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Exploration of Teaching Reform of the ' Frontier Food Pro-
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Abstract  Frontier Food Processing Technologies is a core backbone course in the food science and engineering discipline. Guided by the core concepts of New En-
gineering—" interdisciplinary integration, innovation driving, and industrial adaptability" , it integrates outcomes from multiple fields including biotechnology, in-
telligent equipment, green chemical engineering, and sensor-based detection, and focuses on four core objectives: efficient processing, nutrient preservation, safety
control, and low-carbon production. Effective teaching of this course is crucial for cultivating interdisciplinary technical talents needed for the transformation and up-
grading of the food industry, directly impacting students’ technological application capability and workplace competitiveness. Under the New Engineering back-
ground, in response to issues in course teaching such as outdated textbooks, disconnection between theory and industry, and insufficient practical support, a sys-
tematic reform plan is proposed from aspects including teaching team construction, teaching content iteration, teaching system optimization, innovation and entrepre-
neurship ability cultivation, targeted talent development, and assessment mechanism innovation. This plan aims to promote the high-quality and sustainable develop-

ment of the course and effectively enhance the effectiveness of talent cultivation.
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Currently, the global technological revolution and industrial
transformation are in a critical period of deep interweaving. Dis-
ruptive technological innovations represented by artificial intelli-
gence, biotechnology, and new materials are reshaping the global
economic structure and industrial landscape. Against this macro-
background, the Ministry of Education, the Ministry of Industry
and Information Technology, and other relevant departments have
been continuously promoting the construction of " New Engineer-
ing" disciplines. They have successively issued documents such as
the " Fudan Consensus" , the " Tianjin Action" , and Opinions on
Accelerating the Development of New Engineering and Implementing
the Excellent Engineer Education and Training Plan 2. 0, proac-
tively addressing the new challenges posed by the new round of
technological revolution and industrial transformation to engineer-
ing talent cultivation''. The core of New Engineering construction
lies in promoting the close integration of modern science and tech-
nology with production practices through disciplinary integration.
It drives the transformation of talent cultivation models from disci-
pline-oriented approaches to industry-demand-oriented approaches

by establishing new majors, restructuring existing ones, and
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promoting cross-disciplinary integration, thereby providing strong
talent support for technological innovation and industrial upgra-
ding"> ™. This transformation of the educational paradigm not only
signifies a breakthrough in the traditional engineering knowledge
system, but also requires a fundamental shift at the curriculum
level, from knowledge transmission to competency development,
from single discipline to interdisciplinary integration, and from
classroom-bound to industry-education collaborative approa-
ches'. The food industry is a vital pillar of the national economy
and is currently undergoing a critical period of intelligent, green,
and precise transformation. With the rapid industrial application of
cutting-edge processing technologies such as ultra-high pressure
processing, 3D printing, functional food development, and clean
processing, as well as the deep integration of digital transforma-
tions, including the Internet of Things, big data, and intelligent
equipment, into food production, processing, and distribution,
the talent demand structure of the traditional food industry is un-
dergoing profound changes"™ . This transformation on the industry
demand side compels universities to make adaptive adjustments to

their curriculum systems in food majors.

Current Status and Problems of the ' Frontier
Food Processing Technologies' Course

As a core course in food science and engineering majors,
" Frontier Food Processing Technologies" is characterized by rapid
knowledge updates, strong interdisciplinary nature, and high prac-
tical demands. It is expected to play a central role in cultivating

students’ innovative thinking and engineering practice ability
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within the context of New Engineering construction. However, an
examination of the current teaching status reveals numerous short-
comings that are incompatible with the New Engineering philoso-
phy. In specific, the teaching content is predominantly a static in-
troduction to technical principles, lacking timely responsiveness to
cutting-edge industrial developments. The experimental and prac-
tical components largely remain at a confirmatory level, showing a
clear disconnect from the actual demands of intelligent industrial
upgrading. Moreover, the teaching model remains primarily lec-
ture-centered, providing insufficient comprehensive training for
students in interdisciplinary complex engineering problem-solving.

Therefore, based on the New Engineering construction phi-
losophy of " adapting to changes and shaping the future", and
guided by Outcome-Based Education (OBE), it is imperative to
advance the teaching reform of the " Frontier Food Processing

Technologies" course.

Teaching Reform Measures for the ' Frontier
Food Processing Technologies' Course

The core of this course reform lies in breaking through tradi-
tional disciplinary boundaries. Based on the " Five New" concept,
the course has been repositioned within the interactive framework
of " New Engineering-New Business Forms-New Technologies" .
Through explorations in teaching team development, teaching con-
tent, and teaching system reform, the course evaluation mecha-
nism is innovated, the direction of talent cultivation is clarified,
and the deep integration of the education chain, talent chain, and
industrial chain is promoted.

Building a composite teaching team

In terms of teaching team development, disciplinary barriers
should be broken down to form a composite team of " university
teachers + industry experts + research core members". Led by sen-
ior professors in the food processing field, the team integrates fac-
ulty from food engineering, mechanical automation, bioengineer-
ing, materials science, and other relevant disciplines. By levera-
ging the advantages of experienced senior faculty in industry en-
gagement and technical expertise, while also drawing on the inno-
vative thinking and sensitivity to cutting-edge technologies of youn-
ger faculty, a tiered mentoring system bridging senior, middle-
aged, and young faculty members has been established, thereby
promoting the synergistic enhancement of the team’s professional
competence and teaching level ®'. A regular teaching and research
mechanism has been established, with interdisciplinary teaching
seminars held monthly to transform frontier technology cases in
food processing such as high-voltage pulsed electric field steriliza-
tion, microwave-assisted extraction, 3D food printing process
optimization, and intelligent sensor-linked processing into concrete
teaching resources, thereby enhancing the practicality and cutting-

7 . . .
U] Diverse information channels are

edge nature of the course
fully explored, including core industry journals, industry white
papers, technical seminar proceedings, and professional new

media platforms, to collect the latest research findings and

industrial application trends in processing technologies. These are
integrated into the classroom in the form of technical flowcharts,
process comparison data, and equipment operation videos, making
abstract engineering knowledge more understandable and attrac-
tive. In teaching implementation, an interactive section is estab-
lished on the online teaching platform, supplemented with techni-
cal extension materials, industry case analyses, and periodic as-
sessments. Real industrial technical challenges are used as entry
points to introduce teaching content, thereby strengthening teach-
er-student interaction and knowledge application, and promoting
the deep integration of theoretical learning with industrial prac-
tice. This effectively enhances students’ mastery and application
ability of frontier processing technologies.
Iterative upgrading of teaching content

Traditional food processing courses have mostly focused on
the instruction of classical processes and the explanation of basic
principles. With the advancement of New Engineering construction
and the technological iteration of the food industry, the limitations
of traditional teaching have become increasingly apparent. As an
emerging interdisciplinary course, " Frontier Food Processing
Technologies" currently faces prominent problems such as outdat-
ed teaching materials (with a 3 =5 year gap from industrial tech-
nologies) , a disconnect between theory and production practice,
and insufficient integration of interdisciplinary knowledge®’. This
course covers a wide range of topics and undergoes rapid techno-
logical updates, occupying a central position in the training of pro-
fessionals in food science and engineering, food quality and safe-
ty, agricultural product processing and storage, and related fields.
This requires teaching to break free from the constraints of tradi-
tional textbooks, keep pace with technological frontiers, and
achieve dual innovation in both teaching content and methods. To
address these issues, instructors should deeply integrate New En-
gineering teaching concepts, and in light of the course’s character-
istics of "technology-intensiveness, strong practicality, and inter-
disciplinary integration" , a blended teaching model of " online-off-
line linkage + case-driven + project-based inquiry" should be im-
plemented. Through platforms such as Superstar Learning Platform
and Rain Classroom, resources including frontier technology lec-
ture videos, process solutions from leading industry enterprises,
and equipment operation tutorials are regularly uploaded®’. In
classroom teaching, the traditional "lecture-only" model is aban-
doned, and interactive formats such as case discussions, technical
debates, and group problem-solving are adopted. Assisted by vir-
tual simulation (VR) for complex processing scenarios and online
virtual laboratories, students are immersed in the technological ap-
plication process, thereby stimulating their learning initiative and
desire for exploration.
Improving the three-dimensional teaching system

Practical teaching is the core link in the cultivation of talents
in frontier food processing technologies, directly determining the
quality of talent cultivation. Under the New Engineering

background, interdisciplinary knowledge integration, innovative
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thinking cultivation, and practical ability enhancement are essen-
tial requirements of course teaching. Interdisciplinary integration
requires students to possess the ability to apply knowledge from
multiple fields in a coordinated manner. Innovative thinking re-
quires students to propose process optimization or equipment im-
provement solutions based on technological frontiers. Practical
ability requires students to transform theoretical knowledge into ac-
tual production operations and solve technical problems at the in-
dustrial frontline®". Based on this, a four-level " theory-simula-
tion-practice-innovation" teaching system should be constructed,
incorporating new teaching methods such as project-driven and
scenario-based inquiry approaches. The role of teachers as
" guides + enablers" should be clarified, and the assessment and
evaluation mechanism should be refined with a student-centered
focus, thereby deeply implementing the OBE teaching philoso-
phy """ The specific reform can be advanced from five aspects.
"Real processing projects" is used as the vehicle (e. g. , " Opti-
mization of microwave freeze-drying process for fruits and vegeta-
bles" , "Development of efficient extraction technologies for func-
tional foods") to replace the traditional lecture-based teaching
model, thereby enhancing students’ teamwork and project execu-
tion capabilities. Course-based ideological and political education
is organically integrated throughout the entire teaching process,
strengthening students’ awareness of quality and safety, craftsman-
ship spirit, and green production concepts, and stimulating intrin-
sic motivation for professional learning. Relying on the " Internet
+ Food Processing" model, resources such as inter-school shared
courses, live lectures by industry experts, and virtual tours of en-
terprise production lines are introduced to broaden students’ tech-
nical vision and industry awareness. A closed-loop interactive
mechanism of " pre-class preview — in-class inquiry — post-class
practice — feedback improvement" is improved to ensure deep
teacher-student communication and timely assessment of students’
knowledge application effectiveness. The synergistic integration of
online virtual simulation experiments and offline physical laborato-
ry operations is deepened, and a three-tier practical platform of "
basic verification — comprehensive design — innovative R&D" is
established, providing solid support for the " student-centered"
teaching reform'"”’
Cultivating comprehensive innovation and entrepreneurship
capabilities

High-quality development is the core orientation for universi-
ties in fulfilling the fundamental task of fostering virtue through
education, and is also an inevitable requirement for the transfor-
mation and upgrading of the food industry. Driven by both the up-
grading of consumer demand and industrial technological innova-
tion, frontier food processing technologies show broad application
prospects in areas such as functional food development, industrial-
ization upgrades of traditional foods, and green and low-carbon
production. These developments place higher demands on
students’ professional foundation, comprehensive competence, and

[13]

innovation ability To strengthen students’ innovation and

entrepreneurship capabilities, a mature competition system has
been established both domestically and internationally, such as the
"National College Students Food Innovation Competition" hosted
by the Chinese Institute of Food Science and Technology, and the
"Food Processing and Safety Innovative Design Competition" initi-
ated by the Teaching Steering Committee of Food Science and En-
gineering Majors in Higher Education Institutions under the Minis-
try of Education. China’s food processing industry ranks first glob-
ally in scale, and the abundant application scenarios of frontier
technologies provide a fertile ground for cultivating innovation and
entrepreneurship talents. On this basis, a dual-innovation training
mode of "interest leading-competition empowerment-scientific re-
search support" can be constructed "', Relying on university re-
search platforms, students are encouraged to participate in pro-
cessing technology R&D projects led by faculty members, transfor-
ming laboratory outcomes into course practice topics. Students are
organized to participate in innovation competitions at various lev-
els, promoting learning and innovation through competition, and
accumulating experience in project R&D and outcome translation.
In collaboration with leading food enterprises, an " Innovation and
Entrepreneurship Incubation Fund" is established to support
students in implementing and translating outstanding technical pro-
posals, cultivating their core abilities to independently identify,
analyze, and solve problems, thereby achieving the training objec-
tive of " applying knowledge in practice and promoting action
through innovation" s
Clarifying the direction of talent cultivation

In recent years, the frontier food processing technology in-
dustry has shown rapid development. According to statistics, the
global food and beverage processing equipment market was valued
at approximately USD 85. 19 billion in 2023 and is projected to
reach USD 128. 65 billion by 2030, with particularly fast growth in
sub-sectors such as intelligent processing equipment, green pro-
cessing technologies, and functional food processing. As a product
of multidisciplinary integration, frontier food processing technolo-
gies have made breakthrough progress in fields such as deep pro-
cessing of agricultural products, extraction of functional ingredi-
ents, personalized food customization, and low-carbon production
processes ° . However, the industry still faces numerous challen-
ges: the insufficient domestication rate of core processing equip-
ment, long cycles for translating laboratory technologies into in-
dustrial production, high costs of low-carbon processing technolo-
gies, and a significant shortage of interdisciplinary technical tal-
ents, all of which constrain industry development. In response to
these pain points, universities should accurately position their tal-
ent cultivation efforts. By integrating students’ interests with in-
dustry needs, they should focus on cultivating three core compe-
tencies: interdisciplinary technology integration competency,
equipment operation and process optimization competency, and in-
novative R&D and outcome translation competency. In addition to
offering undergraduate and graduate-level courses, collaborative

efforts involving universities, research institutes, and leading
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enterprises should be coordinated to build a knowledge system

characterized by " multidisciplinary intersection and upstream-
downstream integration" . University-enterprise joint training mod-
els should be deepened through the co-establishment of training
bases, joint curriculum development, and on-campus teaching by
enterprise mentors, thereby accelerating the supply of technical
and applied talents and precisely matching industry demands.
Innovating the course assessment mechanism

The " Frontier Food Processing Technologies" course should
comprehensively evaluate students’ overall ability and stimulate ac-
tive learning enthusiasm through diversified assessment methods
and distinctive practical projects. Traditional assessments, which
rely mainly on final examinations and lab reports, tend to focus on
the memorization of theoretical knowledge and struggle to objec-
tively measure students’ technological application, innovative

77 Therefore, a three-in-one as-

thinking, and teamwork ability
sessment system comprising " process-oriented evaluation + sum-
mative evaluation + distinctive project evaluation" should be con-
structed. For example, process-oriented evaluation accounts for
50% , covering classroom interaction, project progress, practical
operation, and industrial training performance. Summative evalua-
tion accounts for 30% , and is conducted in the form of technical
proposal design and oral defense. Distinctive project evaluation
accounts for 20% , including case studies on frontier technologies,
innovative design of processing techniques, and reports on small-
scale R&D projects. Based on the characteristics of the course,
distinctive practical projects are designed, such as organizing

students to carry out hands-on tasks such as '

" optimization of mi-
crowave-assisted processing technology for agricultural products"
and " design of 3D-printed personalized complementary food for-
mulations and processes" , encouraging students to leverage their
professional expertise and innovative thinking'™®'. A " multi-stake-
holder evaluation + timely feedback" mechanism is established,
integrating teacher evaluation, enterprise mentor evaluation,
student self-evaluation, and peer evaluation to ensure comprehen-
sive and objective assessment. For students with lower perform-
ance, personalized improvement plans and follow-up guidance are
provided. Students are encouraged to conduct periodic self-assess-
ments to develop a clear understanding of their abilities and path-

ways for improvement.

Conclusions

Frontier food processing technologies is an emerging interdis-
ciplinary field based on food science, integrating achievements
from multiple disciplines such as mechanical engineering, biotech-
nology, intelligent control, materials science, and digitization.
Against the backdrop of " New Engineering" construction, and
guided by the core engineering education concepts of " student-
centeredness, outcome orientation, and continuous improve-
ment" , exploring course teaching reform is of significant practical
importance. An interdisciplinary knowledge learning platform is

established for students by building a composite teaching team.

Through iterative upgrading of teaching content and models,
teaching is synchronized with industrial technology. The cultiva-
tion of practical and innovative abilities is strengthened by impro-
ving the three-dimensional teaching system. Through precise posi-
tioning of talent cultivation directions, accurate alignment between
supply and demand is achieved. The assessment mechanism is in-
novated to evaluate students’ comprehensive literacy comprehen-
sively. Under the New Engineering background, the traditional
teaching models of food processing courses are no longer able to
meet the demands of industrial transformation and upgrading. Uni-
versities must continuously track industry technological trends and
changes in talent demand, continuously optimize teaching content,
innovate teaching methods, and improve the educational system.
Keeping pace with the times, they can cultivate more high-quality
technical talents with interdisciplinary thinking, innovation capa-
bility, and industrial adaptability, injecting strong momentum into

the high-quality development of China’s food industry.
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were equally important and had the greatest influence, followed by
C (egg white amount ), and finally B ( mango concentrate
amount ) .

all
A,B,C,D,, i.e. , milk 105 g, mango concentrate 15 g, egg white

Among experimental  combinations,  formulation
30 g, and sugar 15 g, achieved the highest value, confirming the
effectiveness of this combination. The result revealed the optimal
ingredient ratio and provided clear guidance for the production of
mango double skin milk.

The identification of this optimal formulation not only
achieved a balance between the flavors of milk and mango, but al-
so ensured a delicate texture and appropriate sweetness of the
double skin milk. Through orthogonal experiments, we were able
to precisely identify the key factors affecting the quality of the
double skin milk and find the best formulation to enhance its sen-
sory quality. These results provide an important reference for the
commercial production and quality control of mango double skin
milk.

Verification test

The verification test was conducted to confirm the feasibility
and repeatability of the optimal formulation obtained from the or-
thogonal experiments. Following the optimal formulation, i. e. ,
milk 105 ml, mango concentrate 15 g, egg white 30 g, and sugar
15 g, the double skin milk was repeatedly prepared in three inde-
pendent trials. The sensory scores were 94, 92 and 93, respec-
tively, with an average of 93, confirming the reliability of the for-
mulation. The verification results demonstrated that this formula-
tion could stably produce high-quality mango double skin milk
with good feasibility and repeatability. It provides a solid experi-
mental basis for the commercial production of mango double skin

milk.

Conclusions and Discussion

In this study, the formulation of mango double skin milk was
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systematically optimized through single-factor experiments and
orthogonal experiments. The final formulation was determined as
milk 105 ml, mango concentrate 15 g, egg white 30 g, and sugar
15 g. The orthogonal experiments further verified the superiority of
this formulation combination, in which the ratio of milk to mango
was particularly important, as it determined the richness and the
balance of fruit aroma in the double skin milk. Through the verifi-
cation test, the feasibility and repeatability of this optimal formu-
lation were confirmed, with an average sensory score of 93 points,
indicating the high application value of the optimal formulation in
actual production.

The mango double skin milk prepared with this formulation
had a delicate and smooth texture with no off-flavors. It emits a
rich aroma of milk and mango, and is well received by consumers

for its unique flavor.
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