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Production of lactic acid from distillers grains hydrolysates by
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Abstract: Distillers grains,one of the lignocellulosic biomasses riched in cellulose and hemicellulose, was used as
an economically attractive carbohydrate feedstock for production of lactic acid by saccharification and microbial
fermentation processes. The aim of this study was to investigate the possibility of lactic acid production from
distillers grains hydrolysates by the mutant strain Rhizopus oryzae LS-1 and to optimize the biological conversion
of reducing sugars into lactic acid to evaluate the culture conditions. The effects of factors such as inoculations
size,CaCQO, addition, pH value and fermentation time on the lactic acid concentration and the reducing sugars
utilization rate were researched by the method of orthogonal experimental design.In addition, the sugar metabolism
of Roryzae LS-1 was also studied.The results show that R.oryzae LS-1 has the capability to utilize xylose or
glucose as carbon resource, furthermore there are synergic and complementary actions during the coexistence of
both sugars. The cooperated operations of metabolism was beneficial to the bioconversion of lignocellulosic
biomass for lactic acid production. Fermentation results show that ammonium chloride is the most favorable
nitrogen source for lactic acid production, the optimal fermentation conditions are inoculation size of 3.0% seed
culture,CaCO, addition of 80g- L', fermentation time of 96h and culture pH of 6.5. Under optimal conditions,
13.27g/L lactic acid was produced and the sugar conversion rate reached 79.61% . This study provided an
encouraging means of producing lactic acid from lignocellulosic resource such as the low-cost distillers grains. It
was concluded that the fermentation technics for the production of lactic acid from distiller grains was worthy to be
developed on a large scale.
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FEIRAAR 7 OGRSl B T A AR
FEWFRA T 5. BETIRIEWFLER R BEUE Y
A 220Kk BH 1 ( Rhizopus oryzae | R. stolonifer | R.ritici, R.

elegans) 4B (lactic acid bacteria, Bacillus species) Fl1
K T B | ( Pichia
glutamicum , Candida utilis , Escherichia coli) A=zl H

stipitts, Corynebacterium

B, FL W8 W ( Lactobacillus , Lactococcus , Streptococcus ,
Leuconostoc , Enterococcus ) of 5 3% ¥ 55 Fl A= K 55 95 5t
AR ™ AE , HRBAE 2 LR |\ 4 A= R AN A A= K X 5
Bagmyingedih A K, Hy- W 2 2L S E iR
G AR AT Sy B Al A A PR . 5 2R L, oK
HREGE (Rhizopus oryzae) R EEA T I FLIR HA G2E 4l
1 IR R A B U UK I ST W A G R A AR
S SR T AR R R G S LR I BEAR T AR

AREBETLTFAER FEB LR L 4ER TR TR
2H L, T R A B AL S A A R R AR B TR SR
JFH TR & WA = SR FLIR Tl A/l 7 ik J1 B
Bl AN AE RS AT (RS BRRE ) 5 L Fokus |
AR EEFEARAR R A P R i A e A
TH K I R R ZHRE AL B
K BIRFE M AT 4ER AL 4 3 & &= ik 60%
LB AR T R IR BT 2T 4 R IR, A BEH
LS I T R B A 72 2R, AN AN BE 0 9 FL IR
AR 7 ORI TR, BEAR IEURE A, 17T HL X sl 2D TV %
FYE G BA B E L.

ASC LA 1T BRIFE AR 1 K AR B ( Rhizopus oryzae ) L.S—1
R FEE RN, B SEHTSE T Rooryzae LS—1 1175 %5 Bl il
AR , I LA 2R K i W o JEORE , 08 BCRL R ¥
BERNSBERI AR PPN Fe b5, B 58 T AR S R BE
B [E] (ZeFh i . pH FI CaCO, %S h1 i 55 S 8O0 2L &
B TR, IR R T T 2L R B T A7,
ZHER) TR T TR 3 A L AE 2R O R AR RIS ARAE o
1 #MRl57FE
1.1 #RENEE

EHE R Ao I A R F SR 405, &R
SRS Mt 50 H s o BEA S (LI T
HAt)  EH R BE RN 16.42% +0.03% , GEK 5
O 14.81% =+ 0.09% , H g V5 o1 & 45 0 H
3.56% =+ 0.02% , £F 4 25 i & 5 B0k 53.17% =+
1.26% , 474 2 T 5380 12.86% +0.06%

K MR E& ( Rhizopus oryzae ) 1LS—1 ( CICC41411 115
AR MBS A ARl 5 TR A B AR -

HH-4 ¥ EERKEH  ERBIRERAE;
SHD-III BIFEH KR Z HEASZE R E & HT X BHDG
BHEALAR) s TDL-5-A BL.0HL B2 B 22
J73GZX-9240MBE H W H X THRFE BT S
ABRAFI BT B a ) 5 Cary 50 5480 WA 0GR

PR R AR A IR F] ;s SHZ-82 S s fH il IR
GIEFRAE VLA i T RS RIE A R A A .
1.2 EHXFE

TEAD U8 8 ) 1 B IR B O £ 55 A9 b B s
(PDA) B Fe 2 AP T B IR 5t (/L) - Wi 4G 8 505
(NH,),SO0, 4;KH,PO, 0.6, MgSO, -7H,0 0.25,ZnS0O, -
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7H,0 0.44,CaCO, 10 ( %$/m 1/10 & FH ) 10% CaCoO,
BRI, IR pH) sAE KR FRIE (g/L)
WiAGHE 120, (NH,),S0, 1, KH,PO, 0.5, MgSO, - 7H,0
0.5,7ZnS0,.7H,0 0.04 ,CaCO, 25,
1.3 LA E
1.3.1 S drh ik FLERME R AXT R B Lt
725 5 AW R SR FH TR 28 — 13325 5 OB ( LR JEOBE )
AE K DNS ik,
1.3.2 WAFMFE SR A LS—1 KARETE PDA £}
3G 5 I 32°C 35 3% 5 ~7d, ] £ 1 T 2 7% W o
250ml. = ff ¥ A SOmL Fh T35 3R 5L 25Fh SmL #1
TR, 76 32°C .220r/min 5514 YR 3% 35 3% 48h, 15
BNWARFD T, AT HRIE N 5 x 10° 4~/mL,
1.3.3 MR B ARAY C/N HfE, %
g—?ﬁﬁéﬁﬁ%%%”ﬂ?%%%\*ﬁi{%éﬁ( M i *
m = 1:1) 540 T ORAR B BRI B Rt o M BE 4y
#2490 100 110,120 130 . 140g/L, %5 F od Fi vp e 45
IR R E e, S AL S i LA N BT 8 3.5¢/L,
Br IR 2580 : 250mL = M P3E A S0mL SR nAR IR A9
ARG FREL R N 5% ,32°C FEIREE 3% 72h, 5
220r/min, KSR TSR AL R AR A) F %
THEAKT

VEFIHR (% ) = WIiapE i (g) — & TP

(g) /Wb F TR (g) x 100 (1)
S L) 2 (o ) — LR P (g/L)
WEIR LR (% ) = BHERE (/L) x100  (2)

1.3.4  FEAU/KFRWR R BRI FLIR M T 228k
1.34.1 PARZESLK 2% ok J7 ki dl s oK
R, 45 I A ] 26 M TR BE SN 15.28g/ L, AROBE R B Ry
4.73g/ L, SOBEH N 22.19g/L,

KA 250mL = fASE W S0mL P T R W, HER
G 50mL kY K fi W, MR BS in KH, PO, . MgSO, -
7H,0 1 ZnSO, -7TH, O, {fi H 4 58 45 51 &y 0.5¢/L 0.5/
L #10.04g/L, KEJG AR FREFRIETIR A
T, R BRIRE 32°C , BRIREL 3 Ry 2201/ min, A T4 R
I, BUR B ARE . 50001/ min 4°C 850> 10min, BGE &
YR VR0 R LR e B R ROBE M B, IR P IR0 (1) 38
Vil )3 R

a. IR Fh T 2LIR S 1 1) 5 i)

TE R U B O 100g/L fis Y5 Ay i 285 B RN AR b
(Mg My = 1:1) BISAT, B AR 84 (AS) (EALE
(AC) JRZFE (UR) FE MR (PE) Fni & 424 (TE)
ZE 5 Fh U LR e BE AR R FH SR g 52 ma , ik 5 Fh
AT INE LI N ¥ EE (3.5g/L)

I 22k H 38 B ) R AR 2SS, FEAE R UE (TR 2D
A AL (AC B L N ¥4 3.5¢/L)
SR U7 FLIR & B T 25 S 50 BA R 2 RIIE 324
TS5 .

b.pH Xt 2L R & e 14 5 i

[ % CaCO, ¥ShNi: 70g- L™, % Fzad ] 96h , 322 F4
H:2.5% W92 AR [H pH (4.5 .5.0.5.5 6.0 Fl 6.5) %f kK
ARFE K I B FE I o

. AP X LR K I 09 5 i

5 CaCO, S him 70g- L™", pH6.0 , & M B 1]

20155 550148 193



I@%:ﬁ%&

Tt

Science and Technology of Food Industry

96h WX ARl B Ffh & (1.0% 1.5% .2.0% .2.5% F
3.0% ) X AAREE K AU FE 0 o

d. & PRz A ) b 2L P S P ) 57 Wi

[ 52 CaCO, ¥ hI & 70g - L7', pH6.0, 42 Ff Gt
2.5% , P95 &t ia] (12 .24 36 48 .60 .72 .84 96 F
108h ) Xof K AR 25 & FRE 1 5 1)

e.CaCO, ¥ hinam Xt LR & 12 14 52 i)

[E 52 pH6.0, 3 Fl & 2.5% , & WA [a] 96h , BT 5%
CaCO, #JNE: (40 .50 60 .70 F1 80g/L) Xt KA 85 %&
[EiabA T
1.3.4.2 IEZSCUGHuibdeil 7 B N 28 9006 1y L A
I, BEHL CaCO, WA . pH 2R & FN A& BE A A] 4 4>
PRI AT Ly (3*) IEAS LS, 45 HL 3 /K, Ak & i
SR, I AT R UE S5

®1IELERNFEKFER

Table 1  Factors and levels of the orthogonal tests
BES
KF- A CaCO5 BRI CHF R D RBENE
(gL7) P (%) (h)
70 5.5 2.0 84
80 6.0 25 96
3 90 6.5 3.0 108

1.4 BRI

SEHRE RN A M = bR iEZE , SR FH SPSS R
PEALEE B 15 KM 95% Bk, p < 0.05 5 B 54 78 5t
i PR EEES .
2 #R5iE
2.1 RIREEKREFEAR

5 41 4 22 1 RE i 7= ) e D ) 8 B D A R S 2
FYTR BB, Sy B G b A Dy R L 0T, BT 5 T KRR
B R WA A AW el TR Ao I B AP = 1:1) 19
PEAC S O o |1 B 1 AT DL, A 2 08 sl AE B 0 4 Sy
T YL B PR ) FH 23 FOBE 12 Ak R LA AR [R], (HIR &
R 2 T PP 0 1 2 A0 S50 T 1) FH SR 3 B B 3R v, G
WIR AL RS . B, BRI A A AE 22
S AP 2 S PR IR AR IR AR A OC , i e b B
FEFFAT AW T BEOAR R pH X RAR A= 4 T4
AV, 3 B A A B R ARG, 3 OB ) S5 R R F4
AR AR 5 T K AR B A A B & 7= AR 4 v i L N
W S (NADH/NAD * ) F1 ATP, A 52 57 AR 5 41 i
A G B L B AN 43 A 43 A Rkl 32, FB
i) AR 4 PR B pg RE BRI E AR L S — Ty T, 5
ZIHEAE LUAR , RAR R R AN 75 220 C/N LhEAIL,
FRAR AT 2000 W W AR FH L 4 25 0 Bk 0T B B 2, T R bR
AR A P Y S TR A AR 5 3 v A PP I G A G
2 EH, KARTE R.oryzae LS—1 AT LK 1% 4
HPE RN A , B3 SLAE Il ] LR s IR AR AL R,
X LR &l B PR 4R o
22 XRIREABEEKEBETIABRIZHR
221 FERPIEXT EME KA R EEZLIR O SE I A
PRI W G AR L T 28 G EE 22, i H & —
b A = P B IR L2 4 S T BRI R W AT, B
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Fig.1 = Sugar metabolism of Rhizopus oryzae LS—1

for different carbon sources
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T 3 i L TR T TR A5 SR B ) 2 1 O R RN LR
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AT LG L B S A R pH N W T, FUER TR B ALSORE
R W E i, Ui B pH A& A Al T 2L i A=
Mo 24 pH g 6.0 W, FLER ™= fE e 5 4 10.82g/L, %37
BB A 3Rt 1A B WA 75.33% o 24 pH T2 6.5
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Fig.2 Effects of nitrogen sources
on the fermentation of lactic acid
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Fig.3 Effects of pH on lactic acid concentration
and total sugars utilization
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Fig4 Effects of inoculum size on lactic acid concentration
and total sugars utilization
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TR, U W LR A SO S T T AR A o R
PR BEAE I (A B IERE  — 7 THNE R W) BURARSR S,
AR R, RS S A 2 5 53— J7 T, B9 T BRABURE
al IR L 2 5 | S AR SA A% o BHL g 0 SR 3G, DT 52 g
FLIR 7 B AL AR T 38 . WO 2 & BE I 8] 24 96h

12 - - 80
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S0F 160 5
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Fig.5 Effects of fermentation time on

lactic acid concentration and total sugars utilization
2.2.5 CaCO, 75+ XF Z2 R4 /K i WK R 8% 3L 2 1) 5%
ma FLER A BRI R T, R IR AR 1 LR 23 4 S v AR
Z pH YUl T, SR A pH £ X T AR IE A K =
P2 ok A 7 A S R A A, 7 A — 8 1 5 e 42 1)
pH, CaCO, 28 Jyu Fr A, VE FIRAT, A4S 25 %7
MM TE LA 5, A R TR AR IR, VA R T 1Y
Ca’* 78 PR AR Az 4 F1 B BRI Bl ot B i o 224, 3 i
Ca®" A7 FI T A 55 TR 22 R 1 A= K R BBk I .l
6 TTHI, REA CaCO, 0, A= i 11y 2L PR e B A hy
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2.12g/ L, SRR FH 2 K 20.83% , 1] G232 FIME pH FIZL 12 -

W2 S G A (S . XY CaCO, ¥R Nty 40g/L B, 10t

FLIR e Ji U | T35 5.82¢/ L, BBE A FH -t 2 725 2 ost §
60.47% ., 4 CaCO, TSI+ B 40g/L 42 25 | 70g/L R | =
i, L ViR B 4k 232 47 4 o 1 K, 35 %) 10.62¢/L, HLIY §4_ =
R 2 T AR ) T 22, 56 11 322 9 L B A ) 2L R e = e e 2
(R B2, [ Pk SO0 ¢ 1) 12 I B (140 A AR 5 75 0 /N 2 . P
B INBRAA , 33 B 25 AT ) T4 1 LR A B 1 4 i 0 w0 o 0w

i EL Ca®t X LR AU ( LDH ) A 30E 1 L mf
BB At FLmE Ao Rk, B CaCO, 1Y
A I REHE = PR RS 0 R SR M FLIR AR B, B
& CaCO, R 4Rz (80g/ L) , FLIER Uk B 52 1
TR, SRR RAOR I AR EE . B
CaCO, P &L 7S I % A i ol 38, AR 0] F 18 44
5 355 7 R fl T 5 ) R W UE AR, S Wi UL 1 SR AL
HEE R JRIRAR T, e SR YA
A P GE BB CaCO, 2348 i3 B 1A B A K
FELRR A . 27675 18 pH PR &R (FLAR 7 1 A T
B ESF R i CaCO, WINEY 70g/L,

23 EXXEMMKL

TE AR B R 3 S g 25 R Rl b, S EG— s X [A]
PIXT KA 2 A T LR U 52 W 4R I 35 1Y) CaCO, ¥
Jindg pH 3R D A& R A TR] 4 A4S B2 AR SR o g
52, VEBCELIR Wk 2 AN SOME A FH 28 2 ST Fe b AT
SrBT, G RILER 2~5% 4,

MR 2 AT LUF H, 25 DA 3R 0T L R ik B 1 5 i) R
/NIBE R D>C>A>B, &4 E 8 AB,C,D,; &K
T AR RS NUT S C> A >D > B, i
G0 AB,C,D, , NElFe 45 54 F & —
B, MNFR3 M4 Jr 22 Hr el A, il puAS DR 3% EL

CaCO, N i (gL")

6 CaCO; RIS FL IR ALEHIR FH A A 52 1
Fig.6 Effects of calcium carbonate addition on
lactic acid concentration and total sugars utilization
PR YA S5 R R A AR S 240 J =2

Sy TS R ) RE B T A S K, BEHRER 2 PR
AEEMM A A,B,Cy D, S PEFT U A2 5256 (M
Y , RBGZ AT T 602U IR e FLEHE A H 23250531
S 12.47g/L F176.92% WA T3 2 Fh iy EDML AL &
7 (ABCD, ), %, BRREFEX A HE
(A;B,C;D, F1 A, B, C, D, ) 547 LU HE 52 56 ik 52 46 (
PRME) o AR R, A ABCiD, FEEXT LAY FL
PR v B2 RN JEOBE A R B, o il o 13.27¢/L
79.61% , = TG A,B,C,D, 54X F W 1) 12.81g/L Fl
77.58% A1 H 2R (p <0.05)

i BRI L SE g 45 R, DR W S B il 1
LIRS 01 S ) 3 25 A B2 25 8, B R e D0 A 1
214k A,B,C,D, , Bl CaCO, ¥ hN4 80g/L . pH6.5 {3
itk 3.0% FIA& T[] 96h
3 #Hig

KARBL B AL B AR R.oryzae LS—1 HOMEACIHAIEIT 2

#2 OERERBOT S
Table 2 L,(3*) Orthogonal design and experimental results
A CaCO . D S LR i SRR
S ALt B pH C BRI (%) K2 T 1] R RS
(g L) (h) (g-L7) (%)
1 1(70) 1(5.5) 1(2.0) 1(84) 7.24 64.82
2 1 2(6.0) 2(25) 2(96) 8.96 70.09
3 1 3(6.5) 3(3.0) 3(108) 9.29 80.77
4 2(80) 1 2 3 8.62 70.88
5 2 2 3 1 9.25 76.37
6 2 3 1 2 12.15 69.25
7 3(90) 1 3 2 12.79 77.37
8 3 2 1 3 8.07 58.32
9 3 3 2 1 7.96 64.48
K, 8.5 9.6 9.2 8.2
/E\}[] 2| g e BF 2 \‘/—» .
‘ o . . gt SRR 9B 20K
K D>C>A>B
3 9.6 9.8 10.4 8.7 AR REEAE: A,B,C,D,
R 1.4 1.0 1.9 3.1
k, 71.9 71.0 64.1 68.6 T —
k, 722 68.3 68.5 722 - ’
K C>A>D>B
3 66.7 71.5 78.2 70.0 Bt RS A, B,C,D,
r 55 32 14.1 3.6
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Table 3 Variance analyses statistical data on the factors of lactic acid concentration
KU FJ7 I F H ¥or F g T
CaCo, W (g-L™") 3.672 2 1.836 0.214 0.824
pH 1.768 2 0.884 0.103 0.907
AP (%) 5.799 2 2.899 0.338 0.747
TR E] (h) 17.152 2 8.576 2.985 0.253
eyl 818.563 9
TE:p <0.05 FoREFMERE (TR
R4 BRI IR J5 2 53 H
Table 4 Variance analyses statistical data on the factors of the reducing sugars utilization rate
KR 5 F Hi B ¥J5 FH N
CaCO, %t (g L") 56.433 2 28.217 3.074 0.245
pH 18.361 2 9.180 0.889 0.529
EME (%) 309.905 2 154.952 16.879 0.056
R ERTE] (h) 20.644 2 10.322 1.124 0.471
B 44834.957 9

W, KAREE R.oryzae 1.S—1 Ge43 I F1) 4 4 BRI
VAR =R, B3 AT B X & At A BT P IR A0E
YEF , BB B 35 42 0 LR AR pli BE FOBE TR S% b %, Xy
FIFHA T 41 2 22 v i3 A RN A0 2 TP A r= FLIR FR 1L
THENSRYE . FIFH LS—1 SRAR 85 & e F A /K i v S2 56
R, R AR TP B AL A A R i L, PR
Rt 3.0% pH K 6.5 R IBERT ] 2 96h  CaCO; #AIN
HR 80g/L S5, FLIR & R R e e, W B 3R 3]
13.27¢/L WA FH K 79.61% , FHH KR FE R.oryzae
LS—1 B4 K1 FR /K S i 75 ZLIR i T 07, ixX ol &
AR W BT AR 29 T PSRt
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Optimization of preparation process of
collagen oligopeptide from puffer fish skin

GUO Hong-hui, HONG Zhuan " ,ZHANG Yi-ping, CHEN Si-jin, LT Huang-ting

(Third Institute of Oceanography State Oceanic Administration, Xiamen 361005, China)

Abstract: The best preparation process of collagen oligopeptide from puffer fish skin by two - step enzymatic
hydrolysis was studied.Taking hydrolysis degree and molecular weight as indices, the hydrolysis conditions were
optimized by the single factor experiments and orthogonal tests. The results showed that the first- step optimal
enzyme was fish scale collagen hydrolysis special enzyme or trypsin and the second-step optimal enzyme was
acid protease.The optimal hydrolysis conditions of acid protease were found to be reaction at 50°C and pH of 4.5
for 8h with protease concentration of 2%.The molecular weight of prepared collagen oligopeptide ranged from 100u
to 600u.The collagen peptide,ash and water content of the lyophilized sample was respectively 94.0% ,0.71% ,and
52%.

Key words . fish skin;collagen oligopeptide ; hydrolysis degree;orthogonal test
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