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Abstract—The present experimental investigation brings about

a comparative study of lactic acid production byepstrains of
Lactobacilli (1) L. delbreuckii (NCIM2025), (2)L. pentosus (NCIM
2912), (3) Lactobacillus sp.(NCIM 2734, (4) Lactobacillus sp.
(NCIM2084) and coculture of strain-1 and StainA2splid bed of

wheat bran, under the influence of different nigogources such as

baker’s yeast, meat extract and proteose peptom@ng the pure

Solid state fermentation technology utiliZes agro-wastes
(wheat bran, wheat straw, rice straw and sugar8agasse)
and forestry wastes such as pine needles [6] asmiaerials
in preparation of value added products in an ey way.
Wheat bran constitutes a significant portion ofcaigidustrial
waste produced in the flour mills. The wheat branan

cultures, strain-3 attained lowest pH value of 3Whce highest acid abundant agro-industrial waste as wheat is thenseowajor

formation 46.41 g/L, while the coculture attainedh a@verall
maximum value 47.56 g/L lactic acid (pH 3.38) atdlb and 20 g/L
level of baker’s yeast, respectively.
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I. INTRODUCTION

ACTIC acid (2-hydroxypropanoic acid) is a specialitySt

chemical used as preservative, acidulant, flavgugigent
and probiotics in food and dairy industries anginduction
of ecofriendly biodegradable polymer (PLA)
biomedical uses [1], [2]. Major portion of the l@ctacid
production is through solid state or liquid stagenfentation.
The global lactic acid production predominantlyldels the

microbial fermentation pathway, rather than chemicaﬁ

synthesis to avoid mixture of isomers [3]. Apaunr lactic
acid as the major producLactobacilli are also known to
synthesize several antagonistic and biocontrol yocted that
find application in agricultural food and healthofection

purposes [4]. Nitrogen sources form an integralt pafr
bacterial nutrition as nitrogen exists as componeift
important biomolecules such as (nucleic acids) DIRAIA,

enzymes, proteins and amino acids that are eskémtithe

cell growth and metabolism. Apart from nitrogere tomplex
nitrogen sources such as meat extract, proteoseme@nd
dried baker’s yeast contain several important anaicids and
vitamins that are helpful in the bacterial growtda
metabolism. It has been reported that the coseatyextract
or the pure nitrogen source approximately amour38e of

the cost of fermentative production of lactic adignce the
use of cheaper nitrogen sources such as dried’balearst has
been suggested [5].
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food crop in India (about one third of the food igra
production), with 26.6 million hectares of cropgadd under
it, having a productivity of 2,707kg/hectare [7]hd& global
production of wheat was 585million tones (1999-200d
which India contributed 12.3% [7]. Wheat bran cetssiof
approximately about 19% starch, 18% crude pro&s8&p non
arch carbohydrates with 24% cellulose, 70% amdyiians
and 6% glucans as major non starch polysaccharidaes
lignin [8]. Wheat bran could be utilized in solithte, liquid
state fermentations and animal feeds. Wheat branaics
sugars, nitrogenous substances such as proteimso atids
and various vitamins (niacin, thiamine, riboflavintamin A,
vitamin K, vitamin E and folate etc.) and minergistassium,
hosphorus, magnesium, calcium), that may be patisnt
elpful in supporting growth ofactobacilli [9]. Wheat bran,
treated with protease has been utilized along wiitxed
cultures oflL. delbrueckii andL. casei, to produce lactic acid
through simultaneous saccharification and fermantafl0].
The amino acids that are essential for growth aistence for
lactobacilli consist of arginine, cysteine, tryptape,
histidine, tyrosine, isoleucine, glutamic acid, ine| leucine,
methionine, phenyl alanine, proline and threonite blany
of these amino acids can be supplied from the wieat bed
material [11].

In the present experimental studies feasibilitypolid state
bacterial fermentation of lactic acid through vasgo

Lactobacillus strains and coculture utilizing a bed of wheat

bran and the effect of different nitrogen sourceslifierent
doses, on lactic acid production have been invastiy
Performances of théactobacillus strains and coculture in
terms of lactic acid production are also compared.

Il. MATERIALS AND METHODS

The chemicals used in these experiments were otiMe
and High media make. Pure cultures Lafctobacilli (1) L.
delbreuckii (NCIM2025), (2)L. pentosus (NCIM 2912), (3)
Lactobacillus sp. (NCIM 2734), (4) Lactobacillus sp.

(NCIM2084) had been acquired from National Chemical

Laboratory (NCL) Pune, in form of stab culturesagar , were
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TABLE |
LACTIC ACID PRODUCTION WITH VARIOUS DOSES OF
MEAT EXTRACT

cultured monthly as directed. The inoculum for liagtobacilli
strains were prepared in MRS (de Mann Rogosa Sharpe
media at 37 C, 180 rpm for fourteen hours. Composition of

ME ME ME
one litre MRS medium is : 10 g proteose peptong, yeast 12 g/L 15g/L  20g/L
extract, 10 g beef extract, 20 g dextrose, 1 getw@0, 2 ¢ Bacterial LA LA LA
ammonium citrate, 5 g sodium acetate, 0.1g MgB@0, strains @b (glL) C
0.05 g MnSQ, 2g K;HPQ, in distilled water as solvent. One Strain-1 41.83 29.68 9.89
liter of glucose based synthetic media consists: &0g g‘g‘;‘mﬁre 2}3-?% 1335%1 Si%%m
glucose, various levels of nitrogen sources (1015220) g/L, Strair-3 33.6 27 4¢ 771
1g sodium acetate, 0.03g MnSB,0, 0.10 g MgSQ7H,0, Strain-4 21.46 18.77 4.09
0.25 g KHPQ,, 0.25 g KHPQO, and 0.03 g FeSO Various

TABLE Il

nitrogen sources were meat extract (ME), protecsgtome
(PP) and bake's yeast (BK). An inoculum dose cpaading
to 2 g/L cell dry weight was added to sterilizedl aamewetted

LACTIC ACID PRODUCTION WITH VARIOUS DOSES OF

PROTEOSE PEPTONE

PP PP PP
6 g of finely powdered wheat bran bed, by 40mL gke _ 12 g/lL 15 g/L 20 g/L
based production media (pH 6.5) containing 2% Na&H Bacterial '-A;L '-A/L '-P;L
neutralizer in 250mL Earlenmayer flasks. These vkexgt at strains (@) @b
37° C for six days incubation. After the incubatione tflasks Strair-1 42.31 31.4¢ 11.0¢
were added with 50 mL distilled water, shaken amehtthe gtra'”'z 22.79 14.37 6.93

. . oculture 45.0 36.84 12.52
product was extracted out by passing through aimasth. Strain-3 35.42 201 10.61
The pH drops (hence acid formation) of the extramtse Strain-4 23.50 17.0 4.86
determined with the help of, a digital pH meter.
TABLE Il

The lactic acid present in the extracts wepeantitatively
assayed by Kimberly Taylor method, which utilizest h

LACTIC ACID PRODUCTION WITH VARIOUS DOSES OF

BAKER'S YEAST

concentrated sulphuric acid effects, that includidation of BK BK BK
lactic acid to acetaldehyde, which subsequentlyméora : 12gL  15gL 209l
. . . Bacterial LA LA LA
chromogenic complex with p-pher!yl phenol in preseot strains (/L) (Q/L) (/L)
copper. The extracts were centrifuged at 8000g trel Straind 685 1290 93,98
supernatants were used for lactic acid estimafiof.mL of train o 630 2891 1218
supernatant was added with 3mL of 96% sulphuria,aci Coculture 12.61 15.04 47.56
followed by heating for ten minutes in boiling wateath for Strain-3 19.75 46.41 27.37
Strain-4 9.06 10.07 22.08

ten minutes, then cooling it to room temperatuneaioout 30
minutes. The cool solution was added with 50 pL edpper
sulphate and 100 pL p- phenyl phenol (preparediggotling
1.5% of the reagent in 95% ethyl alcohol) whichvided a
chromogenic complex. The absorbance for lactic asid
measured in a UV-VIS double beam spectrophotomater
570nm [12], [13].

I1l. RESULTSAND DISCUSSIONS

The data observed in Table | reveal that the cocailand
the strain-1 attain their highest values of lacticid
concentration 43.75 g/L and 41.83 g/L respectialy dose
of 12 g/L meat extract as nitrogen source. THad & results
also indicate that all the strains and the coceltftain their
maximum lactic acid production at 12 g/L dose ofame
extract. At higher doses of meat extract 15 andg0, a
decline in lactic acid production has been obseqedably
due to the fact that excess growth of bacteriamlaiss due to
higher dose of the nitrogen source deviates the&almoéc
activities from acid synthesis towards growth.

The data in Table Il suggests that the proteosdopep
nitrogen source provides a higher value of lactuda
concentration for strain-1 and co-culture 42.31 afid 45.08
g/L than those in Table 1. Here also the maximuetideacid
production has been attained at 12 g/L dose ofepsst
peptone and a decline in lactic acid concentrasionilar to
that in Table | has also been witnessed. The doikkr's
yeast serves as an inexpensive source of nitrogplned for
the strains under study. The Table 3 data showat tthe
highest lactic acid production has been attained thy
coculture 47.56 g/L ( lowest pH 3.38), followed $tyain-3,
46.41 g/L at 20 g/L and 15 g/L doses of bakerasyeThe
strain-3 achieved its highest lactic acid product#®.41 g/L
but at a lower input of (15 g/L) of baker's yeastdicates
lower nitrogen requirement. The baker's yeast (&abl)
proved to be reasonably good nitrogen source fa@ th
lactobacilli under study, which attained the maximiactic
acid production, 28.31 g/L, 46.41 g/L and 47.56 fyiLstrain-
2, strain-3 and coculture. The strain-1 and stdaiattained
their maximum value in lactic acid production withoteose
peptone as nitrogen source. The coculture emeéda the
highest lactic acid producer among all the strainder study
that too with the cheaper nitrogen source bakezast, hence
the coculture may play an important role in ferraéon
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industries for lactic acid production. The wheatrbshowed
its potential as a good bed material that can stpge
bacterial growth through its amino acids and prsteind can
provide important pentose or hexose sugars sigmifian
lactic acid production.

Fig. 1 shows the highest lactic acid produggdhe strain-
1, was 0.3526 g/g bed material with 12 g/L dos@roteose
peptone, while the strain-2 attains maximum weigl2359
g/g of bed material with 15 g/L baker’s yeast ig.Fi(b). Fig.
1(a) shows that coculture liberated high amountadfc acid,
0.3646 g and 0.3757 g per unit weight of bed maltevith 12
g/L dose of ME and PP, respectively.

Stram-2 Coculture Stram-3  Strain-4

Lactobacillus sp.

Stramn-1

Lactic acid g/g bed material
[=]
—
N

m Meat extract = Proteosepeptone ™ Baker's veast

(a) Nitrogen Source 12 g/L

=
—
L

Strain-2 Coculture Stramn-3  Strain-4

Lactobacillus sp.

Strain-1

Lactic acid g/g bed material
[=]
—
M

m Meat extract Proteosepeptone ™ Bakers yveast

(b) Nitrogen Source 15 g/L

o
—
1

Strain-1  Strain-2 Coculture Stramn-3  Strain-4

Lactic acid g/g bed material
=
—
M

Lactobacillus sp.

m Meat extract = Proteosepeptone MBaker's veast

(c) Nitrogen source 20 g/L

Fig. 1 Comparison of production of lactic acid hifetent species
with various doses of nitrogen sources

In Fig. 1(b) the strain-3 showed the highest weight
0.3867 g/g bed material at 15g/L dose of bakerasteAs
seen from Fig. 1(c), the coculture produced thealhighest
lactic acid 0.3963 g/g bed material at 20 g/L dobdaker’s
yeast. Thus for the production of lactic acid, camabion of
coculture and baker’'s yeast (cheap nitrogen souvadd)
wheat bran as bed may prove beneficial for the éatation
industries.

IV. CONCLUSIONS

The lower dose 129/l of the synthetic nitrogen searserve
most suitable for lactic acid production. The sigrer
performance of the coculture is evident in termgacfic acid
production with higher doses of baker’'s yeast (20.gThe
meat extract and proteose peptone showed bettgratiditity
for production with strain-1, coculture and strdinThe co-
culture showed higher acid production than its tarent
strains-1 and 2. The baker's yeast provides redbprgood
help as low cost nitrogen source, in terms of gcmbuction.
The wheat bran showed its potential as a good batrral
that can support the growth and production of taetiid by
the different strains of lactobacilli through solidtate
fermentation technology. This presents an amicsdliation to
the problem of solid agro-waste generation durirggessing.
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