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Teaching design and practice of Fermentation Engineering based
on Engineering Education Accreditation
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Abstract: Fermentation Engineering is a core course with strong practicality and applicability of
Bioengineering. Based on outcome-based education (OBE) concept of Engineering Education
Accreditation, reasonable and specific course objectives of Fermentation Engineering were formulated,
focusing on training students’ engineering knowledge, problem analysis, engineering design and research
ability. Aiming at the achievement of course objectives, the teaching content, methods, design and
implementation of different content modules were integrated and optimized, and diversified assessment
methods were adopted focusing on formative evaluation of the course. The evaluation model of course
objectives achievement was constructed and a closed-loop course quality assurance system of
Design-Implementation-Assessment-Evaluation-Improvement  was formed. The teaching reform
effectively improved students’ ability to understand, analyze, design and study fermentation engineering
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problems, also enhanced students’ scientific interest and innovation ability.

Keywords: Fermentation Engineering, outcome-based education, course objectives, course reform
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Figure 1 Design of course teaching based on Engineering Education Accreditation OBE concept
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Table 1 Design of course objectives of Fermentation Engineering based on course outcome

R TR PR SR I B BERAE AR A5

Performance indicators supported by Fermentation Engineering

“R TR B AR

Course objectives of Fermentation Engineering

1.3 REMH AW LA ARR T IRA . SR AN A ) AR
HA, TZ54%"

1.3 Ability to use bioengineering expertise to identify, understand and
evaluate bioengineering technologies, processes and production

2.1 REMEARIEAY) TAE L AR | I AIBE RE TR 3 FH A= 4 1
R AT B A 7 i AR I S RIS

2.1 Ability to identify and determine the key steps and parameters of
bioengineering product development and production processes based
on bioengineering expertise, principles and skills

3.2 REMEREAY AN RGAE . SITREN R R T 2R
P, EExd AP Ml R R e TR BT T A AR

3.2 Ability to be familiar with system characteristics, unit operation

and overall bioengineering process, and design the process according
to the specific needs of the bioproduct manufacturing process

4.3 BEMBARGEAEY) TARLPARR . SCERAOT . SCIeas R Je M5
BLG, FEEHARINEL

4.3 Able to obtain reasonable conclusions based on bioengineering
knowledge, literature research, experimental results analysis and
comprehensive information

7.2 BB VIRANTEAN LR TR P S B P i I i Al . 720
TR TSRS NSRRI 5 i P S

7.2 Ability to recognize and evaluate the impact of the bacteria,
products, wastes materials, etc. involved in bioengineering production
practices on human health and the environment

1 SRARA AR A - ORI SR P A e A AR A A T
7 i 14 SR 5

1 Ability to understand principles and methods of biosynthesis of
microbial metabolites and to obtain products using fermentation
technology

2 REAE AR T A Tl R O ARt | A e 7 o o 42 1 4 56
SR TR R S AL

2 Ability to identify and determine the key steps and parameters of
fermentation process optimization and control, product quality
control

3 BEMSHIRT K™ i A 77 SR AT BRI L B R Bt R et 1%
FREEMAL . KEER BT, R L L SRR

3 Ability to perform strain selection and expansion process design,
medium optimization, fermentor design, overall design of
fermentation process, etc. according to the manufacturing needs of
fermentation products

4 REMEHET Ao T AR T\ RPN SRR PR B ) e S 06 T 28, TRk
WESCIOAIGY, HHET LI RO T S5 B A RS A4S

4 Ability to formulate experimental plans and carry out fermentation
experiments based on expertise and literature review, and obtain
effective conclusions based on experimental results analysis and
comprehensive information

5 REMSIATRANITAN R WA Tl A 7= S B i R R TR L 7
fi . IR AR NS AR AR 1 A, AR R R R
THE AT

5 Ability to recognize and evaluate the impact of genetically
engineered bacteria, products, wastes, etc. involved in the
fermentation production practice on human health and the
environment, familiar with the clean production methods of the
fermentation process
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Course objectives Teaching contents
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Objective 1 — | Principles and methods of sterilization |
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I Oxygen transfer, fermentation modes and kinetics l =

| Fermentation process parameter detection and control |—

Course modules

/| Strain quality judgement
Objective 2 —>| Microbial contamination judgementl
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Objective 3 gl I l
\\\: I Strain expansion process designl

Sterilization

I Media design and optimization I

| Overall process design of fermentation products I

/| Fermentor disassembly, assembly and maintenance |
Objective 4 < | KLa determination during fermentation | —_—

IOperation and control of fermentation processl

— | Application of fermentation engineering | —
Objective 5 - —_ 5
T I Clean production concept and method |—
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Fermentation and
environmental protection

Process control

Figure 2 Design of teaching contents for Fermentation Engineering based on course objectives achievement
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*2 ETABIBE RREBRERESNEFERZE. #FEARKFRREIT
Table 2 Design of teaching methods, teaching forms and teaching resources based on difficulties in course objectives
achievement of Fermentation Engineering

PREEEAR  EARKBUAIRE R I e HEFBER

Course Difficulties in course Teaching methods Teaching forms Teaching resources

objectives  objectives achievement

Hir 1 R TR PR, AU BT E . 500 PEREER. DR, 4 AU, ERMFERME. S

Objective 1  Fermentor structure and  Teaching, video, virtual HH2E aVAS
operation principle simulation, experiment Class teaching, self-study,  Video, virtual simulation

group teaching software, experiment platform
RWEEN T2 i =N (a4 PERAZIR . DANE ESNE 7
Fermentation kinetics Teaching, case analysis, Class teaching, self-study Case, MOOC
assignment

Bz 2 AR TR G K F P, S, BHT PR AZIR 1

Objective 2  Microbial contamination ~ Teaching, case analysis, Class teaching Case
judgement discussion
RS TS EUMT Y. EAOTE . Sk PLRIIR . A RERMG B LT
Fermentation process Teaching, virtual simulation, Class teaching, group Virtual simulation software,
parameter analysis experiment teaching experiment platform

H¥r 3 R E AR BT e 31NN a7 PSR, DAAF LM, FEOR . SCHEREGEEE

Objective 3  Strain selection process Case analysis, small design task  Class teaching, self-study Case, MOOC, literature
design database
REEHEER IO Y. ETE . N b E ey NS E RESMIT BT SR
Fermentor selection and ~ Teaching, virtual simulation, Class teaching, self-study Virtual simulation software,
enlargement design small design task MOOC
R LA AR Uiz SN a7y PRIIR . DANEF ). SCEREUR A
Fermentation process Teaching, case analysis, small Class teaching, self-study Case, literature database
design design task

Hr 4 KSR KLa E Y. e PERIIR . A FETH . AR

Objective 4 KLa determination during Teaching, experiment Class teaching, group Experiment platform, MOOC
fermentation teaching
Rt BB S PHZ. AR SEk PRERAZIR . SLESEE L MM EEA
Operation and control of  Teaching, virtual simulation, Class teaching, group Experiment platform, virtual
fermentation process experiment teaching simulation software

H¥5 5 T A I T ESINETa PERAZIR . DANEF Z). FER

Objective 5 Clean production methods Case analysis, discussion Class teaching, self-study Case, MOOC
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Figure 3 Teaching implementation of Fermentation Engineering based on course objectives achievement

A B SCHR, PN Rl T AR A T HAAS T, O
Xk BT eI H A 5 1 2o o T 2 A R A R A T IR
PN =2 Ul e e BRI N S A a TR
BUp AR IRy S TS, AR~ LR X R S
BUEARISEI BN 00T A RS R A A T
Wio TERENHF S R R, SRAL AR 0 R
EEG T Wi AA TS MBARER, et
A SR 4 A URFE H R
24 ETREBHNREBILEREFIER
“HRE TR IS B p—AR5E, Kk

XPARRBERE . o #r . WHSERZREENER, N T
AR A A, BATEISERAE HARxt A
W TR IR B AT A Rk . RN Z ek 5 1%
i, AARAREI . MRk e HrTie . BH
BF . SCR R LT R, EOO PR B AR BT
BB TR . IREEE R BE B 1% . 5C
KA 2 TR, Horp PSS AT IR 1
ik 70% ., PSR I B =
Pridig)di 30%, SLEABIF LIRS,
75% ., FEMTEARIERGT L 25%, haxiin ., FE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B BT RREE IR R LR PR i 5 Stk 991

P ASRFE HARBIIE BTGB, TR TN 0L 2 St 1) 43
A BRI R FE A . I UNAE LA TS I i 5 4%
H, DA 3R (85 5 FE 20%) . s FR B (S S
Lt 40%) . SEERHAS (Gt 40%) o
SHEH T T A B A R SCHR S R O L PR AR
K S R e, D RRERE R e
SEBRERVERE 1 . X ) BB 356 S A D 150 R A T
S, LR GRS R IC S . SR AbE | g5y
MrHE 7 . NFET B i, Exd
SR B bR 3 XL B RS SRR AR A
RS ETE AN, AT E T Hk”
15 t SERRIE IR RE T 25 AR 5x10° L
REBWR T A8, ke Semkas i . 434l
THERE T T 2R, ZoRA A e R R %
B, MY RHER R | R IR A AR R, ST
FYSEFRBER R . R EERSE, FFLH T
Zhitna R, BEEHEA, FISGREER,
FATXF A ) Rl T2 TR . RI4R2 il g

WA AT, LAV ULI 5 (L5 5 1
40%) . T 2R (85T b 20%) . 1 BICHR (5%
7 b 40%) 1 a4 -
25 “AETIZEREBMREBITEMEXIME
OBE P& T MRS A B S8 T e R
FEEFR . SEM TIRRRIE A AT S, T i i
it HARIE BT TR ER, N R MRl |
AR IRER B bRiA PN B AR SR, A AR
FEURFE HARE M . FETF I, FRATAZEA 2R 7
HORPEAM I, AR TR B T AR R H bRk e
IR (A 4). &b AT, B, SRR
BREOTILRIA M ST, Bl Tl it
A FIEHIEM AR R A A HE, BRI 25
PR EE SRR H AR E T 54 2 S B X
Fuol s 24y 2R 15 RE LS 4 Tl B e A 1) 2 T
B PEO PR S TR AR, ST A B PR I,
PR AR URBON S 22 AR AR A 25 PR AR H A5 19
SRR, TR BERIRALEE, X H bRk AR

Evaluator Evaluation process
Evaluation Rationality of the
| Improvement evaluation basis
Discipline Course . NO Assessment 1?1_0 ssessmen NO Grading
leader group RUpSTVISGE P content ethods standard
Teacher
Yes Yes Yes

B4 “REETIZ"RREBHREBIEMER

Data statistics of test scores

I

Calculation of course objectives achievement

|

Weak points analysis of objectives achievement

Figure 4 Evaluation model of course objectives achievement of Fermentation Engineering
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