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Abstract: Lactic acid fermentations were conducted using
water hyacinth. It is known that the pretreatment and enzyme
hydrolysis process optimize the potential of water hyacinth.
Lactic acid produced by using lactic acid bacteria. All cells
were grown at 37°C and initial pH 5.5. Lactic acid production
was measured by HPLC. All Lactobacillus strains could pro-
duce lactic acid from pretreated water hyacinth. The highest
lactic acid was achieved when lactic acid fermentation was
carried out by L. delbrueckii for D-form and L. helveticus for
L-form lactic acid production. The lactic acid concentration
was 10.70 g/L by L. delbrueckii and it converted glucose in
the medium to lactic acid, almost perfectly. Lactic acid pro-
duction became higher when fermentation was carried out at a
controlled pH 5.5. Lactic acid yield and productivity were
0.52 g/g and 0.19 g/L/h for L. helveticus, while L. delbrueckii
was 0.64 g/g and 0.27 g/L/h. This study showed that water
hyacinth medium could be alternative medium which can rep-
lace the complex and expensive medium for growing Lacto-
bacillus strains in production of lactic acid.
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1. INTRODUCTION
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G grepol A B9 93-95%S AT HEE wol v}
o2 A2 0|88 17| Mol 4= FA ol BasiAe g4
342 vhl Rl Sgke FUA NYER ZAHE §718
(volatile solids)o] & F-52 (TSs, total suspended solid)2]
80-82%% A7) A S WS oI5 A= 20| FHal
of. el el Hhol oul Ak 24% AER2, 10% AU
1% )24 % 7 5re] S22 ol 2oj A3t A7E Ao
weh 8 4 E5 o) o] B Ao & Hol 7k, Mg R A0}
Slu) g2 o) o] FR3h1 21 9] ool j$ AL A
o2 B ETHI0L 3 o S3HE 4SS} w2 4
ARt o] stk AAA QA AR g Rkt &
A& 7HA AL §lof vpol e A& 2hg- wf o] o] gk} [11].

A4S o]-8-3F PLA A4kl Qlof Al =4 7S 18t L-
A4} D-24He) E3to] a5t o] & 9J5to] o= =& L-
ZAE 9 D-ZAke] 2 H7F @ FHE T B3 4T AR E B
AP Ao QlojA A mE3 o) 71A-E Aol 2A 4%
< HZTh 2 Ato A Blo] L AR A B &340 Lacto-
bacillus®) ©|gt L-Z 4t 9 D-24F AARS: 913 98 54 =
AE 7He = Elsklth

2. MATERIALS AND METHOD

2.1. AXF

2 Ao ARRE Rl S A7 = e UA Al A A
A SHEIT Bt o) Blel= Al A sk 79k o #
= 105°Co| A 2% “5QF A x5l th A3k Faf &3t &
FEHE eI, 9% 2T AR 27 £/ st Al
(USA Standard Testing Sieve no. 30)5 ©]-83}4] 0.6 mm ©]
5to] A7) & WSS Bio] w2 A3 2] & )84l NaOH/
H,0, =& N85 A 2fst= dzej/Akst "4 2] (A/O pretreat-
ment) WS AFESHE T HEo]| L | AE 7% (w/v) NaOH 4=
NI} A 2A17F F2F 100°Cof| A 7h4=5-af BH-g-& 3FaL 7}
T ol MES FA NS Jo] A HF T 1%
(wWiv)7h = A SFAT 12417 5 QF W3- skl A A e 1A
& ohx AES 75 mm AE o §3) Al H el k. 42 14 of
A g 2] pHzL 7.00] = t71A] A = sick 42 o}
AAEL SA4A4% IA-E A # 1L Celluclast 1.5 L (Novozy-
mes, Franklinton, USA)$} Viscozyme 1.5 L (Novozymes, Fran-
klinton, USA)Z& A £3] 9] 1%2] & H7et 3 96 A1 7F
£9F S0CR §A5 A 9ot 2 o] WA E vh
RS A B DRI AR LHegirh oy He

pH 5.5% 273}l | A& v 2| &2 &3Sl Tt

=

=
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22. R QA 5

AL A 35 LactobacillusS AHE-8FITH ATto] A&-3H
T2 Lactobacillus casei ATCC 393, L. crispatus KLB 46
[12], L. delbrueckii ATCC 9649, L. fermentum ATCC 23271, L.
helveticus ATCC 55163, L. paracasei KLB 58 [13], L. planta-

rum ATCC 14917, L reuteri ATCC 23272, L. rhamnosus ATCC
10864 o]t} KL= o =52 37°C, MRS B 2] o] A A i oF3}4l
o B Wjor 30 mLo) e S X B make 2] Al e
ofl A o ol At ok F FA7 AALT AR Rk B
SHAL, L-3AH D-31AFS 7Py ol AAsHE H752
A 7)o A worstalct.
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2.3. v

L-Z At} D-ZAARS who] BAlsh= F H 552 A4 e 244
S ubxl 1 L) 22827 vl o A 5154 v]of (batch fermen-
tation) 213 stqict. o] o AMERF WA Kuj=25L
(Kobiotech, Incheon, Korea)o|th. W& = & 7] Alg] ol A] o] F
of F o 30 rpm&] wHF &= 5 [FA Skt AAF A4kl 2
T 37C, pH 5.5 §A 5190 lobe 24 520) 27
54 ghe wl7h s gl

24. 84

E=d R4 ES 9)51o] v F-S 0.2 um RC-membrane
syringe filter (Satorious, Gottingen, Germany)2 7 & Z o] A}
L3It 2=yt ZAF 242 RI %7 (Younglin, An-
yang, Korea)S A2Fst Acme 9000 HPLC A AHS: o] 83
A5G o v B4 of AF8-gh H H-2 Aminex HPX87H (Bio-
Rad, Hercules, USA)o|t}. &34 (buffer)= 5 mM 34 8-
20,06 mL/min®] 40 2 ALETh YARE AL o]
A A B4L 9)510], Chiralpak? MA (+) (Daicel, Osaka, Jap-
an) A H 1} UV detector (Younglin, Anyang, Korea)E A2}t
HPLC A| 281 o] 8a19it. 2341 2 mM B4k (1)
458 0.5 mL/min 40 2 AF-513 o)

3. RESULTS AND DISCUSSION

3.1. 27 WA & A8 24 g4

ZAL AYAL vte| 2lof=2 Fa&4F v A o] 23hE MER A
2 EE Celluclast?} Viscozymes ©]-&3F 8 A5} 4 o A
PolR = 2GS Aito 2 Hestelnt v of2 Al&FstaL
SAIZE &, A 4=7] HE| ZAbo] AAbEl = A& WS 4= 9l
ok AA7] Fetolle 2w AH| 9 T A4 BARS @
o1& 4= lglom ApE 7o o2 ZAF AitFo] At
oA = A& WS 4= 31Ut} (data not shown). o]+= HH| ]
o7} ZLFo o]a}2E o2 2L UF AL A= A
g Ao AR AL Egoll 2ozt YA E H= 2ol A
AAbE AYArel7| wiZoltt. o]9f 22 o] f- &2, 2 A4F A4 vt
g 2jobe] A2 ol ofolut AAke] At B o E AR
QA0 nzZbof 2J5te] A3 vH=1} [14]. Lactobacillus 5
=9 24T AATRFS Table 13} e}, 2 AL A o] 8319 %
9] Lactobacillus v+ 25 52| &3 v 2] o A A48} T
AP AT o A 22 TR Has FE S5 AA Y
2 ot oA MERARRE Hofzl Lrfo] AL AY
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Table 1. Production of lactic acid by Lactobacillus spp. on water hyacinth medium

Strains Yield (g lactic acid/g biomass) L-lactic acid (g/L) D-lactic acid (g/L) Culture type
L. crispatus 0.01 0.65 0.76
L. fermentum 0.19 2.30 1.42

L. casei 0.12 2.13 0.28
L. plantarum 0.18 1.53 1.99
L. helveticus 0.23 423 0.26 test tube
L. paracasei 0.51 5.51 442
L. delbrueckii 0.54 0.52 9.99

L. reuteri 0.25 2.44 243
L. rhamnosus 0.22 4.19 0.11
L. helveticus 0.52 11.32 1.43 fermenter
L. delbrueckii 0.64 1.76 13.86

AS 913 YR EM ARSE I Yok A g HojETt A4 AY
Ab B0l 7V 2 A L delbrueckiio]™ 4> (yield)

0.54 g/g (BAk/Bro] @ ufj 2~)o] 31 of w, e rdof 4t A ghe
< 88%o°]t}.

3.2. L-/ D- A& A4
HAAE A A FES A4 o] A A L- /D- HARS 22
T2 H| &= gAkstar, o] AAre] AAk vlg2 AAF BAF o
Fobth B2 HlaZ 7FA - [15]. Otsuka 59 ZAE G ejjof wh
£ &5l w2, v o A AR 24 L, LD, D& Al
7HA B & Uis 4= Uk [16]. F 79 24k, L-34H D-
ALk Eejstetd JAol thE7] o] A2 thE fofol
A FGA Aol HaL glon kS AEA 07 8517
QJato] F o] JHAE Eeste Bl aFFH

Aol AHERE FFEo] AR 24t F=E Table 19
et it &4 23, 7 o] JAA| Foll Al 7F FREE YA
SHe i £A151A] Qharth. T2 L2 Ako| L D34S
F 2 A= FF7F BEE QI L delbrueckii= D-ZAF
o] A AAF A4S 87.2%5 AFA S W, L. helveticus=
AAFE A HAE 50 0%} L-AAEe 2 BAE ik 5
o 7h7be] o] 4R Welol A 71 e BALS A4S
OF. @5 0] AALE B4l Fero] S8 Abnl R L. delbru-
eckii7} D (-) -ZAMS Q2 AYASH= whdo|, L. helveticus, L.
casei, L. rhamnosus+ L (+) -ZAFS 2 AASFA L tf 2
FREL E 280 24 YA 2 Ao} g AL o
= 919t} Manome 59 AFof|A L. delbrueckiiof 2]s}o
AALE] 109.7 mMO] R ARS 12.8%9] L (+) -Z Akt 87.2%2)
D (-)-Z4te 2 A B = Ae HolFaL Qlok [17]. o] 2igt A
= B Lol A A2 L. delbrueckii®] A AL YA AT} 1]
3 2 AS 4 4 Stk 18| u Hofvendahl 59 &+
AWE B 22 [ delbrueckii 5= o} (subspecies)o]]
upef Zh2- 2| of] gk Zak A 54 0] thE Ao = UE
U ot 9] GaFol & A S YET[18].

3.3. 3084 W

A ol Al ZA A A L-2 A T =7} 52 L. helveti-

cus D-AA 2 7} =2 L delbrueckiis 3|54 v 92 9]
St w2 ZhzE A Aok R 7] o A ul kSt L. helveticus
9} L. delbrueckii®) 2= W AAl - Adt=pHZE S &
AL A AL A Aro] 2718} T} (Figs. 1, 2). L. delbrueckii= pH
2745 SHA] ook W 0.54 g/g (R Ab/mto] e.mf )2 AYAtst
AL pH 285 SH3S o 0.64 g/g (BAb/APo| )0 =2
Z71elH o AARA (productivity) 0.27 g/L/h o] ict. L.
helveticus = 0.23 g/g (ZAkMo] Qul A)of A 0.52 g/g (AAH
Hpol Qo) 2 F7felglom YA 0.19 g/L/ho] it
(Table 1). ZAF AL =] Zfo] ZRH WA 7| & o] &3 4
AR Aol A pH A7} 5 8.3 @ 42915 21sqlch A4
Akl ofsff pH7} RobA| = 7 -0l = ot 5= AFE o] dojuty]
ool Tk [19]. 24k AR vhg| 2] ofof 4] of| | 2] Akl &2
S XA Q1 ut 9] pH7E A4l F2of o3 S2AE Y
O 7]3L ot AFE 9] lQlo] Ht [20].

oA dra A0 g 27 & 27t EkSolE &6t
Aitoll= G wIA A Fokeh AAH A A] g
Fol & s Yol o]-go] 7He st A,
= P AR otk A AL Rl
o 2o Antz e 24k AR A of] ARR-H
JHETpH 270 B2 dFE et A g
. helveticus®} L. delbrueckii= -8 2% v x| of| A A
S9.08) HAF A ZEre] B AR A
ol ABRARRE ol EEGS ATHOR
sha1 9l 22 shelstalc.
kg 7] of| A v QF A3}, L. helveticus®] =+ 1132 g/L 1
2] 1L L. delbrueckii®| == 13.86 g/LO 2 A| 33 v kA L.
helveticus®] 5= 4.23 g/l 718] 11 L. delbrueckii®| 5= 9.99
g/L Bo} 27 Z7}st5ih. L. helveticusol] 2]51o] JAHE L-
R4}k L. delbrueckiiof ©)sto] AJAE D-ZALS] == oF
90% B2 =2 9] Zito] oA ujF 1A of] o]of 7|
= BATAY FEE Y 4 AUk

L. helveticusg 0|83 24 AAF A3t= 7 9 §l=d] vla}
o L. delbrueckiis ©)-&3%F A1} += H 115 =1 Table 2¢] &
2] Aol ARG A&} oA HAF YA pES v kgl
2 Ao A Dol L. delbrueckii®) 24t Y4t &2 W7}
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Fig. 1. Batch fermentation of L. helveticus (m : Dry cell weight (g/
L), ®: Glucose concentration (g/L), A: Lactic acid concentration
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Fig. 2. Batch fermentation of L. delbrueckii (m : Dry cell weight (g/
L), ®: Glucose concentration (g/L), A: Lactic acid concentration

(L)

Table 2. Summary of lactic acid production by L. delbrueckii grown on various sources

Strains Biomass Lactic acid Reference
Yield (g/g) Type (L, LD, D)
L. delbrueckii subsp. Bulgaricus wheat flour hydrolyzate 0.11 L
wheat flour hydrolysate + yeast extract 0.18
wheat flour hydrolyzate 0.82 [18]
L. delbrueckii subsp. Delbrueckii wheat flour hydrolysate + yeast extract 0.91 L
L. delbrueckii NRRL B-445 molasses 081 LD [22]
molasses + yeast extract + peptone 0.70
L. delbrueckii Uc-3 Molasses 0.87 L [23]
. alfalfa extract 0.55
L. delbrueckii alfalfa extract + yeast extract + polypeptone 0.58 LD [24]
L. delbrueckii IFO 3202 defatted rice bran 0.28 D [25]
L. delbrueckii Uc-3 cellobiose + cellotriose 0.90 L [26]
L. delbrueckii sugarcane juice 0.95 D [27]
T 783l (wheat flour hydrolysate) 252 7h=&3| 71 & S AL A &2 AREE 4= Q1SS B E T

o|3t A ¥ (starch)S 2 3371} n] Y Eo] o] &3}7] 4]
& AbEb4=4= & (sugarcane juice)o| U 2 (molasses)at 72HS
o (sugan)& F2 E5Ha o] Quf A5 ALETE AT A 1
toa WE Ao g et RS FEES AERS
ot sujdMlE = A7t 2 ZGHE Ho| Quf AR 7HE ghagl
(carbon source)o] A& I & g 73}l vlo| QAR TH
Aol n Y& 0] AAik M ekgo] W) wfzo|ch L2t vl Ty
Ao A vl e AR A AIRY O B AR 7153 T3t A
£ AFIN A F£EE (alfalfa extract)U %] 24 (defat-
ted rice bran)| 24 A4 AT ATpR T £ AL AT
% 9)9ich Table 2] 0} 2 @ A3k 2] wfo| .o 20 &
I 325 (yeast extract), H = (peptone), Z2] F = (poly pep-
tone)T} 7 MBS o] 83t A9 HAL Aol A g T
& 818 4 Sl gich el S o] K 25 B 2L A
7Heg o] 8T Af & ol 7hesith £ A A
el &3 F5=0] Lactobacilluss: ©]-§-5F0] AAF AR

4. CONCLUSION

2 Aol A Rl &3t v A& o]-§-5te] o & Lactobacillus <t
5 vjoFste] 24 AALS v wst it A AR L-ZAE
YA FE o} vl Eo] 7MY =2 5= L. helveticus©] 911, D-
ZAF RYAro| 713 =& 5 L. delbrueckiio] QT =& &
AR AAVES A= e A S B A1) pHYF 5
Q3 @ AT A y) wjoFo| A L helveticus += 11.32 g/L2]
L-ZAS 28|31 L. delbrueckii’= 13.86 g/L2] D-A A3 oF
90% H|-& = Zt7} AAkstolet. B &3] A 2] & 3 )
ol A el agh o] dojAaL Al gAite] d7 E4
B2 ARG o] B3-S o83 Wi A 7} Lactobacillus 2 /3%
2 ZAL Ao Bagt 24E A AR HojXirh £
TA = AR NI 45 S e wE Bl
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