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Introduction

Food processing links the science and
engineering of various unit operations that affect the
quality of food products when raw materials are
processed by changing their properties. Particularly,
chemical engineering is a discipline where processes
are designed and optimized not only for the chemical but
also for the food industries (Hii, 2014). However, food

processing related subjects are seldom introduced in
conventional chemical engineering curricula and most of
the program structures are still putting emphasis on
applications in oil and gas, petrochemical, and fine
chemical productions. Table 1 shows examples of
chemical engineering principles that are applicable in
teaching food processing to undergraduate students.

Table 1 Application of chemical engineering principles in food processing

Chemical engineering principles

Application in food processing

Heat transfer

Mass transfer

Particle size reduction
Filtration

Fluid mechanics

Sterilization, frying, roasting, freezing

Drying, osmotic dehydration, evaporation
Milling, grinding, cutting

Oil pressing, belt pressing, vacuum drum filter
Beverage processing, filling and packaging

The subject Food Processing Technology (FPT)
is a year 4 optional subject (10 credits) that was
introduced in the Department of Chemical and

Environmental Engineering, University of Nottingham
Malaysia, in 2013 by the author. The subject introduces

students to various aspects of food processing
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technology and its related areas such as the food
industry, the food act, properties of food materials,
ambient temperature processing, thermal processing,
processing using steam or water, processing using hot
oils, processing using radiated energy, processing by
heat removal, packaging, and labeling, sanitation and
cleaning, food safety and food quality management (Hii,
2013).

In this paper, an overview of the FPT subject,
lecture application examples, and outcome of
assessments will be presented and discussed. The
outcome of the assessment will be based on the recent
academic session during the autumn semester for the
year 2019-2020.

Materials and Methods
Materials
Most of the lecture materials and examples are
based on three major reference textbooks namely Food
Processing Technology by Fellow (2009), Handbook of
Food Processing Practice by Valentas et al. (1997), and
Transport Processes and Separation Process Principles
by Geankoplis (2003). The academic session presented
in this paper is based on the year 2019/20 with a
classroom size of 64 students in total. Two postgraduate
master's students enrolled in this subject as well.
Methods
The Food Processing Technology subject
covers the following topics throughout a 12-week
teaching period in the autumn semester (September —
December) of the academic session. The topics are as
follows:
e Overview of food processing — history, industry,
and commercial outlook
e Ambient temperature processing - preparation,
size reduction, forming/molding, and
separation/concentration
e Hot air processing - drying and baking/roasting
e Processing using steam/water - evaporation,
high-pressure processing, and
pasteurization/sterilization
e Processing using hot oils - frying
e Processing by heat removal - chilling and
freezing
e Packaging and labeling - packaging materials
and food labels
e Food handling and hygiene - cleaning and
sanitation
e Food safety - GMP and HACCP
e Food quality - physical, chemical, biological,
and nutritional attributes
Besides the marks from the general final exam and
coursework assessments. The subject is also evaluated
based on the following learning outcomes (LO1 - LO5)
according to the subject outline namely:
e LO1: Application of chemical engineering
principles in food processing unit operations
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e LO2: Apply material and energy balances in
food processing principles

e LO3: Understanding the concept of safety which
includes hygiene, sanitation, and cleaning

e LO4: Describe the typical food processing
operations and equipment in the industry

e LOS5: Ability to apply food quality management
The above learning outcomes are also linked to the
Engineering Accreditation Council, Malaysia (EAC,
2020; Law et al., 2020) program outcomes as follows:

e Problem Analysis (PO2): Identify, formulate,
research literature, and analyze complex
engineering problems reaching substantiated
conclusions  using first  principles  of
mathematics, natural sciences, and engineering
sciences.

e The Engineer and Society (POG6): Apply
reasoning informed by contextual knowledge to
assess societal, health, safety, legal, and
cultural issues and the consequent
responsibilities relevant to  professional
engineering practice.

e Communication (PO9): Communicate
effectively on complex engineering activities
with the engineering community and with
society at large, such as being able to
comprehend and write effective reports and
design  documentation, make effective
presentations, and give and receive clear
instructions.

At the end of the semester, the results obtained
from the general assessments (exam and coursework)
will be used for the LO-PO attainment analysis. This is
a requirement from the EAC to ensure continuous
quality improvement has been carried out for the subject
annually. Table 2 shows the mapping of the learning
outcomes against the program outcomes for the FPT

subject.
Table 2 Mapping of LO against PO for FPT subject
Mapping LO1 LO2 LO3 LO4 LOS
PO2 X X X
PO6 X
PO9 X

LO = learning outcome, PO = program outcome

Tables 3 and 4 show a typical breakdown of the
assessment with reference to LO and PO mapping. In
this subject, the students are assessed based on one
coursework and one final exam. The components
assessed constitute 20% of coursework and 80% of final
exam, respectively.

Table 3 Assessment and its percentage distribution
with reference to LO
Type of
Assessment

% Distribution
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Assess Weight LO LO LO LO LO Tot
ment age 1 2 3 4 5 al
Exam 80 25 25 25 25 O 10
Course 20 0 0 0 0 10 O
work 0 10

0

Table 4 Assessment and its percentage distribution
with reference to PO
Type of Assessment

% Distribution

Assessmen Weightag PO PO PO Tota
t e 2 6 9 I
Exam 80 75 25 0 100
Coursewor 20 0 0 100 100
k

Results and Discussion
Lecture application examples

The following are selected examples of some of
the applications of chemical engineering principles in
food processing applications. Students are taught about
these concepts in lectures and examples are presented
to them during problem-solving lessons.

Example 1 (Mass transfer in drying process): In a
typical drying operation, mass transfer occurs whereby
moisture diffusion occurs inside a food product and is
removed from the outer surface through evaporation
(Asiah et al., 2017). The diffusion process can be
described by Fick’s second law equation (Crank, 1975)
which is also applied in many chemical process
operations (Eq. 1).

om 2%m
o = Deoiz (1)

where m = moisture content (g water/g dry solid), De =
effective diffusivity (m?/s), X = distance (m) and t = time

(s)-

This equation can be solved to obtain the
general solutions that can be used in the estimation of
effective diffusivity (De), an important parameter in
drying equipment design (Yap et al., 2020). Students
were given the task of determining this parameter from
a drying curve (Figure 1).

Mosture content
(g water’ g dry solid)

Time (s)

Figure 1 Drying curve (moisture content vs time)
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For example, assuming an operation that
involves drying fruit slices using a hot air dryer, the
general solution for a slab geometry is given by:

2Jﬁ£
_(2n-1) 42

%t (2)

MR=5 215

n=1n.1 €XP
where MR = moisture ratio, L = half thickness (m) and
n=1,2,

Students may make an assumption by taking
only the first term of the equation (Rumaisa et al., 2018),
by plotting the graph of In MR vs. time (Eq. 3), the slope
of the graph (z?De/4L?) can be used to determine the
parameter De.

& TR (3
InMR=In 5 - >t (3)

Example 2 (Heat transfer in sterilization process):
A typical sterilization process would involve taking
temperature measurement from the thermal center of a
canned food. The temperature (T) development can be
described using the heat conduction equation (Hii et al.,
2017) as shown in Eq. 4.

aT 3T
= =%a 4

By determining the thermal diffusivity (o) of the
food material, the temperature profile (T = f(X, t)) can be
determined by using the explicit finite difference method
(Ozisik, 1985). In this method, Eq. 4 is discretized to
obtain its finite form, in which temperature development
at each time interval (At) can be determined using Eq. 5.

T =r(Tiy + Ti) + A1—=20T  (5)

where r = qAt/Ax?, Ax = distance interval (m), At = time
interval (s), o = thermal diffusivity (m?s) andi =0, 1,...
andn=1,2,....N-1

The above equation can be used by taking the
temperature at the boundary condition (surface) same
as the steam temperature (e.g., T> 100°C) used for
sterilization.

Example 3 (Nutrient degradation kinetics):
Some typical nutrient degradation processes (e.g.
vitamins and antioxidants) can be modeled using a first-
order reaction kinetics (Eq. 6). For example, the
polyphenols degradation process can be fitted using this
model and the rate constant can be determined through
graphical method (Kyi et al., 2005).

pp _ _
=kt (8)

where Cpp = concentration of polyphenols (mol/m?), k =
rate constant (1/s) and t = time (s).
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By integrating the above equation, it can be
simplified to the following model (Eq. 7).
Cpp = Coexp™t (7)
By plotting Ln Cp, vs time, the slope of the graph
is used to obtain the rate constant (k). The rate constant
can be obtained for several temperatures, which can

then be used to obtain the Arrhenius relationship. (Eq.
8).

k = koexp~E/RT (8)

where E = activation energy (J/mol), R = universal gas
constant (8.314 J/mol.K) and T = temperature (K)

The Arrhenius relationship enables the
determination of the rate constant (k) at various
operating temperatures of the equipment (Figure 2). For
example, the higher k value indicates a faster
degradation rate of polyphenols during processing (Teh
et al., 2016).

1itime (1/)

InK

Figure 2 Arrhenius plot (Natural log rate constant vs
1/time)

Outcome of assessments

In the most recent academic session for the
year 2019/20 (total = 64 students), the subject was
assessed by coursework (20%) and final examination
(80%). In the final examination, students were requested
to answer all compulsory questions (typically four
questions). In coursework, the students were required to
carry out a mini-project and sit for an interview. Table 5
shows the outcome of the LO and PO attainment
analyses (Hii, 2020).

From the above analyses, it can be seen that
42%, 43.8%, and 31.3% failed LO1, LO2, and LO4,
respectively, but none failed LO3 and LOS. In terms of
PO attainment, 31.2% failed PO2 but none failed PO6
and PO9. The much higher failure rates in LO1 and LO2
are linked to questions related to the design of unit
operations and calculation of mass and energy balances
in food processing applications. In this particular
session, due to the Covid-19 pandemic outbreak, the
exam was conducted online and the questions were
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made more open-ended. This also resulted in a higher
level of difficulty where the students were required to
apply complex problem-solving. Hence, this is one of the
reasons that possibly explains why the failure rate is
particularly higher in some of the LOs. In terms of PO
attainment, as PO2 is mapped to multiple LOs (1, 2, and
4), this also explains why the failure rate is higher as
failure rates are also higher in these LOs.

Table 5 Performance indicator based on LO and PO
attainment
Descriptor

Attainment

LO 27 students (42%) failed LO1
28 students (43.8%) failed LO2
0 students (0%) failed LO3
20 students (31.3%) failed LO4
0 students (0%) failed LO5
PO 20 students (31.2%) failed PO2
0 students (0%) failed PO6
0 students (0%) failed PO9

Although attainment analyses showed failure
rates in some of the LO and PO, this does not translate
into direct failure of the final marks awarded to the
students. This is because LO and PO attainment are
mapped explicitly to individual sections in a particular set
of exam questions and coursework, but students are still
able to obtain marks explicitly (e.g., full or better marks)
in various parts of the questions. When final exam marks
are added with marks from coursework, the students are
still able to pass the subject (e.g., > 40% marks).

Conclusion

Chemical engineering principles are commonly
applied in food processing unit operations as these two
disciplines are related to each other in many scientific
and engineering principles. In this paper, examples have
shown that some of the principles can be applied in
drying (mass transfer), sterilization (heat transfer), and
nutrient degradation (reaction kinetics). Besides
analyses based on marks obtained from final exam and
coursework, the attainment of students are also
evaluated based on learning outcomes (LO) and
program outcome (PO). Analyses have shown that
some students failed LO1, LO2, LO4, and POZ2.
Nevertheless, the purpose of doing such analyses is to
reflect and improve the curriculum and ultimately for
continuous quality improvement.
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