N/ I - - IR % | FeWEsgATEBIRRE RRgrsEsTE  (RIES
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Sep. 25, 2024, 40(9): 3255-3269

DOI: 10.13345/j.cjb.230833 ©2024 Chin J Biotech, All rights reserved

C BREMEHS -

P T E R T kB T BRI M % 5
SR

TR FEAL KA BBE YL AR"

1 bRl ke BT.2&, Wmdb I 061100
2 el R2E ARl E2ERE, WdE fRE 071001

FRE, BER, BA, SMAME, B, FR A0S BT <R B TR IR AR 2 O 5 SRR (T AR AR,
2024, 40(9): 3255-3269.
WANG Zhen, JIANG Baojie, WEI Yue, SHAO Juanjuan, ZENG Fanli, ZHOU Xin. Teaching reform and practice of “Principles
of Fermentation Engineering” under the integration of production, education, and research[J]. Chinese Journal of Biotechnology,
2024, 40(9): 3255-3269.

B OE. FIHATITELREAFIAERLSFRRIZAT AL LA A fo ik 5 B AR
AMES M ERER, “ABIRRE ZANE TR EL LR, XFAZEARZGH
FH. TEMRALE, REXFAFVREHFIRIELSZEORRBMR. KA ThRRLEXFR
At FH TAEF L KB IRREREAG, KR TFARDENT ERERFAEL ERA
B, NEFRNE HFH RPN FTEFSEANAEE, HETRRFE . ARKRE . AL 89>,
FLOB AR FHEX, FRT ELHFEQF O LHKF GRS, AFIHTI T EL
HEFEBRFEAELAASIZRELT LA,

KA. AT IA ABMIRRNE;, FEHIKS; Faad; HFRE

TEENITH : 2021-2022 4E M AL M 5 B B SUE A S LB I E (2021GIIG104); 2024 4E3 b4 BF 70 AL #0F =il
FAF LI H (YJG2024037)

This work was supported by the Research and Practice Project of Higher Education Teaching Reform of Hebei Province from
2021 to 2022 (2021GJJG104) and the 2024 Hebei Province Graduate Education Teaching Reform Research Project
(YJG2024037).

*Corresponding author. E-mail: zhouxin@hebau.edu.cn

Received: 2023-12-08; Accepted: 2024-04-22; Published online: 2024-04-25



3256 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

Teaching reform and practice of “Principles of Fermentation
Engineering” under the integration of production, education,
and research

WANG Zhen', JIANG Baojie', WEI Yue', SHAO Juanjuan', ZENG Fanli’, ZHOU Xin"

1 College of Science and Technology, Hebei Agricultural University, Cangzhou 061100, Hebei, China
2 College of Life Sciences, Hebei Agricultural University, Baoding 071001, Hebei, China

Abstract: Under the background of developing new engineering disciplines, teaching reform is a
key strategy applied by higher education institutions to develop new engineering professionals
and accomplish the mission of cultivating morality and nurturing talents. As a foundational
course for majors of life sciences and food sciences, “Principles of Fermentation Engineering”
has a strong scientific, practical, and historical focus. It serves as an excellent resource for
changing the way that college students are taught professional courses. To examine the reform
and practical route of specialized course teaching combined with innovation and
entrepreneurship fostering under the integration production, education, and research, this article
takes the teaching of “Principles of Fermentation Engineering” for undergraduates majoring in
food science and engineering at Hebei Agricultural University as an example. A new teaching
paradigm integrating production, education, and research is developed considering a variety of
factors, including instructional content, teaching methods, and evaluation approaches. This
paradigm is result-oriented, replaces examination with competition, and promotes learning by
research. It achieves the integration of specialized course teaching and innovation and
entrepreneurship fostering and lays a foundation for the teaching reform and the development of
professional talents in the context of developing new engineering disciplines.

Keywords: new engineering discipline; Principles of Fermentation Engineering; integration of
production, education, and research; integration of specialized course teaching and innovation
and entrepreneurship fostering; teaching reform
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Figure 2 Reconstruction of curriculum teaching system. *: Cases of integration of specialization and
innovation; #: MOOC resources.
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Table 1 Teaching organization and arrangement of the course “Principles of Fermentation Engineering”

T HRREBITAEN AT HeAE R EE H R
Chapter Knowledge  Teaching design Teaching Corresponding
unit/Class EHEE PRINEN 7T form course

hour Specialized innovation integration Extracurricular supplement objectives

1 Hie/2 L. DREEARFR 2, FETHHARE IRETERIRE FHERER LT b, c
Introduction A7 WA S IARI R S TR0, AR A PE AR k.
TR ER BT R , B RERAED ELRRE, AR FF . gHk.
JEOR S EARIHE L, AT RIEZ TN, B YRR R =B
WHESH TR E A ek RS L2, L& 3HE% Before class, promote the  Offline

B ) (e R ) national high-quality course teaching

2. RIFfr i YR E A B R ED (B ELE)  “Introduction to interlude

1. Guided by the major needs of our country and Biotechnology” online method and
based on the analysis of fermentation product  course in Rain Classroom, teaching
demand in the fermentation industry or the and students can learn method cloud
general public in the new era, this study aims to independently about the tour to

gain insight into the pain points of China’s development process of enterprises

fermentation industry. Through the analysis of  microbial fermentation.

China’s serious dependence on imported feed

protein raw materials and the constraints on

industry development, this study discusses the

necessity of promoting the substitution of

fermentation protein in China. Taking Angel

Yeast as an example (critical thinking)

2. Low carbon biomanufacturing for future

food™ (innovative thinking)

2 REBACH 1 FBCEY R IERRRET A SEREA Y IRETZER RS EAERR K e B3 ab,c

P2 FHFART, DOEWIZLE RBIGER =MRhe) R IRERRAE YL dHk
Fermentation 2. PAStINZ GEMIKSE QRO GIRBA Y& IREE, 4 A 57 ek N THEE:

metabolic Pl (SR ) YR AR IE Online
regulation 3. AW S AEE AN FIENEZEH], LI Before class, promote the  teaching
FAE Y R B O 25 B0 248) national high-quality course lecture

4. HEIEPRREETRNA, DII7EEYEEM “Microbiology” online method and
AL AL 4 B A BR A wl BRI course in Rain Classroom, — group

B4k and students can learn discussion
1. Using microbial fermentation knowledge to  independently about the method
analyze the essence of the “Bright Poisoned basic characteristics of

Milk” incident in milk, taking Guangming Dairy microbial metabolism
as an example (demand triangle theory)

2. Talking about microbial fermentation with

Kweichow Moutai liquor as an example!”
(design thinking)

3. Biobased products and biotechnology
company entrepreneurship cases, taking
Shixiang biology as an example (lean

entrepreneurship methodology)

http://journals.im.ac.cn/cjben
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T FREOTAA Bt e XN H R
Chapter Knowledge  Teaching design Teaching Corresponding
unit/Class EhE RIMM T form course
hour Specialized innovation integration Extracurricular supplement objectives
4. Application of fermentation engineering in
daily life. Taking Hebei Dijian Food Co., Ltd.,
which produces Huanghua drought alkali wheat
flour flowers, as an example (divergent thinking)
3 Ry L SIARERERE R E T A EARDIE T IRETEM PR EHEREER L EHE ab
B2 ACTCHEL HAFALBIANE T R EE A W IR R g R0
Microbial — Z6", BCROUHONZIR@IB O S SRR, A T ek A
breeding 2. F. Sanger [P D /R 2% WHEFIILFE AR Online
1. Introduce the case of Zhang Xueli, a “hundred Before class, promote the  teaching case
million yuan professor” from Tianjin Institute of national high-quality course study and
Industrial Biotechnology, Chinese Academy of  “Microbiology” online course teaching
Sciences, in the breeding of succinic acid in Rain Classroom, and methods
producing bacteria to stimulate innovation and  students will have a preliminary
entrepreneurship awareness!'” (innovation and understanding of several
entrepreneurship thinking) commonly used techniques
2. F. Sanger’s two Nobel Prizes in microbial breeding
4 LS ) L RSN T AR LA B, M DRATEM PR R RN #: a b
Culture EHWER ZBEEORE, DIHOREEAA IRA Wy R Sk A BURERE ) 18T
medium BCHEIPERE4E) B, FENTPOUEAL B IR
2. REYWFST, FFF. HREESREE (6. IPREEFRIEARIEYS  Offline
VRPEFE G ER A AT, DURRIREIRGRE L) R teaching
AEI AR A B vl A 061 (CELIBG D) S 4 ) Before class, students will ~ discussion
3. ZEAMRA T A RIER! Y (Wi A1)  have a promotional video  method and
1. From the perspective of the world’s explosive of Angel Yeast, a leading flipped
population development and food crisis, food is national yeast enterprise, in classroom
used as a fermentation material. Taking COFCO the Rain Classroom, where
Group Co., Ltd. as an example (critical thinking) they will understand the
2. In the context of the big food concept, the sources and applications of
recycling of agricultural resource waste such as low value, non-grain culture
straw and sugarcane bagasse!''. Taking media
Zhongke Kangyuan (Tangshan) Biotechnology
Co., Ltd. as an example (internet thinking)
3. Artificial synthesis of starch using carbon
dioxide!'? (disruptive innovation)
5 K2 L FLAREY TS Qe A 4E) DRAGTEM PR FHERE R KA ab
Sterilization 2. K&K LG A EDSRLE)  REIRER A TEL PR
1. Dairy microbial contamination incident BRER, NI TR E THEWE
(critical thinking) YRR RLRE AR Offline
2. Development and market research of Before class, promote the  teaching
sterilization equipment (entrepreneurial national high-quality course lecture and
thinking) “Microbiology” online discussion
course in Rain Classroom, methods
(#4)

&: 010-64807509
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53R 1)
T RRREOT A Bt e XN H R
Chapter Knowledge  Teaching design Teaching Corresponding
unit/Class EhE RIMM T form course
hour Specialized innovation integration Extracurricular supplement objectives
and students will have a
preliminary understanding
of several commonly used
techniques for microbial
sterilization
6 RBEBCR2 1. RKIERE R PR T R FHORTEAL S RE S0 LTH¥ ab.c
Fermentation B4 11 1" (FURZG1H0) BKEHT TAEZ, 1A 220005
equipment 2. KABBIHHFARRE KBRS, ILERIE W REERE . BiR S5 REE BB RE .
FYERNTE, U SMIPRERA IR RS, IR R TS
NG S IR ) After class, lead students to  =Z WAl
1. The technology of “brewing” artemisinin in  visit the “Shidai Xinmai Offline
fermentation tanks helps humans achieve “creative Innovation Studio” to teaching case
freedom™**) (building block innovation) understand the fermentation study, flipped
2. A middle-aged man innovates and develops  process equipment such as  classroom,
drum fermentation equipment to turn livestock  sterilization pots, knowledge
waste into treasure. Taking Qingdao Xingkai fermentation tanks, and ultra competition
Environmental Technology Co., Ltd. as an clean tables, and deepen cloud tour to
example (entrepreneurial thinking) their understanding enterprises
7 KRS REIAL 1. SR 2SR Mitchell OB Z (GBI PRATEMIRE EHEECT LTH% ab
g /4 BN rhERLE R LAY ek
Optimization 2. SZBIPHATLERAS HansAdolf Krebs AL HARMFIT AT DAEFIBFFE 61 BHEL IR
and control of = REIEIIRTT 1953 4F3# DURAEFIAEE S FIBAFIFH 4k A L& Offline
fermentation JAIF LA TRAMT A REARKAH)  WIEM T AIIE  teaching
process 3. BERRA s IR R Y (LR E4E) Push a lecture on the case study and
1. Research by British scientist Mitchell cutting-edge knowledge of  flipped
experience (disruptive innovation) using carbon dioxide to classroom
2. An example tells the story of British scientist artificially synthesize starch,
HansAdolf Krebs, who discovered the directed by Director Ma
tricarboxylic acid cycle and won the 1953 Nobel Yanhe of the Tianjin
Prize in Physiology and Medicine. What does  Institute of Industrial
this tell us (building block innovation) Biotechnology, Chinese
3. Yeast cell tolerance to high temperature Academy of Sciences, in the
stress!'! (internet thinking) Rain Classroom before class
8 KW= 1. COVID-19 R A=), DUk S FAE RS ETEY L& FEE ab
SYE/2 PP PRORAT BR 2 W] A9 US4 DX, IR AR R S THETE
Separation of 2. M & et Frh, SRR R NS FRAGIAIR NINES NN s
fermentation (TRIZ B#7) After class, students will ~ Online
products 1. Production of COVID-19 vaccine!'”), taking  virtual visit the “Juzi teaching
Sinovac Life Sciences Co., Ltd. as an example Biological Park” to deepen discussion
(divergent thinking) their understanding of the ~ method and
2. Regulation and application of flocculation biological fermentation immersive
during beer fermentation process!'® process experience
(TRIZ innovation)
(1F4E)

http://journals.im.ac.cn/cjben
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E3))

B HRREBITAEN Akt HeAE R EE H R
Chapter Knowledge  Teaching design Teaching Corresponding

unit/Class EhE RIMM T form course

hour Specialized innovation integration Extracurricular supplement objectives
9 RWET™ i 1 Rk ih— &R, ISR Beyond IRRTHESSSIRAEL RISk KT ab,c

A2 Meat 2 F) Ay 51 (B 2 =0 [ I e S22 R S

Fermented 2. MAE¥IERIEIRKIEG L, CHESIRAHTTE A 8™ 5 WL IR

product A VB L E ) Before class, push the (B BEEE)

production 3. WA= AL KU (7 E4E) online course “Fermentation Offline

4. AR BRI E )

1. Future food-artificial meat!'”, taking Beyond help students understand

Meat as an example (disruptive innovation)

2. From plant extraction to fermentation
synthesis, the past and present of hexose
synthesis!'®! (divergent thinking)

3. How to produce lycopene!'”’

(product thinking)

4. Microbial fermented feed (entrepreneurial

thinking)
10 W H A ZI0/4 1. AR T THT A 03 465 1 5
Project based (F5=K =AMAHLIE . F= i E4E)
2. KRRl T (LI X L4 )

experiments

1. Preparation of low-temperature fermented

bread and wine

(demand triangle theory, product thinking)
2. Natural product industry design (internet

thinking).

Engineering” on MOOC to teaching
case study and

common fermentation flipped

products classroom
(special
lecture)

Al HY R, 27 A ST TRA T ST 3
ah, LIRS, DISEfiEs: WG |
Enterprise raises questions, BIH15 5%
Offline
competition work to replace teaching

a,b,c

students prepare

exams and promote learning flipped
through competitions classroom and
innovation

competition

a: ARHEMR; b: BT HR; o M{EHES

a: Knowledge objectives; b: Ability objectives; c¢: Value objectives.
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Figure 3 Construction of a specialized and innovative integrated teaching system.
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Table 2 Guidance on innovation and entrepreneurship projects for food department students in the past

three years

AL B £ 75
Innovation and entrepreneurship

project name

AR i

Reward name

R

Reward level

ZH1E S
Enterprises participating in

guidance

BT AR, B Jre=A
PR (2023 4F)

Innovative agricultural biotechnology
to support the revitalization and
development of agriculture, rural

areas, and farmers (2023)

TEFL vE - VS K B A R T 5
(2023 )

Invincible killer-research on the
technology of removing fish from
loach (2023)

Ui S BT RE - v 8 B L2 11(2023 4F)
Do your best-ask yeast for protein
(2023)

TREAY £ i G T ERAR B9 T R 5 0 H]
(2022 4F)

Development and application of
energy-saving food grade drying
oven (2022)

AL P - AT F iR S
BIA R B (2021 4F)
Construction of a pollution-free
prevention and production and sales

system for winter jujube on the “Zao”

road to prosperity (2021)

i A R 2 A B B R 3
The first national college student

career planning competition

2023 AP AR I AL KA
EINAapib% S

2023 “Challenge Cup” Hebei
Province college student
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AL 25 — A = PR
NN XN AR U3

The 23rd “Challenge Cup”
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plan competition of Hebei
agricultural university
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National college student life
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Provincial
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B ER
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FigE— %
First prize in
school
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ESE e 4
Third prize in
the national
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| 7 = 40

Third prize in
the national
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Ltd.
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Co., Ltd.
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NG|
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