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BUCT-ESF cooperation program for Bioprocess Engineering was launched in 2015. The last
assessment was completed in 2018. The cooperation between the two institutions have been in a
variety of areas, including curriculum improvement, recruitment, and coordination of ESF
instructors teaching classes in China.
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SUNY ESF

ESF is one of the premier colleges in the USA focused on the study of the environment,
developing renewable technologies, and building a sustainable future. We work to address the
Earth’s most pressing problems — and students come here because they want to be part of the
solution.

Our students, faculty, staff, and alumni make a global impact improving and sustaining the
environment. We offer a world-class education among a close-knit community of more than 2,000
scholars with common values and a shared sense of purpose.

Teaching in China

Since the inception of the program highly qualified professors from ESF have taught courses
at BUCT in a variety of courses for the program. The courses included required courses in
bioprocess engineering. More than 1/3 the number of courses in the program was taught by faculty
from ESF. The faculties who taught at BUCT were of the highest caliber with terminal degrees in
their fields and with many years of experience in teaching the topics that they were assigned. In
the course instruction, BUCT assigned a teaching assistant who worked with the ESF instructor to
be the liaison between the students and the instructor. This arrangement worked very well to keep
the lines of communication open between the students and the instructor. Also, BUCT assigned
student assistants to work with the ESF instructors so that specific needs outside of the classroom
such as airport pick-up, coordinating residence, traveling arrangements, and making sure the
instructor knows his/her way around the campus, communicating important class-related
information to the students, college and/or campus staff. Such an arrangement of cooperation
worked very well for both the ESF instructors and BUCT students and administrators.

The mode and means of education in China is quite different from that in the United States.
For courses belonging to BUCT the typical style of teaching involves lectures, solving problems
from textbooks and examination. Even laboratory activities are prescriptive, meaning all the
instructions are given in a step by step process and the student has to follow directions without
much thinking and then report results in a systematic manner, not necessarily understanding what
was going on. ESF courses are somewhat different in nature. While lectures are still part of the
core course structure, assignments contain more open-ended problems and most courses require
projects where the theory learned in class has to be applied in practice. While such open-ended
approach is challenging both for the instructors as well as students it has enormous rewards. Open
ended problems and/or projects provide a greater sense of ownership amongst students. They are
usually more engaged in their own learning process and more active in participation.

English Proficiency

English is not the first language for all students in China. It was important that the students
achieve proficiency in English before they arrived to ESF. There was tremendous effort on all
sides to meet this requirement as much as possible for all students. BUCT offered a number of
English classes and prepared the students very well. ESF offered two English writing courses at
BUCT. The English writing courses that addressed the writing, technical/scientific writing and
presentation skills coordinated its assignments with the technical classes. Typically different types
of reports are required in the writing classes, and in many ESF faculty instructed courses technical
reports are also required. This would then be reviewed and provided with feedback for
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improvement. The same was done for technical presentations. The improved report or presentation
was then delivered as submission in the technical class. By the end of their year at ESF the students
made presentations in almost all the classes they were taking. And they did a fantastic job overall.

As the success of English language instruction and training, ESF has subsequently
implemented a policy that all students passed the Writing courses no longer need to show any other
English language skill test results for entering ESF campus in Syracuse, New York. All the
students are evaluated and treated the same as if they were on ESF campus all the time.

Student Support

ESF regularly send staff to BUCT to interact with the students, in addition to the teaching
faculty or instructors. The students are informed about the process of transferring into ESF campus
in Syracuse, New York and the life expectation in Syracuse.

Pictures above are ESF Associate Director of International Office (Thomas Carter, first row, left),
Director of ESF-BUCT Joint Educational Program (Shijie Liu, first row, right), and Associate
Director of Admissions (Thomas Fletcher, second row, left) after interaction with the class of 2015.

The “special” attention or support is not stopped after these students come onto ESF campus
in Syracuse, New York. For example, to transit the learning in Beijing at BUCT to the learning in
Syracuse at ESF, there are supporting structure available for all the students.

Highlights of Student activities and experiences in the classroom at ESF
To help students to settle down in Syracuse, New York, some activities are tailored for these
students with and example shown below:
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BUCT Student Experience

* First and Last Year Students

* Thisis incredibly impertant to remember and keep in mind at all times, While
technically in their last year of the program, these students are in both their
first and final years at ESF as the same time. This is no easy feat for anyone.

* Copper Beach Commons (CBC)

+ All BUCT studentsare advised to live in Copper Beach Co ons. Thisis a
pricy option for the students, but is fully furnished, near campus, and has a
shuttle that runs from CBC to ESF.

* OIE is working with CBC to help make this situation as suitable for our
students as possible.

* Grad School Expectations:

+ As part of the 3+1 Program, BUCT students are expected by BUCT
administrationto apply for grad school in the U.S. (ESF and elsewhere). BUCT
administration has high hopes that 80% will go on to apply and get
accepted into graduate school. This is key component of their assessment of
the success of this program.

* Range of Academic/English-language Ability
* Just as you would see in a cohort of ESF students, some of the incomin%e
students have been very successful academically, whereas others have been

challenged. The same goes English language skills. Some will transition
perfectly, but others may need individualized support.

International Student Orientation
LR A S

* International Student Arrival (Wednesday, 8/15, Thursday, 8/16, and Friday, 8/17)
«  Alrport Pickup—OIE willl pick students up at the airport!
* Unpock—Welcome to |

Shopping ond Settling in— there will be opportunities to go to local stores and malls to
purchase items

* Orientation Day 1 (Saturday 8/18): Welcome Day!
Welcome to Campus
* F-1Regulations Overviews
American Medical System - Crouse
Campus Tour
+  American (lassroom Culture/Expectations
University Police Safety
* Orientation Day 2 (Sunday 8/19): About ESF!
Culture Shock and Counseling Services
« English Language Support Services
«  Student Activities/Affairs/Clubs
ESF History/Culture
+ Diversity BBQ
* Transfer Student Orientation (Friday, 8/24)
« Conversation with Dean
Registration Tutorial
Soaial Lunch
*  ESF Welcome Convocation
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Other OIE Services/Resources
S0 TR ey R R 55

* OIE Cultural Adjustment Support
* Extended Orientation
* International Student Potlucks
* Thanksgiving Dinner
* International Education Week
* Lunar New Year Celebration
* OIE Field Trips

* International Graduation Reception
* ESF International Community
* International Center of Syracuse
* Specialty Grocery Stores

Example of course in Syracuse, New York: BPE 440 Bioprocess Kinetics and Systems
Engineering Lab

This laboratory exercise is not prescriptive but rather discovery or implementation based, i.e.
the students are asked to investigate a chemical or biological process. Each student is assigned to
lead an investigation, and participate in other experimentations. In all these cases the approach is
to use the intellect and put it into action rather than repeat some ideas learned in a text book.
Students learn how to lead an investigation, design an experiment, execute a project, and also how
to play a supportive role. While this approach can lead to some frustration and especially hard in
the beginning of the lab course, the rewards are without doubt. Through a project based approach
students will learn to implement the theory into practical solution to real problems. They will not
only learn about the theory and the problem solving on paper but will learn how to implement the
solutions on products and as a result will have valuable skills. As some of the course summaries
will show the students gained significant hands-on experience in the problems that they had to
solve in the project centered courses.

BPE 498 Individual Research Experience

This is a course designed for students on an induvial basis. Students can elect to perform a
project with the guidance of a professor from the Department of Chemical Engineering as well as
other related departments, such as Environmental Resources Engineering, Chemistry and Biology.
Students generally select a project of their own interest and work/partner with a graduate student
on a specific project. Students learn the lab skills as well as the fundamental knowledge
surrounding the related subject. At the end of the course, students present either a presentation or
an essay. Some of these work eventually get published in a scientific journal along with the
graduate student and advisor.
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Student Success

ESF and BUCT started a dual degree program, 3+1 BS Bioprocess Engineering program since
the Fall of 2010. For past five cohorts of students who graduated from ESF, the majority of students
directly entered into graduate school. Table 1. Shows the percentage of graduates entered graduate
school right after graduation. One can observe that at least 70% of graduates entered graduation
right after graduation, except the cohort graduated in 2021. For this particular cohort, students
were not able to come to ESF’s Syracuse campus and the instruction had to be completed online
owing to the Covid-19 pandemic.

Table 1. Graduate School admission rate at the time of graduation.

Year of graduation Percentage of students entered graduate school
2023 83.3%

2022 70%

2021 63.6%

2020 74.2%

2019 73.7%

Each year, a special survey was conducted for the experience of “BUCT” students at ESF.
Student’s experience has been consistently positive.

W

Picture above, the graduation ceremony (May, 2023). Five BUCT students are clearly in the view.
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Picture above, the graduation day photo (May, 2023). 10 BUCT students appeared in this photo.

Sample Student Work
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Abstract

With the rapid development of express delivery as 88% people live in cities rather than villages, how to keep the
food fresh during delivery and storage has become an important topic (Pew Research Center,2018). One of the
most common methods is using antioxidants to make active packaging (AP). Essential oils (EOs) are plant-
extracted volatile aromatic compounds that have been the center of attention several types of research owing to
their potential in food as natural additives and active ingredients with antimicrobial and antioxidant properties.

Ginger, turmeric and plai are some common kind of EOs which have strong antioxidant properties.
Key words: Active packaging, Essential oils, redox reaction.

Introduction

As more and more people choose delivery to get food, the food packaging is getting more and more attention.
Nowadays, 30%-40% of food is wasted each year in the USA. According to USDA Economic Research Service
estimates, 40% of the loss occurs at Poor storage and care during transportation (Recycle Track Systems,2020).
However, the traditional food packaging can’t afford people’s needs, so the active packaging was born at the
right moment. Customers now judge food quality base on the appearance of freshness and the environmental
implications of packaging (Rizzo, Valeria ; Muratore, Giuseppe,2021). If using chemical compounds, people
will have worries about the safety for people’s health and the environment, so people pay attention to

biodegradable packaging (European Commission, 2004,20009).

Essential oils (EOs) can be great antioxidants for active packaging as they are from nature. EOs are all from
plants so that they will not hurt people’s health. Compared with traditional food packaging, the most special
thing for active packaging is that can protect the food by having effects with food and active ingredients in
packaging (Almenar et al., 2007). EOs can have redox reactions with the surface of food or the environment.
Some EOs have hypervalent metal ions so that can have a reduction reaction that can reduce the concentration
of oxygen. Some EOs have hydroxyls which can be combined with peroxidants. EOs can be extracted by hydro
distillation and steam distillation. In general, EOs can extend the shelf-life of food by having films and coatings
on the surface of food. EOs will have redox reactions to making the films and coatings. Distillations can get EOs

easily.

In this paper, we will use ginger, turmeric and plai as examples to introduce the theories of EOs antioxidant.
From Tongnuanchan (2013), we can find that adding ginger, turmeric and plai can increase the antioxidant of

packaging.

This report will focus on the ways EOs as antioxidant ingredients for active packaging.
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Active packaging

Active packaging (AP) is a new food technology which plays a positive role in protecting food quality and safety.
Compared with traditional plastic packaging, AP will not be harmful to both human and environment. In general,
the package has some active ingredients that can have beneficial effects on the environment in the packaging, so
that they can extend the product’s shelf life. (Almenar et al., 2007).. The active ingredients in AP have the
capability to absorb from the packaging and release into the food, thereby preserving its freshness (Ribeiro-
Santos et al., 2017). These ingredients may be housed in a separate container or incorporated directly into the
active packaging (European Commission, 2004,2009). The adoption of active packaging extends the shelf life
of the food, contributing to a reduction in food waste (Dainelli et al., 2008; Ozdemir & Floros, 2004; Suppakul
et al., 2003; Vermeiren et al., 2000; Galanakis, 2012). In one word, active packaging is divided into non-
migrating and active-release packaging. Non-migrating packaging is designed to remove unwanted components
from the environment without direct contact with the product. Meanwhile, active-release packaging uses emitters

that allow controlled migration of the desired substance to directly affect the product (Technol,2017)

Additives for AP

There are many kinds of active ingredients which can add in AP, such as such as the use bio nanocomposite
materials as packing materials (J.J. Palechor.el, 2021), production of cellulose-containing food packaging,
gelatin packaging or coating to enhance food shelf life, intelligent system to monitor and predict packaged food
contamination, and novel development of materials for food packaging (A. Rodriguez-Rojas.el, 2019); EOs are
extracted from diverse parts of a plant such as seeds, leaves, flowers, buds, bark, wood, root, and so on. They
are volatile aromatic liquids and are plant-synthesized secondary metabolites composed of low molecular weight
compounds (James S. Chacha.el, 2020). As the Eos are from nature and harmless to human bodies, people pay

more attention to adding EOs rather can chemistry into the active packaging.

The use of EOs in AP

In active packaging, EOs can be films or coatings. EOs and the oxygen and water will have reactions and then
the films will have (Krochta, 2002). The films will exist between the food and the packaging. The coatings are
films formed in the product. The EOs will have reactions with the surface oil or protein of the food and then the
surface will become dry, so that there will be a coating to protect the food.. The films and coatings can protect
the food from water, oxygen, oil and so on. They also can reduce bruising and breakage (Krochta, 2002). Until
now research, films and coating will not hurt people’s health (Krochta, 2002).

Use ginger, turmeric and plai as examples. From Tongnuanchan (2013), we can find that adding ginger, turmeric
and plai can increase the antioxidant of packaging. Tongnuanchan (2013) added Eos into the Gelatin firm.so that

there will have a bilayer film (Figure 3). DPPH and ABTS radical scavenging activity can be the standard for
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antioxidants. The HDDP number is higher, the antioxidant is better. Tablel shows the difference between adding
EOs and no EOs.

P. Tongnuanchan et al. /Journal of Food Engineering 117 (2013) 350-360

Gelatin film Gelatin film incorporated
with essential oil
g ) T o \ o
° 0 Q o U . 0" ?o
Q O . 0 v O 0o
[ater vopor |y 9 s Y o ¥ o !y G y Bilayer film
; 7
o) iy 0 'O? <€— Upper —> © 0 9 2 '\’O:‘) Hydrophobic phase
¥y S 1N Vo ¥ .5 (Essential oil - rich)
——— > - Hydrophilic phase
CNT s L ogmor o=y, (Gelatin -rich)
A ° -O 9
l? 7 o
Higher WVP Lowered WVP

Figure 3 The gelatin film and EOs

Antioxidant activity of films from hsh skin gelatin incorporated with ginger, turmeric and plai essential oils at ditferent levels.

Essential oils Level of incorporation (% based on protein content)

Antioxidant activity (umol Trolox equivalents (TE)/g dried film)

DPPH ABTS
Control Without essential oil 0.07 £ 0.08F 049 +0.311
Ginger 25 0.26 = 0.13f 3.47 £0.03h
50 0.66 £0.12e 6.97 +0.20g
100 1.30£0.13c 13.43 £0.22d
Turmeric root 25 0.72 £ 0.09de B8I96+0.11f
50 1.41 £0.13c 16,52 £0.25¢
100 1.97 £0.10b 2026+0.14a
Plai 25 0950.12d 8.68+0.17f
50 190 £0.12b 1234 +031e
100 2.39+0.02a 1951 £0.14b

Different letters in the same column indicate significant differences (p < 0.05).
? Mean #SD (n=3).

Table 1, the difference of DPPH between adding EOs and no EOs.

The greatest challenge of food packaging is monitoring the compounds from packaging to food, which can be
poisonous (Andre, Castanheira, Cruz, Paseiro, & Sanches-Silva, 2010; Cruz, Sanches Silva, Sendon Garcia,
Franz, & Paseiro Losada, 2008; Sanches-Silva, Freire, Franz, & Losada, 2008; Sendon et al., 2012). Nowadays
more people will be worried about this, so EOs are an important choice for active food packaging as EOs will
not be harmful for people’s health until nowadays research.

However, there are still some problems. First, EOs have a strong smell. This smell can limit the use for food.

Second, its biological activity is also different due to different qualitative and quantitative of bioactive
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compounds. The most important problem is the irreproducibility of the active of EOs is a major setback to its

use (James S. Chacha, Chigozie E. Ofoedu, Kaijun Xiao, 2020).

Ways to extract EOs.

1.

Hydro distillation. This is the simplest and oldest method to get EOs. This way is putting the plants into
the water, and then boil the mixture. The main advantage of hydro-distillation is the extraction from the
hydrophobic plants with a high boiling point and the technique is capable of extracting the plant material
under 100 -C (Sharma et al., 2021). Historically, Avicenna, (980-1037), was the first person who used
the alembic-developed extraction. He extracted the first pure essential oil from the rose. Immerse the
plant material directly in the water and make the water boil. The extraction device includes a source of
heating and has a vessel above the heater, in which we could put plant material and water. The set up
also comprises a condenser and a decanter to collect the condensate and to separate EOs from water,
respectively (Figure. 1). The extraction’s principle is based on azeotropic distillation. In fact, during
heating extraction process at atmospheric pressure, water and EOs molecules can form a heterogeneous
mixture whose boiling temperature is a lower point close to 100 °C, while for EOs components this
point is very high (Asbahani et al., 2015). This way is very easy to implement. However, this way will
have some drawbacks. One is the long time that some EOs will be hydrolyzed (Bohra et al., 1994).

_lcomnede distllaton
Condensateur

- —

H

Essencier ou
vasa Norenln

ey
R

SRR

T Cohoba LT
¥

-

Cuve d'extraction

Figure 1. The flow chart of collecting the condensate and separating EOs from water. Source:
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2. Steam distillation. Steam distillation is the most widely used method for extracting EOs. Generally,
place the plant sample into boiling water and use the steam to heat (Figure 2). The theory of this way to
get EOs is the stream can burst and breakdown of cell structure of plant material is the heat, so the
aromatic compounds or essential oils from plant material are released (Perineau and others 1992; Babu
and Kaul 2005). The temperature of heating must be enough to break down the plant material and release

aromatic compounds essential (Tongnuanchan & Benjakul, 2014).

Vaporized essential oils
andsteam Condenser Warm water
3 outiet

Hot steam f

(1
' ) \
\ 17717177 4 N\
------ Essential oils
"\~
Plant materials | |
Waler still Mixture of
essential ofls
Grid and hydrosols
— (¢}
Cooling
water inlet
Hydrosols ﬂ
Essential oils
and water

O
Steam generator — Oil separator [6)

Figure.2 Diagrammatic illustration of steam distillation method. Source:

The theory of EOs as antioxidant

There are two ways to have antioxidants. One is having the strong oxidizing property. For example, hypervalent
metal ions can reduce the concentration of oxygen by reduction reaction, so that the oxidation process will be
stopped. One is having strong reducing property. For example, hydroxyl can lease the hydrogen atom, combined
with peroxide, so that the oxidation process will be stopped. EOs can have strong oxidizing property and reducing

property. (Gulcin, 2020)

The ways EOs can be antioxidant is that EOs have hydroxide radical. The hydroxide | radical’s hydrogen atom
can donate to free radicals, so that EOs have strong oxidability and reductibility (Kumar and others 2005). Also,
some EOs have strong reductibility as they have hypervalent iron ions like clove and iganum (Teixeira and others
2013). Then, the internal PH will be changed, and the free chain will be disrupted (James S.el, 2020). EOs also
can interact with important microbial enzymes to disrupt the free chain, owing to the hydrophobicity property

that allows their permeation through the microbial cell membrane lipids.
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Conclusion

In summary, lipid oxidation is the major reason for food loss. EOs are proved that they are nature and harmless
for people’s health. The EOs also very easy to extract. Therefore, EOs can be great ingredients for active food
packaging and reduce the use of chemical compounds. There are abundant factors that will influence the EOs,
like the temperature, the kind of EOs, the time of contact. Ginger, turmeric and plai can have good antioxidant
when are added in packaging. However, there is a lack of studies on the possible side effects resulting from the
prolonged use of EOs in food packaging. In the future, harmless active packaging will be the trend for food
packaging.
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BUCT Student Experience

* First and Last Year Students

* This is incredibly impertant to remember and keep in mind at all times., While
technically in their last year of the program, these students are in both their
first and final years at ESF as the same time, This is no easy feat for anyone,

- Copper Beach Commons (CBC)
All BUCT students are advised to live in Co ons. This s a
pricy option for the students, but is fully furnlshed near rampus and has a
shuttle that runs from CBC to ESF.

« OIE is working with CBC to help make this situation as suitable for our
students as possible.

» Grad School Expectations:

+ As part of the 3+1 Program, BUCT students are expected by BUCT
administration to apply for grad school in the ULS. (ESF and elsewhere). BUCT
administration has high hopes that 80% will go on to apply and get
accepted into graduate school. This is key component of their assessment of
the success of this program,

. Range of Academic/English-language Ability
Just as you would see in a cohort of ESF students, some of the incomin,
students have been very successful academically, whereas athers have
challenged. The same goes English language skills, Some will transition
perfectly, but others may need individualized support.

205 Walters Hall m Forestry Ki 1 5 54, 4%, #8%: 13210 mHiE: 315-470-6501 mALZ E: 315-470-6945 m B -T-HE4H: sliu@esf.edu

www.esf.edu



ALK
BB S ML EBE

* OIE Cultural Adjustment Support

* ESF International Community
* International Center of Syracuse
* Specialty Grocery Stores

HETER

International Student Orientation
=y el A SR

* International Student Arrival (Wednesday, 8/15, Thursday, 8/16, and Friday, 8/17)
+  Alrport Pickue — O1E willl phck students up at the alrmr:l
* Unpack—Welcoma to
*  Shopping and Settlng in— there will heopp-ortunltle-s togo to local stores and malls to
purchase items
+  Orientation Day 1 (Saturday 8/18): Welcome Day!
* Welcome to Campus
+  F-1Regulations Owerdew
+  American Meadical System— Crouse
+  Campus Tour
= American Classroom Culture/Expactations
*  Liniversity Police Safety
+  Orientation Day 2 (Sunday 8/19): About ESF!
+  Culture Shock and Counseling Services
+  English Language Support Services
+  Student ActivitlesAffairs /Oubs
*  ESFHistory/Culture
*  Divarsity BB
+  Transfer Student Orientaticn [Friday, 8/24)
+  Corversation with Dean
+  Reglatration Tutorlal
+  Sooial Lunch
*  ESF Welcome Convocation

Other OIE Services/Resources
0 TR 22 4 5B 2%

Extended Orientation
International Student Potlucks
Thanksgiving Dinner
International Education Week
Lunar New Year Celebration
OIE Field Trips

International Graduation Reception

ALN T WAL X IRFE S BPE 440 £WH RS h 2 5 RETHREEKRE
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2022 70%

2021 63.6%

2020 74.2%

2019 73.7%
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