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Predatory Journals; be aware of the spectrum!

Academia the world over, are encouraged or coerced to conduct research in their fields as the new knowledge
is instrumental and essential for the world to move ahead. The pressure for academics and researchers to
author research publications is indicated by the popular aphorism ‘publish or perish’. In some countries, like
Sri Lanka, a monthly allowance is added to their salary as incentive if they have published at least one
research paper within the relevant year modifying the above aphorism to ‘publish as pay-off’. Such
enforcements/incentives for research were strengthened throughout the world in the recent past.

In parallel to the above enforcements for research, a new threat to the honesty of research publications
has emerged. It has become a global outbreak with a rising trend; it was initially named as predatory
publications. Now there are many synonyms for the term ‘Predatory’ as ‘bogus’, ‘deceptive’, ‘dubious’,
‘illegitimate’ ‘fake’, ‘fraudulent’, ‘parasitic’, ‘pseudo’, ‘questionable’ etc. However, the term predatory is
still widely used. The lack of a standard peer review process and the absence of good editorial services are
the primary features of predatory Open Access (OA) journals.

The peer review process, actually the ‘gate keeping’ process for new knowledge, is defined as “a
process of subjecting an author's scholarly work, research or ideas to the scrutiny of others who are experts
in the same field”. It was initiated few centuries ago in the UK and now it is being practiced in the world of
academia. The two terms ‘peer-reviewed’ and ‘refereed’ are synonyms.

In predatory journals this peer review process is absent or minimal, and in some cases, it is ‘modified’
in unethical and unacceptable ways. Hence, ‘the lack of proper peer review’ in predatory journals shows a
vast range. The funny ‘manuscript’ submitted to a predatory open access journal in the field of computer
technology by Dr. Peter Vamplew in 2014, is the best example to represent the worst extreme of the above
range of the review processes in predatory journals. The manuscript including a scatter plot and a flow chart
was originally created by David Maziéres and Eddie Kohler in 2005, using a single sentence of seven words
(containing one obscene word), over and over again (https://www.scs.stanford.edu/~dm/home/papers/remove.
pdf), and submitted to a conference as an annoyed response to frequent emails from the organizers of the
conference inviting to submit papers. Later, Dr. Vamplew submitted a copy of the same ‘manuscript’ to the
above predatory journal and it was accepted rating as ‘excellent’ by the ‘journal’s peer review process’ with a
request to pay the article processing charge (APC) of US$150 to publish the paper. This indicates that some
predatory journals accept any nonsense even without opening the file or reading at least the title. The journals
which follow a modified version of the normal peer review process can be considered as the other end of the
range of review processes in predatory journals. In this modification, the editors of the journal invite the
corresponding author of one manuscript submitted to them, to review another manuscript submitted to the
same journal, and vice versa, giving a bait of 25% reduction of their APC for a quick review of the
manuscript assigned to them. In order to make sure a fast review, publishers of these journals impose a
condition as ‘the manuscript will be sent to more than two reviewers and 25% discount of the APC will be
offered only to the reviewer who submitted the review report fast’. As the 25% discount is also a
significantly high amount, the relevant ‘author-reviewers’ try to complete the job fast deviating from a
thorough review. Moreover, in this scenario, these author-reviewers are not always experts in the subject;
they could be juniors or even postgraduate students in the field. Due to all these facts, the standard of the
review reports of such journals could vary in widely. Hence these types of reviews are non-standard,
unethical, and questionable.

Between the above two extremes, there is a series of different types/levels of reviews among predatory
journals as given below;

-tabulated review carry out using the words ‘excellent’, “very good’, ‘satisfactory’, ‘need revision’ etc.
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Abstract: Dengue and dengue haemorrhagic fever constitute one of the most significant arthropod-borne viral
diseases that occur in tropical and subtropical regions in the world. Annually 390 million new dengue cases are
being reported from the 128 dengue-endemic countries. Aedes aegypti is the primary vector that transmits the
disease. Since the primary vector is a container breeder, source reduction appears to be a good vector control
method. Source reduction limits the oviposition of females through oviposition-site deprivation. Therefore, the
current study was conducted to determine the effect of oviposition-site deprivation on the fecundity, fertility,
life-history parameters, and longevity of Ae. aegypti. Oviposition-site deprivation was enabled by delaying the
access to the oviposition substrate. Female mosquitoes were allowed to access the oviposition substrate
separately on the day of blood feeding and 2, 4, 6, and 8 days after blood feeding. The results showed that
oviposition-site deprivation significantly increased fecundity with an increase in the number of egg retention
days. The number of eggs laid by the female increased by 69% when the female was compelled to retain the
eggs for 8 days. The highest recorded fecundity was 100 + 5. Nevertheless, fertility, percentage larval mortality,
total larval duration, pupal duration, and longevity were not affected by the number of egg retention days. Thus,
it is imperative to have a clear awareness about the effect of oviposition-site deprivation on the reproductive
performance of the vector mosquitoes when adopting vector control strategies.

Keywords: Aedes aegypti, oviposition-site deprivation, reproductive performance.

INTRODUCTION

The first report, which was thought to be of a dengue epidemic, occurred in 1779 and 1780 in the three
continents of Asia, Africa and North America (Hirsch, 1883). The disecase was thought to be allied with an
insect associated with water and the disease was called water poison by the Chinese people (McSherry, 1982).
From 1780 to 1940, the dengue virus became endemic in urban tropical areas and World War II created ideal
conditions for it to be converted into a global pandemic (Gubler, 1998). Dengue control measures used in many
countries include source reduction through destruction of breeding places. However, an understanding of the
reproductive performance and life history parameters is also essential eventually.

The virus is transmitted to humans through the bite of an infective mosquito. Vitarana et al. (1997) stated
that Aedes aegypti is the primary vector while Ae. albopictus is the secondary vector of dengue in Sri Lanka.
Early morning, 2 to 3 hours after daybreak and several hours before dusk are the peak biting hours of the vector
(WHO, 2014a). During a single blood meal, they bite several people. Hence, it can transmit the virus to many
people within a short period (Gubler & Rosen, 1976; Putnam & Scott, 1995; Platt et al., 1997). That is why Ae.
aegypti is considered to be an efficient epidemic vector (Gubler, 1998). It is predicted that by the year 2070 the

TAn abstract of this research has been published in the Proceedings of the International Conference on Applied and Pure Sciences (ICAPS
2021-Kelaniya).

* Corresponding author (mangala@kIn.ac.lk; 2 https://orcid.org/0000-0002-9909-1437)

@ @ This article is published under the Creative Commons CC-BY-ND License (http://creativecommons.org/licenses/by-
nd/4.0/). This license permits use, distribution and reproduction, commercial and non-commercial, provided that the

original work is properly cited and is not changed in anyway.


http://dx.doi.org/10.4038/jnsfsr.v51i1.10752
mailto:mangala@kln.ac.lk
http://creativecommons.org/licenses/by-nd/4.0/)
http://creativecommons.org/licenses/by-nd/4.0/)

4 RAKM Gunathilaka & GASM Ganehiarachchi

mean relative vectorial capacity of dengue fever transmission in Sri Lanka would increase (WHO, 2014b). Since
Ae. aegypti is common in urban areas it prefers to breed in man-made containers which are commonly found in
and around the houses (Gubler, 1998; WHO, 2014a). These include gutters, flower vases, old tires, buckets,
water storage tanks, septic tanks etc. (Gubler, 1998). Kusumawathi and Fernando (2003) have stated that water
storage tanks and barrels are the most productive breeding sites of Ae. aegypti in some areas of Sri Lanka. They
attach the eggs to the walls of the containers just above the water level. Ae. aegypti females usually do not lay
all the eggs in a single oviposition site. Instead, they deposit few eggs in several different oviposition sites
(Harrington & Edman, 2001). This behaviour may increase the survival of the larvae and enable wider dispersal
of the larvae. In addition, eggs of Ae. aegypti can remain viable for about 6 months without water in dry
conditions. Usually, Ae. aegypti is an indoor breeder whereas Ae. albopictus is an outdoor breeder (Noordeen et
al., 2018). Both the Ae. aegypti and Ae. albopictus can survive in natural and artificial systems with clean or
organically rich water (Kusumawathie & Fernando, 2003).

Generally, dengue outbreaks occur in Sri Lanka twice a year, which are seasonal followed by the
monsoonal rains. They usually occur during June/July or October to December and are correlated with the
increase of vector density (Sirisena & Noordeen, 2014). Since high rainfall causes flooding leading to increased
breeding, the vector population density increases (Noordeen ef al., 2018).

Investigators have stated that female Ae. albopictus can retain mature eggs for a certain period until
oviposition (Hitchcock, 1968). The egg retention and oviposition are affected by chemical and physical factors
including visual, tactile, and olfactory responses (Bentley & Day, 1989; Dhileepan, 1997). Oviposition will be
interrupted due to the lack of a suitable aquatic medium or due to oviposition deterrents (Xue et al., 2005). This
forced egg retention influences the oviposition patterns (Chadee, 1997) and vitellogenesis (Else & Judson, 1972)
of Ae. aegypti. Once the female takes a blood meal, oogenesis begins, and it is followed by vitellogenesis (Else
& Judson, 1972). These processes are governed by the hormones secreted from the neurosecretory cells of the
brain and corpora allata (Lea, 1970). The duration of egg retention plays an important role in the reproductive
performance and life history parameters of the mosquito. Judson (1967) has found that Ae. aegypti females can
complete two gonotrophic cycles when the oviposition is prevented. Moreover, the amount of blood taken for
the initiation of the second gonotrophic cycle was reported to be higher than the usual amount of blood required
(Judson, 1967). Later, Else and Judson (1972) found that oviposition-site deprivation has prevented the
initiation of the second gonotrophic cycle in many females and has significantly delayed the initiation time of
the second gonotrophic cycle in other female Ae. aegypti. However, the study conducted by Meola and Lea
(1972) has concluded that with the retention of a batch of mature eggs, a second gonotrophic cycle would not
take place in Ae. aegypti because of the complete inhibition of vitellogenesis.

During dry seasons and dry spells during wet seasons, the oviposition sites may not be available for
several days and weeks. Therefore, once female mosquitoes become gravid during these dry periods, there will
not be oviposition sites to lay eggs on time. As a result, the female Aedes may retain eggs for more extended
periods than usual.

Since there is no effective vaccine or drug against dengue fever, alternative strategies against Aedes
vectors have been widely implemented. As Ae. aegypti is a container breeder, controlling dengue vectors
through larval source reduction has become the most common and widely practised method. Such
anthropogenic practice will create a similar situation to dry weather, where gravid mosquitoes will not find
oviposition sites in the natural environment. This may lead to retention of eggs and may influence the
reproductive performance of female vectors.

Thus, it is hypothesized that oviposition site deprivation created by natural and human influenced factors
may affect the reproductive performance and life-history parameters of Ae. aegypti. In the absence of such
knowledge on Ae. aegypti from Sri Lanka, a laboratory study was designed. The objective of the study was to
determine the effect of oviposition site deprivation up to 8 days after blood feeding on the fecundity, fertility,
larval mortality, total larval duration, pupal duration, and longevity of Ae. aegypti.
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MATERIALS AND METHODS
Test insects and place of study

The eggs of Ae. aegypti used for the study were donated from the parent colony which has been maintained for
2 years at the Faculty of Medicine, University of Colombo. A pure colony of adult Ae. aegypti was maintained
throughout the study period, in the insectary at the Department of Zoology and Environmental Management of
the University of Kelaniya (6°5820.91" N; 79°54'52.83" E) under the same temperature (27 + 2 °C), relative
humidity (75-80%), and photoperiod (12L : 12D) as provided for the parent colony at the University of
Colombo.

Rearing of mosquitoes

A plastic tray (23.0 x 18.0 x 5.0 cm) was taken, and the egg sheet was placed in it. Two-third of the tray was
filled with water boiled up to 100 °C and cooled to room temperature (Zheng et al., 2015). The tray was covered
with a 0.5 mm mesh net to prevent oviposition by other mosquitoes in the surroundings. After 24 h, the first
instar larvae that hatched from the eggs were counted carefully under a light source. Then, 100 larvac were
transferred to a 2 L plastic tray. A total of 6 trays were prepared with 100 larvae per each. The first, second,
third, and fourth instar larvae were fed with 5, 6, 7 and 8 mL of the liquid diet of krill respectively, twice daily.
The water quality of the larval rearing medium was maintained by carefully siphoning the water from the trays
and replacing with new aged tap water daily. Once the larvae pupate, they were transferred into 500 mL beakers
which contained aged tap water. The beakers were kept inside mosquito rearing cages until the adults emerged.
A 10% sugar solution was used to feed the adults regularly (Helinski & Harrington, 2011; Zheng et al., 2015).
Human blood which was collected from the Central Blood Bank, Narahenpita was used to feed the female
mosquitoes and they were starved for 24 hours before blood feeding. Blood-feeding was achieved using the
membrane feeding technique (Owens, 1981).

Effect of oviposition site deprivation on fecundity, fertility, life-history parameters and adult longevity of
Aedes aegypti

Four experiments were carried out to assess the effect of oviposition site deprivation on below parameters.

(1) Fecundity
The number of eggs laid within 120 h (5 ds) after the females were allowed to oviposit, was counted
under a low-power stereo microscope at 15X magnification.

(i1) Fertility
After oviposition, a piece of egg sheet with 100 eggs was taken and was placed on a 2 L tray filled
with water boiled up to 100 °C and cooled to room temperature. The number of first instar larvae that
hatched out from the eggs after 24 h, were carefully counted under a light source and recorded.
Another 24 h were spent in counting the number of 1% instar larvae.

(iii))  Life-history parameters
After oviposition, the egg sheet was taken and was placed on a 2 L tray filled with water boiled up to
100 °C and cooled to room temperature. Twenty-four hours later, 50 first instar larvae were counted
and transferred to another 2 L tray. Larval mortality, total larval duration, and pupal duration were
recorded.

(iv) Longevity
After oviposition, the 10 females were transferred to a separate mosquito rearing cage. They were
regularly fed with a 10% sugar solution (Helinski & Harrington, 2011; Zheng et al., 2015). The
average number of days that all the 10 females survived was recorded (Artis et al., 2014).

Each experiment was repeated 3 times.
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For these experiments, two hundred female mosquitoes were allowed to mate and were blood-fed for 30 min.

Fully engorged 50 females were collected and 10 mosquitoes each were separately allowed for oviposition on

the day of blood-feeding, and 2, 4, 6, and 8 ds after blood feeding. Black colour cylindrical plastic cups (200 mL)
with a diameter of 7.0 cm and depth of 6.0 cm were used to prepare the oviposition substrates. The cups were

soaked in a water bath for 1 wk to avoid the plastic odour. A filter paper stripe of length 22.0 cm and width 5.0

cm was placed along the interior circumference of the plastic cup which acted as the substrate for egg-laying.

One-third of the cup was filled with aged tap water (Figurel).

Figure 1. Oviposition substrate with a filter paper stripe (22x5 cm)

Statistical analysis

Data obtained during the experiments were analysed using Minitab 18 software. All the data were tested for the
Anderson-Darling normality test. As the data followed a normal distribution, one-way analysis of variance
(ANOVA) was carried out to check whether there was a significant difference among the data obtained for the
effect of oviposition site deprivation on the fecundity, fertility, and life history parameters of Ae. aegypti with
the number of egg retention days. Tukey’s test was used to test the differences among sample means for
significance. Pearson correlation and regression analysis were applied to determine the functional relationship
between the fecundity of Ae. aegypti mosquitoes and the number of egg retention days.

RESULTS AND DISCUSSION

Although several studies have been conducted to determine the effect of oviposition site deprivation on some
lepidopterans and dipterans, limited studies have been conducted to determine the effect of oviposition site
deprivation on the reproductive performances, life history parameters, and longevity of adult de. aegypti.
According to the current study, the mean number of eggs laid by the females which were subjected to
oviposition site deprivation had varied significantly (one-way ANOVA, F = 12.19, DF = 4, p < 0.05). Tukey's
test showed that the fecundity of the females which were subjected to 6-day and 8-day egg retention periods
were significantly different from the rest. The highest fecundity (100 £ 5) was observed once the females were
subjected to an 8-day egg retention period and the lowest fecundity (59 + 4) was observed when the females
were subjected to a 0 day egg retention period (Figure 2a). The mean number of eggs laid was positively
correlated with the number of egg retention days within the female (Pearson’s correlation, p < 0.05, R? = 0.986;
Figure 2b).
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Figure 2:  (a) Fecundity of female Ae. aegypti with number of egg retention days within the female. Bars with
different letters are significantly different from each other (p < 0.05). (ANOVA, Tukey’s test, p <
0.05). (b) Relationship between the fecundity of female Ae. aegypti with number of egg retention
days within the female. (Pearson’s correlation, p < 0.05)

Ae. aegypti is a container breeder. As such, the majority of the dengue elimination programmes are targeted at
removing and destroying the breeding sites of the mosquitoes. Source reduction prevents or delays the
oviposition of the females because of the limited number of available breeding sites. When the mosquitoes lack
their preferred oviposition sites, they will be forced to retain eggs and lay them with a delay, in whatever the site
available. However, the current study showed that there is an effect of oviposition site deprivation on fecundity.
Fecundity increased by 69% compared to the 0 days, once the period of egg retention was increased by 8 days.
Nevertheless, the exact physiology behind this phenomenon is unknown. It is assumed that the females utilize
the food reserves that are available for general metabolism or reabsorb some egg rudiments and trigger a second
gonotrophic cycle before the previous batch of eggs is laid. Some species such as Anopheles pharoensis (El-
Akad & Humphreys, 1988) and 4n. maculatus (McDonald & Lu, 1972) respond to short-term oviposition site
deprivation (2-5 days) while some other species like Ae. albopictus (Xue et al., 2005) and Culex
quinquefasciatus (Yang, 2008) respond to long-term oviposition site deprivation (10-70 days). Dieter et al.
(2012) stated that the effect of oviposition site deprivation is modified by the nutritional condition of the diet
taken before the egg retention period. When the females of An. gambiae were given a supplemental blood meal
after long-term oviposition site deprivation, the fecundity increased compared to the fecundity of the females
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which were not subjected to oviposition site deprivation (Dieter ef al., 2012). Therefore, in the wild condition
mosquitoes may take another blood meal to increase their fecundity if they are subjected to oviposition site
deprivation. This will lead to an increase in vector population. Ultimately the disease transmission intensity will
also be increased due to the increased vector population.

Hatching rate of eggs represents the fertility of adult mosquitoes. The percentage of eggs hatched did not
show any significant difference among the females which were subjected to different egg retention periods (one-
way ANOVA, F =0.12, DF =4, p > 0.05; Table 1). The mean percentage of eggs hatched was 84.93 £ 0.47. In
contrast, the study conducted by Govoetchan et al. (2013) has shown a significant decline in egg hatch rate with
the increase of the duration of oviposition site deprivation for a maximum of 15 days in both the KISUMU
strain and wild strain of An. gambiae. The hatching rate was not increased when the oviposition site deprived
females were treated with supplemental insemination. In addition to the waning in the hatching rate, some of the
eggs of An. gambiae failed to tan (Dieter ef al., 2012). As all eggs tanned in the current study, there may not
have been any effect of oviposition site deprivation on the tanning of Ae. aegypti eggs. Xue et al. (2005) stated
that the number of eggs that failed to tan increased with the increase of duration of oviposition site deprivation.
This may happen when the accumulation of L-tyrosine and other compounds necessary for the tanning of the
chorion is prevented due to egg retention. When the eggs fail to fully tan within 6 to 8 hours after oviposition,
the eggs may be exposed to dry conditions and they may collapse leading to a reduction in fertility (Clements,
1992). Yang (2008) has shown that both fecundity and fertility were high in wild-caught Culex quinquefasciatus
females after 4 weeks of oviposition site deprivation.

Limited number of studies have been carried out to evaluate the effect of oviposition site deprivation or
forced egg retention on larval mortality, total larval duration and pupal duration. The current study revealed that
oviposition site deprivation has no impact on the life-history parameters of Ae. aegypti. The percentage larval
mortality did not show a significant difference with the number of egg retention days within the female (one-
way ANOVA, F =0.90, DF =4, p > 0.05; Table 1). The mean percentage larval mortality was 14.33 + 1.16. The
total larval duration was measured by the sum of the larval duration of first, second, third, and the fourth instar
larvae. The total larval duration did not show a significant difference with the number of egg retention days
within the female (one-way ANOVA, F = 0.60, DF = 4, p > 0.05; Table 1). The mean total larval duration was
105.6 + 2.4 hours. The pupal duration did not display a significant difference with number of egg retention days
within the female (one-way ANOVA, F = 0.30, DF =4, p > 0.05; Table 1). The mean pupal duration was 41.60
+ 0.98 hours. Similarly, adult female mosquitoes which were subjected to the different number of egg retention
days did not show any significant difference in longevity (one-way ANOVA, F = 0.40, DF =4, p > 0.05; Table
1). The mean adult longevity was 19.40 £+ 0.29 days.

Table 1: Effect of oviposition site deprivation on fertility (number of eggs hatched), percentage larval mortality, total larval duration, pupal
duration and adult longevity of female Aedes aegypti with different number of egg retention days within the female: 0, 2, 4, 6 and

8 days.

Parameter Number of egg retention days within the female
0 days 2 days 4 days 6 days 8 days

Percentage of eggs hatched 86.0+ 1.5 84.7+2.7 85.7+3.9 83.3+2.9 85.0+3.5
(Mean + SE)
Percentage larval mortality 103415 150432 16.7+3.5 163+3.0 133420
(Mean + SE)
Total larval duration in hours 100.0 + 4.0 108.0+ 6.9 100.0 + 4.0 1120+ 4.0 108.0+ 12.0
(Mean + SE)
Pupal duration in hours 40.0+ 4.0 44.0+ 4.0 44.0+4.0 40.0+4.0 40.0 + 4.0
(Mean + SE)
Adult longevity in days 200412 183403 19.7+0.7 197412 193+13
(Mean + SE)
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Although Govoetchan et al. (2013) has shown that the longevity of the gravid females of An. gambiae was
higher than that of non-gravid females, oviposition site deprivation has not increased the survival of An.
gambiae. The study conducted by Artis et al. (2014) showed that longevity and blood-feeding rate of An.
gambiae have declined leading to a reduction in vectorial capacity. However, when the oviposition site deprived
females receive access to a supplemental blood meal their survival is increased (Artis ef al., 2014).

Vector density is an important component of vectorial capacity (Dye, 1992). Climate, longevity, and
fecundity of the females are the factors that determine the vector density (De Jesus & Reiskind, 2016).
According to Ponlawat and Harrington (2009) vector control is the most successful way to control dengue and
dengue haemorrhagic fever. Thus, it is important to know the reproductive biology and life history parameters
of the vector mosquito.

The current study provides valuable information useful for planning vector control programmes. Dieter et
al. (2012) has stated that vector control through source reduction would interrupt the oviposition of females and
suppress the vector population. Consequently, source reduction leads to oviposition site deprivation due to the
removal of breeding sites. In addition to source reduction, dry spells during wet seasons leads to the same.
Therefore, gravid mosquitoes will retain the eggs due to the lack of breeding sites to lay them. The incidence of
egg retention will significantly increase the fecundity of the females. Ultimately, increase in fecundity may lead
to an increase in larval population that may contribute to an increase in the adult vector population. Thus, source
reduction alone may not be an effective way to control vector population of Ae. aegypti. Hence, a focus on the
early control of adult mosquitoes in control programmes is important to prevent large numbers of eggs being
released to the environment.

Also, the current study revealed that the highest fecundity of the mosquitoes could occur when the
mosquitoes were forced to retain eggs for 8 days. This knowledge can be applied in mass-rearing of mosquitoes
to be used in the sterile insect technique. This is because the production of mosquitoes can be increased when
the adults are allowed to oviposit at the most suitable age which will increase their fitness.

CONCLUSION

The present study indicates that delaying the oviposition of de. aegypti increases the fecundity of the female.
However, parameters including fertility, percentage larval mortality, total larval duration, pupal duration, and
longevity are not significantly affected. Early control of adult mosquitoes is important in the control
programmes in view of the findings of the study. Furthermore, the study provides information on reproductive
performance that is useful in mass rearing of mosquitos, which is an essential procedure in sterile insect release
and other methods currently experimented in Sri Lanka.
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Abstract: Cinnamomum zeylanicum (CZ) is known to have numerous beneficial medicinal effects. The

mechanism of action and compounds which account for these effects are not yet clearly defined. The present
study aims to develop and validate a method to quantify the metabolites of CZ in human plasma and study its

pharmacokinetic profile. Cinnamic acid (CA) was identified as the main metabolites of CZ in human plasma
and was used to develop and validate the method. HPLC with a UV-detector was used to identify and quantify
CA. Linearity, precision, bias, repeatability, and lower limit of detection (LOD) were determined. CZ (5 g) was
orally administered to 5 healthy volunteers and serial blood samples were taken, to determine maximal plasma
concentration (Cmax), time to reach maximal concentration (Tmax) and elimination half-life (Tw) of CA. The
precision, bias, and repeatability, of the method were 7.73%, 4.20%, and 5.63%, respectively. LOD was 1.11

pmol/L and samples were stable up to five days at 4 °C. Recovery of the method was 95% -125%. The
retention time of CA was 16 minutes at 254 nm. Concentrations of CA between 0.5 and 200.0 pmol/L in a
plasma matrix showed a linear response. Cmax Was 1.9 &+ 1.5 umol/L, while Tmax and Ty, were 15 and 36 minutes
respectively. The study developed a sensitive and specific HPLC method to detect CA, a key metabolite of CZ
in humans, which is suitable for human pharmacokinetic studies. These pharmacokinetic parameters (Cmax, Tmax,
Tv,) would help in further development of CZ as a pharmaceutical agent for use in humans.

Keywords: Ceylon cinnamon, Cinnamomum zeylanicum, HPLC, humans, pharmacokinetics.

INTRODUCTION

Cinnamon, a spice mainly used as a flavouring agent, belongs to the Lauracea family. It has been a constituent
of our food since ancient times. Cinnamon is also used in the aroma and essence industries due to its fragrance.
Many parts of the cinnamon tree such as the bark, leaves, flowers, fruits, and roots, have some medicinal or
culinary use. At present, there are approximately 250 different species identified in the cinnamon genus (Sangal
et al., 2011; Vangalapati & Prakash et al., 2012) Cinnamomum zeylanicum (also known as Cinnamomum verum)
and Cinnamomum cassia (C. cassia or aromaticum) are the two main species of cinnamon used all over the
world (Ranasinghe et al., 2013). Cinnamomum zeylanicum (C. zeylanicum), well known as Ceylon cinnamon
(derived from its Latin name, zeylanicum) or also referred to as ‘true cinnamon’ is indigenous to Sri Lanka and
southern parts of India. Sri Lanka produces the largest quantity and best quality Ceylon/true cinnamon in the
world (Ranasinghe et al., 2017).

In traditional Sri Lankan medicine, cinnamon is used as a remedy for respiratory, digestive, and
gynaecological aliments (Ranasinghe et al., 2013). In recent times, in vitro and in vivo studies using both C.
zeylanicum and C. cassia have demonstrated numerous beneficial medicinal effects. These include antimicrobial,
anti-inflammatory, anti-parasitic, antioxidant, anti-diabetic, anti-cancer, cholesterol lowering and blood pressure
lowering activities (Wondrak et al., 2010; Ranasinghe et al., 2013; Rao & Gan, 2014). However, it
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is important to note that most of the above effects were demonstrated in vitro and in animal studies, with few
studies in humans (Khan et al., 2003; Bernardo et al., 2015). The mechanism of action and compounds which
account for the medicinal effects are not yet clearly identified and require further study. Furthermore, since
some of the demonstrated medicinal benefits include systemic effects, it is important to understand the
pharmacokinetic profile of cinnamon in humans.

Cinnamon consists of a variety of resinous compounds, including cinnamaldehyde, cinnamate, cinnamic
acid, and numerous essential oils (Senanayake et al., 2002). The amount of compounds present varies according
to the part of the plant, with the bark having mainly cinnamaldehyde (65-80%) and eugenol (5-10%) (Rao &
Gan, 2014). Each compound in cinnamon may or may not follow different pathways in the body after oral
administration, forming different metabolites. Cinnamaldehyde, cinnamyl acetate, and cinnamyl alcohol are
converted into cinnamic acid by oxidation and hydrolysis, and subsequently B-oxidized to benzoate in the liver
(El-Mawla et al., 2001; Brahmachari et al., 2009). Yuan ef al. (1992) demonstrated that cinnamaldehyde follows
first order kinetics with a half-life (ti2) of 9 min in rat blood and was almost completely metabolized into
cinnamic acid before it was absorbed into blood. Several similar animal studies have been done to study the
various pharmacokinetic parameters of cinnamon (Song ef al., 2002; Chen et al., 2009). However, to date, there
are no studies reporting the pharmacokinetic profile of Cinnamomum zeylanicum (CZ) in humans. Hence, the
present study aims to develop and validate a method to quantify the metabolite of CZ in human plasma and
study its pharmacokinetic profile after oral administration to healthy volunteers.

MATERIALS AND METHODS
Chemicals, reagents and instruments

Analytical grade cinnamic acid (purity > 99%) (Sigma-Aldrich, St. Louis, MO, USA) was used for the study. In
addition HPLC-grade acetonitrile (assay > 99.8%) (Fisher Scientific, California, USA), methanol (assay >
99.9%) (Sigma-Aldrich, St. Louis, MO, USA), ethyl acetate (assay > 99.8%) (Sigma-Aldrich, St. Louis, MO,
USA), and acetic acid (assay > 99.8%) (Sigma-Aldrich, St. Louis, MO, USA) and hydrochloric acid (assay >
37%) (Sigma-Aldrich, St. Louis, MO, USA) were used. The chromatographic system consisted of a PU-980
Jasco pump, a LC-800 series 802-SC system controller, LC-900 series CO-965 column, a UV-970 UV-vis
detector set at 254 nm, a 20 uL injection loop, a workstation for data collection and a C18 HPLC column 250
mm % 4.6 mm x 5um. The mobile phase was methanol : acetonitrile : 2% acetic acid (20:25:70 v/v) at a flow
rate of 1 mL/min and it was operated at room temperature.

Development of HPLC analysis method

A stock solution of standard cinnamic acid (0.021 mol/L) was prepared using methanol and it was diluted with
methanol to prepare working solutions of cinnamic acid (0.5-800 umol/L). All prepared standard solutions were
stored at 4 °C. Plasma samples were obtained from National Blood Transfusion Service at the National Hospital
of Sri Lanka (Lot No: 15C008598). Aliquots of 25 mL from each one of the prepared serial dilutions of
cinnamic acid (0.5-800 mmol/L) were added to each of the 250 mL samples of plasma to obtain the different
concentrations of cinnamic acid in plasma. Plasma and cinnamic acid mixtures were vortexed for 2 min
(Autovortex SA6 model, Stuart Scientific, UK).

Subsequently, for the purpose of extraction of cinnamic acid for HPLC analysis, each plasma sample with
cinnamic acid was acidified with 75.0 pL of 0.1 mol/L HCI and then vortexed for 1 min; subsequently, 1.5 mL
of ethyl acetate was added and it was vortexed for another 2 min. Then it was centrifuged at 2500 rpm for 10
min (Kubota Laboratory Centrifuge 5100 model, Japan) at room temperature and the supernatant was collected
into an Eppendorf tube. Then the collected solution was evaporated under a stream of nitrogen at 40 °C using a
water bath. The same procedure was repeated two times with 1 mL of ethyl acetate. The residue was dissolved
in 100.0 pL of methanol and was injected to HPLC.

A mixture of methanol : acetonitrile : 2% acetic acid in water (20:25:70 v/v) was used as the mobile phase
for all HPLC analyses, as it was found to be the ratio which gave the best resolution (Song et al., 2002). The
retention time of cinnamic acid was 16 min. The mobile phase was degassed using a sonicator (Sonorox, super
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RK 1028 CH, Bandelin Electronics, Berlin) and it was filtered through 0.45um pore size nylon membrane filter
prior to use. The UV detector wavelength was set at 254 nm. First, the HPLC system without the column was
washed with the mobile phase for 5 min to remove any air bubbles. Then the column (internal diameter 4.6 mm,
particle size 5 pm, length 250 mm) was placed and the system was washed for 20 min prior to the injection of
analyte till a stable baseline was observed. Subsequently, the sample was injected manually using 0.025 mL
syringe. Cinnamic acid was injected into the HPLC with changing mobile phase solvent ratios. This was done in
triplicate, and then the optimum ratio with a greater resolution was selected for further analysis. The plasma
series of cinnamic acid (0.5-25 umol/L) was injected (two injections per sample) into the HPLC after the
extraction procedure. Two independently prepared samples were analysed from each concentration.

Statistical Analysis

A calibration plot was drawn, and the minimum level of detection, range, precision, recovery, linear range, and
stability of the method were determined. The calibration curves for cinnamic acid were obtained for plasma
series.

Limit of detection (LOD)

The LOD was determined using the standard deviation of the regression line and the slope of the calibration
curve (cinnamic acid spiked plasma), using standard guidelines for method validation (Q2B Validation of
Analytical Procedures: Methodology | FDA, 1996).

Precision, bias/accuracy, repeatability

To investigate precision, bias/accuracy, and repeatability ten independently prepared samples of cinnamic acid
(25.0 umol/L) were extracted and injected into the HPLC. The cinnamic acid concentration was evaluated using
the calibration curve, and repeatability, bias, and precision were calculated using standard equations (Q2B
Validation of Analytical Procedures: Methodology | FDA, 1996).

Stability

To evaluate stability, plasma samples with cinnamic acid (n = 5) with the concentration of 200 pmol/L were
kept at 4 °C for 5 ds and then analysed using Student's t-test at the 95% confidence level, in order to evaluate the
difference in absorbance with the time.

Recovery

In order to study recovery, three independent samples from 3 different concentrations with three replicated
analyses were done. The mean absorbance value is given after the extraction was compared to the absorbance of
corresponding concentration obtained from a standard cinnamic acid series in methanol.

Pharmacokinetics of cinnamic acid in healthy volunteers

Inclusion criteria

Pharmacokinetic parameters of cinnamic acid in blood were assessed in five healthy volunteers (>18 years).
Ethical clearance for the study was obtained from the Ethics Review Committee, Faculty of Medicine,
University of Colombo, Sri Lanka (EC/16/099). The participants were between 18 to 60 years, not on any other
vitamin or mineral supplementations, having normal hepatic or renal functions, non-lactating, and non-pregnant.
Preparation of cinnamon extract for oral administration

To prepare the cinnamon powder for the study, CZ bark (Kosgoda, Sri Lanka) (3 g) was powdered and it was

soaked in boiling water (250 mL) for 10 min in a closed cup. The entire extract along with undissolved parts
was administered to volunteers.
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Blood sample collection

The participants were asked to come after 10 h of overnight fasting. On the day of the study, initially, a baseline
blood sample was taken at 8.00 am (0 h). Subsequently, the content of the above prepared CZ solution was
given to study participants to drink. Subsequent blood samples were taken at 5 min, 15 min, 30 min, 60 min, 3 h
and 6 hours. A 24-hour sample was taken in the morning of the following day at 8.00 am. Each blood sample
was about 2-2.5 mL and was obtained from the ante-cubital fossa under sterile conditions. Subjects were given
standard meals during the period of the study and CZ was avoided in the preparation of these meals.

Analysis of samples

The blood samples were separated by centrifugation and the supernatant (plasma) was collected. An aliquot
(250.0 pL) plasma sample was acidified with 75.0 pL of 0.1 mol/L HCI and it was vortexed for 1 min. A 25.0
pL portion of methanol was added to it. Then the same extraction procedure was followed as the cinnamic acid
in the plasma sample described above. Finally, it was injected into the HPLC and the chromatograms were
obtained. Using the calibration curve the plasma cinnamic acid concentrations were calculated. Then the
concentration-time curve was drawn for extracted human plasma samples.

Pharmacokinetic parameters

Pharmacokinetic parameters were calculated using the non-compartment extra-vascular model applied for the
cinnamic acid plasma disposition curves. The area under the plasma concentration-time curve (AUC) was
calculated by the use of the mixed log-linear trapezoidal method. Values for the maximum plasma concentration
(Cmax) and time to peak plasma concentration (Tmax) were directly determined from the plasma concentration-
time curve. The elimination half-life (T» in minutes) was calculated as 0.693/K., in which K. was the
elimination rate constant. Parametric and non-parametric statistical tests were done using SPSS version 14
(SPSS Inc., Chicago, IL, USA). Dichotomous variables are reported as numbers and percentages and compared
using chi-square test. Continuous variables are presented as mean (= SD) and intergroup comparisons were
conducted with Student’s t-test or ANOVA with post hoc analysis. In all analyses, a p < 0.05 was considered as
statistically significant.

RESULTS AND DISCUSSION
Development and validation of HPLC method
The plasma series of cinnamic acid (0.5-200 pmol/L) were injected to HPLC. Within the concentration range, a

linear calibration plot was obtained for cinnamic acid. The results of concentrations of 0.5-25 umol/L are shown
in Figure 1.
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Figure 1: Calibration curve for cinnamic acid in plasma (0.5-25 pmol/L)
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Linear range
The linear range was from 0.5-200 umol/L in cinnamic acid spiked plasma series.
LOD, repeatability, bias, and precision

Repeatability, bias, and precision were evaluated by measuring the absorbance of ten independently prepared
plasma samples with cinnamic acid (25.0 pmol/L) after the extraction procedure. The precision/relative standard
deviation (RSD) of ten samples was 7.73%. The bias and repeatability of the method were 4.20% and 5.63,
respectively. Using the function STEYX in MS-Excel the standard deviation of the regression line was found to
be 15.013 and the slope of the line was 44.77. The LOD was 1.11 pmol/L with 10 plasma samples.

Stability

The stability data of the cinnamic acid samples in plasma after 5 days at 4 °C were evaluated. The mean
concentration of two data sets obtained on different days was tested using the two sample #-test at 95%
confidence level. At 95% confidence level, there was no significant difference between the mean concentration
of the two data series. Therefore, it was found the plasma samples with cinnamic acid are stable when stored at
4 °C up to 5 days. The stability of CA and hippuric acid in rat plasma samples were previously reported as 12
hours at room temperature, 24 hours at 4 °C and 7 days at -70 °C (Chen et al., 2009).

Recovery

The recovery of the extraction method is 95-125% which indicates the efficiency of the extraction method.
According to FDA, the mean recovery should be 100 % 2 at each concentration over the range of 80-120% of
the target concentration. Therefore the recovery of the method is acceptable and it has been also recorded the
recovery of cinnamic acid as 71.5-85.0% in previous studies (Chen et al., 2009).

Pharmacokinetics study

The sample size was 5, of which three participants were males. Mean (+ SD) age, height, weight and BMI were
26.2 + 3.0 years, 169.8 £ 8.9 cm, 70.6 + 12.8 kg and 24.3 £ 2.7 kg/m?, respectively. The change in mean plasma
cinnamic acid concentration (£ SD) with time, using time zero as the reference point is shown in Figure 2.
Plasma cinnamic acid concentration increased from baseline (0 h) and the maximal concentration achieved in
the blood (Cmax) was 1.9 £ 1.5 umol/L. The time taken to reach the maximal concentration (Tmax) Was
15 minutes. Subsequently, the concentration gradually decreased (Figure 2). The area under the curve (AUC)
from time of administration to the time of last observation was 588 umol - min/L. The elimination rate constant
(K¢) was 0.019 min-!. The elimination half-life (T1) was 36 minutes.

3.5
25

1.5 \

0.5

-0:5

Cinnamic Acid Concentration (umol/I)

Figure 2: Change in mean cinnamic acid concentration (+ SD) with time
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The present study is the first to describe a sensitive, specific, and rapid HPLC method with UV detection for the
determination of metabolites (cinnamic acid) of Cinnamomum zeylanicum in human plasma. Our results show
that this validated method is suitable for pharmacokinetic studies of Cinnamomum zeylanicum in humans, with
advanced HPLC using high sensitivity detectors. These findings will help further studies on Cinnamomum
zeylanicum, which is now emerging as a potential pharmaceutical agent for the treatment of several diseases,
including diabetes, hyperlipidaemia, hypertension, cardiovascular disease and Alzheimer's disease (Ranasinghe
et al., 2013) Obtaining human pharmacokinetic information is an essential step in the new drug development
process, which helps to ensure the appropriate usage of medicines. The current method will be effective in
detecting metabolites of cinnamon in plasma. Furthermore, identification of metabolites of Cinnamomum
zeylanicum detectable in human plasma would help in the identification of active compounds responsible for the
observed pharmacodynamic properties.

The metabolites of Cinnamomum zeylanicum identified for the purpose of the present study were
cinnamaldehyde, benzoic acid, and cinnamic acid, based on evidence from previous animal studies (Yuan ef al.,
1992; Song et al., 2002; Chen et al., 2009). However, at the initial screening, cinnamaldehyde was excluded
from further analysis due to the tailing nature of the peak irrespective of the concentration. Furthermore, only
cinnamic acid was identified to be present in the blood after oral administration of Cinnamomum zeylanicum in
humans. The standards used in the present study were prepared in methanol due to the higher solubility of these
compounds in methanol than in water. The developed method was linear for cinnamic acid in the plasma matrix
from 0.5-200.0 pmol/L. Chen et al. (2009) have recorded a linear range of 0.34-33.78 pmol/L in rat plasma.
The linear range of cinnamic acid will permit the use of this method for future pharmacokinetic studies.
Furthermore, the method was specific for cinnamic acid and the precision/relative standard deviation (RSD),
bias, and repeatability of the method were 7.73%, 4.20% and 5.63 respectively. The sample was stable up to five
days at 4 °C. The recovery of the method was 95-125% and the LOD was 1.11 umol/L. All these validation
parameters are in satisfactory levels. According to Song et al. (2002) within day precision was approximately
3.7-9.3% and day to day precision was 2.4-5.8% in animal studies.

As per the results, the maximal concentration reached in plasma (Cmax) was 1.9 = 1.5 pmol/L. The time
taken to reach maximum plasma concentration (Tmax) and elimination half-life (T) of cinnamic acid in humans
was 15 minutes and 36 minutes, respectively. In animal studies involving Sprague-Dawley rats with
Cinnamomum cassia, the Tmax and Ty, of cinnamic acid was 7 £ 6 minutes and 20 + 7 minutes respectively after
intragastric administration (Chen et al., 2009). Li et at. (2008) reported that the plasma concentration of
cinnamic acid (from Cinnamomum zeylanicum) reached the maximum at 1.8 hours and the T, was 3.1 hours
after intragastric administration in rabbits while Yang et al. (1994) reported a Tmax of 53 minutes and a Ty, of 5.7
hours after intragastric administration of Baoxin pill (a pill containing Cinnamomum cassia and several other
herbal ingredients) in rats. The observed differences are likely due to differences in cinnamon species used
(Cinnamomum cassia or Cinnamomum zeylanicum), animal species tested (rats, rabbits, or humans), dosage
forms utilized (powder or capsules) or the composition of the dosage form (cinnamon only or cinnamon mixed
with other ingredients). Hence, further studies are required to replicate these findings from this first study using
Ceylon cinnamon in healthy humans and conclusively determine the pharmacokinetic parameters of cinnamic
acid after oral administration of Cinnamomum zeylanicum in humans.

CONCLUSION

In conclusion, the present study developed a sensitive and specific HPLC method to detect cinnamic acid, a key
metabolite of Cinnamomum zeylanicum in humans. This method is suitable for pharmacokinetic studies of
Cinnamomum zeylanicum in humans. The study also determined the maximal concentration reached in plasma
(Cmax), time taken to reach maximum concentration (Tmax) and elimination half-life (T) of cinnamic acid in
humans. The identified pharmacokinetic parameters (Cmax, Tmax, and Tis) would help in the further development
of CZ as a pharmaceutical agent for use in humans.
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Abstract: A continuous stirred tank reactor (CSTR) is a batch reactor fortified with an impeller or additional
mixing device to provide resourceful mixing. In chemical engineering, the name CSTR is often used to describe
an idealised agitated tank reactor used to model manoeuvre variables necessary to achieve a specified output.
Most chemical plants have a process involving a continuous stirred tank reactor (CSTR), and it has more
nonlinearity in real-world implementation due to disturbances like change in surrounding temperature, non-
uniformity in mixing, and change in the temperature of the coolant. The aim of the work is to study the dynamic
behaviour of a continuous stirred tank reactor with coolant flow rate as input and reactor temperature as output
and to design a suitable controller to control the temperature of the continuous stirred tank reactor by conducting
an exothermic reaction in real-time. A continuous stirred tank reactor was modelled with the help of a transfer
function model in the MATLAB environment. For controlling the temperature of the reactor fluid, the design of
proportional integral derivative, proportional integral derivative (PID) — particle swarm optimization (PSO),
proportional integral derivative (PID) — artificial bee colony optimization (ABC) and model predictive control
(MPC) controller were carried out. The simulation results show that model predictive control has better tracking
performance compared to conventional PID, PID-PSO or PID-ABC.

Keywords: Controller tuning, exothermic reaction, optimization algorithms, temperature control, transfer
function.

INTRODUCTION

Continuous stirred tank reactors are important in industries such as construction materials, biofuels,
pharmaceuticals and wastewater treatment (Rani ef al., 2020). The reaction in a CSTR can be exothermic or
endothermic. On the occurrence of an exothermic reaction, heat is liberated. Under such conditions, a coolant
stream will be transported through the jacket that surrounds the reactor to remove the extra heat. On the other
hand, if an endothermic reaction occurs in the system, a heating medium has to be provided through the jacket
for regulating the temperature in the reactor. A reactor operating at a constant temperature is called an
isothermal reactor (Ahmed et al.,2016). When exothermic or endothermic reactions take place, heat is either
liberated or absorbed. This leads to a change in the temperature of the reactor at various points in time. Since the
temperature of the reaction in the reactor is not constant throughout, it is called a non-isothermal reactor.
Regulating the temperature in the non-isothermal CSTR is an important control problem. Various controller
schemes such as classical controllers (Dey & Roy, 2014), optimal controllers (Da & Shu-Cai, 2018), and robust
controllers (Monika BakoSova et al., 2005) are used to overcome the temperature control problem. In order to
achieve better performance of the controller, there is a need for proper adjustment of the parameters of the
controller. The procedure for adjustment of the controller parameters is called ‘tuning’ or ‘design’ of the
controller. The most widely accepted practical tuning methods are the Ziegler and Nichols (1942) method and
Cohen and Coon (1953) method (Agarwal et al., 2015). These methods are compatible only with an open loop,
stable and single input single output (SISO) system, and it is not suitable for a complex and highly unstable
process. Hence, tuning a higher order for a complex process is very difficult using conventional approaches.
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Thus, the control society has shifted its focus to stochastic approaches, which offer a heuristic searching method
for the tuning mechanism. The optimal controller parameters, which are obtained from the evolutionary
optimization techniques, are fed into the controller. Then, the closed loop system is simulated to find the desired
response. From the output response of the process, the objective function is evaluated based on the set point
value, and it is processed by the evolutionary optimizer. There are numerous evolutionary optimization
techniques used in the literature to tune the parameters of a PID controller, such as particle swarm optimization
(PSO) (Bonyadi & Michalewicz, 2017), bacterial foraging optimization (BFO) (Das et al., 2009) and atom
search optimization (Zhao ef al., 2019). Apart from the optimization techniques, the formulation of the objective
function is the significant part of the optimization. The most widely employed objective function is the
summation of errors between the set point and the actual output. In PID controller design methods, the most
common performance criteria are integrated absolute error (IAE), integrated time weight square error (ITWSE),
integrated squared error (ISE), and mean square error (MSE). These four integral performance criteria have their
own advantages and disadvantages.

In Swapnadeep and Lillie (2017), the temperature control of CSTR was performed using the PID tuned by
the Ziegler-Nichols method, genetic algorithm (GA), and the PSO. The mathematical model of the CSTR was
considered, and the objective function used for the optimization was the ISE. The transient and steady-state
analysis was carried out on the closed loop system, and it was found that the PID-PSO performed better while
ISE was used as the objective function. In Thulasi Dharan et a/. (2017), a multi input multi output (MIMO)
model of the CSTR was considered for temperature control. Here the objective function used was the ITAE. The
PSO had better closed-loop performance compared to the other optimization algorithms. Masilamani et al.
(2015) computed a model predictive controller for the temperature and concentration control of the CSTR. Here
the state space model of the CSTR was considered for the implementation of the controller. The MPC toolbox of
the MATLAB environment was used to provide the plant inputs and initial values to the state space model of the
CSTR. The MPC predicts the value of the temperature and concentration and controls the same. In this study,
the model required for the control of the CSTR was obtained from the experimentation. The performance
criterion obtained from various models of CSTR is to be compared with the experimental model. The novelty of
the study lies in the usage of the experimental model for controller implementation. From the literature, it is
seen that the objective function mainly used was the ITAE and ISE. In this study, a new objective function,
which is the combination of the ITAE and the overshoot, was used.

MATERIALS AND METHODS
Process description
Experimental setup

A non-isothermal CSTR consists of inlet streams, an outlet stream, and the jacket through which the coolant is
passed in order to remove the heat generated due to the exothermic reaction inside the reactor. The temperature
of the reaction mixture, the concentration of the reaction mixture and the level of fluid inside the tank are the
important process variables. Actual values of these variables are measured using appropriate instruments and
controlled to the desired value using controllers. The setup is pictured in Figure 1 and consists of a resistance
temperature detector (RTD), variable frequency drive (VFD), motor, pumps, programmable logic controller
(PLC), emergency shutdown, stirrer, and tanks. The reactor vessel is insulated with glass wool to prevent the
heat from escaping into the surrounding. The capacity of the reactor vessel is 50 L, the hold up inside the reactor
i1s 25 L, and the reactants are stored in tanks of volume 25 L. From the tanks, the reactants can be transferred to
the reactor using a pump (12 Volt DC, maximum pressure 0.65 MPa) which operates at a flow rate of 4 LPM.
Ball valves are used to reduce the flow of reactant. The equipment is made of steel and coated with anti-
corrosion paint. The stirrer speed is kept constant. In this process, the input variable is the flow rate of coolant,
and the output variable is the temperature of the reactor fluid. The range of the variables is tabulated in Table 1.
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Speed controlled AC

Resistance temperature

Control panel

Insulation for reactor

Chemical storage
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Figure 1: Experimental set up of CSTR

Table 1: Process variables and their value range

Variables Symbols Values range
Feed flow rate of each reactant Fi, F2 0.75 LPM
Jacket feed flow rate F(t) 0-2 LPM
Inlet temperature of reactor fluid T; 30°C

Outlet temperature of reactor fluid Tio(t) 35-50°C
Jacket inlet temperature Tji 29°C

Jacket outlet temperature Tio 30-45°C

Study of the setup with chemicals and reaction kinetics

In this study, the reaction between a strong acid, hydrochloric acid (HCI), and a strong base, sodium hydroxide
(NaOH), is considered.

HCl(g) + H20() — H3O"(ag) + Cl (aq) (1)
NaOH(s) + H20(1) — Na*(aq) + OH (aq) ...(2)
The neutralization reaction is an exothermic reaction, and it is carried out inside the reactor:

NaOH(aq) + HCl(aq) — NaCl(aq) + H2O(1) ...(3)

Design of conventional PID controller
Fundamentals and theory of PID

A block diagram of a simple closed-loop system consisting of a plant and a controller with unity feedback is
diagrammed in Figure 2. The purpose of the system is to keep the process output (Y) closest to the desired
output (Yg) regardless of disturbances. This is achieved by manipulating the process input (U) through the
controller (Dong et al., 2021). The performance of the closed loop system is defined by the performance criteria
of mean square error (MSE), rise time (T:), settling time (Ts) and steady state error (Ess) of the transient response.
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Figure 2: PID controller block diagram

The PID controller is commonly used in industries because of its simplicity in implementation, and it is a linear
feedback controller whose control action is based on the error signal e(t), which is a difference between the set
point and the model output value. Mathematically the PID controller is given as:

(6) =K, () + K [ () dt + Ka (t) /dt .4

where K, = Proportional gain
K = Integral gain
Kq = Derivative gain

The proportional gain of the controller reduces error responses to disturbances (Aslam & Kaur, 2011). The
integral of the error eliminates steady-state offsets, and the derivative of the error dampens the dynamic
response. Thereby, the stability of the system is improved.

Tuning of PID

Tuning of the independent/tunable parameters is an important step in controller design. In this study, MSE is
chosen as the objective function to achieve minimal control errors. It squares the error to remove the negative
error components and discriminates between over-damped and under-damped systems.

MSE =2 " Ae(e) dt ()
Lower values of the objective function will give a better closed-loop performance. During the tuning of the
controller, MSE, rise time (T:), settling time (Ts), and steady-state error (Ess) are taken as performance indices.
Rise time (T) is the time required for the response to rise from 10 to 90% or 0 to 100% of its final value. For an
under-damped system, a second-order system with 0 to 100% rise time is commonly used.

For an over-damped system, 10 to 90% rise time is commonly used.

Rise Time (Tr) = /\:’_Ar’ B=coste ...(6)

where ¢ is the damping ratio, and ®q is the damped natural frequency.
Settling time (Ts) is the time required for the response curve to reach and stay within a range about the final
value of size specified by an absolute percentage of the final value (usually 5 to 2%).

Settling Time (T's) =$ .(7)

where ¢ is the damping ratio, and ®, is the natural frequency.
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