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Effect of pH and Fermentation Time on Yield and Optical Purity of Lactic Acid

from Kitchen Wastes Fermentation
ZHANG Bo, HE Pin-jing, SHAO Li-ming
(State Key Laboratory of Pollution Control & Resource Reuse, Tongji University; Shanghai 200092, China)

Abstract: Batch experiments were carried out to analyze the effect of pH and fermentation time on the yield of total lactic acid and the
distribution of I~ and D-lactic acid among total lactic acid during the non-sterilized fermentation of kitchen wastes. The results show that the
concentration of reduced sugar (calculated as organic carbon) is low, and its concentration was higher at neutral and alkali conditions (pH 6 ~
8) than at acidic conditions (non-controlled pH and pH = 5) . The maximum total lactic acid production rate and yield is 0.59 g*(L+h) ™" and
0.62 g per gram VS at pH 7, respectively. The proportion of lactic acid (calculated as organic carbon) among the TOC reaches 78% and
89% at controlled pH 7 and 8, respectively. The L-lactic acid is the predominant isomer form at pH 8. Lactic acid concentration depends on
pH» fermentation time and interaction from the response surface analysis. pH and fermentation time have a significant effect on the optical
purity of lactic acid. At acidic conditions, the ratio of L-lactic acid to the total lactic acid increases with the fermentation time before 120 h,
and the ratio reaches 0.9 at 120 h. At alkaline conditions, the ratio keeps at above 0.86 in the whole experimental fermentation time and
reachs the maximum value(0.93) at 48 h. It decreases with fermentation time at pH 7. To obtain high lactic acid yield and optical purity
simultaneously, it is suggested that pH should be contralled at 8.
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Table 1  Characteristics of kitchen wastes

MR FRFR WA/ % MR FRFR M AE /%
TS 14.3£0.2 0 48.7+0.8
VS/TS 98.2+0.1 EE 17.8+0.9
C 4£2.1+1.0 & SR 3.5+0.4
H 6.5+0.3 S 28.3x1.2
N 2.0+0.1 VEB 2.3+1.5
S 0.7+0.05
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Fig.1 Effect of pH on the production of reduced sugar from

kitchen wastes fermentation
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Fig.2 Effect of pH on the production of lactic acid from

kitchen wastes fermentation
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Fig.3  Effect of pH on the distribution of fermentation products

from kitchen wastes fermentation
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Table 2 Factors; levels and response value of designed experiments

P WU

Fl/h jgeL! 18] /h /gL
4 8 0.0 4 72 2.4
5 8 0.0 5 72 2.9
6 8 0.0 6 72 12.5
7 8 0.0 7 72 41.5
8 8 0.0 8 72 23.1
4 24 0.1 4 96 4.4
5 24 0.6 5 96 3.9
6 24 1.9 6 96 28.4
7 24 10.3 7 96 38.4
8 24 7.6 8 96 33.5
4 32 1.5 4 120 7.0
5 32 1.5 5 120 14.3
6 32 2.1 6 120 22.0
7 32 13.3 7 120 38.6
8 32 13.3 8 120 49.0
4 48 1.5 4 144 6.5
5 48 2.3 5 144 18.1
6 48 3.0 6 144 19.3
7 43 36.3 7 144 25.2
8 43 21.0 8 144 45.0
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Table 3 Analysis of variance of response surface of the influence of pH and

fermentation time on L-lactic acid concentration

HWNE HEM AWK Wz F P
Model 169.19 9 18.80  37.64 <0.0001S
A-pH 27.47 1 27.47  54.99 <0.0001S
B-KEEITH]  6.11 1 6.1  12.23 0.0015
AB 3.87 1 3.87 7.74 0.009 3
A2 0.14 1 0.14 0.27 0.6057 NS
B 12.49 1 12.499  25.00 <0.000 1
A’B 0.058 1 0.058  0.12 0.7357 NS
AB? 5.40 1 5.40  10.82 0.002 6
AP 4.61 1 4.61 9.24 0.0049
B’ 0.65 1 0.65 1.29 0.264 4 NS

DS, BF; NS, AEFE

L-FUMR, AH 25 T-FL R AR SR & IR B 4 A, fun e <
pH i A J5 45 A AR AT -0 25 % 5 1 Bl
JiElt, A LR B ) D-FLIR, H R L B
#2  Lactobacillus helveticus s Lactobacillus plantarum
Lactobacillus cocus “5FLIR W e 7™ LM ETR G4 .
UE, 0F T 5 2 b il A 4 ol R 1) JBF A B 3 AR KR
OB ESAT T, KW AR FURR ) e 2 40, BR 32
P AITIE G5 KA 1) R T 5 - A I A 358 4% R R i) AR
KOGEMIFLIR R,

R BT KRG Z R EY RS =
BT LR G 2 e A A 2 2 1 3 — 20 38 v, B TP il A
ARK T A A 2T 3K 22 L R A T R 45 S K i
AR, BRI, T LA 3 LE AR Al B — BT 1R K
TSI g B e R LR o AT ST A B, pH A2
8 MUAEIS ) 120 h 4 1, AT IR I 45 2108 e (1 LI
J R R AT R 5 L 6 AT L 3 LR R I £ T
SR ZHNE.

3 g

U R HE KB 1 B A B R e = SLIR, R 1%
WL JEORER BEAK . pH TP PR AF R, RFLIR 7 e A
PR K, 73 0.59 go(Leh) ' A10.62 gog™" .

(2) #EHi pH Ky 8 B, L-FLIR A& = B2 11 S M 1A T
o BRI L-FLIR - i T IA ) 0.48 gog™" . Wi N[ 43
HT W, IR 120 h, BEAG pH )T e R IR IR (8] (1)
FEK, L-FL IR MR B 25 18 ¥ 386 K, (H 4k 88 48 K % 1% I
], L-FLIRMR 1 e

(3) pH K B ()0 -3 8 o 5 FLIR 1) L 431
AW B IR YESECRE pH & pH = 5), K8
HU 120 h, 12 LA B 5 98 ) 1) 328 7 39 K, L-FLIR A s



4 3 GRKIBEAE « pH AR IN [ X B A% 7 80 A P 7 LI S oG R 1 1R R i 885

FUR P L BX £ 0.9 Bk L 5% 7+~ (pH = 8), L-

FLERAE B LR 1) B AT E BEA A I I ] B A S R 5

76 0.86 LA b, 7R IER W) 48h B3k £ 0.93; 11 7 pH

FPESAE N I B I 00 2 e D[R] I3k

75 i B9 FU R ™ O 2 A, R A pH N 4% 4]

f£8.

SE K-

[L1] Altaf M, Naveena B J, Venkateshwar M, et al. Single step
fermentation of starch to L + ) lactic acid by Lactobacillus
amylophilus GV6 in SSF using inexpensive nitrogen sources to
replace peptone and yeast extract-Optimization by RSMLJ]. Process
Biochemistry, 2006, 41(2): 465 ~472.

[ 2] Hofvendahl K, Hahn-Htgerdal B. I-lactic acid production from
whole wheat flour hydrolysate using strains of Lactobacilli and
Lactococcil 1. Enzyme and Microbial Technology, 1997, 20(4):
301 ~307.

[3] Miura$S, Arimura T, Noriakiitoda, et al. Production of L-lactic
acid from comcobl J1. Journal of Bioscience and Bioengineering,
2004, 97(3): 153 ~ 157.

L4] YunJS, Wee Y J, Ryu HW. Production of optically pure L( + )-
lactic acid from various carbohydrates by batch fermentation of
Enterococcus faecalis Rkyl[J]. Enzyme and Microbial Technology,
2003, 33(4): 416 ~423.

[5] Garde As Gunnar J,» Anette S» et al. Lactic acid production from
wheat straw hemicellulose hydrolysate by Lactobacillus pentosus and
Lactobacillus brevis[ J1. Bioresource Technology, 2002, 81(3): 217
~223.

[ 6] Nakasake K, Akadura N, Adachi T, et al. Use of wastewater
sludge as a raw material for production of L-lactic acid [ J].
Environmental Science and Technology, 1999, 33(1): 198 ~200.

[7] Wang QH, Yamabe K, Narita J, et al. Suppression of growth of
putrefactive and food poisoning bacteria by lactic acid fermentation of
kitchen waste[ J1. Process Biochemistry, 2001, 37(4): 351 ~ 357.

[ 8] Sakai K, Taniguchi M, Miura S, et al . Making plastics from garbage
[7]. Journal of Industrial Ecology, 2004, 7(3 ~4): 62 ~74.

L9] Sakai K, Mori M, Fujii As et al. Fluorecent in situ hybridization

L10]

L11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

analysis of open lactic acid fermentation of kitchen refuse using
rRNA-targeted oligonucleotide probesl J1. Journal of Bioscience and
Bioengineering, 2004, 98(1): 48 ~ 56.
EJOR, VERES ATE B, A5 LB Dy b b L RR AN B I 4
B MR B RE AT EL) . W RORIE IR, 20045 10: 75 ~
79.

FE A5 R 7 Jm . KR K M o3 A 77 i Dm]. DY
FiO Abnt: A EPRETREE Hi R 2002, 258 ~ 285.

Wang Q H> Narita J» Xie W M, et al. Effects of anaerobic/aerobic
incubation and storage temperature on preservation and deodoriztion
of kitchen garbagel J1. Bioresource Technology, 2002, 84(3): 213
~220.

T, WEESE, B, 55, pH WA HLLLR PR AR
AR A LT, T EPREIREE, 2006, 26(1): 57 ~61.
BN, T, BRI, AL pH ED S PR AL R AU K
B o Auitsgmaly]. FEREE, 2006, 27(5): 991 ~997.
Sakai K, Murata Y, Yamazumi Hs et al. Selective proliferation of
lactic acid bacteria and accumulation of lactic acid during open
fermentation of kitchen refuse with intermittent pH adjustment[ JJ.
Food Science and Technology Research, 2000, 6: 140 ~ 145.
Hofverdahl K, Hahn-héigerdal B. Factors affecting lactic acid
production from renewable resources [ J1. Enzyme and Microbial
Technology, 2000, 26(2 ~4): 87 ~ 107.

Akerberg C» Hofvendahl K, Zacchi G, et al. Modeling the
influence of pH, temperature, glucose and lactic acid concentration
on the kinetics of lactic acid production by Lactococus lactis spp.
lactis ATCC19435 growing on maltosel J1. Applied Microbiology and
Biotechnology, 1998, 49(6): 682 ~ 690.

Bobillo M, Marshall V M. Effect of salt and culture aeration on
lactate and acetate production by Lactobacillus plantarum[J]. Food
Microbiology,> 1991, 8(2): 153 ~ 160.

Siebold M> von Frieling P> Joppien Rs et al. Comparison of the
production of lactic acid by three different Lactobacilli and its
recovery by extraction and elecrodialysisl J1. Process Biochemistry,
1995, 30C1): 81 ~95.

Wit SR, B0, L SR —— R Sk K&
FIEMD. b i B Al Rk, 1996 106.





