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ABSTRACT KEYWORDS
The effect of temperature, inoculum size, pH, initial reducing sugar L-lacticacid;
concentration and Ca-alginate bead size on L-lactic acid production using Soybean straw;
immobilised Lactobacillus casei was investigated to promote the Enzymatic hydrolysate;
production of L-lactic acid from soybean straw enzymatic hydrolysate. Immobilisation;

Theoptimal conditionswere asfollows: temperature, 30°C; inoculum size, Lactobacillus casal.
10%; and pH, 5.5. L-lactic acid yield increased gradually as the reducing

sugar concentration increased. The size of the Ca-alginate beads had no

significant effect onlactic acid production, and theimmobilised cell could

be continuousy used for more than 10 times. Immobilised cellswerefound

to perform better than free cells in lactic acid production. The results

indicated the feasibility of producing L-lactic acid using soybean straw

enzymatic hydrolysate and provided a novel utilisation of soybean straw

resources.  © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION isasowiddy appliedin many industriessuch aschemi-

ca industry, food and medicine, etc.[*2. Polymerised

Lactic acid can be classified into three types ac-
cordingtoitsoptical activity: L-, D-and DL-lacticacid.
Giventhat thehuman body only hasL-lactic acid dehy-
drogenation enzyme, only L-lactic acid can be com-
pletely metabolised by the human body without pro-
ducing any poisonousand s de-effect products. Exces-
siveabsorption of D-lacticacid or DL-lacticacid can
cause disorder evento an extent that | eads to poison-
ing. Therefore, the preparation and application of L-
lactic acid can beconsidered essentia for the health of
thehuman body. L-lacticacid, whichisan organic acid,

L-lactic acid that is synthesised from L-lacticacidis
non-toxic, biodegradabl e and has broad applications
inthemarket. Additionaly, it may beconsidered asone
of themost important high molecular materialsinthe
futurebecause of itsenvironmentdly friendly nature®4.
Lactic acid istraditionally fermented from sugar or
starch>7. Several studieshavereported onlactic acid
production fromwaste materid, such askitchen waste,
agricultural residuesand industrial by-products®1,
Utilisation of thesewastes asraw materia not only re-
ducesthecost of L-lactic acid production, but can also
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addressthe environmental problems caused by these
wastes.

Soybean isone of the mgjor cropsin China. Ap-
proximately 17 milliontons of soybeansare produced
annudly, and 26 million tonsof soybean straw isgener-
ated smultaneoudy. Soybean straw generalyisnot rea-
sonably utilised, and two-thirds of the straw isburned
up. Apart from wasting resources, burning soybean
straw also causesair pollution. Soybean straw can be
hydrolysed into soluble sugar, which can then be
biofermented to produce L-lactic acid. Thisphenom-
enon showsa promising method for reclaiming soy-
bean straw, which aso protectsthe environment.

Immobilised cell technology isused in numerous
industriesto protect the cell from unfavourable envi-
ronmentsand reali se continuous production. Infood
andfermentationindustry, sodium aginateiswiddy used
to immobilise enzymesand microorganism cellg124,
Inthisstudy, sodium aginatewas used toimmobilise
Lactobacilluscasel for L-lactic acid production. The
enzymatic hydrolysate of soybean straw wasused as
the substrate, and parametersthat affect L-lacticacid
production such astemperature, inoculumsize, pH, ini-
tia reducing sugar concentration and Ca-alginate bead
Szewereinvestigated to obtain the optimal conditions
for L-lactic acid production.

EXPERIMENTAL

Materials

The soybean straw was supplied by the Environ-
mental Engineering Laboratory of Harbin Institute of
Technology. The cellulase (15000 filter paper unites
(FPU)/g) was provided by Wuxi Enzyme Factory. L.
casel 1.6 was obtained from China Committee for
CultureCallection of Microorganisms.

Culturemedium

The bacteriawere maintained on deMan, Rogosa
and Sharpe (MRS) medium(*¥, and were subcultured
every four weeks. Theenrichment medium consisted
of: glucose 3%, yeast extract 1.5%, peptone 1%,
K,HPO, 0.5%, CaCO, 3%, water 11. The pH of the
enrichment mediumwas adjusted to 6.0. Thefermen-
tation medium was composed of : peptone 5.0 g, yeast
extracts 5.0 g, MgSO,-7H,0O 0.5 g, KH,PO, 0.5 g,

NaCl 0.1g, CaCO, 20.0 g, soybean straw enzymatic
hydrolysate 1.01.

Prepar ation of soybean straw hydrolysate

Dry soybean strawswere smashed and pretreated
by 10% ammonialiquor for 24 handfiltered. Thefilter
residuewasdried at 80 UC to a constant weight and
used asthesubstratefor enzymatic hydrolysis.

Hydrolysis of soybean straw was performedina
250 ml Erlenmeyer flask containing 0.05mol/l citricacid-
sodium citrate buffer solution (pH 4.8) and 5% (w/v)
of the pretreated soybean straw. After sterilizing, cellu-
lase with 50 FPU/ (g straw) was added into theflask,
and the hydrolysiswas carried out at 50UC for 36 h.
The main products of the hydrolysate were: glucose
15.58 g/l, xylose 6.87 g/l, and cellobiose 4.01 g/l with
atota reducing sugar productionwas0.242 g/(g straw).

Preparation of cellsimmobilized with sodium algi-
nate

L. casai cellswereseparated from the culturebroth
by centrifugetion. After washing themwith sterilewater
thrice, thecellswereresuspended with phosphate buffer
solution (10%° cells/ml). Thebacterial suspensionwas
added to sodium aginate solutionand stirred for 5min.
The mixed solution obtained wasthen placed in asy-
ringeand alowed to dropinto asterile 2% CaCl, solu-
tion that was stirred continuously. Alginate drops so-
lidified upon contact with CaCl,, forming beadsand
thusentrapping bacteriacells. Thebeadswereadlowed
tohardenfor 1 hat 37 °C and then washed with sterile
saline solution. Inoculate 15% of immobilized cellsto
theenrichment medium, and cultured at 30 °C for 24 h.
After enrichment culture, the number of L. casel cells
per 1 g Ca-alginate beadsincreased from 1.07x10°to
6.21x10%.

L acticacid fer mentation of enzymatic hydrolysate

L-lactic acid fermentation was carried out in 250
ml Erlenmeyer flasks containing 100 ml sterilised fer-
mentation medium and certain quantity of immobilized
cells. Hushtheflaskswith nitrogen and seal themwith
rubber stoppersto maintain anaerobic condition. The
fermentation flaskswere placed in anincubator shaker
withan agitation rate 140 r/min.

Analytical methods
Reducing sugar concentration was determined by

s BioTechnology

An Tudian Yourual



146

L-lactic acid production from soybean straw hydrolysate

BTAIJ, 11(4) 2015

FULL PAPER o

dinitrosalicylic acid (DNS) method*® with glucose as
standard. Lactic acid wasdetermined usingaC , col-
umn (4.6 mm 250 mm) and an ultraviol et absorption
detector. Sulphuricacid (0.01 mol/l) at 0.7 ml/minwas
used asmobile phase, and detection was performed at
210 nm. Theinjection volumewas 10 ml in both col-
umnsusedfor andysis. Columnwasmaintained a room
temperature (22+3 °C).

Sugar utilisation efficiency wasca culated by divid-
ing the reducing sugar consumed during fermentation
by theinitia reducing sugar concentration. And lactic
acid conversion efficiency was ca culated by dividing
the produced L-lactic acid concentration by the sugar
concentration consumed during fermentation.

RESULTSAND DISCUSSION

Effect of sodium alginate concentration

The concentration of sodium aginate can affect the
sugar consumption and succeeding L-lactic acid pro-
duction becauseit can dter the cross-linked structure

of the Ca-al ginate beads and consequently affect the
diffusionof nutrients. Inthisstudy, four different sodium
alginate concentrations were compared to determine
the optimal concentration for L-lactic acid fermenta-
tion.

Asshownin TABLE 1, the 2.5% sodium aginate
concentration led to the maximum lactic acid produc-
tion of 6.77 g/l andthelargest conversion efficiency of
79.5%. At exceedingly low sodium a ginate concentra
tion, the produced beads weretoo soft and easily bro-
ken, thus causi ng leskage of the bacteriafrom the beads.
Conversdly at high sodium aginate concentrations, the
resulting beads were too hard, and a more densely
cross-linked structurewasbuilt, which resulted in thin-
ner wallsand diffusion problems. Consequently, the
nutrientsand substrateswererestricted from easly dif-
fusingtotheL. casai cells. The 2.5% sodium alginate
concentration produced higher amounts of lactic acid
because of itslesscross-linked Sructurethat fecilitated
thediffusonof nutrients. Thisresultisconsistent with
those obtained by Idris and Suzana'?, in whose ex-

TABLE 1: Effect of sodium alginate concentration on L -lactic acid production and sugar consumption

Sodium Initial Residual Lactic Sugar utilisation Lactic acid
alginate (%) sugar (g/l) sugar (g/l) acid (g/l) efficiency (%) conver sion efficiency (%)
15 10 3.75 3.06 62.5 49.0
2.0 10 3.02 4.25 69.8 60.9
25 10 1.48 6.77 85.2 79.5
3.0 10 2.96 4.13 70.4 58.7
periment, liquid pinespple wastewasfermentedto pro- 14
duce lactic acid using immobilized Lactobacillus _
delbrueckii and theoptimal sodium alginateconcen-  ~ 12 i
tration was 2.0%. 10 F
Effect of temperature —; ] i
Temperature can remarkably affect the growth, re- S 6 i
production and metabolic activity of microorganisms. g i
L. casal isdassified asamesophilic bacterium, withan g 4 } 25 =30
optimumtemperatureof 37 °C. The effect of tempera- -
tureon L-lactic acid production usingimmobilised L. 2 435 40
casel wasinvestigated at the varioustemperaturesfor 0 s ! !
54 hand at areducing sugar concentration of the soy- i i
P Y 0 6 12 18 24 30 36 42 48 54

bean hydrolysateof 13.3 g/l.

AsshowninFigurel, thehighest L-lactic acid pro-
duction wasobtained at 30 °C, with a yield of 11.8 g/1
and aconversion efficiency of 99.0%. Increasing the

BioTechnology —

time (h)
Figurel: Effect of temperatureon lactic acid production
with soybean hydrolysate
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temperature beyond 35 °C or operating below 30 °C
did not promotelactic acid production. Theseresults
differ from those reported by Qin et al.™™, who found
that the optimal temperaturefor thestrain L. casal G-
03to produceL-lacticacidwas41 °C. The difference
may have been caused by thediss milarity in substrates
usedintheexperiments.

Effect of inoculum size

Theeffect of inoculum sizewasstudied at various
inoculum sizes, namely, 5%, 10%, 15%, and 20%. The
initial reducing sugar concentration of thefermentation
mediumwassetto 11.7 g/l. Theflaskswereincubated
at 30 °C for 54 h.

Theamount of cellsinoculated into the fermenta-
tion systemwill affect the growth speed of themicrobe.
Inacertainrange, thetime needed for the microorgan-
ismsto reach thelogarithmic phase shortensasthein-
oculum sizeincreases. Consequently, thegrowth speed
ishigher, and moremicrobia cellsareinvolvedinL-
lactic acid production. Aninoculum size of 5% gener-
ated alower lactic acid yield, which was dueto the
lower growth speed of the cells(Figure 2). However,
increasing theinoculum sizeto 10% or moredid not
promotelactic acid production. Therefore, the optimal
inoculum sizewas considered to be 10%.

Effect of pH

The effect of pH on lactic acid production of
immobilised L. casal with soybean hydrolysateisillus-

10

=8
= 6
24
2 i 5% =10%
— 9
- -4 ]5% -0-20%
0 1 1 | 1 1 1 | 1

0 6 12 18 24 30 36 42 48 54
time (h)

Figure2: Effect of inoculum sizeon lactic acid production
with soybean hydrolysate

tratedin Figure4. The pH of thefermentation liquid
was controlled with phosphate buffer solution, and the
control experiment was conducted without any pH ad-
justment. Theflaskswereincubated at 30 °C, with an
inoculum size of 10% and initial reducing sugar con-
centrationof 12.4 g/l

Lactic acid production of the control group was
the lowest, which may be due to the low pH of the
fermentati on system resulting from theaccumul ation of
generated |l actic acid. The highest lactic acid produc-
tion (9.8 g/l), with aconversion efficiency of 85.6%
was obtained at pH 5.5. L. casel grew well in apH
rangefrom5.0t0 6.0, but thecdll activity wasrestrained
inhighly acidicenvironment (pH 4.5).
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=24t
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time (h)
Figure3: Effect of pH on lactic acid production using soy-
bean hydrolysate
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Figure4: Effect of bead diameter on lactic acid production
with soybean hydrolysate
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Figure5: Effect of initial reducing sugar concentration on
lacticacid production with soybean hydrolysate

Effect of bead diameter

Thelactic acid productionsof threedifferent Ca-
aginate bead diameterswerecompared. Bead szerang-
ingfrom1mmto3mmdidnot significantly affect lactic
acid production (Figure 4). Abdel-Naby et al.[*8
showed that morelactic acid was produced with smaller
bead diameter because of theincreasein specific sur-
face. Additionally, smaller beads had better permeabil-
ity, thusfacilitating the diffusion of thesubstrateand the
product-lactic acid. Inthisstudy, al bead sizeschosen
weretoo smal, and no differenceinlactic acid produc-
tion was observed. However, further increasein bead
Sizemay restrict thelacticacid yield.

Effect of initial reducing sugar concentration
The soybean straw hydrolysate sol ution was con-

TABLE 2: Lacticacid production in different fermentation batches

Batch 1 2 3 4 5 6 7 8 9 10 11
Lactic acid (g/1) 8.7 8.9 9.2 9.3 9.3 9.4 9.4 9.6 9.5 9.3 9.1
12 L
lo | OFreecell mImobilized cell (a) 1o LDFree cell EImmobilized cell (b)
i EXN
S8 =
® 36 &
o 2
T 4t Be o
= —
1 5> | 2 L
0 0 1 1 1

25 30 35

Temperature (°C)

40

5.5 6.0
pH

4.5 5.0 6.5 Control

Figure6: Comparison of lactic acid production between free cellsand immobilised cellsat different temper atures(a) and

different pH (b)

densed to obtain different reducing sugar concentra-
tions. Theeffect of initia reducing sugar concentration
onlactic acid production wasinvestigated at 30 °C and
pH 5.5, withaninoculum sizeof 10%. Theresultsare
showninFigureb.

Thereducing sugar wasthe main carbon source of
L. casal cdlsinthisstudy, and itsconcentration had a
sgnificant effect onlactic acid fermentation. A consider-
ably low sugar concentration resultedinlow lacticacid
productivity, whereasexcesssugar inhibited thegrowth
and metabolismof themicroorganisms. Higher lacticacid
wasproduced astheinitia reducing sugar concentration
increased (Figure5). At aninitial sugar concentration of
359/, 28.09g/l of lactic acid was produced, and the con-

BioTechnologqy

version efficiency was 83.9%, which approached the
conversonefficdency a initid sugar concentrationsof 13
and 18 g/l. Thisresult indicated that noinhibitionof L.
casel cellswasobservedinthetested sugar concentra
tionrange (8 g/l to 35 g/l). Thischaracteristic may be
attributed to the diffus on ass stance through the beads
that madethe sugar concentration of the extracel lular
microenvironment lower thanthet of theoutsdemedium.
Consequently, immohilised cdlscantolerateahigher sub-
drate concentrationthanfreecells.

L acticacid production in successivefermentation
batches

To investigate the operational stability of the

Hn Tudian Jounual
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immobilised L. casal cdls, 11 successivefermentation
batches were performed at a substrate concentration
of 12.0 ¢/l and temperature of 30 °C.

TABLE 2 showsthat no significant changeinlactic
acid production was observed during the 11 succes-
sive batches. The steady | actic acid production indi-
cated that the Ca-a ginate-entrapped L. casel cellsre-
tained their catalytic activity for anindefinite period of
time. Thisresult suggested that the Ca-alginate beads
can be successfully reused for at least 20 d without
yiedreduction.

Comparison of performance between free and
immobilised cells

The lactic acid production abilities of free and
immobilised L. casal areshowninFgure6. Lacticacid
yieldsat different temperatures and pH wereinvesti-
gated.

Immobilised cells showed better fermentation per-
formance compared withfreecellsat 25°C to 40 °C
or pH 4.5t06.5. Immobilisation of the cellshad pro-
vided amore stable environment for thecellsand can
tolerate unfavourableenvironment better thanfreecdls.

CONCLUSIONS

In thelactic acid fermentation processwith soy-
bean straw hydrolysates, the obtained optimal condi-
tionswereasfollows. sodium aginate concentration,
2.5%; inoculum size, 10%; temperature, 30 °C; and
pH, 5.5. The size of Ca-aginate beadshad no distinc-
tiveeffect onlactic acid fermentati on. High concentra-
tion of theinitial reducing sugar (up to 35g/l) did not
inhibit lactic acid production of theimmobilised cells,
and thebeads can bereused for at least 10 timeswith-
out significant decreasein performance. Comparison
of thelacticacid yied with freecellsand immobilised
cells at different temperatures and pH showed that
immobilised cellsperform better than freecdlls.
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