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Abstract: The advances of industrial biotechnology highly depend on the development of industrial bioprocess researches. In

China, we are facing several challenges because of a huge national industrial fermentation capacity. The industrial bioprocess

development experienced several main stages. This work mainly reviews the development of the industrial bioprocess in China

during the past 30 or 40 years: including the early stage kinetics model study derived from classical chemical engineering,

researching method based on control theory, multiple-parameter analysis techniques of on-line measuring instruments and

techniques, and multi-scale analysis theory, and also solid state fermentation techniques and fermenters. In addition, the cutting

edge of bioprocess engineering was also addressed.
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pH. OUR (Carbondioxide eliminationg rate, CER)
A RQ 5 i ACHE AR AR SR, i RO
B8R T i AR A B FLPE Rl St T B AR e . Ty
W ORI AR S b, B9 T 7R IR A A
T ¥ A b if sl 8 7§ (Oxidation reduction
potential, ORP) #% il 7£ A [A] /K (=50 mV,
~100 mV, —150 mV, 230 mV) Xf £ FEk il
ISR, ST 38 A I PR 6 R s A IR A
R, A I PR SR B AR I Sk
JE R bR R B R S HCR AR M Tk, B
N TEREAR 5 B BCAC R, SE I S AR 7 i
DA W At T — Rl 5o T B TR
g S ORI & AR P2 i T AR AL A
AR AR, IS T A MEP i 42 H]
TSR G, TR 1B i 2 T b Y e
JERTEWTIE , IV R, SR A
=i 2.5 g/L 48 E) T 6.1 g/L. ARFESE
T IR S A AR LT 5 R R B AT Y
50 L AR g BARAL 1 A2 A g B b A IR Y
M MW E, (R A L0 8 R A R o 7 i 4R
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15 22.2%; R R L AR s RO BRI ST , HEAR
TRIBEX FaBERAT R, )i
TE 132 t J2 372 ¢ T HUSEAE Y S e B SC B T
E R I, 2% R A ORI /N LB R S
B T IRET pH X T 4R B B A B 5
i S A FA AL, 3 ad % aok A e D R HH AL A4
EYE, HRgEAR B, MR 5] T 8 E 5
Tb, A 120 t Tl BB S 4% FSCEL T pH
7.5 F 730 ZEMKEMmES, 58T
214.3 mg/L MfcE =, LA, FREslg
K THEAER By WA SR EIEES ™
HEPICR, I TP OUR 4505
W, IR FAE DAL BB 120 t A= 9 SO ¢
b, RZGRE] T 208 mg/L IFRE R .

3 BAKMIABNHRRRE
31 EXRLABRAESHESREABENLLR
CIPNy 3 b e SN E I (RPN DO N PN 7N
RS D, SO AR K R B BR R 22
18, SHBIRIZRAS KB, SRR
JE S KRR, 1E 12%-80%2 8], KZH 60%
FeAn, KA S K W A AL KA 240
FEMFAEETG Y H AR BB AT, B E
RIS F 1 AT SR BES R RE.
32 BESkBENRE
TS R B, A4 70 f 2 1 A R 1Y
BERH WA, BB AENA PR KD,
PR R v 5 A R T B T 2 bR T 1 R AR
A8, PR SR BEA TR RE
SR o A R T AT R R S AR AR R L Al
V2 3500 A 7 v BRI DR A R R A
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N ] AR R SR LR A R oA A B IR AR 2
—o FVHT, AR B2 N TR A R

®1 ESKESRASRBLLE®

Tablel Comparisonsbetween solid-state fermentation with liquid fermentatio

BEfb L REIRIRGEAE SR, 3R 2 FI2 TR
S ity T L B R TR P A o

[68-69]

Solid-state fermentation

Liquid fermentation

There is no free water

Microorganisms absorb nutrients from the wet solid medium;
a nutrient concentration gradient exists

The culture system consists of three-phases (gas, liquid,
solid), and gas is the continuous phase

Large inoculation amount, more than 10%

Required oxygen is from the gas phase, low energy consumption
Microorganisms adsorb on or penetrate into the solid medium
High production rateand high product yield

Mixing is difficult, and the microorganisms growth is
restricted by nutrient diffusion

Metabolic heat removal is difficult

Heterogeneity
The fermentation process is hard to detect and control online

Extraction process is simple and controllable; little waste
organic water

Low water activity

Simple fermentation container

Low cost of raw materials

Water is the main component of the medium

Microorganisms absorb nutrients from the liquid culture,
there is no nutrient concentration gradient

The culture system mainly consists of liquid, and the liquid is
the continuous phase

Small inoculation amount, less than 10%

Required oxygen is from dissolved oxygen

Microorganisms uniformly distribute in the liquid culture
Low production rate and low product yield

Mixing is easy, and the microorganisms growth is not
restricted by nutrient diffusion

Temperature control is easy

Homogeneity

The fermentation process can be detected and controlled
online

Extraction process is usually complex; a large amount of
waste organic water

High water activity

Sealed fermentation container

High cost of raw materials

%2 BEriEERLzRHAET

Table2 Development of solid-state fermentation products™®

Time

Products

2 000 B.C.
1 000 B.C.~550 B.C.
The 7 century

Bread
Sauce, Koji, Koji acid
Koji acid was introduced to Japan

The 18" century Vinegar

1860—1900 Sewage treatment
1900—-1920 Fungal enzymes
1920-1940 Gluconic acid, citric acid
1940-1950 Penicillin

1950—-1960 Steroid

1960—1980 Mycotoxin, protein feed
1990

Bioremediation, biological detoxification, biotransformation, biopulping, aflatoxin, ochratoxin,

zearalenone, cephamycin, cellulase, laccase, protease, xylanase, et al.
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9 W e A 1) R4 R S P R A 0 R
e, R v A R AR AR T =
R Wk AR T BEVE A TR A W 0 A A R
PE, R A DA %, 2 AR
PO IR B AR f AT R s . A R I TR A 4 02
PLEFR R KA B, @A SRR
A e AR, PR L e R A (A
N e AY | AR AR, AR Y B A
REAS B K & 1 A A o AT 52 o A TR
A RE &, B ESITEASIL A FifLidn
T WASEALL R 8 4 e o TS T R O O S AL A
FL 5 IR B L BBl PR B 22 B i 44 A% i L
F B FIPAL O A aE M, i T HRE
A, BRI AL M AE B I AR R, A
FFAACEA Y A SRS BOETR . kg
ST AR FE T RN A 22 8] R 28 BRI
PRI SRR, SRR, KRR
BORIEESS 5 LA K N 25 BE 1T -5 5] B R 5% 22 8] &
L S AR Y

20 20 80 AR AN 90 AEA ) 1 ] 245 & T A
T 2 LA oA A8 2 e A s e o [ 2 e i)
BRI, WA SR B R AR
[ AR AL, A B E AR A AR A X
SULIRIET,  Ee) AR S s 28 R AR E X
PR L TR R FIE R . 90 AR IR SR 1Y
TR A S R BT WA i A s ), J8R
RSy Al S0 Ui N Y D i =D R
RUTEZ Wi SEa B TRORERE, MUK, T
TG, 5 T TR AALE R 9 1 AR K BE
WORLRGT . ALBR A S BB 1 m . R EZ
AETET, ALK L o RIURE AN FIUR ] B R A0 A 0L 0
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MIEAR, XS IBRE AR AR 25 . (HRIX
AR e P B S B A A by, B
WAONTHE N TERS, R Ja R A T AR & R T
FEE e = Al

20 20 90 AARJE T, & F 45 FIR TR
TR 2 A A 2 AN S5 o DL PSRV T i
T4y O A A iR R 2 T 3o AR P R T I AN
—, (H 2% T IS R BN A o SR A A 75
RBEAFGRA IS, BRI R . Bt
SUIIUE RSN B A i I BN R (SR8 g 1Y e
SR [ B TR R R0 ), A R o e kT 56 o A
R R AR AL Y Bk . 3 20 fHE2D 90 4AREAR;
A, Smith ZEFERY ) H UG R T LR R
JRUAE A AT R A1 15 35 Jo A T R R
R AKZEA . AT ORI o & i i A2 ik
[ D A 2B R AL S AHRR 5 TR] B X B A 2R
KAERIPEAT T ol , L Re S IR BLA (R 2T,
(B3R, AR A T L BR A = AR
AL, BB/ T FLEREE b & ol o 5 I
EK BRI S A AT I, Smith %
(A5 DAL AR b oA 5 SE PR 0, 5 A 174 [
R TR RAT 25 I 8 0% o TS R 1) LB 7 T
281 P T AR X 5 S A 14 E ) BT R
F4 35 R B PR AR A

21 ey, AT #EAR B 70 R & Bt
T AR 22 S AR s R g ) 9 25 2 R i) JHC A ke
Ky F R, BEPEERAE K5 A ML
PR 2 Bl S Ny A AR AT AL, XA 4T DL
BB AN R | A s AL T Ak S5 2 1
PR . A SR BB 5T G BT 1) Ay X
SERRSIER . BEMMER, BRI E AL
PR W BESAHNR R Lk, R R
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e B gt — 2 R

SR XU 285 1] 285 2 1 IS I i 1 2o ] S0 4 s
JIBRSH AR N TRIGER , AT A7 e o [ 25 o
B, AR BRI B RO T o T T ik 8
AR S P SE UG AR ) — S SR,
SERAGRP TR, X RS BR AT T K
IR AT 2l 2 R X0 78 [ 28 e e ) e A R A
X, TR P A 3o R g e T

4 RRRREGRE

Tl A= W RIS ) B 28 H AR 2 2R S B
SR BIPLAL T2 R B Tk e b, 52
B A= Wyad R B s e AL o BT DL 3 pr el
PIE A A TR R R AE 22 I T I LA
TRl REETE P BT A RO Bl ) A O Rl Y
AW AR R AR S AR B JE A R T
AP RIS EE T N TR Mg | e
Sk BEUHRIGE, BT RINRESE T ot
AT BR800 5 35 B L, AT AR R <2 T i A 4 i A
RONE SO R BRI G R, 5T A
e 22 200 S B i e 22 RO B B4R Y
7 2 36 2 WA M RS i e 2 A S
RS Ir Hr A LA S, T AT R 2 50k O
SHTINE SR T A R AL S ORI
TEZ2 A TV W S b R 8 ) o R B e ¢
LBHEMEHOR, PO TR RXER RS
IIHTBAFAE—E AR, 5 ZIRASZ il ik
KA, ROV A TR Y B 22 S 000 20 AR BEA
i 22 S T A AL

Tl A B A N B T S A S S =
PSS N e A R O3 A AN ST R AR, T A
TE3 AT AN EY 5T 1) SR W e JEE 3 v e R B HE R 119 22

AU A v 2 B0 8 X TSI E S T 1 45
o DR A 02 DAY 37 0 40 L A= B 7 4 £
JESRA AR X — 2 A R AR T T SO R
VBl 7 27 T4 RS2 0 3l 7 2 3 R TR Oy
LU AR GR, R A ) S
Yrid R ARG &, 255 BAE R |
i AL 2 RS R A5G /NI Y
R R A M 28 3l 2 8, S 5 A
TR B BV A Yy B . 3O R Bl ) 2
(Computational reaction dynamics, CRD) 5%
A F12% (Computational fluid dynamics, CFD)
PG5 G, W R A a5 AL 3l R R Tl A
A — S E Ty ) .

X TSR BB R ERYE, X,
PRI 25 e T 55 1% 96 1 285 e T ) DX 5] 3 47 T
REE T RGOSR SLBAEZML . PIBALF A 31k,
L, B IA R R SE B A A KR AR 2
A A 77 02 DX I BRAR 5 A% 46 I 3 e e ) S 4R
PRI 5 S W 7 2 A T A A K B AR
PR P A SRS H IR S S as a), LA
R SN A ) R T s s A A A5 R I 1) i
o AR SE LT ) RS R e, R
TR [ S R N A R, B U AR
w2 e R Sl LAYE VR 1k 3 1
SR R A ) IS I S — A~ A 2 PR A Al
FIAEEHE T oA . $UE . A, (RS A
BRGR, EHAMREAIAEE RGN FE
], AR R E . TR AN T
SN BN 285 [ 25 R BT H AR, 3l 3 i T S i
oA R YE IR S AIE IR, ARk TS
R AR I A AR AR, (R TR
R AR AT, 4% T R BERI, BHErizd
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