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Production of L-Lactic Acid from Corncob
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The optimum temperature, initial pH, amount of added enzyme and substrate (corncob) for the
hydrolysis of cornceb by Acremonium cellulase were 35°C, 4.5, 10 u/g-corncob and 1060 g//, respec-
tively. Under the optimmum conditions, mere than 55 g/l of reducing sugars were hydrolyzed from
100 g// of corncob to 34 g/f of glucose and 12 g// of xylose based on dried corncob. More than 25¢g/1
of L-lactic acid was produced from this enzymatic hydrelyzate and less than 5 g// of xylose re-
mained in the 3-f airlift bicreactor. The production of L-lactic acid by simultaneous saccharifica-
tion and fermentation (SSF) was also carried out in the 3-/ airlift bioreactor using Acremonium
thermophilus (cellulose-producer) and Rhizopus sp. MK-96-1196 (lactic acid-producer). More

than 24 g/l of L-lactic acid was produced from 100 g// of untreated raw corncob.
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Acremonium thermophilus}

Corncob is one of the largest sources of available biomass
in the comn-processing industry. More than ten million tons
of them are generated in China every year, and much is Jefi
unutilized in harvested fields, causing various environmen-
tal problems such as soil and water erosion. Since they are
rich in cellulose and hemicellulose that can be used to pro-
duce sugars for carbon sources in fermentation, ethanol for
example, was effectively produced in the enzymatic hy-
drolysis of corncob by yeast (1-3). Jun ef al. have reported
the production of L-lactic acid by simultaneous saccharifi-
cation and fermentation (SSF} from an acid hydrolyzate of
corncob using a cellulase preparation and Lactobacillus del-
brueckii (4). There have been other reports on the produc-
tion of lactic acid by SSF from lignocellulosic biomass such
as waste wood, wheat straw and alfalfa fiber (5-8). Al-
though steam explosion proposed by Adenis et al. (5) seems
to be a suitable process for the pretreatment of lignocellu-
tosic biomass such as corncob, we focused in this report on
the biological pretreatment of corncob from economical and
environmental viewpoints,

The objective of this research was to further reduce the
L-lactic acid production costTising corncob in place of con-
ventional glucose or starch, thereby decreasing the amount
of waste corncob to protect the envirotimienit in' Northeastern
China. To realize the objective of this résearch, we first 6pti-
mized enzymatic hydrolysis of corncob followed by the en-
zymatic production of L-lactic acid from hydrolyzed corn-
corb. Secondly, we investigated the feasibility of producing
L-lactic acid by SSF using Acremonium thermophiius and
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Rhizopus sp. MK-96-1196.

MATERIALS AND METHODS

Microorganisms  Rhizopus sp. MK-96-1196 (9) was isolated
by Tokyo Laboratories, Musashino Chemical Laboratory, Tokye,
and A. thermophilus ATCC 24622 was purchased from Institute for
Fermentation Osaka (IFO).

Raw material Corncob (variety: long and no. 16} produced
in Northeastern China. The majority of them were milled to less
than 1.0 mm particle size by a ball mill as shown in Fig. 1.

Media and cultivation

The cultivation of Rhizopus sp. MK-96-1196  The pre-culture
medium contained the following (g/7): glucose, 50; corn starch, 50;
(NH 3,50, 1.35; KH,PO,, 0.3; MgS0,- 7TH,0, 0.25; ZnSO, TH,0,
0.04. The ingredients of the production medium for L-lactic acid
production were similar to those of the pre-culture medium except

FIG. 1. Corncob powder milled with a ball mill.
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for the carbon source. The enzymatic hydrolysis of corncob and
L-lactic acid fermentation were conducted using 300-ml Erlen-
meyer flasks on a rotary shaker,

The cultivation of A. thermophilus ~ The pre-culture medium
contained the following (g/f): glucose, 20; bouillon (Kyokuto
Pharmaceutical, Tokyo), 20; yeast extract (Kyokuto), 5. The cellu-
lase production medium contained the following (g/)): glucose, 30;
Arbocel (Miki Industry, Tokyo), 10; soybean meal (Honen,
Shimizu), 60; NHNO,, 3.2.

Analytical methods  The total reducing sugar concentration
was analyzed using the 3,5-dinitrosalicylic acid (DNS) method
(10). Glucose concentration was determined using the mutarotase—
glucose oxidase method (11). The composition of the sugars pro-
duced in the enzymatic hydrolysis of corncob was analyzed using
HPLC (CAPCELL PAK NH2; Shiseido, Tokyo). L-Lactic acid was
analyzed using HPLC (CAPCELL PAK C18; Shiseido). Cell weight
was expressed as dried cell mass. Viscosity of the fermentation
broth was determined using a viscometer (M-1A; Yamaichi Elec-
tric Manufacturing, Tokyo).

General analysis of corncob Starch, protein, lipid, ash and
water were analyzed using the method of the Association of Offi-
cial Analytical Chemist {AQAC) (12). Dietary fiber was analyzed
using Proskey’s method (13).

Enzyme (cellulase)  Acremonium cellulase and meicellase
were obtained from Meiji Pharmaceutical, Tokyo.

Cellulase activity ~ Cellulase activity was measured by its
effect or microcrystalline ceflulose with respect to glucose forma-
tiont (14). Released glucose was determined as a reducing sugar
using the DNS method. One unit of activity was defined as the
release of 1 umol of glucose per hour from microcrystalline cellu-
lose at 37°C and pH 5.0 under the specified conditions.

Bioreactor  The 3-/ airlift bioreactor was designed by our
research laboratory and details of its dimensions were given in a
previous paper (15).

RESULTS AND DISCUSSION

General analysis of milled corncob  As shown in
Table 1, more than 80% of the corncob is composed of
dietary fiber that is easily converted to glucose, xylose and
other reducing sugars if an appropriate cellulase is used. In
addition, because the corncob also contains about 8% nitro-
gen as protein and 2% ash, the resulting hydrolyzate might
be suitable for use in fermentation medium as described
later.

Enzymatic hydrolysis of corncob  The enzymatic
hydrolysis of corncob was carried out using Acremonium
cellutase or meicellase preparations, respectively, Figure 2
shows the time courses of the hydrolysis of corncob, in
which each above-mentioned cellulase preparation was used.

TABLE 1. General analysis of corncob

Fraction Pro(;;zr)non
Dietary fiber 86
Soluble dietary fiber Starch 9
Others 17
Insoluble dietary fiber (cellulose, hemicellulose, lignin) 60
Protein 5
Ash 2
Crude lipid 1
Water
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FIG. 2. Comparison of Acremonium cellulase and meicellase for
the hydrolysis of corncob. Symbols: closed circles, Acremomnium cellu-
lase; open circles, meicellase. Reaction conditions: initial pH, 4.5;
temperature, 45°C; amount of added enzyme, 20 uw/g corncob.
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FIG. 3. The time course of the enzymatic hydrolysis of cormecob
under the optimized conditions. Symbols: circles, glucose; squares,
xylose; triangles, cetlobiose: rhembuses, others.

For Acremonium cellulase, more than 30 g/l of glucose was
produced in the first 24 h and a final concentration of 33 g/l
of glucose was produced at 72h. On the other hand, for
meicellase only 25 g/l of glucose were produced in 72h.
Thus, we selected the Acremonium celiylase preparation for
the hydrolysis of corncob, then optimized their hydrolysis.

Optimum conditions for enzymatic hydrolysis of corn-
cob  The conditions for the enzymatic hydrolysis of corn-
cob, such as reaction temperature (25°C, 30°C, 35°C, 40°C
and 45°C), initial pH (1.5, 2, 3, 4, 4.5 and 5), amount of
added enzyme (1, 5, 10 and 50 wg) and substrate (corncob)
concentration (50, 100, 150 and 200 g//) were optimized us-
ing 300-ml shaking flasks. Based on the glucose yield and
enzyme preparation cost, the optimum conditions were de-
termined as follows: reaction temperature, 35°C; initial pH,
4.5; amount of added enzyme, 10 u/g-comcob; and substrate
(comcob) concentration, 100 g//.

As shown in Fig. 3, 80% of the reaction completed in the
first 24 h incubation and a final concentration about 34 g/l
of glucose and 12 g// of xylose was produced after 72 h. The
components of the resulting hydrolyzate after 48h of in-
cubation were glicose (61%), xylose (21%) and cellobiose
(7%), as shown in Table 2,

L-Lactic acid production from corncob hydrolyzed by
Acremonium cellulase  For comparison, L-lactic acid pro-
duction from the production medium containing ghicose
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TABLE 2. The sugars enzymatically hydrolyzed from corncob
= Concentration® Composition
Sugar (&0 (%)
Glucose 34 61
Xylose 12 2]
Cellobiose 4 7
Others 5 9
Total 55 100

* Corncob ( 100 g/ was hydrolyzed by Acremonium cellulase.

TABLE 3. Comparison of L-lactic acid vields in different media

Initial .
. lucose L-Lactic Yield"
Medium cnn%:enlra[ion ac;d (;i)
(& {&/h)
Glucose (enly) 50 3 0.6
Production medium 50 41 82
Corncob hydrotyzate 34 28 82

* Based on the initial glucose concentration.
* Glucose, 50 g//; (NH,},80,, 1.35 g/t; KH,PO,, 0.3 g/t; MeSO,-7H,0,
0.25 g/l; ZnSO,-TH,0, 0.04 g/f.

and a small amount of ammonium sulfate and minerals,
from glucose only and from the corncob hydrolyzate was
investigated using 300-ml shaking flasks. Table 3 shows
that more than 28 g/ of L-lactic acid was produced from
100 g/l of comcob in 48 h of culture with a yield of 82%
based on the initial glucose concentration. On the contrary,
41 g/l of L-laclic acid was produced from the production
medium with a yield of 82% based on the initial glucose
concentration, showing that the L-lactic acid yield based on
the initial glucose concentration in the corncob hydrolyzate
was similar to that in the production medium. Because
L-lactic acid could not be produced in the medium contain-
ing glucose only as shown in Table 3, components in corn-
cob other than glucose were effectively used for the produc-
tion of L-lactic acid. In other words, components other than
glucose, such as nitrogen sources and inorganic salts, did
not have to be added for L-lactic acid production if the corn-
cob hydrolyzate was used, resulting in a decrease in the me-
dium cost for L-lactic acid production.

Furthermore, to investigate the feasibility of large-scale
commercial production of L-lactic acid from the corncob
hydrolyzate under the optimum conditions, we used an en-
ergy-saving 3-/ airlift bioreactor (9). Figure 4 shows the
time course of L-lactic acid production from the corncob hy-
drolyzate using Rhizopus sp. MK-96-1196. As shown, more
than 26 g// of L-lactic acid was produced in 96 h of culture
using dried corncob, which was almost the same as that ob-
tained in the 300-ml shaking flask. The L-lactic acid yield
based on the initial glucose concentration was 78%.

Production of L-lactic acid from corncob by SSF fer-
mentation  In a preliminary cost estimation, although
L-lactic acid was produced from enzymaticatly hydrolyzed
comnceb, the production cost was nol reduced as much as
expected, because the commercial cellulase preparation was
S0 expensive that the increase in the cellulase preparation
cost exceeded the decrease in the raw material (corncob)
cost (data not shown). Therefore, we investigated a new
productien method, for which it was not necessary (o use an
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FIG. 4. L-Lactic acid production from an enzymatic hydrolyzate of
corncob in a 3-/ airlift bioreactor under the optimum conditions. Sym-
bols: squares, viscosity; rhombuses, pH; circles, L-lactic acid; 1r-
angies, reducing sugar. Culture conditions: aeration rate, 2 vvm; tem-
perature, 30°C.
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FIG. 5. The time course of the cultivation of 4. thermophifus in a
300-m] shaking flask. Symbols: squares, biomass; rhombuses, cellu-
tase activity; triangles, reducing sugar, circles, viscosity.

expensive commercial celiulase preparation, that is, a mixed
culture of an L-lactic acid-producing strain, Rhizopus sp.
MK-96-1196, and 4. thermophilus ATCC 24622. Figure 3
shows the time course of the cultivation of 4. thermophilus
using a 300-ml shaking flask on a rotary shaker at 200 pm.
As seen in Fig. 5, the cellulase activity was 7 w/m] in the
broth at 24 h but reached the maximum (27 wml) at 96 h of
cultivation. Figure 6 shows the effect of the cultivation time
of the 4. thermophilus strain on the production of L-lactic
acid from the untreated raw corncob. The 0-, 24-, 48-, 72-
and 96-h samples of the culture broth the results for which
are shown in Fig. 6 were added to the untreated raw corn-
cob medium inoculated with a pre-culture of Rhizopus sp.
MK-96-1196 in 300-ml shaking flasks. In this figure, a cul-
tivation time of 0 h means that only the pre-cultured broth of
A. thermophilus was used. As seen from the figure, the 48-h
(cellulase activity: 18 w/ml) and 72-h (cellulose activity: 27
u/ml} culture samples of A. thermophilus gave the highest
yields of L-lactic acid from untreated raw corncob. Figure 7
shows the effect of the amount of culture broth of 4. ther-
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FIG. 6. Effect of the culture age ot A. thermophilus on the produc-
tion of L-lactic acid by Rhizopus sp. MK-96-1196, Symbols: squares,
@ h; rhombuses, 24 h; triangles, 48 h; circles, 72 h; crosses, 96 h. The
amount of the culture broth added was 10% of the untreated raw corn-
cob medium volume.
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FIG. 7. Effect of the added amount of the culture broth of 4. ther-
mophilus on the production of L-lactic acid by Rhizopus sp. MK-96-
1196. Symbols: thombuses, 0 %; crosses, 1%; triangles, 2.5%,; circles,
5%; squares, 10%.

mophilus added; 0-10% of the 72-h culture broth. In this ex-
periment, 0% of the culure broth means that none of the
culture broth of A. thermophilus was used. As shown in the
figure, less than a 5% total concentration of the culture
broth of A. thermophilus had to be added for enhanced pro-
duction of L-lactic acid from the untreated corncob. Here, it
is remarkable that L-lactic acid was produced only by Rhizo-
pus sp. MK-96-1196 without the addition of the culture
broth of A. thermophilus (see closed rhombuses in Fig. 7)
suggesting that Rhizopus sp. MK-96-1196 had some celiu-
lase and/or xylanase activity, which could decompose the
xylan and cellulose in the corncob to glucose and/or xylitol.
Based on the data obiained from the shaking flask experi-
ments, the production of L-lactic acid from untreated corn-
cob was carried out using a 3-/ airlift bioreactor. In this ex-
periment, 5% of the Acremonium culture broth grown for
72 b was inoculated into 1.5 / of $SF medium under the fol-
lowing conditions: aeration rate, 2 vvm; temperature, 30°C.
As shown in Fig. §, the growth of the Rhizopus strain syn-
chronized with that of 4. thermophilus, resulting in 24 g/f of
L-lactic acid from 100 g// of untreated corncob without the
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FIG. 8. L-Lactic acid preduction from an enzymatic hydrolyzate of
corngob using a 3-7 airlift bioreactor under the optimum conditions.
Symbols: circles, glucose; rhombuses, L-lactic acid; squares, 4. ther-
mophilus; triangles, Rhizopus sp. MK-96-1196. Culiure conditions:
aeration rate, 2 vvim; temperature, 30°C.

use of any cellulase preparation.

In conclusion, L-lactic acid was produced from a hydro-
lyzate of corncob using an Acremonium cellulase prepara-
tion, Enhanced production of L-lactic acid from untreated
raw comcob was also achieved by the SSF method using a
mixed-culture of 4. thermophilus {cellulose-producer) and
Rhizopus sp. MK-96-1196 (L-lactic acid-producer) without
the use of any expensive cellulase preparation.
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