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Abstract: Biotechnology being an inter-disciplinary
domain, demands an adequate theoretical knowledge
ofallied subjects, good hands-on skill-sets, along with
an ability to integrate biology with engineering for the
graduates to be industry-ready. In this context, theme-
based mini and minor academic projects for V and VI
semester respectively were designed and
implemented for under-graduate students of
Biotechnology. The objectives of the mini project
were 1) To equip the students with basic skill-sets and
impart the culture of Good Laboratory Practices
(GLP) & Standard Operating Procedures (SOP)and 2)
to impart basic microbiological and biochemical skill-
sets. In continuation of mini project, students have to
harness the capabilities of skills learnt in mini project
to translate in to an industrially viable product, hence
fermentation skills play an important role. In this
perspective, the objectives of minor project
weredeveloped to impart the students with 1) basic
fermentation skills at laboratory level 2) SOP of
analytical instruments and 3) statistical analysis of the
results. The minor project was implemented with the
theme “Submerged Fermentation and Optimization of
Process Parameters for Production of Industrially
important Biomolecules”. A multi-level rubrics-based
assessment was followed to measure the stated
learning outcomes. The attainment was highest (9.5)
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for PI 9.1.2, which indicated good team work and
show lowest (7.0) for PI 13.2.1, which shows scope
for improvement for improvement in area of
verification and calibration of equipment. It was
concluded that the theme-based projects were
effective in experiential learning for the students
which plays a key role in bridging the gap between
industry and academia.

Keywords: Skill-sets, Standard Operating
Procedures (SOP), Good Laboratory Practices (GLP).

1. Introduction

Recent developments in genetics and molecular
biology have excited world-wide interest in
biotechnology. The ability to manipulate DNA has
already changed our perceptions of medicine,
agriculture and environmental management.
Scientific breakthroughs in gene expression, protein
engineering and cell fusion are being translated by a
strengthening biotechnology industry into
revolutionary new products and services. The sector is
capital intensive, demands long window periods for
product and process realization and relies heavily on
trained manpower in terms of domain knowledge and
hands-on skill-sets. The methodically trained human
resource, with an ability to integrate biology with
engineering skills like substantial manufacturing
capabilities, design skills and economic aspectsis
crucial for any industry for its optimum performance
(Society of Biological Engineers). Hence, the
academic institutions are expected to play akey rolein
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enabling the students to make them industry-ready
and bridge the gap (Dahms, 2001).

In this regard, the present exercise of
implementing a minor project for undergraduate
students of Biotechnology was undertaken to impart
knowledge and skill sets related to fermentation
process. The broad objective of the activity was to
enhance the fundamental skill-sets of the students
from industry perspective and handle subsequent
academic projects (Capstone), Research Experience
for Undergraduate (REU) with minimal hand-
holding.

In project-based learning, students engage in
meaningful problems that are likely to arise in real
working environments. A project-based classroom
allows students to investigate questions and
explanations, discuss their ideas, and try out new
ideas. Project-based learning is considered an
alternative to paper-based, rote memorization and
teacher-led classrooms. Proponents of project-based
learning cite numerous benefits to the implementation
ofthese strategies in the classroom including a greater
depth of understanding of concepts, broader
knowledge base, improved communication and
interpersonal/social skills, enhanced leadership skills,
increased creativity, and improved writing skills.
(Marx et al., 2004; Rivet&Krajcik, 2004; William &
Linn, 2003).

The minor project for VI semester was
implemented with the theme “Submerged
Fermentation and Optimization of Process
Parameters for Production of Industrially important
Biomolecules”. The objectives of minor project are
1)Media & inoculum preparation and media
sterilization 2) SOP of analytical instruments 3)
Fermentation studies for biomolecules production 4)
Study of effect of parameters on biomolecules
production 5) Estimation of kinetic parameters and6)
Statistical analysis of the results.

2.Methods
A. Design of the Minor Project

The Minor project was designed taking into
consideration the inputs from industry stake-holders,
alumni and departmental faculty members. The
recommendations of Society of Biological Engineers
(SBE) and American Society of Microbiology (ASM)
were taken into account while designing the contents

of the project.The project was of 6-credits and was
carried out in a group of 4 students. The group
dynamics followed a pattern of selecting the students
belonging to different levels of CGPA in each group.A
total of eleven groups were formed.

B. Execution of minor project

Minor project was implemented for VI semester
biotechnology students with a perspective of orienting
them to fermentation process and application of basic
statistical tools for the results obtained. Accordingly
the theme “Submerged Fermentation and
Optimization of Process Parameters for Production of
Industrially important Biomolecules” was framed
with the objectives mentioned earlier.

Minor Project Execution

Module IT
SOP Module I . Selection and subculturing
N Traini of microorganism
¢ ramng . Inoculum and media

e Briefing of statistical

preparation
concepts

Fermentation process
Effect of parameters
Biochemical estimations
Enzyme kinetics

Fig.1 Modules of Minor Project

The minor project was comprehensively designed
so as to include end-to-end activities needed for a
typical bioprocess technology. The project was a
continuation of the mini project wherein the
microorganisms isolated were used as inoculum for
the execution of the minor project. Selected isolates
were subjected for submerged fermentation for the
production of industrially important metabolites
(enzymes). A one factor at a time (OFAT) approach
was followed with four process parameters (inoculum
size, media pH, nitrogen and carbon sources) each at
three levels. The minor project was implemented in
two modules asrepresented in fig. 1.

In module-I, training was given to students on 1)
Standard Operating Procedures (SOP) of analytical
instruments like Spectrophotometer, Centrifuge,
Microscope, Tangential Flow Filtration, Ultra
filtration, Rotary Evaporator, Ultrasonicator, SDS and
Lyophilizer 2) Criteria for media & inoculum
development and 3) Statistical analysis of results.

JEET



30 Journal of Engineering Education Transformations , Volume 30, No. 4, April 2017, ISSN 2349-2473, eISSN 2394-1707

In module-Il,the skill sets targeted were sub-
culturing of microorganisms, inoculum preparation,
establishment of submerged fermentation process
(Shake flask studies), sampling, biochemical
estimation & kinetics studies of biomolecule.
Analysis of the results was performed using basic
statistical methods likeCorrelation & Regression,
Analysis of variation (Variance & Standard
Deviation), Coefficient of Variation, Hypothesis
testing, ANNOVA and Turkey test.

C. Assessment of Minor Project

The assessment of the project was done in four
phases comprising of guide and review committee. A
detailed Calendar of Activities (CoA) was provided
and followed for timely, smooth and hassle-free
execution of the project amongst the different project
groups.

1) Phase I: In the first phase, written examination
of 50 Marks was conducted on SOP and statistical
analysis. In this review the assessment parameters
considered were result analysis skills (PI Code 4.3.2)
and SOP skills of analytical instruments (PI Code:
13.2.1).

2) Phase II: During second phase, students were
asked to operate and demonstrate the usage of
analytical instruments by random picking. The
assessment parameters considered were “Use
appropriate analytical instruments/software tools to
carry-out the experiments”(PI Code: 4.1.3)
and“Perform calibration and verification for
obtaining accurate and reproducible data” (PI Code:
13.2.1). Rubrics for second phase considered for
assessment as follows,

Table 1. Rubrics for phase II assessment

PI Inadequate Average Admirable Outstanding
addressed (up to (up to /Good (up (up to
25%) 50%) to 75%) 100%)
Analytical *Did not *Used *Used *Used
instruments | use appropriate appropriate appropriate
Usage appropriate analytical analytical analytical
“4.1.3) analytical instruments instruments instruments
instruments with no with partial with
to carry -out | knowledge. knowledge. complete
the knowledge.
experiments
Calibration *Did not *Performed *Performed *Performed
and Perform calibration calibration calibration
verification calibration and and and
(13.2.1) and verification verification verification
verification of'th e | ofthe of'the
of'the instruments instruments instruments
instruments. with no with partial with
*Did not knowledge. knowledge. complete
obtain *QObtained *QObtained knowledge.
accurate and | accurate and | accurate and | *Obtained
reproducible | reproducible | reproducible | accurate and
data. data. data. reproducible
data.
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3) Phase III: In third phase, overall progress of
minor project was assessed by considering following
rubrics parameterslike use appropriate procedures,
tools and techniques to collect and analyze data (PI
Code: 4.3.2), Critically analyze data for trends and
correlations, stating possible errors and limitations (PI
Code: 4.3.3), Apply contemporary engineering tools
and models to analyze and interpret the results (PI
Code: 2.4.2), Implement the norms of practice (e.g.
rules, roles, charters, agendas, etc.) of effective team
work, to accomplish a goal (PI Code: 9.1.2).Rubrics
for third phase considered for assessment as follows,

Table 2. Rubrics for phase III assessment

PI Inadequat | Average (up | Admirable Outstanding
addressed e (up to to 50%) /Good (up to | (up to 100%)
25%) 75%)
Techniques | Didnotuse | Used Used Used
to collect appropriate | procedures, appropriate appropriate
and procedures, | tools and procedures, procedures,
analyze tools and techniques to | tools and tools and
data techniques | collect and techniques to | techniques to
43.2) to collect analyze data | collect and collect and
and without analyze data | analyze data
analyze understand. with partial with proper
data understandin | understanding
g .
Analyze Did not Critically Critically Critically
data for critically analyzed the | analyzedthe | analyzed the
trends and | analyze data for data for data for
correlation | data for trends & | trends & | trends &
s trends & | correlations, correlations, correlations,
(4.3.3) correlation | Without and did not and also
and state | stating any state all the stated all the
the possible possible possible
possible errors and errors and errors and
errors and limitations limitations limitations
limitations
Engineerin | Did not Applied Applied Applied
gtools and | apply engineering engineering engineering
models to engineerin | tools and tools and tools and
analyze gtoolsand | models to models to models to
and models to analyze and analyze and analyze and
interpret analyze interpret the interpret the | interpret the
the results and results results with results with
24.2) interpret without partial complete
the results | understandin | understandin | understanding
g the tools gofthe of the tools.
tools
Effective Team Team Team Team showed
team showed showed showed good | great
Work, to poor average cohesion, cohesion,
accomplish | cohesion, cohesion, interaction & | interaction
a goal. interaction | interaction respect. respect.
9.1.2) & respect. | &  respect. | Moderately Shared the
Tasks were | Did not share | shared the tasks equally
NOT the tasks tasks and few | and utilizing
completed. | equally and members abilities of
utilize carried out each member.
abilities of the work. Tasks were
each Tasks were completed on
member. completed on | time and with
Tasks were time and great results.
completed on | with good
time with results.
satisfactory
results.
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4) Phase IV: In fourth phase, final assessment was
done by project review committee to assess following
rubric parameters; Develop clear understanding of the
results and correlate to defined objectives (PI Code:
2.4.4), Correlate the experimental outcomes with
underlying theoretical concepts and principles (PI
Code: 4.1.4), Produce clear, well-constructed, and
well- supported written engineering documents(PI
Code: 10.1.2), Deliver effective oral presentations (PI
Code: 10.2.2), Use a variety of media effectively to
convey a message in a document or a presentation (PI
Code: 10.3.2).Rubrics for fourth phase considered for

assessment as follows,
Table 3. Rubrics for phase IV assessment

PI Inadequate Average Admirable Outstandin
addressed (up to 25%) (up to /Good (up g (up to
50%) to 75%) 100%)
Results Did not Developed Developed Developed
correlated develop clear | partial partial clear
to defined understandin understandi understandi understandi
objectives g of the ng of the ng of the ng of the
2.44) results and results and results and results and
correlated it correlated correlated correlated to
to defined to defined to the the defined
objectives objectives defined objectives
objectives
Correlatio Did not Correlated Correlated Correlated
n of correlate the experiment few all the
experiment | experimental al outcomes | experiment experimenta
al outcomes with al outcomes | 1 outcomes
outcomes with underlying with with
with underlying theoretical underlying underlying
theoretical theoretical concepts theoretical theoretical
concepts concepts and | and concepts concepts
(4.1.4) principles principles and and
but with principles principles
few without any | without any
mistakes. mistakes mistakes
well- Report contai | Report is Report is Report is
constructe ns many generally logical and virtually
d, and distracting clear, easy to error-free,
well- mistakes, distracting read, may and clearly
supported generally errors and contain organized
report difficult to flow make a few errors | with
(10.1.2) follow and it difficult causing excellent
poorly to follow at minimal transitions.
organized. times and reader All figures,
Figures, organizatio distraction tables and
tables and n of report and graphs are
graph are is weak. organized easy to
hard to Figures, strongly. understand,
understand, tables and All figures, and are
and are not graph are tables and clearly
adequate to hard to graphs can linked to the
link to text. understand, be text.
are not all understood
linked to and are
text. . linked to
text.
Effective Student Student’s Students’ Student uses
oral mumbles, voice is low | voice is a clear
presentatio | incorrectly incorrectly clear. voice and
ns pronounces, pronounces. | pronounces | correct,
(10.2.2) and speaks Audiences most precise
too quietly have ‘Words pronunciati
for a majority | difficulty in | correctly. on.
of members hearing. Most All
to hear. Average Audiences audiences’
Inadequate knowledge can hear. can hear.
knowledge of subject. Moderate Very Good
No alignment | Intermittent | correlation correlation
with the deviation of the of contents
objectives from contents with the
objectives with topic. topic.
Effective Use a variety Usea Use a Use a
usage of of media variety of variety of variety of
media effectively to | media media media
(10.3.2) convey a effectively effectively effectively
message in a toconveya | toconveya | toconveya
document or message in message in message in
a a document a document a document
presentation ora ora ora
presentation | presentation | presentation

D. Feed Back

A formal anonymous feedback of the students was
collected to identify the gaps and scope for further
improvement in terms of resources, group dynamics,
and support from teaching and non-teaching staff,
learning curve (experiments, written and oral).
Sample copy of feedback of student is as shown in fig
2.

E’ KA N Rosily's
, (1% Gollege of Eng "L 9y, Hubll <31
i - DEPARTMENT OF BIOTECHNOLOGY
MINOR PROJECTRTPM)
Acndemie Yenr 2018-16
0 ok I

Note:
) The eandidates need not reveal thelr identity ( Names/Roll no/ USN no. ete)
). Please hand duly Mled feed-back form o the voncerned persons
b e wnperimwnts porformed  In Minoe Pradest stongthoned  the shills elsied 10

Tormentation provess and sample analysis?
o Nirongly uuw\/ Agroe v Disagroe o Niongly disagres

20 D you suggest the module 1o be implemented for Aiture batohes?
You b No v You with some modifleation

Wate the following on the seale of 10

O | Questiom Wating
Nw,
\ Fonpwrbimentn b mbnor prodoot Tmproved hands on experionve In formmeniation provess %
4 Muodules defined In minor projeet were relovant to industrial provess LY
L] Avtvity whart provided helped tn planning of Tab avtivities In e 9
0" Chronp allowatlon tn minor projest [ ]
7 Minor projeot manial was helpful in sondueting of experiments q
L} Lab vononroen for minor prodect provided helped I vonduoting experiments smonthly &
[ How do you e tralnbng provided by faoulty o statistion, medin proparstion sl q
loveloy 0l vl "
10| Tmplementation of statistion In minor projet improved the analysis skills t
" Tmplementation of stutistion Improved Interpretation of resulis 1
13 | lnvol OF bab nstruetor In allovation of lah 1
13 | Involvement of Tab attender in alloeation of lab resourves a4
" Dhomonntrate an abiliny 1o form o tonm and define o role for saeh member ]
I8 LAY o e wrltbon mnd verbal skilis for effeotive sommunlontion [
16| Domonstrate an ability 1o perform experimentation with sceuracy and reproduciblliny L

17, Suggestions for iImprovement In the following area, de tare A Wee w\vr"“‘""‘

o Lab Resourcen: When 1ab 16 atioted, 1) shevd be o Neads to vomfusion an
Agured aye avaliable o anat lab |t \easnine
-\J arnd W'{“

wundevedancling .
\ojet
b Module Design: - Mo lats  voas very Walpiu

sk Yame n la biew  belnology

veae and
1al
o, Activity ohart and time slotsl T4 hetpeed ua fiahy werte @

olo oasily watn Sart o| Gurgy o,
ok, Cao

d. Nupervislon:  Supen viciow was vex yhalplull - we i e o0 au 1

and ;-‘-'\-.QL, dus "t w}nmslm Pyl

. Module study materinl: Mo dute  wialivial was helpputs to unal“‘l(“"'l""“
Ca datail oot e ?"l"t'

18, Any other comments for Improvement

Nign:
Thanks for your valuable feed back

Fig.2 Feedback by students for minor project
3. Results
The theme-based implementation of the minor project

aimed at strengthening the basic skill-sets was
instrumental in addressing some of the program
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Outcomes (POs). The following table illustrates the

mapping of rubrics framed for assessment to the POs
addressed.

Table 4. Mapping of Rubric Parameters with Performance Indicators

Mapping of Rubric Parameters with Performance Indicators

Sr. Rubrics PI PI Addressed
No Parameters Code

1 Analyze and 242 Apply contemporary engineering

interpret the tools and models to analyze and
results and interpret the results

2 correlate to 244 Develop clear understanding of
objectives the results and correlate to defined

objectives

3 Use of 4.13 Use appropriate analytical
analytical instruments /software tools to
instruments/ carry-out the experiments

4 tools and 4.14 Correlate the experimental

correlate the
experimental
results.

5 Analyze data 432
for trends and

outcomes with underlying
theoretical concepts and
principles

Critically analyze data for trends
and correlations, stating possible

synthesize errors and limitations
6 information 433 Synthesize information and
about the knowledge about the problem
problem from the raw data to reach
appropriate conclusions
7 Team work 9.1.2 Implement the norms of practice

(e.g. rules, roles, charters,
agendas, etc.) of effective team
work, to accomplish a goal.
Produce clear, well-constructed,
and well  -supported written
engineering documents

Deliver effective oral
presentations

8 Written skills 10.1.2

9 Oral skills 10.2.2

10 Use of media 10.3.2 | Use a variety of media effectively
to convey a message in a

document or a presentation

11 Calibration, 13.2.1 | Perform calibration and
verification verification for obtaining accurate
and and reproducible data.
reproducibility
of data

As part of Minor project, the students were
exposed to hand-on skills pertaining to fermentation
technology process. These include sub-culturing of
microorganisms, inoculums preparation, inoculation,
fermentation for metabolite production, analysis of
effect of different parameters at varied levels,
biochemical estimations and analysis of experimental
results using statistical methods. The attainment of
Program Outcomes (PO) was evaluated by
conducting 4 phases of review as explained in
methodology section. Review 1 was conducted for 50
marks, similarly review 2 for 20 marks, review 3 for
40 marks and review 4 for 40 marks. Students were
finally evaluated for 150 marks based on the rubrics
defined for each review by guides and review
committee. Based on the mapping of rubric
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parameters with PO, attainment of various Program
Outcomes on a scale of 10 was measured and
represented in Fig.4.

10 T

8.4

Attainment of PI
& w
L

242 244 413 414 432 433 9.1

.2 1012 10.2.2 10.3.2 1321

Fig.4 Attainment of Program Outcomes for minor project

The attainment was highest (9.5) for P19.1.2 which
indicated a good team works while it was lowest (7.0)
for PI 13.2.1 which shows there is scope for
improvement for verification and calibration of
equipment. The feedback of the students revealed that
the project execution was smooth, satisfactory and
gave them experiential learning. A limitation for scope
for written skills was expressed since a formal
template was provided for tabulation. This was
addressed at the end of the project by giving training
on report writing skills of the project.

4. Conclusion

Based on our experience of implementing the
minor project, we conclude that the students were
exposed to the SOP, GLP practices and honed their
basic skill-sets which are expected of them in the
industries as entry-level professionals. Attainment of
PO clearly shows scope for improvement in the area
calibration and verification of equipment (PO 13.2.1),
proper use of analytical instruments (PO 4.1.3) and
analysis of results by using statistics to reach
appropriate conclusion (PO 4.3.3). It is envisaged to
further improve the exercise by assessment from
external reviewers from industry in the next cycle.
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