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ABSTRACT

Due to the popularity of smartphones nowadays, there are general people who do
not have basic programming knowledge pay attention to mobile application development
and desire to learn the language used to develop the mobile application accordingly.
Therefore, developers had an idea to develop an interactive mobile application named
NewbieSwift purposed to teach basic swift language. The swift language is the language used
to develop mobile application on iOS operating system. The NewbieSwift application is
composed of 2 main functions that are a knowledge providing function about structure of
swift language 3 topics include the use of variable, conditional statement, and looping
statement. In which the developers used multimedia includes text and animation to provide
the basic knowledge and allow the users to perform self-learning and a puzzle game
function, in which, the developers designed jigsaws for users to switch the order of the
jigsaws to correct the order of the program structure. This puzzle game function is designed
to allow the users to examine their knowledge gained from the self-learning. The puzzle
game covers all the 3 topics presented in the first function, is divided into 6 levels of
difficulty according to the complexity of the structure of the program. To evaluate design
quality and learning activity of NewbieSwift application, the developers collected 5 categories
of data from users includ learnability, efficiency, effectiveness, reliability, and satisfactory,
found that the NewbieSwift application had quality in a good level. Even though the design
of NewbieSwift application had some point to be developed this application could be used

as a prototype in interactive mobile application development.

Keywords: Interactive Mobile Learning, Swift Programming Language, Mobile Application
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ROBOTIC WAITER PERFORMANCE MONITORING SYSTEM ON WEB APPLICATION

#5uss uIANA
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AdAeY: sTuUdananisel, ukeUndndu, ueuddsieims

ABSTRACT

This research has the purpose to develop robotic waiter performance monitoring
system on web application which can manage member data, manage restaurant branch
data, manage robot data, and retrieve data and transform data from restaurant robot to
server in order to monitor the robot waiter performance and present the report of the robot
performance. Research results found that this robotic waiter performance monitoring system
on web application could manage member data, manage restaurant branch data, and could
retrieve and transform data from robot waiter from each restaurant branch through web
application to store on the server in order to take the data to analyze and present the
working performance of the robot and the best seller food list inform of table, pine graph,
and bar graph online through web application conveniently and promptly, did not need to
travel to collect data from the robot at every branch. This save budget of travelling cost up
to 80 percent and by taking evaluation results to analyze with basic statistics, based on 30
participant evaluations, found that satisfactory evaluation from the user was in very good
level with an average score of 4.58.
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ABSTRACT

The size of normal fault can be defined by maximum displacement (D,,,,) and length
(L). Displacement-length ratios (D,,.,/L ratios) are constant for each isolated normal system
and many previous researches have been determined D,./L ratios for each normal fault
system. Since most fault data normally come from lithified sedimentary rock, there is very

little data from faults in poorly lithified sediments. Hence, the main aim of this study is to
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determine the D./L ratio of a normal fault system by using normal fault data in the
submarine. The sizes of 14 normal faults are measured from an interpreted 3D seismic
reflection data of the submarine slump in the South Makassar Strait Basin, Indonesia. The
result of this research shows that normal faults in the submarine slump have a higher D./L
ratio compared with those of normal faults of the published examples, which were
developed in better-lithified rocks. The result of this study could be useful for future
estimation of the size of normal faults that developed in the fault material which resemble

the submarine slump.

Keywords: Normal Fault, Fault Displacement, Submarine Slump
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AT idgamneieAnwdnsnaveinssualnidmadonnuudausnuuwuiion (HAZ;
Heat affected zone) UBUNANNAIANSUDUNTA SS400 Tun1sAN®IAEYINIsIUAsULYaINTL ALY
7Aszeu 90- 180 waunUs Insldanu$qlunisiedouiueiidauiininuisd 30 WwuRuasaaud was
AMUA1ENSURILUHNT 20 Thad UTuaudnulunaaauwsInsewnn wuninsewaln 180 wauwkus
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HAMIIFUNIINTEWNNT 4.7 98 HAnAuudeusnaiileoutasfign 185.3 HV kazwuI1 WuusHIn

A1 oa

wdeniinseuailen 90 ueNwys dAnauudeged 360.4 HY SenszuadoutidfiuannTudenals

Aevwnvosdinnsulugtu dddmanuudsanas inssuadon 180 wonuds fir 185.3 HV iile
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UansLRNLNTU

Addsy: viusudnuden wannd1nsusuliunan edey lassadigania

ABSTRACT

The influence of current on welding hardness (HAZ; heat affected zone) of carbon

steel SS400 was assessed. Welding current was varied between 90 and 180 A, with welding
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speed of 30 cm/min at 20 Volts. A welding current of 180 A gave impact strength of 4.7 J
with minimum hardness of 185.3 HV, while a welding current at 90 A cave high hardness of
360.4 HV. increase in welding current resulted in larger grain size and decreased hardness.
The workpiece was examined using scanning electron microscopy (SEM) to check distribution
of elements by the elemental dispersion technique (EDS). Welding wire used with SS400
grade carbon steel at 180 A contained zinc (Zn) and copper (Cu). This mixed with the

welding material and increased the strength of the steel.

Keywords: Robot Welding, Carbon steel, Welded zone, Micro structure
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ABSTRACT

Desktop Computer is widely popular for working, education, and entertainment.
However, there is a considerable amount of desktop computer users who do not know
computer hardware components, their functions, and how to compose the hardware

components together. Therefore author had developed a mobile application named Easy @
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Spec purposed to offer basic knowledge of the hardware components to these users. The
mobile application were developed on iOS operating system. The teaching was in interactive
format. The Easy @ Spec has 3 main functions: 1. Provide basic knowledge of each hardware
component (eg., its shape and function), 2. Inform the installation position of every
component in the computer, and 3. The question and answer game used to measure the
users’ knowledge whether they could apply the knowledge to answer the questions. The
successful of the Easy @ Spec was measured against User Engagement and based on an
observation, the User Engagement was measured at mid-level. This informed that the Easy
@ Spec had potential to be used as a tool to provide basic knowledge of computer
hardware. Nevertheless, it had liability that must be improved in order to continuously

increase learning quality.

Keywords: Mobile Learning, Interactive Mobile Learning, Computer Hardware
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ABSTRACT

Aromatics production from n-hexane, n-heptane and n-octane hydrocarbons are an interesting
way to increase economic values and usage alternatives. This study was to model aromatics
production from hexane heptane and octane, enabling industrial work to be more developed and
actualized by reducing laboratory cost and experimental time. The model was regarded as an
equilibrium state in which the forward reaction rate and the reverse reaction rate are equivalent, and a
catalyst would be Pt/KL and various Mo,C-containing catalysts under 1 atm and 500 °C. The
reactions in the models were from Aspen Plus V9 simulation. The reactions included main reactions
and side reactions, which the catalyst performed to select and unselect certain reactions. Moreover,
the reactions were grouped by splitting reactors, so the reactors connected in series to classify a
procedure. It has been found that n-hexane, n-heptane and n-octane would be converted to
ethylcyclohexane before ethylbenzene. Then, the aromatics were formed by hydrogenation,
isomerization and thermal cracking.

Keywords: aromatization, reaction rate, hydrogenation, thermal cracking, aromatics production

Introduction

Natural gas is an energy source often used for heating, transportation, and electricity
generation. The reservoir of natural gas increases rapidly higher than that of crude oil and expected to
ahead of by the 215tcentury. The aromatization of n-alkanes is an important reaction with many
industrial applications which could be carried out on both bifunctional (acid—metal) and
monofunctional (only-metal) catalysts. Moreover, the direct conversion of alkanes into aromatics has
been the subject of extensive research. The results obtained on various catalysts and the possible
mechanisms of this complex process are well documented in several excellent reviews.

n-Hexane, n-Heptane and n-Octane are one of the components of natural gas liquids (NGL),
and its reforming to olefins and aromatics is of practical importance which is use for a raw material in
the petrochemical industry such as an ingredient and refined into gasoline, solvent industry is distilled
and separated at various temperatures. Resulting in various types of solutions as follows white Spirit
in the coating industry, dry cleaning, polishing process and the pesticide industry while mixtures of
benzene, toluene and xylene are aromatic hydrocarbons and are also upstream petrochemicals which
are used for further production processes.

At the present time, there are many researches demonstrating the experiments converting Cg,
C,, Cg to aromatics including benzene, toluene and xylene with different conditions, e.g., catalyst,
temperature, pressure and reactant components. It is obvious that aromatics production from n-
hexane, n-heptane and n-octane are value enhancement because not only economic values of the
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aromatics but also Cg¢, C, and Cg which can be more usage alternatives.

Therefore, the objective of this research is to develop the model of benzene, toluene and
xylene productions from n-hexane, n-heptane and n-octane with chemical equilibria over the catalyst.
All of these studies were exclusively restricted to the reactions of C,, C,, Cg compounds, because no
catalyst combination could convert methane into aromatics.

This research is sincerely expected finding optimized models would explain and more clarify
the several reactions. Furthermore, it would be beneficial to develop and actualize in commercial part
and predict reaction results with other conditions to save laboratory cost and simplify the method
predicting the process of aromatics production. Then In this study, it is curious to use chemical
equilibrium concept for describing the fraction of components and the models would originate with
the assistance of computer simulation, Aspen Plus simulation to fit with research results.

Objective

To develop the model of benzene, toluene and xylene productions or aromatics production
from Normal Paraffin with chemical equilibria over different catalysts.

Literature Review

In this research, the researcher studied related documents and research as a knowledge base
for use in the study, with the following research points:
1. Oil quality improvement process
Various parts of oil obtained from distillation can be used differently. Some have high
demand and high value. Therefore, requires quality improvement processes to obtain the desired
substance which can be done in many ways as follows: (Riazi, 2001).
1.1 Cracking process
Cracking process is the conversion of large molecules of hydrocarbon compounds
which are less useful into smaller molecules of hydrocarbon compounds that are more useful or the
conversion of circular hydrocarbons into aromatic substances by using high heat and a catalyst.
1.1.1 Thermal Cracking
Thermal cracking is the process of breaking down diesel fuel or fuel oil by
using high heat 400-500°C under high pressure. The product is gas, gasoline that is high in aromatic
with an octane value of 65-70.
1.1.2 Catalytic Cracking
The process of breaking down diesel fuel by using catalysts such as Bentonite
and Kaolin or synthetic clay that has high aluminum content or synthetic zeolite. The product
obtained from this process is gasoline with a high-octane value greater than 90.
1.2 Reforming process
Reforming process is to convert a straight chain hydrocarbon compound into a
branched chain such as iso-octane, which has good fuel efficiency in engines, gasoline. By using high
heat and catalysts.

CH,
Heat !
CHgCHzCHchchchchchg -» CH3 - CHCH2 - C - CH3
Catalyst I |
CH, CH,
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1.2.1 Thermal Reforming
Thermal reforming is heat treatment process that changes the structure of low-
octane hydrocarbons to high levels at 560°C.
1.2.2 Catalytic Reforming
Catalytic reforming is the main process for the production of high-octane
gasoline. The molecular weight of the catalytic reforming process does not change much, but there
will be a rearrangement of the structure. Including the reaction Isomerization, Cyclization,
Aromatization, Combination.
2. Equilibrium modeling
The model demonstrates the oxidative coupling of methane reaction (OCM) over three
different catalysts which were Pt ion-exchanged Ga- and Zn-silicate catalyst, ns Al,05/H-GaAIMFI
and TiO,Zr,. There were three proposed models including uni-equilibrium reaction model, Duo-
equilibrium reaction model and trio-equilibrium reaction model, operating isothermally between
400°C and 600 °C and feeding methane to oxygen ratio was around 3:10. From the research, all
possible chemical reactions were proposed and based on containing catalytic reaction, non-catalytic
reaction and both catalytic reactions. Then, all variables were calculated with Aspen Plus program,
which was run with RK-Soave and Peng-Rob methods based on Aspen Plus component guideline and
industrial guideline. As a result, the models were verified by using statistics of components in
effluence and reactor performance. For the verification using components in effluence, Residue Sum
Square (RSS) was utilized as a model validation. (Herink, 2003 and Zamostny, 1991)

< [Masp — Mymogor]”
_ exp model
S
i=1

exp

Where Mgy, and Mp,qqe1 are effluent mole flow of the experiment and the chemical
equilibrium model, respectively. For the verification using reactor performance, conversion, yield and
selectivity as a variable for performance evaluation were represented in terms of average absolute
relative deviation (AARD) which is statistical information:

N

AARD = lZ (Pexp_Pmadsi)
N ¢ 4
i=

stp
Where Py and Pproqel are the variable from the experiment and the equilibrium model,
respectively.

Methods

Scopes of the research

1. To propose chemical reactions of Normal Paraffin to be aromatics (BTX) by using Aspen
Plus V9 programs for calculation and other researches for comparison.

2. Interested variables which effected to the model were temperatures, pressures, and
catalysts.

3. The reaction temperatures were varied between 400°C and 600°C to find the lowest
temperature which the reaction can occur.

4. The reaction pressure was used to investigate the model were equal to the other researches
and then vary between 1 atm and 10 atm to predict other conditions.

5. All existing compound in the main reactions (aromatization) and the sides reactions
(thermal cracking) would be well-defined hydrocarbons, for example Cg, C;, Cg.

6. The model would be an equilibrium model and kinetic energy is not considered.
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Research methodology

Literature Review

v

Propose all possible chemical reactions

I

Reject unnecessary reactions by Gibbs energy of reaction

!

Model and calculate by using Aspen Plus V9 simulation

\4

Compare with other research results

1. Overview

Since Cs — Cg Normal Paraffin include plenty of components, there are several reactions
occurring for aromatization, for example thermal cracking. Moreover, the different catalysts affected
selectivity, enabling not only few unselective reactions to occur but also some selective reactions to
disappear. Therefore, all possible reactions that would appear will be calculated in the model, and
remarkable reactions will be selected for each catalyst by comparing with the researches.

The reactions were from Polymath calculation and Aspen Plus V9 simulation for more
accuracy and approaching actual value as possible as. Solutions and necessary principles are
demonstrated next.

2. Propose all possible chemical reactions

Interesting reactants contain components, including propane, n-hexadecane (n — C;4H3,),
n-hexane, 1-hexene, n-heptane, n-octane, and 1-octene.

The reactions would be divided into main reactions and side reactions. The main reactions
were reaction producing benzene toluene and xylene directly while the side reactions were unexpected
reactions, particularly thermal cracking, dehydrogenation and hydrocracking. Since most reactions are
an endothermic reaction, it was unavoidable for thermal cracking.

Main reactions: Aromatization, Dehydrocyclization, Hybrid Cracking-Reforming Catalyst.

Side reactions: Thermal cracking, Dehydrogenation, Hydrocracking.

Therefore, all possible reactions that would appear will be calculated in the model, and
remarkable reactions will be selected for Pt/KL and various Mo, C-containing catalysts by comparing
with the experiment in researches as shown in the table 1. Then, all possible chemical reactions were
proposed.

Table 1: Effluent compositions of the experiment

Component Experiment
C;—Cs 0.264
Hexenes 0.07
Benzene 0.277
Toluene 0.283
Heptenes 0.30
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Component Experiment
Octenes 0.19
Ethylbenzene 0.65
m-Xylene 0.12
p-Xylene 0.02
0-Xylene 0.30

A summation of all fractions is less than 1 since certain components could not be defined,
then the experimental result was neutralized before calculation.

nC¢Hy, (hexane) » CgHyp + Hy Thermal cracking
H;o (e) + H, —» C,Hg + CH, Hydrocracking
CgHi¢ — CgHj, (ethylbenzene) + 3H, Aromatization
CgHyo (e) = CgHyo (p) Isomerization
CgHyo (e) = CgHyg (0) Isomerization
CgHyo (e) = CgHyo (m) Isomerization

The proposed reactions were simulated in the Aspen plus V9, which Peng-Robinson
method was preferred and equilibrium reactor was operated under 1atm and 500 °C since the model
was regarded as equilibrium state which the forward reaction rate and the reverse reaction rate are
equivalent.

3. Calculation Gibbs energy
3.1 Gibbs energy of reaction
Gibbs energy of formation of individual components in a reaction is desired in order
to calculation Gibbs energy of reaction as follows:

AGreaction = Z(nAGf)products - Z(nAGf)reactants

Gibbs energy of formation at any temperature obtained from the chemical properties’
handbook. When Gibbs energy of reaction is negative value, the reaction is favorable outcome to
reject unnecessary reactions.

3.2 Equilibrium constant
For a gas-phase reaction, aA(g) + bB(g) = cC(g) + dD(g), the expression for Kp is

_ (P)°(Pp)*
(P4)*(Pg)®
In fact, there are many reactions occurring in the reactor, hence Kp would be

represented as Kp(y Where n is a number of any reaction. To illustrate, there are reactions as follows:

Kp

rR(@) SsS(@) +tT@d - reaction (1)
xX@) syYy@+zzegp e reaction (2)

Then, Kp of both reactions would be

_ (Ps)S(Pp)t _ (Py)Y(P2)?
Kp1 = = ppr - 4 Kp2 = =5

3.3 Relation of Gibbs energy of reactions and equilibrium constant
AG® = —RTInK
Likewise, Kp(y is the expression for equilibrium constant of any reaction when there

is more than one reaction, AG) is also represented as Gibbs energy of any reactions as shown below:
AGY = —RTInkK,
AG) = —RTInK,
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3.4 Conversion
Conversion of each reaction that possibly occur in the reactor is important in the
analysis of product quantity which was represented in term of partial pressure and it is a key variable
for the model test and result prediction.
4. Aspen Plus V9 simulation

Figure 1: Example of connected reactors in series

The reactions were from Aspen Plus V9 simulation for more accuracy and approaching
actual value as possible. The reactions would be divided into main reactions and side reactions. The
main reactions were reaction producing benzene, toluene and xylene directly while the side reactions
were unexpected reactions, particularly thermal cracking, dehydrogenation and hydrocracking. Then,
all possible chemical reactions were proposed. However, the reactions in the model were grouped by
splitting reactors, so there was more than one reactor connected in series to classify which reactions
occurred before and after.

4.1 Base method
The components in the process are hydrocarbons, then Peng-Robinson method was
preferred. However, the method would consider interaction between each component in the mixture,
which it can be estimated from the Polymath with difficulty. Hence, ideal model was also performed
for contrasting.
4.2 Equilibrium reactor
The model was regarded as equilibrium state which the forward reaction rate and the
reverse reaction rate are equivalent, so equilibrium reactor was operated instead.
4.3 Effect of temperature on the reaction performance
From the formulas, temperature influents the reaction result, especially conversion.
Although high temperature leads to higher conversion, coke formation probably occurs. Then,
temperature varying was performed to estimate the lowest possible reaction temperature.
4.4 Effect of pressure on the reaction performance
Most experiments from the literature reviews are demonstrated at atmospheric
pressure, then the model would be interested in higher operating pressure.

Results and Discussion

Model 1 and Model 2
The model 1 shows three groups of the reactions, including thermal cracking to aromatization,

hydrogenation and isomerization. Since aromatics production from n-hexane, n-heptane and n-octane
is an interesting model, there are dehydrogenation of n-hexane, n-heptane and n-octane in the reactor
1 in order to find equilibrium between them before converting to ethylcyclohexane and ethylbenzene,
respectively. Then, aromatization of toluene and benzene were from hydrogenations and by-product
of both reactions was methane because different by-product strongly influenced reaction equilibrium
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shifting and aromatics production, especially toluene and benzene fractions.

Model 1
Reactor 1 Reactor 2 Reactor 3
n — CgHyy (hexane) - CgHyp + H, CgHyo (e) + H; » C;Hg + CH,  CgHyo(e) » CgHyo (p)
CeHiz = C4Hg + CyH, C;Hg +H; = CgHg + CHy CgHyo (e) » CgHyg (0)

2C4Hg — CgH;4 (ethylxyclohexane) C¢Hys + H, » C4Hg + 2CH, CgHyo (e) » CgHyp (m)

CgHy6 = CgH,, (ethylbenzene) + 3H, CgH;, + H, = 2C3Hg
n — C,H,4 (heptane) - C,H,, + H, C,H; + H, = C4Hy, + CH,
C,H;4 — C,Hg + C3Hg C,H;¢ + H, - CsHyo + 2CH,
2C4Hg — CgH;4 (ethylxyclohexane) C,H;¢ + H, = C3Hg + 2C,Hg
CgHy6 — CgH,( (ethylbenzene) + 3H, CgH;g +H, = C,;H;¢ + CH,
n — CgHyg (octane) » CgH;4 + H, CgH;g + H, » C¢Hy, + 2CH,
CgH,6 — CgH;, (ethylbenzene) + 3H,

Model 2
Reactor 1 Reactor 2
n — C¢Hy4 (hexane) » CgHy, + H, C¢Hy4 +H, » C,Hg+2CH, CgHyc(e) +H, » C,Hg
C¢H;, = C4Hg + C,H, C¢H,, +H, - 2C3Hg + CH,
2C4Hg — CgH;4 (ethylxyclohexane) C,H¢ + H, » CgHyy + CHy C,Hg + H, » C¢Hg + CH,
CgHy¢ — CgHyq (ethylbenzene) + 3H, C;H;4 +H,; - CsHyo + 2CH, Reactor 3
n — C,H,4 (heptane) - C,H;, + H, C,H;¢ + H, » C3Hg + 2C,Hg CoHo (6) > Coflig (D)
C,H,, —» C,Hg + C5H, CgHyg +Hy > C/Hyg +CH, (20 (© > e (g)
2C4Hg — CgH;, (ethylxyclohexane) CgH.g +H, » C¢H,, +2CH, 8 10 8 10

CgH;¢ = CgHyg (ethylbenzene) + 3H, CeHio (e) > CgHlyo (m)

n — CgHyg (octane) » CgH;4 + H,
CgH;¢ — CgHy( (ethylbenzene) + 3H,

Table 2: Compositions of Model 1 and Model 2 by Aspen plus simulation

Model Modell Maodel2

Component |Reactor 1l |[Reactor 2 |[Reactor 3 [Reactor 1 |Reactor2 |Reactor 3
n-hexane 0.000276 |0.000276 |0.000276 |0.000276 |0.000276 |0.000276
n-heptane 0.000276 |0.000276 |0.000276 |0.000276 |0.000276 |0.000276
n-octane 0.000276 |0.000276 |0.000276 (0.000276 |0.000276 |0.000276
hydrogen 0.05107 0.016502 |0.016502 |0.002466 |9.06E-07 |9.06E-07
methan 0 0.245539 |0.245539 |0.158708 |0.178324 |0.178324
ethan 0 0.010829 |0.010829 |0.012288 |0.0122879 |0.012288
propane 0 0.022938 |0.022938 |0.004362 |0.0043624 |0.004362
ethylene 0 0 0 0 0 0
propylene 0 0 0 0 0 0
butane 2.50E-05 |3.36E-05 |3.36E-05 (0.000276 |0.000276 |0.000276
1-Pentene 0.002413 |0.002413 |0.002413 |2.50E-05 |2.50E-05 |2.50E-05
benzene 0 0.491109 |0.491109 |0 0.2681 0.2681
toluene 0 0.158118 |0.158118 |0 0.306337 |0.306337
o-xylene 0 0 3.18E-08 |0 0 0.003111
m-xylene 0 0 6.46E-08 |0 0 0.007326
p-xylene 0 0 2.62E-08 |0 0 0.00897
ethylbenzene 0.537011 |[1.29E-07 |1.25E-08 |0.279407 |0.153237 |0.072417
ethylcyclohexane|1.09E-05 |1.09E-05 |1.09E-05 |1.58E-09 |1.58E-09 |1.58E-09

Hydrogenations of n-hexane, n-heptane and n-octane or hydrocracking in the reactor 2 were
moved to the reactor 1 in the model 2, and it has seen that aromatics fractions are more similar to the
experimental result as shown in figure 2 since ethylbenzene production which would be converted to
other aromatics halved approximately. The hydrogenations are competitive reaction, which Pt/KL and
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various Mo, C-containing catalyst could not wholly eliminate, the experimental products were lower.
Therefore, the desired product will be higher if another catalyst has functional elimination of

the reactions from the reactor 1; however, the reactions are proper in the reactor 1 for the catalyst.

Moreover, ethylcyclohexane from the both models were close to zero, it could be as an intermediate

of the mechanism.
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Figure 2: Effluent compositions of experiment, Model 1 and Model 2

Model 3 and Model 4

The reactor 4 represented thermal cracking, was added in the model 3 in order to adjust
aromatic proportions to the experimental result. Besides, there was no hydrogen in the reactor 4
because it had been extremely depleted since reactor 2, then hydrogenation and dehydrogenation
disappeared. The model 4 was designed to visualize how thermal cracking had occurred before
isomerization happened. Benzene was risen dramatically by ethylbenzene, enabling toluene to be
increased noticeably for reaching equilibrium state.

Model 3

Reactor 1

Reactor 3

n — C¢Hy4 (hexane) » CgHy, + H,
CeHi, = C4Hg + CyH,
2C4Hg — CgH;¢ (ethylxyclohexane)
CgHi6 — CgH,( (ethylbenzene) + 3H,
n — C;H,4 (heptane) - C,H,, + H,
C,H;4 = C4Hg + C3Hg
2C4Hg — CgH;4 (ethylxyclohexane)
CgHi¢ — CgHy( (ethylbenzene) + 3H,
n — CgH,g (octane) » CgH;c + H,
CgHi6 — CgH,( (ethylbenzene) + 3H,
Model 4

C¢Hyy + H, » C,Hg + 2CH,
Cg¢Hyy + H, » 2C3Hg

C,H{¢ + H, » CgH 4 + CH,
C,Hy¢ + H, » CgHyy + 2CH,
C,H{¢ + H, » C3Hg + 2C,Hg
CgH;g + H, » C;H ¢ + CH,
CgH;g + H, » CgHy, + 2CH,
Reactor 2

CgHyo (&) + H, —» C,Hg + CH,
C,Hg +H, » C4Hg + CH,

CgHyo (e) = CgHyo (p)
CgHyo (e) = CgHyp (0)
CgHyo (e) » CgHyg (m)

Reactor 4

CgHyo (e) » CgHyo (p)
CgHyo (e) » CgHyp (0)
CgHyo (e) » CgHyo (m)

Reactor 1

Reactor 3

n — C¢Hy4 (hexane) » CgHy, + H,
C¢Hi, = C4Hg + C,H,

2C4Hg — CgH;4 (ethylxyclohexane)
CgHi¢ — CgHy( (ethylbenzene) + 3H,
n — C,H,4 (heptane) - C,H,, + H,
C,H,, —» C,Hg+ C5H,

2C,Hg — CgH;4 (ethylxyclohexane)
CgHi6 = CgH;( (ethylbenzene) + 3H,
n — CgH5 (octane) » CgH;4 + H,
CgH;¢ — CgHy( (ethylbenzene) + 3H,

C6Hl4
C6Hl4
C71—116
C71—116
C71—116
C8H18
C8H18

Reactor 2

+H, -
+H, -
+H, -
+H, -
+H, -
+H, -
+H, -

C,Hg + 2CH,
2C5Hg

CeHy4 + CH,
CsHyo + 2CH,
C3Hg + 2C,Hg
C,Hyq + CH,
CeHy, + 2CH,

CgHyp (e) » CeHg + CH,
2C,Hg — 2CqH, + C,H,

Reactor 4

CgHyo (p) » CeHg + CoH,
CgHy (0) = CgHg + C,H,
CgHyp (m) —» CgHg + C;H,

CgHy (e) + H, » C,Hg + CH, 2C,Hg —» 2C4Hg + C,H,

C,Hg + H, - C4Hg + CH,
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Table 3: Compositions of Model 3 and Model 4 by Aspen plus simulation

Model Model3 Modeld

Component |Reactor1l |Reactor 2 |Reactor 3 |Reactor 4 |Reactor 3 |Reactor 4
n-hexane 0.000276| 0.000276| 0.000276| 0.000276| 0.000276| 0.000276
n-heptane 0.000276| 0.000276| 0.000276| 0.000276| 0.000276| 0.000276
n-octane 0.000276| 0.000276| 0.000276| 0.000276| 0.000276| 0.000276
hydrogen 0.002466| 9.06E-07| 9.06E-07| 9.06E-07| 9.06E-07| 9.06E-07
methan 0.158708| 0.178324| 0.178324| 0.178324| 0.178324| 0.178324
ethan 0.0012288| 0.001229| 0.002123| 0.000123| 0.0001229| 0.000123
propane 0.0043624| 0.004362| 0.004362| 0.004362| 0.0043624| 0.004362
ethylene 0 0 0| 0.009685| 0.022722| 0.022722
propylene 0 0 0 0 0 0
butane 2.50E-05| 2.50E-05| 2.50E-05| 2.50E-05| 2.50E-05| 2.50E-05
1-Pentene 0.0002141| 0.000114| 0.000114| 0.000114| 0.000025| 0.000025
benzene 0| 0.2781| 0.2781| 0.2781| 0.2932765| 0.293277
toluene 0| 0.286337| 0.286337| 0.286337| 0.308985| 0.308985
o-xylene 0 0| 0.02769| 0.036106 0| 0.03168
m-xylene 0 0| 0.056185| 0.025733 0| 0.019792
p-xylene 0 0| 0.022779| 0.008297 0| 0.005592
ethylbenzene 0.279407| 0.153237| 0.078417| 0.078417| 0.0592885| 0.059288
ethylcyclohexane| 1.58E-09| 1.58E-09| 1.58E-09| 1.58E-09| 1.58E-09| 1.58E-09
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Figure 3: Effluent compositions of experiment, Model 3 and Model 4

Model 5 and Model 6

July 17", 2020

The model 5 explains how possible thermal cracking ways of the aromatics could be
performed thoroughly in the reactor 4 since all effluent compositions of the model 5 are exactly equal
to the model 3. Then, it illustrates that xylenes would be cracked by high heat to be toluene before it
would be also cracked to be benzene. On the other hand, the reactors 3 and 4 or isomerization and
thermal cracking grouped together in the model 6. Although the effluents are not quite different, and
the almost models are closer to the experimental result than the model 1 as shown in the figures 3, so
an exact model should be defined. Hence, Residua Sum Square (RSS) was applied to indicate the
most suitable model as shown in the table 5. The number of reactions in model 5+6 are greater than
that in the methodology section above
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Model 5
Reactor 1 Reactor 3
n-— C6H14 (hexane) g C6H12 + HZ C6H14 + HZ g C4H8 + 2CH4 Cngo (e) - C8H10 (p)
Ce¢Hyp — C4Hg + CoHy CeHys +H, —» 2C3Hg CgHyg (e) = CgHyg (0)
2C4H8 i C8H16 (ethylxyclohexane) C7H16 + Hz - C6H14 + CH4 Cngo (e) i C8H10 (m)
C8H16 - C8H10 (ethylbenzene) + 3H2 C7H16 + Hz 4 C5H10 + 2CH4
n — C,H,, (heptane) » C,H,, + H, C,Hye +H, > C3Hg + 2C,H, Reactor4
C,Hy, — C,Hg + CsHg CgHyg +H, > CHyo+ CH,  2CsHio(m) — 2C;Hg + CoH,
2C,Hg - CgHy, (ethylxyclohexane)  CgHyg + Hp » CeHy, +2CH,  2CsHi0 (0) = 2C;Hg + CoH,
CgHy¢ — CgHyq (ethylbenzene) + 3H, 2CgHyo (p) ~ 2C;Hg +CoH,
n — CgH,g (octane) - CgHy + H, Reactor 2 CgHyo (p) + CgHyo (0) & 2C;Hg + CyH,

CgHy — CgHj( (ethylbenzene) + 3H,

CgHyp (e) + H;

> C,Hg + CH,

C,Hg +H, » CgHg + CH,

CgHyg (p) + CgHyo (m) —» 2C;Hg + CyH,
CgHyg (0) + CgHyg (m) » 2C;Hg + C,H,
2C,Hg — 2CeHg + C,H,

Model 6
Reactor 1 Reactor 3
n — C¢Hy4 (hexane) - CgH;, + H, C¢Hyy + H, » C4Hg + 2CH, CgH1o (e) » CgHyg (p)
CeHiz = C4Hg + CoH, CeH14 +Hy = 2C3Hg CgHy (e) = CgHyp (0)
2C4Hg — CgHyg (ethylxyclohexane) C,Hi¢ + H, » CgHyy + CH, CgHyo (e) » CgHyp (m)
CgHye — CgHyg (ethylbenzene) + 3H, C;Hye +Hy » CsHyg +2CHy  2CgH,;, (m) » 2C,Hg + C,H,
n — C;Hy6 (heptane) » C;Hy, + H, C7Hye +Hy » C3Hg +2CHg  2CgH;, (0) » 2C,Hg + C,H,
C;H14 = C4Hg + C3Hg CgHyg +Hy =» C7Hp6 + CH, 2CgHyo (p) = 2C,Hg + C,H,
2C4Hg — CgHyg (ethylxyclohexane) CgHig + Hy = CgHip +2CHy  CgHyo (p) + CgHyg (0) » 2C,Hg + C,H,
CgHis — CgHyp (ethylbenzene) + 3H, CgHyo (p) + CgHyp (m) » 2C,Hg + C,H,
n — CgHyg (octane) > CgHye + H, Reactor 2 CgH;o (0) + CgHyp (m) » 2C,Hg + C,H,

CgHi¢ — CgHyp (ethylbenzene) + 3H,

CgHyo (e) + H,

= C,Hg + CH,

C,Hg + Hy > CgHg + CH,

2C7H8 4 2C6H6 +C2H4

Table 4: Compositions of Model 5 and Model 6 by Aspen plus simulation

Model Model5 Model6

Component Reactor 1 | Reactor 2 Reactor 3 Reactor 4 Reactor 3
n-hexane 0.000276 0.000276 0.000276 0.000276 0.000276
n-heptane 0.000276 0.000276 0.000276 0.000276 0.000276
n-octane 0.000276 0.000276 0.000276 0.000276 0.000276
hydrogen 0.002466 9.06E-07 9.06E-07 9.06E-07 9.06E-07
methan 0.158708 0.158708 0.155708 0.155708 0.156708
ethan 0.00122879 |0.00122879 |0.002122879 |0.000122879 |0.000122879
propane 0.00436239 |0.00436239 |0.00436239 |0.00436239 |0.00436239
ethylene 0 0 0 0.009685 0.009685
propylene 0 0 0 0 0
butane 2.50E-05 2.50E-05 2.50E-05 2.50E-05 2.50E-05
1-Pentene 0.00021413 |0.00011413 |0.00011413 |0.000025 0.000025
benzene 0 0.2681 0.2681 0.292765 0.302811
toluene 0 0.298985 0.298985 0.298985 0.29251
o-xylene 0 0 0.036106 0.0349527 0.0359
m-xylene 0 0 0.056185 0.0256185 0.02915
p-xylene 0 0 0.029702 0.00829702 |0.008715
ethylbenzene 0.279407 0.153237 0.07914 0.07914 0.07528
ethylcyclohexane|1.58E-09 1.58E-09 1.58E-09 1.58E-09 1.58E-09
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Figure 4: Effluent compositions of experiment, Model 5 and Model 6

Conclusions

The table 5 presents effluent differences where the negative sign represents greater model
outlet than the experiment while the positive sign represents smaller model outlet. Furthermore, the
smallest RSS value signified the appropriate model, which would be models 6. In addition, the
majority product of a catalyst which has functional as in model 1 would be benzene, and
hydrocracking will be prevented from appearing in the reactor 1, so aromatization remarkably
increases. Moreover, advantage of equilibrium model compared to kinetic was its ease in utilization
due to much lower number of parameters and equations in equilibrium model.

Table 5: Effluent differences and RSS

Component Model 1 | Model 2 | Model 3 | Model 4 | Model 5 | Model 6
n-hexane 0.95 0.99 0.99 0.99 0.99 0.99
n-heptane 0.95 0.99 0.99 0.99 0.99 0.99
n-octane 0.95 0.99 0.99 0.99 0.99 0.99
hydrogen 0.02 1.00 1.00 1.00 1.00 1.00
methan -1.09 -0.52 -0.52 -0.52 -0.52 -0.52
ethan 0.37 0.30 0.30 0.30 0.30 0.30
propane 0.48 0.02 0.02 0.02 0.02 0.02
ethylene 1.00 1.00 -0.32 -2.1 -0.32 -0.34
propylene 1.00 1.00 1.00 1.00 1.00 1.00
benzene -13.41 0.90 -0.20 -0.38 -0.20 -0.20
toluene 0.99 -0.15 -0.07 -0.86 -0.07 -0.08
xylene 1.00 -1.29 -0.76 0.57 -0.76 -0.79
ethylbenzene 1.00 -1.08 -1.08 0.61 -1.08 -0.62

RSS 187.18 8.01 5.23 9.32 5.23 4.52
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ABSTRACT

Sustainable marketing, green marketing, social marketing or sustainable consumption are the
current topics among marketer nowadays. Numerous of marketing campaigns, models and strategies
have emphasized on sustainable marketing. In this review, the science mapping is used to illustrate the
growth and distribution of the literature in sustainable marketing in view of consumer behavior,
attitude and consumption. Moreover, the aim of this research is to explore influential documents and
journals and key scholars in the field. The database is extracted from Scopus from 2000-2019. The
analysis explained by descriptive statistics and bibliometric review. The literature in sustainable
marketing is rapidly grow in the last six years with one-third of documents published in those years.
The predominant contributions are countries in developed societies mainly in three continents:
America, Europe and Australia. Top five journals are identify based on numbers of documents and
Scopus citation scores. Four out of 15 top cited authors are from India and the others are from
America and Europe continent. Three schools of thought are pointed out: ‘environmental
sustainability’, ‘consumer attitude, perception and behavior’ and ‘sustainable marketing and
management strategy’. This review also provides the current topics in the field to suggest the
researchers on their future study. It is the first review using science mapping analysis on sustainable
marketing in view of consume behavior, attitude and consumption. This paper contributes to
marketing scholars and marketing practitioners. It provides knowledge to scholars in term of key
authors who dominant the topic areas along with influent paper and journals.

Keywords: sustainable marketing, green marketing, social marketing, corporate social
responsibility, circular economy, sustainable consumption, bibliometric review, science mapping

Introduction

Over the last thirty years, sustainable marketing was introduced to the marketer and has
widely used for few decades. There are numerous sustainable marketing campaigns across the globe
lately with increasing degree of concerns toward environment and society. More importantly, major
pressure which push the changing in marketing practices comes from consumer (Kotler, 2011).
“LOHAS”, an abbreviation of “Lifestyle of health and sustain-ability” labeled some customers and
the market of this segmentation is growing (Kotler, 2011).

The relationship between the willingness to purchase green products and attitudes is very
strong (Laroche, Bergeron, & Barbaro-Forleo, 2001). Not only attitude but also customer values,
norms and habits drive the purchase intention of green products (Peattie, 2010). With the significant
relationship, this review is aimed to explore, examine and analyze the documents on sustainable
marketing in the view of customer behavior, consumption and attitudes.

Although sustainable marketing is the tool which marketer have used for decades but only a
few literature reviews. According to Scopus data base, only two bibliometric analysis on sustainable
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marketing related topic which are “Sustainable tourism in the open innovation realm: A bibliometric
analysis” (Della Corte, Del Gaudio, Sepe, & Sciarelli, 2019) and “Sustainable food consumption in
the web of science abstracts” (Diaconeasa, Popescu, & Boboc, 2019) and not directly relevant to
sustainable marketing.

The purpose of the review is to document the growth trajectory, the distribution of the
documents according to the geography from 2000-2019 on sustainable marketing in the view of
consumer behavior, consumption and attitude. The review aims to fine the intellectual structure and
the influential topic among the scholars in order to forecast the tendency of the topic in the area. The
following research questions guided the review:

RQ1: How is the sustainable marketing literature distribute over time and geographic
sources?

RQ2: Which authors, journals and documents have the evident the greatest citation impact in
the literature on sustainable marketing?

RQ3: What is the intellectual structure of the knowledge base on sustainable marketing?

RQ4: What are the most frequent topics in sustainable marketing which attract interest of the
scholars’ overtime?

This study is the first bibliometric review on sustainable marketing based on Scopus data base
documents which examined the data base consisting of 1219 documents which comprised of articles,
conference papers, reviews, book chapters and books. The review explained in descriptive analysis,
citation analysis, co-citation analysis and keyword co-occurrence used the Scopus analyze search
result function, MS Excel and VOSviewer software as tools with PRISMA flow diagram to detail
screening method.

This bibliometric review aims to provide the knowledge base on sustainable marketing to
guide the researcher for future study in this filed.

Conceptual framework of the review

In the sustainable marketing conceptual framework, there are three concepts in marketing
strategy in order to position the organization as sustainable. The model consists of green marketing,
social marketing and critical marketing (Gordon, Carrigan, & Hastings, 2011).
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Figure 1: Sustainable Marketing Framework. (Gordon et al., 2011)

The concept of green marketing has been developed since 1970s. The early stage was
Ecological marketing which reducing the resource use of the material to produce less waste. The
second stage was Environmental Marketing, creating green product and green customer to build the
competitive advantage. The last stage, sustainable marketing, aims to fully integrated social,
environmental, and economic sustainability (Peattie, 2001). or triple bottom line, the three E’s within
this framework are Environmental, Economic, and Ethical (Goodland, 1995).

Social Marketing involves with social problems and social change (Andreasen, 2006). The
focus of social marketing is to change people behaviors to improve well-being in the society (Peattie
& Peattie, 2009).

Critical Marketing emerges from the rule and regulation which control the marketing
activities in the society mainly dominant by institutes or the systems for example the government
policies (Gordon et al., 2011).

Material and Methods

Identification of Sources and Search Criteria

Scopus data base is used in this study with frame of several criteria: time, document type,
source type and language. The time frame of the study is from 2000-2019. The rationale of this is that
to focus on the last two decades in order to observe the influential keyword or topic and spot the trend
of sustainable marketing. In term of type of documents, key scholars in marketing have published
many books launched in both of education and business sectors, consequently, it is decided to include
articles, conference papers, reviews, books and book chapters. As a result, the source of the review is
restricted to journals, conference proceedings, books and book chapters with no restriction on any
specific journals. By executing those criteria, | could find the linkage between journals as performing
co-citation sources analysis.

In term of the topical criteria, the subject area is left open-ended. It is intentionally not to
specify because | would like to examine the sustainable marketing in all areas to explore the
intellectual structure by using the VOSviewer software. Moreover, all extracted documents were in
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English language.

The following keyword searched in this study is (TITLE-ABS-KEY (sustainable AND
marketing) AND TITLE-ABS-KEY (“consumer behavior” OR “consumption” OR “attitude)). The
keyword yielded the initial result of 1354 documents and the Scopus filter is used according to criteria
above (e.g., time, language, document type). As a result, after the screening, 152 documents were
excluded, and the remaining was 1202 documents for manually examination. The irrelevant and
duplicate documents were screen out during the manual process. The final data base extracted to
produce the final analysis is 1061 documents.

In this research, systematic review was conducted by using the guideline of PRISMA
diagram. The selection screening process of data is shown in Figure2.

Records identified through Scopus
database keyword search
(n= 1354)

[ Identification ]

v

Records after initial screening 152 documents excluded

(n= 1202) Based on criteria

v

[ Screening ]

h

Manually reviewed and screened
for eligibility
(n=1061)

141 documents excluded

[ Eligibility J

)

v

Documents included in
bibliometric analysis
(n= 1061}

Included

[

Figure 2: PRISMA flow chart describing the process of data selection,
adapted from prisma-statement.org

Data Extraction and Data Analysis

The data of 1,061 documents Scopus base were downloaded after using the PRISMA table to
extract related documents in form of Excel file. The file included meta-data is exported form Scopus
consisting of author name(s), source, reference, keywords, abstracts, affiliation and other citation data.
Since VOSviewer is used for data analysis, thesaurus file is prepared for filtering duplicate similar
data in order to create comprehensible analysis by disambiguating the data. For example, the file
might include ‘author keywords’ which have the same meaning but different forms, such as
‘perception’ and ‘consumer perception’ Or ‘segmentation and ‘market segmentation’.

The data analysis in this review is based on both descriptive and bibliometric review. The
descriptive review presented the character of the documents list such as growth trajectory, volume and
geographic distribution which conducted by Scopus analytic tools and MS Excel.

Bibliometric analysis, VOSviewer software has been used. The software conducts the
network analysis to visualize the similarity and connectivity of the documents. Citation and co-
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citation both were used for the review. Citation was used for identifying the powerful journals,
authors and documents to examine times of those were directed cited. Whereas co-citation analysis
was used for exploring authors and documents. It can picture the intellectual structure by creating
author co-citation map. Moreover, | did ‘document co-citation analysis’ to see the influential
documents which might not be in the database or in the Scopus.

For the final research question, the words or topic that mentioned frequently overtime have
been illuminated. | focused on ‘author keyword’ to deploy the analysis.

Result

Distribution by Type, Volume, Growth Trajectory and Geographic Distribution.

In this section, RQL1 is answered by using descriptive analysis. | used Scopus analytic tools to
carry out the analysis of type, volume, growth and geographic distribution. The data set extracted
form Scopus is 1061 articles published from 2000- 2019. The documents selected for the review
comprised of journal article (69.1%), conference paper (16.6%), book and book chapter (7.8%) and
review(6.6%).

The set of databases was examined by longitudinal analysis. From 2000-2019, sustainable
marketing knowledge base in view of consumer behavior, attitude and consumption has evolved in
three stages (see Figure 3). First, Emerging stage from 2000-2006, during this period, 68 documents
(6.6%) were published. Second, Stable stage from 2007-2011, 199 documents (18.8%) were publish
during this time. Third, Rapid Growth stage from 2012-1019, 794 documents (74.6%) were published
during this period. The intense growth of the third period which is counted as one third of the article
numbers in sustainable marketing in the last 20 years indicates that the topic is recent and attracting
numerous scholars.
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Figure 3: The Volume and Growth of Sustainable Marketing Literature in View of Consumer
Behavior, Consumption and attitudes in Scopus Index, 2000-2019.

The geographic distribution of the literature (Figure4) has spread dominantly in America,
Australia and Europe region. More specifically, the scholars from United States, United Kingdom and
Australia produced 259 documents (24%), 142(13.4%) and 76(7.16%) correspondingly. Interestingly
the scholars from Asia such as India, China, Malaysia, South Korea and Taiwan have actively
contributed the literature to the society, most of literatures authored between 2014-2019. Of the 85%
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of the sustainable marketing literature has authored in developing countries. Only China and India
which counted for emerging economy countries are in the top 20 countries of sustainable marketing
knowledge production. Thus, predominant contributions are countries in developed societies mainly
in three continents: America, Europe and Australia. However, both of emerging country and
developed countries in Asia have actively and recently produced sustainable marketing documents in
the last 5 years.

Documents by country
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Figure 4: Geographic Distribution of Sustainable Marketing Literature in View of Consumer
Behavior, Consumption and attitudes in Scopus Index, 2000-2019.

Influential Journals and Documents

This section analyses the most influential journal and documents in sustainable marketing.
There are 40 journals published according to the extracted data base of 1061 documents. The range of
the subjects of journals issued the articles is wide. It covers business, management, marketing,
economics, environment, energy, agriculture, geography and development. The list of selected top 15
produced 229 articles (22%) of database (Tablel). The journal scopus quartile indicate the quality of
the sustainable marketing topic. All of the publications are ranked in Q1 and Q2 except one, Acta
Horticulturae. The journal focuses on agriculture, vegetables, ornament tree and flowers, et cetera
afflicted in Belgium which accepts the manuscripts in English, French and Spanish. In the conclusion,
this information suggests that the quality of the top-cited journals is high standard and can be further
used in research.

Together using dual criteria, number of production and Scopus citation, Sustainability
(Switzerland), Journal of Cleaner Production, Journal of Public Policy and Marketing, Journal of
Marketing Management and Business Strategy and the Environment are identified as top five journals
for sustainable marketing.

Table 1: The 15 most influential publications ranked by number of documents and citations.

Rank Journal Counts  Citations Scop 1.1s Subject
Quartile

1 Sustainability (switzerland) 61 249 Q2 ENV, GEO

2 Journal of Cleaner Production 32 831 Q1 ENV, BUS, MAN

3 British Food Journal 14 120 Q2 AGR, BIO

4 Journal of Public Policy and Marketing 13 400 Ql BUS, MAN, MAR

5 Journal of Marketing Management 13 337 Ql BUS, MAN, MAR

6 Business Strategy and the Environment 12 395 Ql ENV, GEO
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Rank Journal Counts  Citations SCOpL,lS Subject
Quartile

7 Journal of Macromarketing 12 343 Q2 BUS, MAN, MAR

8 Acta Horticulturae 12 26 Q4 AGR, BIO

9 International Journal of Consumer Studies 11 213 Q2 ECO, MED, PSY

10 Journal of Consumer Marketing 9 268 Ql BUS, MAN, MAR

11 Journal of Business Ethics 8 167 Q1 BUS, MAN, LAW

12 Journal of Sustainable Tourism 8 326 Ql BUS, MAN, GEO

13 Sustainable Development 8 146 Ql DEV, EN

14 Journal of Global Fashion Marketing 8 43 Q2 CUL, BUS, MAN, MAR

15 Journal of Food Products Marketing 8 41 Q2 FOO, BUS, MAN

ENV = Environment; GEO = Geography; BUS = Business; MAN = Management; AGR = Agriculture; BIO = Biology;
MAR = Marketing; ECO = Economics; MED = Medicine; PSY= Psychology; DEV = Development; EN = Energy CUL =
Culture; FOO = Food

The research question (RQ3) inquired analysis of highly cited documents (Table2). Food
Consumption Trends and Drivers (Kearney, 2010) is at the top of the list. The list covered the focus
topics of consumer behavior, consumer attitude, consumer consumption, green marketing, social
marketing and sustainable marketing. Again, the list in the Table2 is dominated by developed
societies in Europe. Interestingly, one article ranked number2 is Exploring consumer attitude and
Behavior towards green practices in the lodging industry in India (Manaktola & Jauhari, 2007).

Document co-citation analysis (DCA)can be conducted to examine the references articles
which located in the other set of data. DCA can portray the list of highly cited articles not limited to
Scopus base. The result list is in Table3. Most of the articles are from USA and some other European
countries. Most highly co-cited documents, eight of 15 documents focused on green marketing and
social marketing (sustainable marketing). It is assumed that American academic and scholars are the
first pioneer that propose and published t “Marketing Theories” and The first era of sustainable
marketing originally begun with environmentally concern marketing and developed to green
marketing, so those topic articles are the top rank in DCA.

Table 2: The 15 most cited articles in sustainable marketing, 2000-2019.

Rank Articles Nation Focus Area Citations
1 Kearney,J. (2010). Food consumption trends and drivers  Ireland ~ Consumer Attitude 629
Manaktola, K., Jauhari, V. (2007). Exploring
2 consumer attitude and behavior towards green India Consumer Attitude 374
practices in the lodging industry in India
Vermeir, 1., & Verbeke, W. (2008). Sustainable food
ti dults in Belgium: . .
3 CONSUMPUION aMmong youlllg acu s 1 Beigiim Belgium Consumer Attitude 335
Theory of planned behavior and the role of
confidence and values
4 Peattie, K. et al. (2005). Green marketing: legend, UK Green Marketing 270
myth, farce or prophesy?
Peattie, K. & Peattie, S. (2 . ial marketing: A
5 eattie, K. & Peattie, .S (2009) .Soc1a marketing UK Social Marketing 262
pathway to consumption reduction?
- o Lo
6 San.nfz, C. (2002). Wlllmg consumefs or locked-in? Sweden Consumer. 261
Policies for a sustainable consumption Consumption
Prothero, A. et al. (2011). Sustainable Consumption:
.\ . Consumer
7 Opportunities for Consumer Research and Public Ireland . 253
Policy Consumption
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Rank Articles Nation Focus Area Citations
g Peattie, K. (2010). Green Consumption: Behavior and UK Green Marketing 241
Norms
Tonglet, M. et al. (2004). Determining the drivers for
9 householder pro-environmental behavior: waste UK Consumer Behavior 205
minimisation compared to recycling
Eccles, S. A. et al. (2013). Critical research gaps and
10 translational priorities for the successful prevention UK Medicine 203
and treatment of breast cancer
Paul, J. et al. (2016). Predicting green product
11 consumption using theory of planned behavior and USA Consumer Behavior 183
reasoned action
1 Schaefer, A. & Crane, A. (2005). Addressing UK Consumer 142
Sustainability and Consumption Consumption
Cornelissen, G. (2008). Positive cueing: Promoting
13 sustainable consumer behavior by cueing common Spain Consumer Behavior 128
environmental behaviors as environmental
Achrol, R. S., & Kotler, P. (2012). Frontiers of the Sustainable
14 . . . . . USA . 127
marketing paradigm in the third millennium. Marketing
15 De 'Bon, H..et al. (2019). Sustain.able urbap France Agriculture 127
agriculture in developing countries. A review
Table 3: The 15 most highly co-cited articles in sustainable marketing, 2000-20109.
. . Co-
Rank Articles Nation Focus Area o
Citations
1 Ajzen, 1. (1991). The theory of planned behavior. USA Consumer Behavior 32
Fornell, C., & Larcker, D.F. (1981). Evaluating
2 structural equation models with unobservable USA Research 28
variables and measurement error.
3 Peattie, K. & Peattie, .S. (2009).. Social marketing: A UK Social Marketing ”
pathway to consumption reduction?
Laroche, M. et al. (2001). Targeting consumers who
4 are willing to pay more for environmentally friendly =~ Canada  Consumer Behavior 16
products.
5 Roberts, J A (19'96)'. Green consur'n'ers in the 1990s: USA Green Marketing 16
profile and implications for advertising.
6 Griskevicius, V et al. (2010).. Going green to .be seen: USA Green Marketing I
status, reputation, and conspicuous conservation.
Kollmuss, A., & Agyeman, J. (2002). Mind the gap:
7 why do people act environmentally and what are the UK Consumer Behavior 12
barriers to pro-environmental behavior?
2 Kotler, P (2011). R'einvent.ing marketing to manage USA Green Marketing 12
the environmental imperative.
Schlegelmilch, B.B. et al. The link between green
9 purchasing decisions and measures of environmental ~ Austria Green Marketing 12
consciousness.
Vermeir, 1., & Verbeke, W. (2008). Sustainable food
10 consumption among young adults in Belgium: Theory Belgium  Consumer Attitude 12

of planned behavior and the role of confidence and
values
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Co-

Rank Articles Nation Focus Area L.
Citations

Menon, A., & Menon, A. (1997). Enviropreneurial

11 marketing strategy: the emergence of corporate USA Green Marketing 11
environmentalism as market strategy.
Follows, S.B., & Jobber, D. (2000). Environmentally

12 responsible purchase behavior: a test of a consumer USA Green Marketing 10
model.
Grunert, H.G. et al. (2014). Sustainability labels on

13 food products: consumer motivation, understanding Denmark Consumer Behavior 10
and use.
Mcdonagh, P., & Prothero, A. (2014). Sustainability .

14 marketing research: past, present and future (2014) UK Sustam.able 10

’ Marketing

journal of marketing management.
Pickett-Baker, J., & Ozaki, R. (2008). Pro-

15 environmental products: marketing influence on UK Consumer Behavior 10
consumer purchase decision.

Influential Authors and Intellectual Structure.

The bibliometric analysis is to seek the main authors in term of work production and number
of citations. Table4 provides 10 most highly cited in Scopus-index publication. The most cited
contributors are Peattie K., Jauhari V., Carrigan M. and Barr S. Four scholars of 15 are Indian and the
other are from America and Europe region. The most outstanding author is Peattie K. whose focus
subjects are green marketing, social marketing and marketing strategy. The scholar is the very first
academic who has published documents emphasized on social marketing and green marketing since
1999 and continue on.

Table 4: Rank order of 15 most highly cited authors in sustainable marketing, 2000-2019

Citations per

Rank Author Nation Documents Citations
Documents
1 Peattie K. UK 5 837 167
2 Jauhari V. India 3 382 127
3 Carrigan M. UK 6 264 44
4 Barr S. UK 4 263 66
5 Shaw G. USA 3 179 60
6 Hall C.M. Finland 6 174 29
7 Mcdonald S. UK 3 173 58
8 Oates C.J. UK 3 173 58
9 Kumar R. India 3 43 14
10 Agrawal R. USA 3 37 12
11 Gautam A. India 3 37 12
12 Nath V. India 3 37 12
13 Scarpato D. Italy 3 37 12
14 Sharma V. USA 4 37 9
15 Peterson M. USA 4 26 7
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Table 5: Rank order of 15 most highly co-cited authors in sustainable marketing, 2000-2019

Rank Author Nation School of Thought Citations Total Link
Strength
1 Ajzen, L. USA Consumer Behavior 275 1418
2 Peattie, K. UK Sustainable Marketing 267 1563
3 Kotler, P. USA Marketing Strategy 245 1026
4 Verbeke, W. Belgium Sustainable Consumption 214 1059
5 Thegersen, J. Denmark Consumer Consumption 137 945
6 Prothero, A. Ireland Sustainable Consumption 172 1153
7 Carrigan, M. UK Sustainable Marketing 129 909
8 Fishbein, M. USA Consumer Behavior 129 847
9 Stern, P.C. USA Environmental Behavior 122 731
10 Steg, L. Netherland ~ Environmental Behavior 121 605
11 Hall, C.M. Finland Consumer Behavior 120 260
12 Jackson, T. USA Environment 109 669
13 Hair, J.F. USA Market Research 107 472
14 Polonsky, M.J.  Australia Green Marketing 102 673
15  Mcdonagh, P. UK Sustainable Marketing 99 698

According to the third research question, I used the VOSviwer to create co-citation map to
cluster and illuminate the “School of Thoughts” in sustainable marketing. Co-citation map visualize
the similarities and calculate author co-citation. The node represents each scholar and the size display
the strength of author co-citation. The bigger size of the node, the more influential and impact of the
authors. The link shows the frequency cited between the scholars who have been cited together. The
software also groups the clusters into colors based on the frequency and similarities of the subject,
topic and content. Each cluster interpret the “School of Thoughts” representing intellectual knowledge
base of the data set.

In this review, the author co-citation map comprises of three cluster from 1061 Scopus base
documents. The map shows one hundred and one authors followed the threshold of at least thirty-nine
author co-citation. The most highly ‘co-citation authors’ are Ajzen I., Peattie K., Kotler P. and
Verbeke W. correspondingly. The map displays three school of thoughts include ‘Environmental
sustainability’ (blue cluster), ‘Consumer Attitude, Perception and Behavior’ (red cluster), and
‘Sustainable Marketing and Management Strategy’ (green cluster).

Blue cluster represents a school of thoughts focusing on environmental concern development.
This covers alternative energy development, environmental tourism or green tourism, sustainable
construction and sustainable product creation. The key scholars in this cluster are Hall C.M. and Barr
S. The red cluster is the school of thought whose authors emphasize on consumer behavior, attitude
and consumption. The influential authors in this intellectual cluster are Ajzen 1., Verbeke W., Stern
P.C., Steg L. and Fishbein, M. This cluster includes human psychology, value and the relationship
between attitudes and behaviors. The green cluster consists the intellectual knowledge of sustainable
marketing theories and strategies which extended over green marketing, social marketing, social
enterprise. Green marketing includes green products, green consumer and market segmentation. The
knowledge is also closely connected with marketing mix, marketing models and organizational
management practice and theories. The main authors are Peattie K., Kotler P., Prothero A. and
Carrigan M.

The review of the literature in three clusters aim to sought to create sustainability by creating
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sustainable marketing strategies and models to implement in market. Moreover, understanding
consumer attitudes and behavior and build the drives which push the sustainable behaviors and
consumption.
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Figure 5: Author co-citation map of Sustainable Marketing Literature in View of Consumer
Behavior, Consumption and attitudes in Scopus Index, 2000-2019.

Topical Analysis

For the final research question, we conducted the keyword co-occurrence analysis to
illuminate the most frequent and current topic overtime. | used “author keyword” as the threshold
with the exhibition of at least five cases co- occurring author keyword. The most occurring author
keywords are sustainability (162), sustainable consumption (86), consumer behavior (78), marketing
strategy (74) and green marketing (62). The unexpected keyword is social marketing which occurs 32
times.

Temporal co-word map created by VOSviewer is used to show the frequency and recency of
keyword occurrences. The size of the node is appointed to the frequency the word used in the specific
of time. In this analysis, the timeline is set from 2012(dark blue) to 2017(yellow). Yellow means most
recent keyword used by authors. Four emerging keywords are ‘Sustainable Products’, ‘Environmental
Concern’, ‘Social Marketing” and ‘Circular Economy’. Interestingly, ‘social marketing” which occurs
32 times is the recent topic as it shows in the yellow color in temporal keyword co-occurrence map.
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Figure 6: Temporal keyword co-occurrence map of Sustainable Marketing Literature in View of
Consumer Behavior, Consumption and attitudes in Scopus Index, 2000-2019.

Discussion

This research review provides the result according the research questions such as the growth
and the contribution of the literature, the influential journals, documents and authors. Explore the
school of thoughts based on knowledge base and identify the frequent ad recent topic for the future
research. The data base consists of 1061 document on Scopus published between 2000-2019. This
concluding section provides outstanding discussion interpretation and limitations of the result.

Interpretation and Implications

The distribution of the literature in sustainable marketing is very interesting. Most of the
countries produced high number of documents are from developed societies from three continents:
America, Europe and Australia. Only two countries from the emerging countries are China and India.
The reason behinds this result is China and India are facing the environment problems. In India, the
temperature has elevated 4-5 Degree Celsius all over the country and 20% more rain for the whole
year. The expectation of extreme temperature is increasing (Sathaye, Shukla, & Ravindranath, 2006).
Because of the industrialization, China is the world biggest country consuming natural resources and
create pollution (Fang, Cote, & Qin, 2007) Thus, the subject areas focus on environment
sustainability, alternative energy and industrial sustainability.

The focus area of document co-citation analysis is boarder and related with original marketing
theories and green marketing theories. As green marketing is the first among the sustainable
marketing since 1970s starting from Ecological marketing involved to sustainable marketing to
develop life quality (Goodland, 1995; Peattie, 2001)

Author co-citation analysis portray the conceptual map base on knowledge landscape of
sustainable marketing in view of consumer behaviors, consumption and attitudes. There are three
schools of thoughts: ‘Environmentally sustainable development’, ‘Consumer Attitude, Perception and
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Behavior’ and ‘Sustainable Marketing and Management Strategy’. The authors cite the marketing and
management theory for the construction of their research and then develop to sustainable marketing or
to related focus issues.

From the keyword co-occurrence analysis, it might be concluded that ‘Social marketing’ is
most frequent topic in the past few years. Because of customer behavior change, all communication
and activities are relied on mobile phone and social media. It assumes that social media can be used to
create, or impact consumer behavior and it might use as sustainable marketing communication and
campaign.

‘Circular Economy’ is the emerging issues among the scholars which used to connect with
sustainability. It is defined as the system which resources used efficiently and the value chain loop
minimizes waste and energy including product design, maintenance, repair, reuse, recycle, and et
cetera (Geissdoerfer et al., 2017). Circular economy is more focus on industrial system than the
whole community. Whereas ‘sustainablility’ emphasises on wellbeing corresponding with ‘Triple
Bottom Line’, society, environment and economic(Kuhlman & Farrington, 2010).

The emerging key words analysis directs researchers of hot issue trends in the field such as
sustainable products, circular economy and social marketing. This report is also useful to marketing
practitioners, it helps and guides marketer in term of application. Sustainable marketing in view of
customer consumption is very closed and related to environmental sustainability for example; green
marketing, environment friendly product or energy sufficiency and the coordination with efficient
management strategies. Moreover, the result of temporal map reveals social marketing and ai-
consumption as the new coming topic. Even though the fewer frequency compared to other keywords
but it shows the concerns among society and anti-consumption topic in sustainable marketing field.

Limitation

The review is limited to Scopus data base only with the time frame of 2000-2019. It might not
conclude all knowledge of sustainable marketing. Therefore, the review could be the first step of
science mapping in the field and can guide the researcher to conduct further study in other data base.
Another limitation is the review based on ‘Keyword search’ which might reflect the intellectual
structure or ‘school of thought’. The keywords used are ‘Sustainable Marketing’ and ‘Consumer
behavior’ or ‘Customer consumption’ or ‘Consumer Attitude’. However, the findings of intellectual
structure can lead to the future study about ‘Environmentally sustainable marketing’ and ‘Circular
economy’.
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ABSTRACT

Diabetes and metabolic syndrome nowadays have an increment number of cases annually in
many countries. Initially, this non-communicable disease is known to charge older people,
meanwhile, it starts to endanger the younger generation. Existing researches recognized the role of
zinc and its transporter (ZNT8) gene’s expression in increasing the risk of metabolic syndrome and in
other familial connected diseases due to its role to promote the production of insulin and various
regulatory functions, primarily in enzymatic reactions in the human body. Therefore, the investigation
of whether the finding of zinc transporter polymorphism can be associated with the alteration of
metabolic syndrome’s risk factor in younger age is becoming incrasungly urgent to be performed.
Despite that, the correlation between the polymorphism and the inflammatory marker, as one of the
related risk factors, is also an interesting subject to be examined. This recent study is conducted in the
adolescent population by extracting the DNA genotype and obtaining the anthropometric,
biochemical, and clinical parameters. The finding of this study showed that ZNT8 polymorphism
(rs13266634) has a role in human body metabolism. The significant correlation was shown between
the rs13266634 with blood pressure and insulin production (p-value 0.024 and 0.001 respectively)
with the wild-type allele carrier subject has a significantly higher value of blood pressure (p-value
0.034) and also insulin level (p-value 0.008).

Keywords: Diabetes Mellitus, Metabolic Syndrome, Rs13266634, SLC39, Adolescent, Zinc
Transporter, Gene Polymorphism

Introduction

Diabetes presents as a growing chronic disease and remains a tremendous threat to public
health. It does not merely occur in a developed country but turns to the part of the multi-burden
problem in developing nations, for adult and growing down to adolescence age. It is emerging and
becomes a worldwide public health issue, including in Thailand with more than 8% prevalence in
2018 as reported by Global Nutrition Report (WHO, 2018). Based on “Association of early life
exposures and long-term health and cognitive development outcomes in adolescents in the northeast,
Thailand”, a project that was held in 2013, there were more than 30% of adolescent samples in Khon
Kaen are categorized as pre-diabetic status and around 11% of them were diabetes (referring to the
HbALc -Hemoglobin Alc- level). Not only that, but the increasing prevalence of obesity in pediatrics
also evolves into a considerable concern and is the driving force behind the increment of Metabolic
Syndrome in the adolescent, especially diabetes.

Recently, existing research recognizes the critical role occupied by zinc and its transporter
gene expression mutations and single nucleotide polymorphisms (SNPs) of inherited diseases increase
the risk of metabolic syndrome. The deficiency of zinc is known as a risk factor for obesity and
diabetes, which are two crucial parts of metabolic syndrome (Fukunaka & Fujitani, 2018: 3-5). Zinc
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promotes insulin-producing in B-cells and insulin signals transduction in cells targeted by insulin
(Maret, 2017: 4-5) and also known contributes to insulin clearance regulation in the liver (Gu, 2016: 2).
Another study has also indicated that serum zinc levels may be responsible for a decrease of the
inflammatory process in acute inflammation (Jung, Kim, & Choi, 2015: 10) as another crucial factor
in the development of metabolic syndrome in the obese population. Since zinc plays a role in
metabolism through its effects on insulin performance and as an anti-inflammation property,
providing another look over the zinc and its transporter might be beneficial.

Several recent studies have reported that ZnT8, one of zinc transport protein, and its
polymorphisms are linked to the development of metabolic syndrome (Giacconi et al., 2018: 102-110;
Hosseini-Esfahani et al., 2017: 1-12). On one hand, the increment of adipocytokine components were
found as strong risks for metabolic impairment and potentially to be initial signs of metabolic
syndrome in adults, both in children and adolescence (Bussler et al., 2017: 185-186). That makes this
aspect crucial. This is additionally become an interesting variable to be assessed; whether all those
factors linked with the risk of metabolic syndrome in adolescents and projected by the level of zinc
blood serum is correlated to the ZNT8 polymorphism.

Objectives

The main purpose of this research is to investigate whether the finding of zinc transporter
polymorphism can be associated with the alteration of metabolic syndrome’s risk factor in Thai
adolescents. Specifically, the objectives are divided into several specific objectives:

1. Determine the association of ZnT8 (rs13266634) polymorphism with the risk of metabolic
syndrome (fasting blood sugar, HbAlc lipid profile, blood pressure, waist circumference, and BMI)
and Zinc serum level in adolescents.

2. Examine the relationship of that gene polymorphism (ZnT8 rs13266634) with the
inflammatory markers (CRP, IL-6, TNF-a) in adolescents.

Literature Review

1. Metabolic Syndrome in Adolescence
The imbalance intake of every single nutrient compound will affect the imbalance of body

composition. It will not only be expressed in adult but can also be detected from younger age and
provide double-burden nutrition problem (Jenkins et al., 2018: 79-80). Based on the Global Nutrition
Report — Country Overview published in 2018, in 2016, Thailand reported had more than 8,2% under-
five overweigh prevalence. The number was increased up in the female adult which is >12% and
around 7% in men. The prevalence of diabetes in the adult population in Thailand is more than 8%
both in the male and female groups, and the prevalence of metabolic syndrome in children’s
population, based on cross-sectional research in 2014, is around 4% (Rerksuppaphol &
Rerksuppaphol, 2014: 2-5).

Most of the conventional criteria of metabolic syndrome will repeatedly mention the
alteration of glucose, lipid profile, blood pressure, and central obesity appearance. Knowing that
obesity is associated to abnormal lipid profiles in both adults and adolescent (Sekokotla, Goswami,
Sewani-Rusike, Iputo, & Nkeh-Chungag, 2017: 131-137) makes the usage of adipocytokine and the
explanation of genetic modulator in metabolic predisposition important to be explored (Bussler et al.,
2017: 181-193).

1.1 Criteria of Metabolic Syndrome in The Adolescence Age

Definite criteria for adolescent metabolic syndrome have yet been established due to
numerous reasons, such as puberty impacting insulin production (Wittcopp & Conroy, 2016: 194-195).
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While criteria for adults have been published by the World Health Organization (WHO), International
Diabetes Foundation (IDF), National Cholesterol Education Program 111 (NCEP-II1), National Heart,
Lung and Blood Institute (NHLBI), and the American Heart Association (Alberti et al., 2009: 1640-
1645; P. L. Huang, 2009: 231-237). Only IDF who already published their new consensus statement
about a new definition of children and adolescents with metabolic syndrome (Zimmet et al., 2007:
299-306). Based on IDF, an adolescent (10-16 years old) can be categorized in metabolic syndrome
when they meet the criteria:

Table 1: Criteria of Metabolic Syndrome.

Criteria of Metabolic Syndrome  Cut-off level

Waist circumference >90™ percentile

Triglycerides level >1.7 mmol/L (>150mg/dL)
HDL-C <1.03 mmol/L (<40mg/dL)

Blood pressure systolic >130/ diastolic >85 mmHg
Fasting Blood Sugar (FBS) >5.6 mmol/L (=100 mg/dL)

Fasting glucose may not represent the development of the metabolic syndrome
accurately, therefore HbAlc may be the logical choice to be used as a chronic measure of
hyperglycemia rather than an acute measure, such as glucose since it represents the condition of blood
glucose in more than 100 days (per hemoglobin lifespan). Normal HbALc is suggested to be 5.6% and
it should be diagnosed as the pre-diabetic stage when it is around 5.8-6.1% (Nam et al., 2018: 5-6).

1.2 Adipocytokines as a biomarker of Metabolic Syndrome in Adolescence

Some studies also suggest adipocytokine component was found to be high risk for
metabolic impairment and can potentially be used as early signs of cardiovascular diseases in
children, adolescence, and adults (Bussler et al., 2017: 185-188). Pro-inflammatory state, due to
secondary to the increment of inflammatory cytokines production visceral adipocyte, is associated
with obesity. These inflammatory markers are included C-reactive protein (CRP), interleukin-6 (IL-6), and
tumor necrosis factor-alpha (TNF-o). CRP is commonly found higher in younger obese population,
found in numerous large-scale population-based studies. This might be associated with the resistance
of insulin in that population even though the relation between CRP and metabolic syndrome remains
unclear. Another previous study conducted among the elderly showed that hsCRP (human sensitive
C-reaction protein) is non-specific and is affected by various factors such as smoking, high
triglyceride level, obesity, hypertension, and event diet pattern. Meanwhile, this study indicated that
increasing CRP levels are consistent with the inflammation (Milan-Mattos et al., 2019: 1-10).

IL-6 plays a role in natural inflammatory response as a pro-inflammatory cytokine.
Similar to the TNF-a that secreted by visceral adipose tissue, both are often used to characterize the
metabolic syndrome (Baldsoiu et al., 2014: 32-33). It hypothesizes that an early assessment of the
patient’s inflammatory status including measurement of TNF-a and IL-6 may be useful in monitoring
and early intervention of metabolic syndrome and its comorbidities.

2. Zinc Transport Protein
Two families of zinc transporters have been identified in humans and animals and

commonly identified as solute protein carriers (SLC). It functions as a regulator of zinc homeostasis
by controlling the influx and efflux, from and within the cells. It is physiologically and molecularly
involved in signal transduction, morphogenesis, neurosensory, immune response, and endocrine
function (Hara et al., 2017: 283-293). Based on its function, zinc transport protein is divided into two
which are ZnT (SLC30A) and ZIP (SLC39A).
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The SLC30A/ZnT family contains 10 members, while the SLC39A/ZIP family has 14
members. Members of each family share similar topological protein structures. ZNT proteins are
identified having six transmembranes (TMs) domains and a histidine-rich loop between TM4 and
TMS, except for ZNT5 which contains additional TM domains at the N-terminal end of the protein.
Both N- and C-terminal ends of ZNT proteins are localized intracellularly, facing the cytosol. (Bin,
Seo, & Kim, 2018: 3-5; L. Huang, 2014: 367)

2.1 Zinc and its transporter as the suggested factor for Metabolic Syndrome in
insulin retention and inflammatory marker

Zinc is one of the important trace minerals (essential metal-ion) for human
physiological function than can be found in most of the body parts, including fluid and secretions,
tissue, and organ. It is essential for the development, differentiation, immune response, neurological
functions, growth and plays a role in metabolism as the activator of more than 300 metalloenzymes
and zinc-finger protein that are involved in the regulation of gene transcription (Hara et al., 2017:
283-293; L. Huang, 2014: 366). The zinc proteome estimates that zinc protein is encoded by around
10% of the human genome (Andreini, Bertini, & Cavallaro, 2011: 1), and more than half of it is
enzymes and transcription factors. The estimation is based on intramolecular zinc-binding sites. An
increase of zinc-binding motif is seen when zinc-binding sites such as the ones previously mentioned
are considered. (Kambe, Hashimoto, & Fujimoto, 2014: 3282)

Normally, the body contains around 2 — 4 grams of zinc (Kambe et al., 2014: 3281-
3282; Maywald, Wessels, & Rink, 2017: 2). Around 60 % of zinc is stored in skeletal muscle, about
30 % is in bones, and about 5 % is in the liver and skin, but it may differ due to certain condition
which affects its homeostasis. The remainder is distributed to other and less than 1% is circulated in
the serum with 80% of it is bound to albumin and the rest is tightly bound to a2-macroglobulin (non-
exchangeable) (Barnett et al., 2013: 5456-5457; Kambe et al., 2014: 3281-3282).

The gastrointestinal tract epithelial cells principally regulate the zinc homeostasis by
way of absorption and secretion of exogenous zinc from food and endogenous zinc respectively (Faa
et al., 2008: 1259-1263). When the availability of zinc is limited, zinc absorption will increase up to
90% in the small intestine, and its release from the pancreas and small intestine will decrease. The
absorbed zinc, about 30 % of dietary zinc (L. Huang, 2014: 365) is bound to the albumin and
delivered by peripheral tissues (Hara et al., 2017: 284; Kambe et al., 2014: 3281-3282; Krebs, 2013:
19-29) mainly in duodenal and jejunal into the bloodstream.

Since zinc cannot be stored, so it has to be taken up via food daily to guarantee
sufficient supply (Maywald et al., 2017: 2-3, 14). It has been many decades ago since the discovery of
zinc deficiency. Zinc deficiency affects many elements (Haase, Overbeck, & Rink, 2008: 394-408) of
physiology and homeostasis for every stage of life (Krebs, 2013: 19-29; Mocchegiani et al., 2008:
433-444; Putics et al., 2008: 452-461). Based on WHO recommendation, daily intake of zinc should
be around 9.4-10 mg for men and 6.5-7.1 mg for women (Maret & Sandstead, 2006: 4), but for
adolescent, it is recommended to be 5.7 to 15.5 mg/day (boys) and 4.6 to 15.0 mg/day (girls) (Moran
et al., 2012: 843). Based on IZINCG Technical Brief (2012), the suggested lower cut-off for serum
zinc concentration for the male and the female adolescent (> 10 years old) is 70 ug/dL and 74 ug/dL,
respectively (Brown, 2012: 1-4; Wessells, Singh, & Brown, 2012: 1-13).

Several evidence suggest that zinc transporters contribute to physiology and pathogens
by way of zinc ion mobilization across biological membranes (Hara et al, 2017: 289-290). A crucial
function of zinc transporters in zinc enzymes’ activation is mediated by the coordination of zinc at
said enzymes active site. The level of zinc within the human body is meticulously regulated,
disturbances have been associated with various diseases including metabolic syndrome (Jansen,
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Karges, & Rink, 2009: 399-401; Maret, 2017: 6). Recently, deficiency of zinc is known as a risk
factor for obesity and diabetes, which are two prominent components of metabolic syndrome
(Fukunaka & Fujitani, 2018: 3-5). Zinc also plays an important role as an endogenous molecular
switch because it regulates the pre-prandial to postprandial insulin clearance rate by the liver (Gu,
2016: 2-3) and the lower metabolic clearance rate of insulin can be an indicator of the metabolic
syndrome (Lee et al., 2013: 903-905).

The release of zinc and insulin reduces insulin degradation in the liver and further
optimize insulin delivery into peripheral target tissues. Zinc is secreted with insulin, while SLC30A8
acts as a zinc transporter. This protein facilitates the accumulation of zinc from the cytoplasm and into
intracellular vesicles within the secretory pathway granules of insulin secretion (Gu, 2016: 2-3). Maret
(Maret, 2017: 4) suggested that zinc promotes the insulin-producing in B-cells and insulin signal
transduction in cells targeted by insulin. So, the alteration of ZnT8 expression potentially takes a role
in insulin secretion (Du et al., 2018: 6-7). It explained the importance of the general relationship
between zinc and redox metabolism for diabetes. A previous research about zinc supplementation has
shown that zinc may become a potential adjunct therapy in the management of diabetes (Capdor,
Foster, Petocz, & Samman, 2013: 141), yet the outcomes are still conflicting. Since zinc is implicated
in glucose metabolism through its participation in insulin crystallization and signaling, another look
on the zinc and its transporter may prove beneficial (Taylor, 2005: 306-308).

Another metabolic problem affected by zinc is inflammation. As the aging process
promotes inflammation in the human body, zinc is found to be beneficial in decelerating this
degeneration process. A previous study conducted in 2008 found that the decrement of plasma zinc
increases plasma oxidative stress markers and increased the generation of inflammatory cytokines in
the elderly subjects which can be corrected by zinc supplementation (Prasad, 2008: 370-371).

2.2 Single Nucleotide Polymorphism (SNP) in zinc transporter

Single nucleotide polymorphisms, also known as SNPs (pronounced as “snips”), are
the most common type of genetic variation among people. Although the majority of SNPs show no
impact on human health and development, some variations demonstrate essential modulation in the
physiology of the human body. It may be a prognostic key point of specifics drug effect, the
susceptibility of some certain diseases related to metabolisms such as CVD, diabetes mellitus, and
cancer (Becker et al., 2011: 6-44; Tam et al., 2019).

Zinc transport proteins, whose mutations, and SNPs, are involved in inherited diseases
or the increased risk of diseases. In this case, ZnT8 has been reported are linked to the rates of
Metabolic Syndrome (Giacconi et al., 2018: 102-110; Hosseini-Esfahani et al., 2017: 1:12). Zinc
efflux transporter, the ZnT8, facilitates zinc accumulation form cytoplasm into intracellular vesicles in
beta cells of the pancreas and plays a key role in insulin secretion. Biological experimental studies
with diabetic animal models show ZnT8 gene expression levels are decreased in pancreatic islets of
diabetic animals. The downregulation causes the reduced secretion of glucose inducible insulin and
overall insulin content in beta cells. (Gu, 2016: 1-2).
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Figure 1: SLC30A8 Gene in a genomic location on chromosome 8g24.11
Source: the figure was modified from https://www.genecards.org/ about SLC30A8 Protein Coding
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ZNT8 polymorphism (rs13266634) is found in the exon region of chromosome 8. The
GWAS (Genome-wide association studies) discovered that rs13266634 is a non-synonymous. It
changes (in the change code 325) the Arginine (R/CGG) to Tryptophan (W/ TGG). The production of
this variation, R and W of which the C allele (R variant) is associated with decreased insulin released
and the susceptibility of type 2 diabetes (Norouzi, Adulcikas, Sohal, & Myers, 2017: 6; Wang et al.,
2018: 1374-1390).

Methods

Subijects
This cross-sectional study consists of 42 subjects which were selected among the participant

of the “Association of early life exposures and long-term health and cognitive development outcomes
in adolescents in northeast, Thailand” project, a community-based study that was performed in the
adolescence of Khon Kaen province at age around 14 to 16 years old.

Anthropometry and Clinical Measurement
Weight, height, and waist circumference data were obtained from previous anthropometry

measurement. Weight was measured with a standardized digital scale (Seca digital scale model 813,
Seca Corporation, Hamburg, Germany) and height was measured with measuring tape on the
millimeter scale. The weight and height of each participant were calculated with the same method as
adults. The waist circumference was measured with inelastic tape in millimeters. Each participant was
asked to sit on the chair to measure blood pressure using an automatic blood pressure monitor.

Laboratory Analysis
FBS, serum TG, TC, HDL-c level were analyzed directly by enzymatic assay. Indirectly, the

LDL-c levels were calculated using the Friedewald formula (Friedewald et al., 1972). HbAL1C level
was measured by the high-performance liquid chromatography (HPLC) technique. Inflammatory
markers, IL-6 and TNF-a, were analyzed using Enzyme-Linked Immunosorbent Assay (ELISA)
method based on the suggested method from another study (Tuntipopipat et al., 2011). For high
sensitivity C-Reactive Protein (hs-CRP), it was analyzed using the Immunoturbidity method
according to laboratory procedures. The serum zinc level was analyzed using Flame Atomic
Absorption Spectrometry Method or known as AAS-F Method. All the protocols were done based on
standard protocols applied in each laboratory used.

Genotyping

Genomic DNA samples were extracted from thawed peripheral leukocytes in EDTA-treated
blood using the FlexiGene DNA kit (Qiagen, Hilden, Germany). The ZNT8 gene contained SNP
rs13266634 was studied using polymorphism chain reaction-restricted fragment length polymorphism
(PCR-RFLP) with these determined primers:

Forward: 5~ GGA CAG AAAGAG TTCCCATAGCG -3

Reverse: 5> — ATA GCA GCATGT TTG AAGGTG GC -3’

The amplification was conducted using KAPA2G Fast HotStart ReadyMix PCR Kit
(KAPABiIosystem) by initial denaturation at 95°C for 3 minutes, the following 32 cycles were done at
95°C for 15 seconds, 60°C for 15 seconds, 72°C for 10 seconds. The last final extension was
accomplished at 72°C for 1 minute.

After finishing the amplification, then the PCR product was separated in 3% agarose and
stained with SYBR Safe DNA Gel Stain. The successful process was indicated by the presence of the
fragment at length 430bp. Hereinafter, the purification was done by using FavorPrep PCR Clean-Up
Kit (Favorgen). The purified DNA sample then was sent to obtain the sequencing result to the
commercial laboratory for further checks.
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Statistical Analysis
All data were analyzed using SPSS software (SPSS ver.21.0 IBM). Fit to the expectation of

Hardy-Weinberg Equilibrium (HWE) was tested using X2 test. For a continuous variable, the 1-
sample Kolmogorov-Smirnov test was conducted to check the normality of data distribution. Since
the data were not distributed normally, the non-parametric analysis was performed. Mann-Whitney
test was performed to see the difference between alleles. The association between alleles and risk
factors were analyzed using Spearman’s Test. P-value was set as < 0.05 for significant correlation and
set based on a two-tailed test.

Results and Discussion

Data in table 2 are presented as mean — SD. The p-value in this table was calculated by Mann-
Whitney test and it will be considered as significantly different between gender if the p-value is less
than 0.05. In general, all subjects were at the same age, which were around 15 years old. Comparing
to the female adolescent in this sample population, male tended to have a bigger posture. It showed a
significantly higher, weightier, and wider waist circumference in male anthropometry measurements.
The different height was considered normal due to the different period, duration, and starting age of
growth spurt that at the end accounts to the 11-13 cm difference, taller in males (Soliman, De Sanctis,
Elalaily, & Bedair, 2014: S53).

Table 2: General Characteristics of All Subjects.

Parameter Total Male Female p-value
(mean£SD) n=42 n=24 n=18

Age (month) 178.7+4 178.3+4 177.0+4 0.334
Weight (kg) 57.8+£15.9 63.1+16.7 50.9+11.9 0.010%*
Height (cm) 161.5+6.2 164.7+5.3 157.3+4.7 0.000*
BMI (kg/cm2) 22.0+5.2 23.1+£5.5 20.5+4.6 0.109
Waist Cir. (cm) 74.2+13.4 77.4+14.3 69.9+11.2 0.047*
Systole (mmHg) 110+12 115+10 102+10 0.000*
Diastole (mmHg) 64+6 65+6 62+6 0.052
FBS (mg/dL) 97+12 100+12 93+11 0.034*
HDL-C (mg/dL) 31.8+12.8 30£12.6 34.4+13.1 0.309
Triglyceride (mg/dL) 159.5+85.1 164.7+£108.8 152.5+37.4 0.760
Cholesterol (mg/dL) 144.3+£29.2 138.8+24.9 151.6+22.5 0.208
LDL-C (mg/dL) 85.0£19.4 82.8+17.8 87.9£21.5 0.559
hs-CRP (mg/L) 0.89+2.02 1.29+2.60 0.37+0.35 0.039*
IL-6 (pg/mL) 267.2+169.2 279.5151.7 250.8+189.3 0.594
TNF-a (pg/mL) 30.8+£37.5 38.0+46.5 21.4+17.3 0.563
HbAlc (%) 5.8+0.73 6.0+0.78 5.6+£0.65 0.041*
Zinc serum (ug/dL) 79.13+13.8 79.65+13.1 78.44+15.1 0.799
Hemoglobin 14.04+1,1 14.44+1.1 13.5+£0.8 0.007*

*) Significantly different

The male subjects also had a significantly higher fasting blood sugar, hs-CRP, and HbAlc
level. It was supported by a higher triglyceride level, even though it is not significantly different
between gender groups. Hs-CRP has been known as one of the clinical markers that widely used in

747



PIM 10" National and 3" International Conference 2020
July 17", 2020

pediatric patients with diabetes mellitus and other metabolic problems. The result of this study
showed that the group who had a higher hs-CRP turn to have a higher level of FBS, blood pressure,
BMI, and HbAlc. This is quite consistent with the previous study that uses hs-CRP in diabetecs
patients (Elizondo-Montemayor et al., 2019: 10).

The research found that adipose tissue secreted adipokine; it upholds the theory which excess
adiposity participates in metabolic syndrome and insulin resistance, this has been associated with a
pro-inflammatory state which is marked by elevated levels of inflammatory markers (Gonzélez, Del
Mar Bibiloni, Pons, Llompart, & Tur, 2012: 1141; Warnberg & Marcos, 2008: 12). This dysregulation
is prone to release a higher level of pro-inflammatory adipokines, such as TNF-a and IL-6, especially
in case of central obesity (Srikanthan, Feyh, Visweshwar, Shapiro, & Sodhi, 2016: 31). In some other
studies, serum IL-6 is associated with body fat and the higher concentration of TNF-a, however its
effects are not consistently pronounced; some studies have found increased concentrations but some
shown no alteration (Al-Hamad & Raman, 2017: 400; Warnberg & Marcos, 2008: 12). All of the
parameters above shows a higher likelihood of male subjects to possess a higher susceptibility of
diabetes or maybe at risk of metabolic syndrome disease cluster in their future (Levitt Katz et al.,
2018: 208-216).

Frequencies of ZNT8 genotypes in this adolescent sample population did not deviate from
HWE between the male and female groups. There ws no significant difference in the genotype or
allele frequency distribution among gender in the adolescent population involved in this study
(X2 test p-value > 0.05) as shown in Table 3.

Table 3: Genotype and allele distribution of ZNT8 polymorphism (rs13266634) between subjects.

Genotype Total Male Female
n=42 n=24 n=18

CC (n/%) 16 (24) 8(33.3) 8 (44.4)

CT (n/%) 14 (52,8) 9 (37.5) 5 (27.8)

TT (n/%) 12 (23,7) 7(29.2) 5(27.8)

C allele frequency 0.55 0.52 0.58

P value 0.034 0.223 0.069

Table 4 is showing the proportion of wild-type allele and variant-type allele in each metabolic
syndrome criteria with the additional marker (HbA1c). In this table, there is no significant p-value.
Nonetheless, the odds ratio and 95% CI shows some probability of high risk in the population who
carry wild-type allele compare to the variant-type allele.

Most of the parameters showed the same trend between male and female group. Interestingly,
the FBS’ odd ratio showed anomaly. The male group who carries the wild-type allele tends to be 9 times
(95% CI 0.888-91.26) more susceptible for having high FBS compare to them who carry variant-type
allele. Furthermore, for women the possession of wild-type allele could be a protective factor (95%
Cl 0.065-3.845) for having a high FBS. The odds ratio for some parameters could not be measured
due to the nil proportion in one of the variables to be calculated.
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Table 4: The proportion of wild-type allele and variant-type allele in each Metabolic Syndrome
Criteria and HbAlc.

Risk Factors Wild-type Allele Variant-type Allele Odd (95% CI)  P-value
(n/%) (n/%) ratio
Male 8(33.3) 16 (66.7)
High Waist Cir. 5(62.5) 5(31.3) 3.667 0.619-21.73  0.204
High FBS 7(87.5) 7(43.8) 9.000 0.888-91.26  0.079
Low HDL-C 7(87.5) 15(93.8) 0.467 0.025-8.596  1.000
High Triglyceride 5(62.5) 8(50) 1.667 0.294-9.445  0.679
Hypertension 2(25) 0(0) - - 0.101
High HbAlc 8(100) 11(68.8) - - 0.130
Female 8 (44.4) 10 (55.6)
High Waist Cir. 3(37.5) 2(20) 2400 0.291-19.78  0.608
High FBS 2(25) 4(40) 0.500 0.065-3.845  0.638
Low HDL-C 7(87.5) 10(100) - - 0.444
High Triglyceride 7(87.5) 5(50) 7.000 0.613-79.87  0.152
Hypertension 0(0) 0(0) - - -
High HbAlc 5(62.5) 6(60) 1.111  0.164-7.506  1.000

3 The test cannot be performed on the empty group,

Comparing to the results from GWAS were consistent with the previous meta-analysis study,
which indicated that SLC30A8 polymorphism rs13266634 confers risk of type 2 diabetes especially in
Asian and European population (Cheng, Zhang, Zhou, Zhao, & Chen, 2015: 2187), the current study
had a parallel outcome even though the result was not significant yet. In another study, the carrier of
CC genotype (wild-type allele) had a lower risk of Metabolic Syndrome by reducing around half of
FBG compared to CC and CT genotype (variant-type allele) (Hosseini-Esfahani et al., 2017: 8-11).
The current study showed a coherence result in the female group; however, it is an inverse result for
the male group.

Data in Table 5 are presented as mean — SD with p-value was considered to be statistically
significant if it is less than 0.05. The p-value between genotype was calculated by the Mann-Whitney
test and the p-value for interaction between the genotype and variable was calculated by Spearman’s
test.

In the male group, the blood pressure is commonly lower in the carrier of variant-type allele
compared to the wild-type allele. However, this result was only significant in a group that has a
normal zinc serum level. The insulin level also showed a significant result. For the female group who
has a normal zinc serum, subjects with variant-type allele tended to have a lower level of insulin
compared to another allele group. Nonetheless, the results were inversing for other gender and level of
zinc serum. The rest of the parameters was not proven to be insignificant and each parameters trend
differ from one another.
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Table 5: Correlation between the genotype and the level of zinc serum with health marker related to
diabetes and metabolic syndrome in the adolescent.

Parameter Wild-type Variant- D- D- Wild-type Variant- D- D-
Allele type Allele value value Allele type Allele value value
corr. corr.

Male Female
Weight (kg) 77.34£3.3 60.4£18.5 0.346 0.373 61.9£14.8 46.7£7.5  0.144 0.153
Waist circ. (cm) 89.8+7.4 76.5£16.6  0.346 0.373 80.6+14.5 65.8£6.7  0.068 0.063
N BMI (kg/m?) 28.4+3.6 224463 0239 0259 | 24.4+53 194+35  0.100 0.101
o Systole (mmHg) 130.8+2.5 109+6.8  0.034 0.024 | 110.1+10.6 100.5£9.7 0.234 0.254
R Diastole (mmHg) 77.0+4.9 62.72+4.4  0.034 0.024 66.9£7.6 60.3+4.5  0.120 0.124
M FBS (mg/dL) 108.4+10.7 91.7484  0.059 0.053 87.4+8.2 98.7£12.8  0.067 0.062
A Triglyceride 238.0£76.4 155.1483.3 0.239 0.259 | 170.4+12.1 148.7+49.7 0.144 0.153
L (mg/dL)
HbAlc (%) 6.6+0.3 5.7+0.9 0.060 0.056 5.6+0.7 5.3+0.6 0.480 0.530
hs-CRP (mg/L) 1.7+£0.42 2.3+4.08 0.238 0.258 0.6+0.49 0.2+0.17 0.103  0.104
Insulin (uIU/mL) 0.8+1.2 2.5+4.9 0.556  0.587 4.5+1.8 0.4+0.7 0.008 0.001
Zinc serum (ug/dL) 93.8+2.0 90.311.8  0.238  0.258 87.5+14.1 87.7£11.3  0.927 0.933
Weight (kg) 67.2+11.7 59.0+19.7 0.116  0.119 45.9+1.5 47.2+11.5 1.000 1.000
Waist circ. (cm) 77.9+10.8 74.6£15.8 0.391 0.415 66.5+0.8 65.249.3  0.480 0.530
BMI (kg/m?) 23.6£3.1 22.0+6.3  0.253 0.161 18.1£0.9 19.3£5.0  0.724 0.758
L Systole (mmHg) 121.349.6 113.8+8.3  0.133  0.139 100.24£5.5 96.1+9.8 463 0514
o Diastole (mmHg) 63.6£6.0 68.21£5.5 0.196 0.209 59.2+3.8 60.9£3.9  0.480 0.530
w FBS (mg/dL) 105.2+8.5 106.6+15.0 0.668 0.687 93+14.5 89.3+8.5  0.724 0.758
Triglyceride 196.8+185.9  128.4+42.8 0.775 0.789 | 132.0+51.6  151.3+28.8 1.000 1.000
(mg/dL)

HbAlc (%) 6.5+0.4 5.8+0.7 0.060 0.056 5.6+0.7 5.3+0.6 0.480 0.530
hs-CRP (mg/L) 0.3+0.25 0.7£1.00  0.768  0.783 0.5+0.4 0.23£0.19 0.354 0.403
Insulin (uIU/mL) 3.6£5.1 3.7+4.8 0.936 0.941 1.0+£1.7 2.4+2.9 0.271 0312
Zinc serum (ug/dL) 69.1+£4.0 70.9+4.5  0.221 0.237 64.5£5.2 63.6£1.7  0.593 0.638

* .
) zinc serum level

The effects of zinc deficiency on specific functions are often apparent before serum zinc
decreases. So, it may be stated that they who are in the low zinc serum group are zinc deficient.
Factors such as growth development, sexual maturity, cell regeneration (Maret & Sandstead, 2006: 5-6),
and cognitive performance (Adlard et al., 2015: 196-202), the risk of developing metabolic syndrome
(Jenkins et al., 2018: 79-85), immunocompetence (Maywald et al., 2017: 1-34) and many others even
in cellular and genetic scale (Day, Adamski, Dordevic, & Murgia, 2017:1-16; Pfaender et al., 2017: 1-
15) is affected by the imbalance of zinc. Even though this problem is still ignored as a global health
problem compared to other deficiency, results from some low- and middle-income countries suggest
that zinc deficiency is a public health concern and can be indicators for other problem such as stunting
(Wessells et al., 2012: 113) and zinc intervention strategies should be considered (Hess, 2017: 3-17).

The outcome from table 5 shows the inline result with the GWAS study. Without considering
the zinc serum, most of the subjects who have variant-type allele are prone to have a lower weight,
waist circumference, systole, HbALlc, triglyceride (except in female group with low zinc serum level),
hs-CRP (except in the female group with low zinc serum level), fasting blood sugar (except in the
female group with normal zinc serum), and higher insulin level (except in the female group with
normal zinc serum).

One other study conducted in a rural area in South Korea found that zinc serum levels and
inflammatory markers such as IL-6, TNF-a, and CRP maintained an inverse relationship with CRP
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and IL-6 only found in women and men respectively (Jung et al., 2015: 10-12). Results showed zinc
serum levels to be partially responsible for the inflammatory process in acute inflammation as its
function was suggested as antioxidant and anti-inflammation properties. Comparing to table 5 above,
results previous study cannot be demonstrated in this study. The hs-CRP, also as reflecting the other
pro-inflammatory marker in this study, presented the different result.

Some of the results of this current research were consistent with the previous study. This
study implies that the polymorphism of ZNT8 was found to modulate the metabolism, especially
related to insulin production, blood pressure, and potentially in blood sugar and pro-inflammatory
marker. Even though some of the results tended to be contradictory, it is possible that this is due to the
limited number of sample size. Since metabolic syndrome is still a worldwide problem and there are
limited studies on adolescent, further studies on this topic is still necessary. The further studies, which
take these parameters and variable into account, will need to be conducted with increased sample size.

Conclusions

Regarding the objective of this study, we can summarize that the finding of ZNT8
polymorphism (rs13266634) has some roles in metabolic alteration in adolescents. Some findings
with significant result showed that the evidential correlations between the ZNT8 polymorphism
(rs13266634) with blood pressure (p-value 0.024) and insulin production (p-value 0.001) with the
wild-type allele carrier subject had a significantly higher value(p-value 0.034 and 0.008, respectively).
However, although this transporter might be responsible for maintaining and regulating the zinc,
remarkably the effect of the polymorphism in the zinc serum is not prominent yet.
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