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Abstract ; Biomass resources are the most abundant and widespread renewable resources in the world. The use of biomass to produce high

value—added chemicals is critical to solve the energy crisis and environmental pollution. In this paper, we briefly summarized the methods

and technologies by fermentation and catalysis that produce lactic acid from biomass and its derived carbohydrates. The various production

methods and systems were analyzed and the recent research hotspots and trends were put forward in order to provide a reference for the

further research in this field.
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Figure 1 Process flow diagram of fermentation for lactic acid

productiont)
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Table 1 Fermentative production of lactic acid from agro—industrial

waste materials

J [l

MR Bt

FKE  Rhizopus sp. MK-96-1196 90 g-L! [29]
TR Rhizopus oryzae RH6 10.64 g-L" [30]
INEFEFE B. coagulans DSM 2314 40 gL [31]

Kb Lb. delbrueckii subsp. 28 gL [32]
delbrueckii IFO 3202

HHrEWE  Lb. delbrueckii mutant Uc=3 67 g- L™ [33]

TR Indigenous microorganisms 174 g-L™ [34]
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Table 2 Fermentative production of lactic acid from food industrial

waste materials

Jk gl FLRE SHICH
Jof b RO E R 0.62 g-g [41]
i g B Lactic acid bacteria, 0.62 g-¢g! [42]
Clostridium sp
I Lb. casei NRRL B-441 0.93 g-¢! [43]
I Lb. bulgaricus ATCC 8001, 0.81 g-¢™ [44]
PTCC 1332
it Lb. pentosus ATCC 8041 0.77 g+ ¢ [45]
ok AL 0.2 gg" [39]
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Table 3 Fermentative production of lactic acid from solid waste

materials
J5UR R FRTHE  BHEICH
4% B. coagulans strains P4-102B 077 g-g”  [46]
4L Rhizopus oryzae 0.8 g-¢g” [47]
e Lb. paracasei strain LA1 0.72 g+ g [48]
KA Lb. rhamnosus CECT-288 0.38 g+ ¢ [49]
K OKfREI ) Enterococcus faecalis RKY1 09 g-¢” [50]
Wi Lb. pentosus ATCC-8041 093 g+ [51]
Wik Lb. paracasei LA104 103 gg”  [52]
1.3.4 Hih
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Table 4 Fermentative production of lactic acid from glycerol

J5URE A FLRTE B
Hih Lactobacillus pentosus R3-8 83.8 g-L™ [53]
E. coli AC-521 74.5 g- 1! [54]
E. coli CICIM B0013-090B 1324 g+ [55]
E. coli strain CICIM B0013-070 1115 g- L [56]
E. coli( engineered ) 50 g- L™ [57]
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Figure 2 Simple diagram of different substrates for the catalytic

production of lactic acid
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Table 5 Catalytic production of lactic acid from 3-C substrates

7] HEALH e G feaanl JERPIR R FURR/FURRER % S0
ZRBLNER H-USY(Si/Al=6) 115°C,24 h I 1.25 mmol L >99% 96% [72]
Sn-beta(Si/Zn=125) 80 °C,24 h HIEE  1.25 mmol -1 100% 99% [64]
SnP-PEG2000 140 °C,4 h K 03125 mol-L 100% 96% [73]
s H-USY(Si/Al1=6) 115 °C,24 h I 1.25 mmol -1 >99% 98% [72]
VOS0, 160 °C, 1.5 h,2 MPa N, K 3 mmol - I.* >99% 91% [74]
Zr-SBA-15 240 °C, 1 h,2.76 MPa N, K 0.1 mol 1! 100% 79% [75]
Hrm Pr'@CX 140 °C,6 h,6 MPa C,H, K 0.35 mol - 1! 99.9% 95% [76]
HPMo/C 60 °C,5 h,0.5 MPa O, K 1.25 mol -1 98% 91% [66]
H:PMo 1,04 90% 79%
Cu(16)/HAP 230 °C,2 h K 1.1 mol 1! 91% 81% [77]
Au-Pt/nCe0, 100 °C,0.5 h,0.62 MPa 0, K 0.2 mol 1! 99% 80% [78]
AIPMo 60 °C,5 h,1 MPa 0, K 0.1 mol 1! 94% 85% [79]
CrPMo 88% 76%
http://www.aed.org.cn —313—
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Table 6 Catalytic production of lactic acid from 6—C substrates

7 fif7H) S A sl R REER SLR/FLIRERT R 250K
gL InCl;-4H,0 200 °C,10 h H s 2.5 mmol - L 97% 52% [80]
Sn-MCM-41(Si/Sn=55) 160 C,20 h HEE  0.125 mol-L™ 100% 43% [81]
Zn-Sn-Beta 190 °C,2 h K 0.125 mol - L™ >99% 48% [60]
CuTOAB/MgO 120 C,1 h,0.4 MPa Ar 7K 0.5 mmol - L >99% 73% [82]
NaOH-[IMEP]|CI 100 °C,0.5 h 7K 0.025 mol - L 99.2% 63% [83]
b InCl;-4H,0 200 °C,10 h H s 2.5 mmol - L 97% 52% [80]
Zr-SBA-15 240 °C,6 h,2.76 MPa, N, Hps 0.01 mol-L™ 100% 44% [75]
Sn-Beta(Si/Sn=125) 160 °C,20 h I 0.625 mmol - L™ >99% 44% [84]
Sn( IV )-H,S0, 210 C,0.5 h 7K 0.05 mol - L™ 100% 64% [85]
VOSO0, 160 °C,1.5 h,2 MPa N, 7K 1 mmol - L™ 96% 58% [74]

P R T 2% v A A 7 2 R b R 7L
YRR ZR  KOKBEAR T LABE A I il 4 LR 11 S5 g
VL EE R 7 2T 3K 95.2% , MU T X SN SR 1
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WFFE B B A B 25 H A, 2 el e AR AR R R AR 2R
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AR B 58 A N, AR, 2 SR Ao A e ¢
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7 PN o

M 7 ATFE Y, Y AL 4 R s SEPrAE Y5 R
I, BT B, 7 RAE 50%~65% iAo Bl i 4R
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Table 7 Catalytic production of lactic acid from cellulose and raw biomass

I[id7)] REFLF g ks R Iy YA ARFLRESE SO0

FUp% PbNO, 190 C,4 h,3 MPa N, 7k 5g-17 / 67% [63]

Ho/K10(S) 240 C,0.5 h,2 MPa N, 7k 10 g1 100% 54% 87]

Er,0/ALO; 240 C,3 h,2 MPa N, pie 6.67 g1 / 45.8% [88]

VOSO, 180 °C,2 h,2 MPa N, K 02 gL / 54% [74]

i NaOH 300 °C,0.5 h K 125 -1 / 34.5wt% [68]
KOH 38.1wt%
Ca(OH), 73.1w1%

Rl Ca(OH), 300 °C,0.5 h 7 24.6 g1 / 44.8w1% [89]
e Ca0 200 C, 1 h K 20 g1 / 13wi% [70]
FEFF MgO 220 °C,1h 7K K S / 79.6wt% [90]

NiO-NaOH 260 C,2 h 7k 66.7 g1 / 58.8wt% [69]
s “wi%” FoRBUR H 4 .
—314— http://www.aed.org.cn
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