclusion

Lactic acid production integrated with fishmeal
wastewater treatment by Rhizopus oryzae was inves-
tigated in this study. Glucose was one superior additive
to starch in view of productivities of lactic acid and
fungal biomass, and COD reduction. Fishmeal waste-
water can be a replacement for peptone which was the
most suitable nitrogen source for lactic acid production
among the tested organic or inorganic nitrogen sour-
ces. Exogenous NaCl (12 g/l) completely inhibited the
production of lactic acid and fungal growth. Although
total nitrogen removal was not high, several interesting
facts termed as 0.723 g/l h productivity of lactic acid
corresponding to 0.0925 g/l h fungal biomass and
84.9% COD reduction were observed at fermentation
time 30 h. Additionally, the highest lactic acid pro-
duction 31.1 g/l and yield 0.897 ¢ COD/ g COD at
fermentation time 66 h were also achieved in this
study. This process of lactic acid production integrated
with fishmeal wastewater treatment helps to utilize
wastes like scales which are environmental problems to
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fish processing industries due to gradual increase in
production of fishes around the world.
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