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ABSTRACT

The study focused on lactic acid (LA) productionngsrice straw as waste product using plant-origeth
Lactobacillus rhamnosus PNO4 in different treatmefriteat. Straw has been treated with heat beforbamnosus
PNO4 leading to the pH decrease gradually to 4.6&pared to the absence of L. rhamnosus PN0O4 (au®d heat
untreated straw cases. By Thin layer chromatograffiyC) and Infrared spectroscopy (IR) analysis,r¢hevas
strong evidence for LA production in this conditiorhe result has driven a cheap method to produgefdr

pharmaceutical field, food and chemical industry.
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INTRODUCTION

Recently, the demand for lactic acid (LA) has bieeneased gradually. In particularly, the demand estimated to
be 130,000-150,000 tons per year worldwide [1] LAsvproved to be an important chemical having wateed
applications in food, pharmaceutical as well aswhbal industry [2]. Moreover, LA was also an imgott source in
producing poly(lactic acid) polymer (PLA) which @& essential alternative material. LA could be pozdl by
chemical synthesis or microbial fermentation. Férhio-production, there are a great source of caibmeeded as
substrate, normally, that source is sugar. Howay&ng sugars as a substrate for LA productionccowdrease the
cost of the final product. As a result, finding afternative source caused much attention [3]. Tageat
dependence in sugars would be reduce by the usignaitellulosic materials such as agriculture sti@y 4].
However, there is one big limitation when usingséhalternative materials that most of the LA preduwmould not
fermented cellulose directly but need the helprafyenatic hydrolysis of cellulose [3]. In additiomany byproducts
in the materials could also inhibit the bacteriawth effecting the final product quality and quanf5].

Therefore, study on a suitable strain that cantiisecellulose as substrate for LA production isessary. If these
lignocellulosic materials could be converted intd hy biological fermentation, it not only reducesthost of the
LA products but also solve the environment pollntand resources wasting.

In this study, a potential candidate for LA prodoctfrom straw was introduced whichlisctobacillus rhamnosus
PNO4 isolated fronottuynia cordatd6].

EXPERIMENTAL SECTION
Materials

Bacterial Strain
L. rhamnosu$NO04 isolated frontHottuynia cordatg6] was used in the study.
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Straw source
Rice straw were obtained from Viethamese farmsnreNliragons river delta, Mekong Delta.

M ethods

Straw soaking time optimization

5 grams of dried straw was soaked in 100mL distilMater with and without heat treatment. Beforduwirg, the
soaking times were optimized in different days whieere 3, 4, 5, 6 and 7 days by measuring thelsiebiof the

pH(s).

Straw treatment with L. rhamnosus PNO4
To understand the best condition for LA productipH, was check before and after addinghamnosusn straw
with or without sterilization.

For straw without sterilizatiorhefore soaking straw in watdr, rhamnosug10° CFU/mL) was cultured with the
straw during the soaking time (optimal conditioAfter the soaking time, the bacteria were isolatexdn the
medium by centrifugation (10000 rpm, 20 minutés;)4 Next, pH values and cell pellet weights wereasuged for
checking the living ability of the bacteria in stranedium. The changing in pH values was the prelamy step for
investigating the LA production which was then gro\by TLC. Moreover, the study also focused. ofhamnosus
(10° CFU/mL) added into straw fluid filtered after stravas soaked in optimal condition. After rhamnosuswas
cultured in the extracted fluid and the fluid wastered in more 5 days. LA production was evaluated

For straw without sterilization (120, 15 minutes)L.. rhamnosusvas added similarly in straw as straw without
sterilization.

Lactic acid purification

All the fluid in different treatment collected ugircentrifugation. The supernatant was added witfOE% to
coagulate proteins, then, filtered with activatedbon to remove the colored substances. Notingttistaddition
would turn lactic acid into calcium lactate.

2CH;CHOHCOOH + Ca(OH)— 2CH,CHOHCOOCa + 25D

Next, the filtered liquid was evaporated to redtlee excess amount of water. The following step twasaddition
of sulfuric acid (HSQy) to precipitate calcium sulfate, which was thdtefed out.

(CH;,CHOHCOO)Ca + HSO, — 2CHCHOHCOOH + CaS®
RESULTSAND DISCUSSION

Deter mination of soaking time optimization

The pH of the medium after soaking straw in distilwater for different times were illustrated iguie 1. The pH
values decreased during the soaking times. Howdnzem the fifth day, the pH started to stabilizeaabund 6.30.
For that reason, it was suggested that 5 daysheasptimized condition for making culture mediuronfr straw. As
seeing in figure 1, pH was reduced when straw weadkexd in water longer that was meant that there soase
bacteria produce acid or straw produced some atistances in water. To clarify, more detection &hbe done.
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Figure 1. pH measurement of straw medium in different soaking times
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pH(s) and cell pellet weights measurement
The Table 1 and 2 showed the results in pH(s) dharand cell weight determination of adding thetbea before
and after soaking time of heat untreated stravpeaesvely. All the experiments were performed 3

Table 1. pH valuesand cell pellet weights when adding L. rhamnosus PN04 befor e soaking time

pH values .
Day 0 After 5 days cell pellet weights (gram) after 5 days
W!th L. rhamnosus 7 00+0.00* 6.81+0.02* 0.78+0.03*
Without L. rhamnosus 6.30+0.02* 0.49+0.02*

*MeanzSEM(standard error of the mean)

As can be seen in table 1, there was a small diffebetween the pH of with and without rhamnosusPN04
addition after 5 days of culturing. It was meanattithere was other acid producing in straw butedilby L.
rhamnosusPNO4. This was more obvious whenrhamnosud$®NO04 was added in fluid obtained after soakinge Th
pH of fluid of straw was acid (Table 2) that poohtdat there was other acid producing bacteridrams However,
pH increased after witholit rhamnosu$?NO4, pointing that there was some bacteria iid fmoducing alkaline. In
case of addindi. rhamnosud$’N04,L. rhamnosu$?NO4 and other bacteria had some effects likegilogether or
pH neutralization and so on, leading to pH incrdadéore effects will be studied soon.

Table 2. pH valuesand cdll pellet weightswhen adding L. rhamnosus PN0O4 after  soaking time

pH values cell pellet weights (gram)
Day 0 After 5 days of soakin After 5 days of ctitig after 5 days
With L. rhamnosus " " 7.06+0.03* 0.71+0.02*
Without L. rhamnosus | ' 00000 6.300.02 7.0820.02* 0.60£0.02%

*MeanzSEM(standard error of the mean)

The competition between our interest bacteria dred dther microorganisms could be a strong baroerLA
producing fronL. rhamnosustherefore, before culturing, there should besattnent step that sterilize the straw.
In table 3, straw has been treated with heat befdding the bacteria. With the presencé.ahamnosu$NO04, the
pH was gradually decrease to 4.68 while the pH583% in case of the absencelofrhamnosu$NO4. As a result,
there was strong evidence for LA production inibted straw but incubated with rhamnosu$N04. The samples
were taken for TLC analysis for confirming the puotion of LA (Figure 2).

Table 3. pH valuesand cell pellet weightswhen culturing L. rhamnosus PNO4 with heat treated straw medium

pH values cell pellet weights (gram)
Day 0 After 5 days after 5 days
With L. rhamnosus 7 00+0.00* 4.68+0.01* 1.33+0.01*
Without L. rhamnosus T 5.91+0.01* 0.03+0.02*

*MeanzSEM(standard error of the mean)

Lactic acid deter mination by Thin layer chromatography (TLC)

For further evidence of LA production, TLC analysias performed. In heat treated straw viitthamnosu$NO04,
lactic acid production was higher than the othenda. The spot in heat treated straw witirhamnosu$N04 had
the same Rf with the spot of standard LA (Figurel23trongly confirmed the success of the LA pretihin fromL.
rhamnosusPNO04 in with heated straw. Moreover, when usimgilsted straw, the undesired products produced by
other microorganisms were eliminated, leading tAeplrification process more easily.
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Lactic acid
(sample) spot

Lactic acid
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Figure 2. Lactic acid detection on thin layer chromatography. 1: acid lactic (standard), 2: heat untreated straw with L. rhamnosus, 3:
heat untreated straw without L. rhamnosus, 4: heat treated straw with L. rhamnosus, 5: heat treated straw without L. rhamnosus

Lactic acid deter mination by Infrared spectroscopy (IR)
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Figure 3. IR spectrum of collected sample for lactic acid detection

The IR was conducted to strengthen the successtif lacid production. The band shifts relatechi®s €=0O group
stretch can be observed at 1643cim the spectrum (Figure 3) and the band around) 356" is related to the
stretching of OH group. Figure 3 reflected lact@aproduction in straw using rhamnosu$$N04.

CONCLUSION
Many strains ofLactobacillus rhamnosuare being used as probiotics which for improvingnlan health. In this
study, plant-originated.actobacillus rhamnosuBN04 was used to produce lactic acid from strawaguiculture
waste product.
This study gave out the stable process for laciit production from rice straw using plant-origieat.. rhamnosus

PNO4. By this, we could utilize the waste from agliure for production not only to reducing the todsut also
solve the problem of environment impacts and resesiwasting.
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