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ABSTRACT: Vermicompost products are efficient organic fertilizers. Therefore, vermicompost fortified
with a biocontrol agent may have the potential to improve plant growth and also suppress plant disease. In
this research. planting substrates (chopped coconut husk: coir dust; 50:30 % by volume) supplemented with
vermicompost (VC) (20 % by volume) or VC fortified with Irichederma asperelium CB-Pmn-01 (VCT) (20
% by volume) were evaluated for the effects on lettuce growth and root rot caused by Pythium
aphanidermatum (Pa). The 14-day-old lettuce (Butter Head) seedlings grown in a sowing substrate (perlite:
vermiculite; 2:1 V/V) were transplanted info a 6-inch plastic pot containing prepared substrates. A plant
nutrient solution with an electrical conductivity (EC) of 1.6 mS/em and a pH of 5.5-6.0 was applied weekly
to the substrate at 200 mi‘pot. Results revealed that both VC and VCT increased plant growth after planting
for 42 days as compared fo a control (substrate without vermicompost). However, a substrate containing
VCT significantly increased the height, leaf mumber, leaf area, basal stem cufting surface area, and plant fresh
and dry weights when compared with the control. When the substrates were inoculated with Pa. the VCT
(+Pa) treatment increased the height. leaf number, leaf area. basal stem cutting surface area. and plant fresh
and dry weights when compared with a Pythfum treated control (VC(+Pa)). After letuce harvesting, T.
asperellum CB-Pin-01 could be completely recovered from the planting substrate (100%) and the lettuce root
(100%), while this fungus helped reduce substrate and lettuce root colonization by Pa when compared with a
control (VC(+Pa)).

I Keywords: Trichoderma, Vermicompost, Planting substrate, Root rot, Biocontrol I
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1. INTRODUCTION

The south Rangsit canal is located in Thailand’s central province of Pathum Thani, 50 km
north of the capital Bangkok ] 1[ . The canal is on the east of the Chao Phraya River and
approximately 54 km in length [2]. Land utilization along the canal is categorized into four main
categories: urban areas, agriculture, aquaculture, and industry [3]. In fact, the unregulated
development in the area contributes to the deteriorating biochemical composition in the canal,
including excessive nutrient loadings [4]. A recent census shows that there are approximately 1.1
million people living along or near the south Rangsit canal, equivalent to 660 residents per km2.
In addition, the quality of the canal water deteriorates as the area develops due to increasing
volumes of sewage, domestic discharges and agricultural chemical residues [5]. Typically, the
quality of waterways in urban areas is inversely correlated with the level of urbanization [6]. Rapid
urbanization and industrial and agricultural development, coupled with inadequate sewerage
systems, contribute to elevated material inputs in the water resources, e.g. nitrogen (N) and
phosphorus (P) [7]. The causes of water pollution range from untreated municipal and industrial

wastewater,



eutrophication, trace metals contamination to petroleum hydrocarbons [8]. Specifically, river water
chemistry is tied to natural (e.g. rainfall) and anthropogenic factors, e.g. land use, urbanization,

maintenance of the canal water to meet the local demand [6].

Fig. 1 Satellite image of the south Rangsit canal
with the six sampling stations (Stn.1-6) and three
crossesectioned sites (C1, C2, C3), where the Chao
Phraya River is on the west side

sewage discharge and nonpoint sources, including stormwater runoffs from agricultural and urban
areas [9]. Thus, this current research aims to comparatively investigate the effects of seasonal
variability (the rainy and dry seasons) and nutrient transfer patterns on the anthropogenic
nonpointsource nutrient loads (DIN and P loads) and the self-remediation, in terms of the relative
remediation efficiency (EFR), of the south Rangsit canal. The findings are expected to be applied

to effectively manage the water resources and the anthropogenic wastewater drainage in the area.
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1. INTRODUCTION

Tilapia are freshwater fish belonging to the family Cichlidae. They are native to Africa but
were introduced into many tropical, subtropical and temperate regions of the world during the
second half of the 20th century [1]. Tilapia is a worldwide fish of great commercial importance and
it is recognized as one of the most important aquaculture species of the 21st century. Tilapia is
currently ranked second only to carps in global production [2]. The world’s total tilapia production
in 2012 was 4.2 million tons. Tilapia aquaculture is rapidly expanding with global production of
about 2.8 million metric tons in 2008 [3] and estimated to increase to 8.89 million metric tons by
the year 2020 [4]. This rapid global production of tilapia is due to the introduction of improved
strains of Nile tilapia (Oreochromis niloticus) (Fig.1) which is the major farmed tilapia species. The
important aquaculture species are the nile tilapia (O. niloticus), blue tilapia (O. aureus), Java tilapia
(0. mossambicus) and Zanzibar tilapia (O. hornorum). The red tilapia (Oreochromis hybrids) (Fig.2)
developed from crosses of the main Oreochromis culture species also has become popular in
recent years. Other tilapia species are cultured only by small-scale farmers in Africa [5]. Nile tilapia

was then introduced in different countries during the 1970s but problems including inbreeding,



insufficient fish seed supply, stagnant production and poor fish growth hindered small-scale
aquaculture production. Large-scale genetic improvement programs have been established for O.
niloticus in Asia [6] and genetic methodologies to control sex have now resulted in the reliable
production of all male fry to help overcome the problem associated with excessive fry production
in culture ponds [7]. The Genetic Improvement in Farmed Tilapia (GIFT) project in the Philippines
created strains of O. niloticus that grew up to 60% faster than their relatives [8]. The benefits of
the GIFT strain include significantly faster growth rates than other farmed strains, improved survival
in polluted waters and they can be raised in extensive systems without the need for commercial
feeds. The development of hormonal sex-reversal techniques in the 1970s represented a major
breakthrough that allowed male monosex populations to be raised to uniform, marketable sizes.
Although several species of tilapia are cultured commercially, research on nutrition and culture
systems, along with market development and processing, including value addition in Nile tilapia,
made the species the predominant cultured species worldwide. The species matures at a larger
size and is less fecund and thus less prone to overpopulation. Today, tilapia are often farmed with
multiple species in the same pond, such as shrimp and milkfish. This not only optimizes the
financial return if space is limited but also helps to prevent the growth of harmful bacteria and

serves to remove excess organic matter in the water [9].

Fig.2 Morphology of red tilapia (O. niloticus x O. mossambicus)
Initially, GIFT trials were conducted in Bangladesh, China, Thailand and Vietnam, as well as in the
Philippines. Today, 13 countries in Asia have received GIFT to develop national breeding and
dissemination programmes and GIFT's fast growth and high yield have encouraged many rural
families to take up environmentally friendly aquaculture across the region. As many new fish
farmers are women, this empowers them as it improves local supplies of high-quality, affordable
protein and benefits the nutrition of the household. The "GIFT Fish" was the result of this carefully

conducted genetic selection and improvement programme based on broodfish collected from four



African countries (Egypt, Ghana, Kenya and Senegal) and four commercial O. niloticus strains (from
Israel, Singapore, Taiwan, Province of China and Thailand) used in the Philippines [10]. In the initial
phase of the research, it was evident that the gain in growth and survival through crossbreeding
were less than expected. This was followed by a pure breeding strategy among the best performing
purebred and crossbred groups that led to the buildup of a genetically-mixed base population.
This population formed the basis for the final selection program through a combined family and
within family selection strategy [11]. Subsequent selection resulted in the emergence of the GIFT
strain, which is purported to have an 85 percent cumulative genetic gain compared to the base
population [6]. Hormonal sex reversal has been extensively used for sex determination and
producing monosex fish for aquaculture purposes. Steroid hormones or hormone analogues, as
well as non-steroid compounds, are commonly used for producing monosex tilapia. The hormones
are generally incorporated into larval feeds and administered to undifferentiated larvae at very
early larval stages (preferably at first feeding) for sufficient time to enable sex reversal. The use of
hormones has been under increasing public criticism due to their possible health and
environmental impacts. As a result, the use of hormones for sex reversal of tilapia is either licensed
(in the USA) or banned (in Europe) [12]. Androgens are steroid hormones derived from cholesterol
synthesized naturally by the adrenal cortex. Steroids are groups of lipids with several unique
properties affecting growth and development. Steroids are called androgens if they are able to
induce male characteristics and estrogens, if they induce female characteristics. The hormone
testosterone is ineffective as an androgen when given orally and has a short duration of action
when administrated parenterally because of rapid hepatic metabolism [13]. "Aquatic Animals"
provide a healthy diet which is rich in protein, high-quality fat and many types of fatty acids. This
is especially true of tilapia (O. niloticus), which is considered good protein and cheap. All people
around the world can access this fish. Tilapia is a good source of fat and contains all kinds of
essential fatty acids and lower cholesterol when compared to other meats or aquatic animals. In
addition, the texture of tilapia meat is firm and it turns white when cooked to make a colorful,
appetizing and delicious meal. It can be cooked in a variety of ways. For this reason, Tilapia is
popular among consumers both in Thailand and abroad. Sex reversal by immersion and feeding
may lessen the duration of treatment and lower the cost of hormones used. The present study
aims to investigate the potential of different doses of 170MT with respect to the determination of

the optimum dose.
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2.5 Promotion of Plant Growth

After harvesting 42-d-old lettuce (Butter Head)
plants, plant growth characteristics were recorded.
These mcluded the height, width, fresh and dry
weights of lettuce leaves. leaf numbers, leaf area
(measured by Li-3100 Area Meter) and the basal
stem cutting surface area of each plant.
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2.3 Preparation of Basal Nutrient Solution

Mineral nutrient solution stocks modified from
Cooper [19] were prepared according to the
methods provided by Chiemchaisri [20]. In this
p1epa1at10n 1 L of each concennared numenr
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2.1 Trichoderma Fresh Culture
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For fresh culture preparation. four parts of
broken milled rice were added with two parts of
tap water (v/v) in an automatic rice cooker. After
the switch turned off. 250 g of semi-cooked rice
was placed into an 8x12 inch heat tolerant plastic
bag. The bags were folded and left to cool down
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Table 1 This is the example for table formatting

ltems X y z
a 5 5
b 6 1 6
C 8 3 9

Note: should be placed under the table leaving no space in-between; 10-pt font; and left- and
right-justified.



Figures
Muvjswesmneataziegunmaesuaisesgunmlaegenii 1.25 lwufiwnsanvey
drawazlidadudadivie wnndeiumnuulouievedazinsas Juisvzdosfinwmuwusdndmsudue
YornTansiiviosntsifiusiliidn) FesddunneausUnmuaslviiumisessunnsoainidomi
Sredefandundausn undsussinseninmsimuuasdosunmifusgunm susissenineiaguamdy
dlewlugonthnount sunmazdesinesla-fatuniinszay mesasdoslifidulununfuandy
sgwiailomlunss suamdarmesdalising 600 dpi agldnmanierdiutunnumngan vin
T waaedalddglunmsifuiamdlfitumansans Wsuamilaiduanlusunsuasanwliasin

AD119NLONENTPY
100
—— Data 2
—#— Data 3
80
2 60 ~
(@)]
o} |
5 A
> 40 / \-
20 //
0 L
2 4 6 8 10 12 14
X Category

Fig.1 This is the example for figure formatting
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1. Arham, R., Mulyati, M.T., Metusalach, M and Salengke, S. 2016. Physical and mechanical
properties of agar based edible film with glycerol plasticizer. International Food Research

Journal 23(4):1669-1675
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Conclusions

Physical and mechanical properties of edible
films were highly dependent on the agar and
glycerol concentration. Increasing concentrations of
agar increase the film thickness, TS, and EAB, but
decrease the solubility, while increasing glycerol
concentrations tend to increase the thickness and
solubility, but decrease the TS of the films. The best
combination of the agar and glycerol concentration in
this study was 3 and 10%, respectively.

2. Rinanda, S.A., M. Nastabig., S.H. Raharjo, S.K. Hayati, M.A. Yagin and Ratnawati. 2017.The
effect of combination of sugar palm fruit, carrageenan, and citric acid on mechanical

properties of biodegradable film. IOP Conf. Series: Journal of Physics: Conf. Series 909.1-6 p.

5. Conclusions

Based on itsphysical and mechanical properties, the ratio of carrageenan: starch of 1:1 and citric acid
concentration of 1% are the best carbohydrate ratio and citric acid concentration, respectively, because
the resulted filmhas the highesttensile strength, i.e.3.91 N / mm’. Meanwhile the ratioof sugar palm
fruit; carrageenan at constant citric acid concentration has no significant effect on the film thickness.
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Effects of Oxygen-free Water on Preservation of Threadfin Bream
(Nemipterus hexodon) & Kuruma Prawn (Penaeus japonicas)

B. Thongdonphum', W. Pivsa-Art'. S. Pivsa-Art', S. Pavasupree'. V. Thonglek?, and K. Yoshikawa®
'Rajamangala University of Technology Thanyaburi. Pathum Thani, Thailand
* Rajamangala University of Technology Lanna, Chiang Mai, Thailand

Abstract— Effects of oxygen-free water on the preservation of threadfin bream was studied. The threadfin bream (Nemipterus
hexodon) and Kuruma prawn (Penaeus japonicas) are of significant economic values in Thailand. To survey applicability of fine bubble
(FB) technology to Thai fishes, 2 kinds of water and ice were tested at Mae Klong Fishery Cooperative LTD. (Mae Klong fish market)
in Thailand; 1) oxygen free water (OFW), 2) normal tap water (NTW) and 3) ice made of tap water. After 12 days, sensory preference
scores of the threadfin bream were evaluated for three treatments. The results revealed the positive effects in case of OFW and ice on
physical qualities and sensory preferences of threadfin bream between Day 4 and Day 8. In addition, Kuruma prawn preserved in
OFW was found excellent in freshness while prawn in NTW showed drastic color change of its head part and terrible smell.

Consequently, OFW is found significantly effective in preserving the freshness of threadfin bream and Kuruma prawn.

Keywords—Oxygen-free bubbles water, preservation, Threadfin bream, Kuruma prawn

[. INTRODUCTION

Seafoods are one of major economic natural products and
favorite diets in Thailand [1]. However. in their preservation,
chemicals such as formaldehyde and formalin are generally
being used as preservatives for tissues in Thailand due to quick
deterioration of seafoods under tropical high temperature.
This is simply because of no simple and safe alternatives. so
far.

Many fish sellers in Thailand at present spray or dip fishes
into formalin-treated water to keep seafood products look fresh
for longer time. but endangers public health very much [2].

In 2011, the National Toxicology Program, an interagency
program of the Department of Health and Human Services.
USA named formaldehyde as a known human carcinogen in
its 12" Report on Carcinogens [3].

Formaldehyde (HCHO) presence in seafoods was often
found in fresh markets. flea markets in the areas located mostly
far away from the ocean [4]. Thus, fish preservation, or long
shelf life. is a great concern in tropical countries like in
Thailand. One example of formalin test made for shrimps and
squids in Thailand is shown in Fig.1. using a pack test method.

Fine bubbles (FB) technology, bubbles consisting of
micro bubbles (1pum<MB<100um dia.). and ultra-fine bubbles
(UFB<lum dia.), is now rapidly emerging as an innovative
technology in various fields [5].

One of such application is Oxygen-free water (OFW) for
fish preservation [6]. which is now being used in Japanese fish
markets [7]. In this study, since fish species and climate of
Thailand are vastly different from Japan, the applicability of
this method to Thailand is investigated.

The mechanism in preservation of fish freshness is as
follows: since fish degradation in water is caused by acrobic
bacteria which decompose fish protein using dissolved oxygen
in the water, oxygen-free water can suppress such bacteria’s
activity to great extent, leading to long preservation of fish
freshness. The biggest merit of this method is totally safe
without any chemicals.

Corresponding author: Boontarika Thongdonphum
e-mail address: Boontarika_T@rmutt.ac.th

This OFW can be casily made by using N2>-FB injection
into tap water, thereby rising macro N> bubbles take out
dissolved oxygen out of water surface. which penetrates into
the bubble according to Henry law. Usually DO about 8 mg/L
in normal tap water can be reduced down to 0.1~1 mg/L by
this method. which is sufficient enough in suppressing bacteria
activity.

For producing N»>-FB, a very less-expensive, yet high
performance KVMO1 FB generator was developed for basic
research at RMUTL based on pressurized dissolved gas
method (Fig.2). KVM-01 can produce not only microbubbles
(MB) of several tens of thousands/mL. but also ultra-fine
bubbles (UFB) as high as 10'" bubbles/mL, evaluated by a
laser scattering particle analyzer, HORIBA LA-960A at
RMUTL.

Actually, Oxygen ultra-fine bubbles were measured. and
found to stay longer, as long as one moth, under suitable
conditions [5]. It was also proved that free radicals are
generated during the collapse of microbubbles. which can kill
bacteria very strongly [8, 9].

Formalin test on

Squid & Shrimp in the market
Formaldehyde > 0.5 ppm

Fig.1. Formaldehyde pack test results for shrimps and squids from fish
market in the northern Thailand. From left, shrimps, squids. 2 ppm
HCHO, and original HCHO.
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RMUTL
micro/nano bubble generator ver.5
- _ 4 =

Fig.2. KVMOL. flow rate of 1 L/min based on pressurized dissolved gas
method developed by RMUTL.

On the other hand for OFW. it is necessary to keep OFW
free from air contact to prevent oxygen re-dissolution into
water.

In this study. we have examined the effects of Oxygen-
free water on Thai’s marine fishes, and compared with
traditional methods that use normal water and ice.

II. METHODOLOGY
A.  Fish Sources

Threadfin bream (Nemipterus hexodon) and Kuruma
prawns (Penaeus japonicus) were supplied from the Mae
Klong Fishery Cooperation LTD., (Mae Klong fish market).
Samut Songkram Province, Thailand. Threadfin breams were
approximately of 200 g in weight and tested in each treatments
in plastic bags for 12 days in the iced storage box in the room
at normal temperature, whereas Kuruma prawns of
approximately 15 cm in length were preserved both in OFW
and normal tap water in plastic bags in the refrigerator for 8
days for comparison.

B.  Experimental Design

The threadfin bream experiments were made using a
completely randomized design (CRD) comprising 3
treatments: (1) oxygen free water (OFW): DO = 1 mg/L. (2)
normal tap water (NTW): DO = 7 mg/L. and (3) ice made of
normal tap water.

Sixteen fishes were individually packed in polyethylene
bags (PE). and then divided into four equal groups, each for 4
times” sensor tests in 12 days. Fish were soaked in each water
type and kept in the iced storage box and left in the room at
normal temperature. Ice in storage box was packed twice of
fish weight. and refilled every day with the lost amount of ice
[10].

Evaluation of the physical quality change was made every
4 days during total period of 12 days. The observation of
physical parameters with respect to eye color. gill. skin, odor
and texture were made on the 1 and 12" day, and compared.

In addition, pre-experimental design was used for Kuruma
prawn and preserved in OFW for 8 days. and then compared
with normal tap water. In this study, the 1* sensory analyses
were made by veteran fish experts at the Mae Klong fish
market and the 2" test were evaluated by trained panelists at
RMUTT (Rajamangala University of Technology Thanyaburi,

Pathum Thani, Thailand), of threadfin beams for color (eyes
and gill), skin, odor and texture, using sensory scores, where 1
= least, 2 = less, 3 = moderate (i.c. neither good nor less), 4 =
good, and 5 = excellent, respectively [11,12].

Oxygen-free water was made at RMUTT relatively near
Mae Klong fish market by using KVM-01. Prior to production,
once-through cleaning of whole generator channels was
conducted by prepared original water for 20 minutes, with
flow rate of 1 L/min [13]. Then nitrogen FB was injected by
the FB generator to 10 L water in the plastic bottle for 15 min.
with nitrogen gas flow rate of 0.05 L/m, resulting in DO=1
mg/L water.

Produced OFW was then packed into a 10L plastic hard
bottle, and brought to the Mae Klong fish market about 3
hours-drive apart. Regarding OFW. however, in the first
experiment made in November 2017, the water was first used
about 1 L to prawn test and brought back to RMUTT, and some
days later, this remaining 9 L water was used for preservation
of threadfin breams at the fish market.

As will be discussed later more in details. it turned out,
that the water used in the 1% experiment for Threadfin breams
was no more oxygen-free water, just normal water containing
DO = 7 mg/L or so. due to the contact with 1 L volume air
inside the upper space of the bottle. where 1 L OFW occupied
before prawn test.

Therefore, in the 2™ experiment in March, 2018, the same
10 L OFW with DO = 1 mg/L was prepared. OFW was entirely
and immediately used for fish preservation without any delay.
to keep OFW as real OFW.

III. RESULTS

A. Prawn preservation by oxygen-fiee water

At the fish market, two prawns were packed in the sealed
plastic bags, one in oxygen-free water (OFW), and the other in
normal tap water (NTW), and kept in the refrigerator for 8 days
at RMUTT.

The results are shown in Fig.3, where the prawn preserved
in OFW was found excellent as fresh as was brought to the
market, whereas the prawn in NTW showed drastic color
change of its head part and smelled terrible, i.c.. totally
degraded.

Fig.3. Two prawns preserved in tap water (left) and oxygen-free water
(right) 8 days after treatment.
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B. Threadfin bream preservation by 3 kinds of treatments

Several days later after Kuruma prawn test was made, the
1% preliminary preservation test for threadfin breams were
made by Mae Klong fish market staffs, by using remaining 9
L “OFW”(actually no more oxygen-free water), NTW and ice,
and results of sensory preference scores are shown in table I.

The results on Day 4 showed that the greatest score of
overall acceptability was ice, followed by NTW and “OFW”,
respectively, whereas the results on Day 8 indicated that
"OFW" is similar to ice (score = 4). The overall results in the
1* preservation test had the high score in sequence, ice, NTW,
and "OFW" respectively, when considered in each parameter
shown in Table L.

Likewise, the 2 preservation test (Table IT) showed the
different scores of overall acceptability, in Day 4, ice showed
highest score, followed by NTW and OFW, respectively. By
comparison, the OFW results of sensory preference score of
eyes and skin showed the better score when compared on the
1% preservation results.

At the end of experiments, the sensory preference score of
OFW including odor and texture showed to improve when
compared with the 1% test. Overall, ice exhibited high score,
followed by OFW, and NTW, respectively. Both of two
experimental results exhibited that ice made of NTW could be
most efficient for fish preservation.

From these experiments, OFW showed the positive effects
on the meat quality and sensory preference of Threadfin bream
between Day 4 and Day 8. In addition, the overall results
indicated that OFW could preserve the freshness of threadfin
bream until Day 8.

TABLEI
SENSORY PREFERENCE SCORES OF THREADFIN BREAM FOR 3
TREATMENTS; “OFW” PRODUCED BY KVM-01
DURING NOVEMBER 11-22, 2017 (15T TEST).

Parameters Treatment  Start  Day4 Day8  Dayl2
1. OFW 5 4 4 3
Eyes 2. NTW 5 4 4 3
3.Ice 5 5 4 4
1. OFW 5 5 4 4
Gill 2. NTW 5 5 4 4
3. Ice 5 5 4 4
1. OFW 5 4 4 3
Skin 2.NTW 5 4 4 3
3. Ice 5 5 4 4
1. OFW 5 4 4 3
Odor 2.NTW 5 5 3 3
3. Ice 5 5 4 4
1. OFW 5 4 4 3
Texture 2. NTW 5 5 4 4
3. Ice 5 5 4 4
Overall 1.OFW 5 4.2 4 32
acceptabi 2. NTW 5 4.6 3.8 3.4
lity 3. Ice 5 5 4 4

Remarks: 1 =least, 2 = less, 3 = moderate (i.e. neither good
nor less), 4= good, and 5 = excellent
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IV. DISCUSSION

The reasons for fish quality deterioration leading to
spoilage need to be determined carefully. The time of pre-rigor
mortis and rigor mortis varies according to species. It depends
also on many factors, such as temperature, handling, size,
physical condition, bio-chemical reactions and microorganism
activities of the fishes [2, 14].

In the Food and Agriculture Organization (FAO)'s
comprehensive reviews on utilizing ice in fish preservation,
when ice is utilized for reducing temperature to about 0°C, the
growth of spoilage and pathogenic micro-organisms are
reduced [15], as well as the rate of enzymatic reactions, in
particular, those linked to early rigor mortis period. As was
mentioned, it is most likely that after 1 L use of OFW from the
10 L OFW sealed bottle, air was introduced and stayed in 1 L
space of the bottle.

In case just after 1 L air enters the 10 L plastic bottle
containing 9L OFW with DO = 1 mg/L, then, total oxygen in
the 9L water = 1 mg/Lx9 L = 9 mg, whereas total oxygen in 1
L arr = 02x32 g/molx(1/22.4) = 286 mg showing
overwhelming large quantity of oxygen in the air space,
leading to prompt equilibrium state of dissolved oxygen in the
water.

Therefore, the 9 L remaining initial oxygen-free water is
expected to return quickly to normal water having approx. DO
= 7 mg/L, and as aforementioned that this “OFW” is no more
oxygen-free water, but normal tap water, in terms of dissolved
oxygen level.

TABLE II
SENSORY PREFERENCE SCORES OF THREADFIN BREAM FOR THE 3
TREATMENTS; “OFW” PRODUCED BY KVM-10
DURING MARCH 2-14, 2018 (2"° TEST).

Parameters Treatment  Start Day4 Day8 Dayl2
1.OFW 5 5 4 3
Eyes 2.NTW 5 5 3 3
3. Ice 5 5 4 4
1.OFW 35 5 4 4
Gill 2.NTW 5 ) 3 3
3. Ice 5 5 4 4
1. OFW 5 5 4 3
Skin 2.NTW 5 4 3 3
3.1ce 5 5 4 4
1. OFW 5 4 4 4
Odor 2.NTW 5 5 3 2
3. Ice 5 5 4 4
1.OFW 5 4 4 4
Texture 2.NTW 5 5 3 3
3. Ice 5 5 4 4
overal LOFW 5 42 4 3.6
acceptabi 2, NTW 5§ 4.6 3 2.8
lity 3. Ice 5 5 4 4

Remarks: 1 =least, 2 = less, 3 = moderate (i.e. neither good nor
less), 4 = good, and 5 = excellent
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In the actual application in the fish market, gas-barrier
flexible plastic bags which contain OFW should be used for
fish preservation to avoid air invasion into the bags. However,
the results in the 2" preservation test indicated that OFW had
good score and keep freshness longer than the 1 time due to
immediate use of OFW for fish preservation the OFW in the
274 experiment. Although, oxygen is necessary for the growth
of aerobic bacteria, however, nitrogen gas flushing can be
deleterious to bacteria [16, 17]. Thus, in our experiments,
nitrogen bubbling in a form of ultra-fine bubbles could
penetrate into fish meat through skin and visceral, and
prevented oxidation of oil and fat content and the activity and
growth of aerobic bacteria as well. Under such condition
freshness is kept at least 8 days with good taste. [18]

V. CONCLUSION

The results revealed that ice is still the most suitable way
for fish preservation. However, the oxygen-free water also
exhibited the positive effects on the physical quality and
sensory preference of threadfin bream giving shelf life for 8
days. In addition, the preservation of Kuruma prawn in
oxygen-free water was found excellently fresh. The
experiments could be confirmed the good applicability of fine
bubble technology as an alternative way for preservation of
marine fish products.
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ABSTRACT: The effects of 17a-Methyltestosterone (MT) on sex reversal of Red tilapia (Oreochromis
niloticus x Oreochromis mossambicus) in the free-swimming stage by immersion and feeding techniques were
studied at the Department of Fisheries, Faculty of Agricultural Technology, Rajamangala University of
Technology Thanyaburi, Pathumthani Province from April to July 2017. The experimental design was a
factorial experiment in CRD which studied two factors: 1) sex reversal by immersion treatment of 17¢-MT (0,
150 and 300 ug/l) for 3 hours (T, T, and T3) and 2) sex reversal by feeding treatment of 17¢-MT (40, 60 and
80 mg/kg) for 28 days (Fi, F, and F3). Results from these studies indicated that during the free-swimming
stage, the immersion treatment of 17a-MT in 300 pg/l for 3 hours (T3) had the highest growth rate in terms of
weight, total length (28 days), ADG, FCR and survival rate (0.731 g, 3.340 cm, 0.024 g/d, 0.627 and 95.443
% respectively). The immersion treatment of 17¢-MT in 150 pg/l for 3 hours (T2) had a medial growth rate
among the other factors. The immersion treatment of 17a-MT in 0 ug/l for 3 hours (T, ) had a minimal growth
rate but had the highest sex ratio of males (83.889 %). The effects on sex reversal by feeding treatment of
176-MT in 60 mg/kg for 28 days (F,) had the highest growth rate in terms of weight, ADG and FCR (0.644 g,
0.022 g/d and 0.714 respectively). The effects on sex reversal by the feeding treatment of 17¢-MT in 80 mg/kg
for 28 days (F3) had a medial growth rate and the highest survival rate (95.037 %) and sex ratio of males
(85.667 %). The effects on sex reversal by feeding treatment of 170-MT in 40 mg/kg for 28 days (F1) had a
good growth rate but the other factors were minimal.

Keywords: 17o-Methyltestosterone, Sex reversal, Red tilapia (Oreochromis niloticus x Oreochromis
mossambicus), Free-swimming stage

1. INTRODUCTION (Oreochromis hybrids) (Fig.2) developed from
crosses of the main Oreochromis culture species
Tilapia are freshwater fish belonging to the also has become popular in recent years. Other
family Cichlidae. They are native to Africa but were tilapia species are cultured only by small-scale
introduced into many tropical, subtropical and farmers in Africa [5]. Nile tilapia was then
temperate regions of the world during the second introduced in different countries during the 1970s
half of the 20th century [1]. Tilapia is a worldwide but problems including inbreeding, insufficient fish
fish of great commercial importance and it is seed supply, stagnant production and poor fish
recognized as one of the most important aquaculture growth  hindered  small-scale  aquaculture
species of the 21% century. Tilapia is currently production. Large-scale genetic improvement
ranked second only to carps in global production programs have been established for O. niloticus in
[2]. The world’s total tilapia production in 2012 was Asia [6] and genetic methodologies to control sex
4.2 million tons. Tilapia aquaculture is rapidly have now resulted in the reliable production of all
expanding with global production of about 2.8 male fry to help overcome the problem associated
million metric tons in 2008 [3] and estimated to with excessive fry production in culture ponds [7].
increase to 8.89 million metric tons by the year 2020 The Genetic Improvement in Farmed Tilapia
[4]. (GIFT) project in the Philippines created strains of
This rapid global production of tilapia is due to O. niloticus that grew up to 60% faster than their
the introduction of improved strains of Nile tilapia relatives [8]. The benefits of the GIFT strain include
(Oreochromis niloticus) (Fig.1) which is the major significantly faster growth rates than other farmed
farmed tilapia species. The important aquaculture strains, improved survival in polluted waters and
species are the nile tilapia (O. niloticus), blue tilapia they can be raised in extensive systems without the
(O. aureus), Java tilapia (O. mossambicus) and need for commercial feeds. The development of
Zanzibar tilapia (O. hornorum). The red tilapia hormonal sex-reversal techniques in the 1970s
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represented a major breakthrough that allowed male
monosex populations to be raised to uniform,
marketable sizes. Although several species of
tilapia are cultured commercially, research on
nutrition and culture systems, along with market
development and processing, including value
addition in Nile tilapia, made the species the
predominant cultured species worldwide. The
species matures at a larger size and is less fecund
and thus less prone to overpopulation. Today,
tilapia are often farmed with multiple species in the
same pond, such as shrimp and milkfish. This not
only optimizes the financial return if space is
limited but also helps to prevent the growth of
harmful bacteria and serves to remove excess
organic matter in the water [9].
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Fig.1 Morphology of Nile tilapia (Oreochromis
niloticus)
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Fig.2 Morphology of red tilapia (O. niloticus x
O. mossambicus)

Initially, GIFT trials were conducted in
Bangladesh, China, Thailand and Vietnam, as well
as in the Philippines. Today, 13 countries in Asia
have received GIFT to develop national breeding
and dissemination programmes and GIFT's fast
growth and high yield have encouraged many rural
families to take up environmentally friendly
aquaculture across the region. As many new fish
farmers are women, this empowers them as it
improves local supplies of high-quality, affordable
protein and benefits the nutrition of the household.
The "GIFT Fish" was the result of this carcfully
conducted genetic selection and improvement
programme based on broodfish collected from four
African countries (Egypt, Ghana, Kenya and
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Senegal) and four commercial O. niloticus strains
(from Israel, Singapore, Taiwan, Province of China
and Thailand) used in the Philippines [10]. In the
initial phase of the research, it was evident that the
gain in growth and survival through crossbreeding
were less than expected. This was followed by a
pure breeding strategy among the best performing
purebred and crossbred groups that led to the build-
up of a genetically-mixed base population. This
population formed the basis for the final selection
program through a combined family and within
family selection strategy [11]. Subsequent selection
resulted in the emergence of the GIFT strain, which
is purported to have an 85 percent cumulative
genetic gain compared to the base population [6].

Hormonal sex reversal has been extensively
used for sex determination and producing monosex
fish for aquaculture purposes. Steroid hormones or
hormone analogues, as well as non-steroid
compounds, are commonly used for producing
monosex tilapia. The hormones are generally
incorporated into larval feeds and administered to
undifferentiated larvae at very early larval stages
(preferably at first feeding) for sufficient time to
enable sex reversal. The use of hormones has been
under increasing public criticism due to their
possible health and environmental impacts. As a
result, the use of hormones for sex reversal of tilapia
is either licensed (in the USA) or banned (in
Europe) [12]. Androgens are steroid hormones
derived from cholesterol synthesized naturally by
the adrenal cortex. Steroids are groups of lipids with
several unique properties affecting growth and
development. Steroids are called androgens if they
are able to induce male characteristics and
estrogens, if they induce female characteristics. The
hormone testosterone is ineffective as an androgen
when given orally and has a short duration of action
when administrated parenterally because of rapid
hepatic metabolism [13].

" Aquatic Animals" provide a healthy diet which
is rich in protein, high-quality fat and many types of
fatty acids. This is especially true of tilapia (O.
niloticus), which is considered good protein and
cheap. All people around the world can access this
fish. Tilapia is a good source of fat and contains all
kinds of essential fatty acids and lower cholesterol
when compared to other meats or aquatic animals.
In addition, the texture of tilapia meat is firm and it
turns white when cooked to make a colorful,
appetizing and delicious meal. It can be cooked in a
variety of ways. For this reason, Tilapia is popular
among consumers both in Thailand and abroad. Sex
reversal by immersion and feeding may lessen the
duration of treatment and lower the cost of
hormones used. The present study aims to
investigate the potential of different doses of 170~
MT with respect to the determination of the
optimum dose.
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2. METHODOLOGY

The experiment was conducted at the laboratory
of Tilapia Hatchery, Division of Fisheries, Faculty
of  Agricultural Technology, Rajamangala
University of Technology Thanyaburi (RMUTT).

2.1 Experiment Design

This study was designed as a factorial
experiment in CRD. The experiment was divided
into 9 treatments with 3 replications per trail and
carried out in a 50 liter glass cabinet filled with 30
liters of water (total of 27 experimental units) for 28
days. The experiments in this study were conducted
to investigate two factors: immersion and feeding.
There are 3 concentration levels of 17a-
Methyltestosterone (MT): 0, 150 and 300
micrograms per liter (Ty, T, and T3) in the first
factor (immersion) and 3 concentrations levels of
170-MT of 40, 60 and 80 milligrams per kilogram
feed (F1, F, and F3) in the second factor (feeding).

2.2 Preparation of 17¢-MT for immersion

Free-swimming stage (3 days old) (Fig.3) whose
yolk sac have been absorbed were collected from
the hatchery between 1,600-1,700 hours and were
transferred to the laboratory. Four thousand and
fifty free-swimming stages were immersed in
different concentrations of 170-MT hormone
concentrations of 0, 150 and 300 ug 17 for three
hours. Immersion was done using plastic containers
(1.5 liter capacity each) which were suspended in an
aquarium measuring 24 cm x 50 cm x 30 cm.
Aerators were provided in each container to
facilitate the continuous movement of the free-
swimming stage in the water column.

Fig.3 Morphology of the red tilapia free-swimming
stage (scale = 1 mm)

2.3 Preparation of 17¢-MT for Feeding

Hormone treated feed was prepared as described
[14]. The 17¢-MT was the hormone used. A stock
solution was made by dissolving the hormone in 50
mlof95% ethanol. Treatments were made by taking
the accurate amount of the hormone from the stock
solution and preparing different doses of 60 mg and

41

80 mg 170-MT kg?. This solution was evenly
sprayed over 500 g of shrimp starter feed containing
40% protein and then mixed thoroughly. The feed-
alcohol-hormone mixture was mixed again and
again to ensure an equal distribution of the 17a-MT
throughout the feed. Treated diets were dried at
room temperature for 24 hours and then kept in
airtight containers since androgens will breakdown
when exposed to sunlight or high temperature. The
prepared diets were stored at 4°C in a refrigerator
before fed to fry of red tilapia. The diets containing
170-MT were characterized as follows:

T1: diet + 40 mg 17a-MT kg™ of diet

T,: diet + 60 mg 17a-MT kg of diet

T;: diet + 80 mg 17a-MT kg of diet

2.4 Rearing

Sex reversal of tilapia in the free-swimming
stage whose yolk sac have been absorbed was done
by oral administration of 170-MT through feed.
After three days of hatching, the free-swimming
stage were shifted tonine glass aquaria. There were
three replicates for each treatment having 30 liters
of water each and containing 300 nos of free-
swimming stage for sex reversal treatment. During
the free swimming stage, there was an oral
administration of 170-MT mixed feed containing
40% crude protein at three different dose rates viz.
40 (T1);, 60 (T2) and 80 (T3) mg 17a-MT kgt of
feed. The feeding occurred 6 times (7.00 9.00 11.00
13.00 15.00 and 17.00) daily during the day light
hours for 28 days.

During the rearing period, water quality
parameters (temperature, pH, dissolved oxygen
(DO), Total Ammonia and Nitrite) in the net
enclosures were measured weekly up to the end of
the experiment. Temperature and dissolved oxygen
concentrations were measured by a YSI DO meter
Model 55 while pH was measured by a pen-type
HANNA pH meter. Total Ammonia and Nitrite
were measured by titration. The mean length,
weight and survival rate of the fish in each treatment
were recorded. After twenty eight days, the
percentage of male and females were recorded.

2.5 Specifying Sex Rates

The sex was determined depending on the
secondary sexual characteristics (Fig.4-5). All
surviving fish were placed in an ice box and
immediately dissected for sex differentiation. Sexes
(male female, intersex) of fry (Fig.6) were
identified by the gonad squash technique [15].

2.6 Statistical Analysis

In order to calculate the statistical significance
between the growth of the groups treated with
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different doses of 17a-MT, a comparison of the
different parameters was described according to
[16]. The T-test was used to find out the statistical
significance in terms of growth parameters, survival
rates and sex ratio.

Fig.5 The secondary sexual characteristic of
Female

Fig.6 Morphology of red tilapia fry
3. RESULTS AND DISCUSSION

This study shows the effects of 170-MT on sex
reversal of red tilapia (O. niloticus x O.
mossambicus) (Fig.2) in free-swimming stage by
immersion and  feeding techniques. The
experimental design was a factorial experiment in
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CRD which studied two factors: 1) sex reversal by
immersion treatment of 170-MT (0, 150 and 300
ng/l) for 3 hours (T, T; and T3) and 2) sex reversal
by feeding treatment of 170-MT (40, 60 and 80 mg
kg for 28 days (Fi, F» and F3). The two factors
were not combined. The results are as follows.
(Table 1)

3.1 Growth Parameters and Survival Rate

3.1.1 Average Weight and Length

The red tilapia underwent twenty eighty days of
17a-MT treatment with three concentrations of 0,
150, 300 mg I"! in the free-swimming stage by the
immersion technique. The experiment was carried
out in a laboratory with a 30 fish per liter density
with an average weight of 0.482, 0.698 and 0.731
grams respectively and with an average length of
3,156, 3,331 and 3,340 centimeters respectively.
The results show that the immersion of 17¢-MT
with a concentration of 300 mg I produced the
heaviest weight and length followed by
concentrations of 150 and 0 mg I'. The feeding
diets of 40, 60 and 80 mg kg produced an average
weight of 0.624, 0.644 and 0.642 grams
respectively and an average length of 3.292, 3.282
and 3.252 centimeters respectively. It was found
that feeding the hormone 60 mg kg™ produced the
highest weight followed by 80 and 40 mg kg™'. The
length produced by feeding 40 mg kg™ was the
longest followed by 60 and 80 mg kg™. (Table 1)
This was better than the results of [17] that was
conducted to produce sex reversal in tilapia (O.
niloticus) seed in fiberglass tanks in recirculating
systems with different densities for 21 days. It was
found that with 10 densities 1", the final weight was
0.066 + 0.03 grams and the mean length was 1.00 +
0.36 centimeters. The technique for administering
these feedings was to introduce the feed little by
little until the fish were full. Each feeding took
about 30 minutes for the fish to be full then the
weight and length were considered in good standing.

3.1.2 Average Daily Gain (ADG)

The ADG of the free-swimming stage for the 3
concentrations (0, 150 and 300 pg I'') by immersion
were 0.018, 0.021 and 0.024 g d! respectively.
(Table 1) It was found that 300 ug I'' produced the
best growth rate followed by 150 and 0 pg I'. The
ADG by feeding at 3 concentrations (40, 60 and 80
mg kg') were 0.022, 0.022 and 0.019 g d!
respectively. (Table 1) It was found that feeding at
40 and 60 mg kg! was the best growth rate followed
by 80 mg kg™. There was an experiment on the level
of 170-MT concentration on sex reversal of three
strains of Nile Tilapia in Thailand. It found that the
growth rate of Red Tilapia was 0.023 g d"! which is
close to the present experiment and shows that red
tilapia have the best daily growth rate [18].
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Table 1 The effects of 170-MT on sex reversal of red tilapia (O. niloticus x O. mossambicus) in the free-
swimming stage by immersion and feeding techniques.

Factor Weight  Weight Length  Increased ADG FCR Survival Male

on28 gain on 28 length (gdh rate ratio
day (g) ® day (cm)  (cm) (%) (€0)
Hormone Concentration (immersion)
Ty 0.428b 0.472% 3.156° 3.066° 0.018% 0.9282 04,852  83.8892
T2 0.6982 0.688* 3.331° 3.241° 0.021% 0.646° 93.222*  82.111%
Ts 0.731# 0.721* 3.340° 3.243° 0.024° 0.627° 95.443*  82.2222
Hormone Concentration (feeding)
F1 0.624° 0.614* 3.292° 32080 0.0222 0.7422 94.110°  80.667
F, 0.644* 0.634* 3.2822 3.315* 0.0222 0.714* 94.370* 81.8892
F3 0.642° 0.632* 3.252° 3.192® 0.019° 0.7432 95.037*°  85.667°

Note: Different English letters in the vertical mean significantly different (P <0.05).
T = Hormone concentration 0 pg I used for immersion

T, = Hormone concentration 150 pg I used for immersion

T3 = Hormone concentration 300 pg I used for immersion

F1 = Hormone concentration 40 mg 17a¢-MT kg™ used for feeding

F, = Hormone concentration 60 mg 17a-MT kg used for feeding

F3 = Hormone concentration 80 mg 17a-MT kg used for feeding

Table 2 Water quality parameters observed in the glass tank of red tilapia

Water Quality Parameters Min-Max Standard value
pH 8.38+0.00-9.31 £0.59 6.59-.0
DO (mg I') 3.38+0.01-5.91+0.02 >3
Temperature (°c) 27.00 + 0.00-29.00 £ 0.10 32.00-25.00
Total Ammonia (mg 11) 0.01 +£0.01-0.36 £0.04 <05
Nitrite (mg 1) 0.00 £ 0.00-0.02 +0.02 <0.1
Note: *The standard of water quality for fish farming
3.1.3 Feed Conversion Ratio ((FCR) feeding at 80 mg kg was the best survival rate
The FCRs of the free-swimming stage for 3 followed by 60 and 40 mg kg™. This was better than
concentrations (0, 150 and 300 pg ') by immersion the results of the experiment on the effects of 17a-
were 0.928, 0.646 and 0.627 respectively. (Table 1) MT on sex reversal of Nile Tilapia (O. nilotica) by
Tt was found that 300 pg 11 gave the best FCR immersion at 300 pg 1 and feeding of 60 mg kg™
followed by 150 and 0 g I't. The FCR by feeding The results of the survival rate were 83.8+7.1,
at 3 concentrations (40, 60 and 80 mg kg™) were 77.3£13.1, 78.0+5.7, 74.4+5.1, 79.9+£12.5 and
0.742, 0.714 and 0.743 respectively. (Table 1) It 66.1£10.9 % respectively. In this present study, the
was found that feeding at 60 mg kg™ gave the best factors were controlled in all experiments,
FCR followed by 40 and 80 mg kg™. This was better especially the water quality and the environment.
than the results of [17] that was conducted to The fish were fed regularly and were not under any
produce sex reversal tilapia (O. niloticus) seeds in stress, making for good health and good growth.
fiberglass tanks in recirculating systems with This produced a higher survival rate [19].
different densities for 21 days. It was found that the
FCR of Red Tilapia was 2.860. This may be due to 3.2 Sex ratio
the feeding technique which has less food loss than
other methods resulting in lower FCR values. The sex ratios of the free-swimming stage at 3
concentrations (0, 150 and 300 ug 11) by immersion
3.1.4 Survival Rate were 83.889, 82.111 and 82.222 % respectively. It
The survival rates of the free-swimming stage at was found that O ug I'* was the best male ratio
3 concentrations (0, 150 and 300 npg 1) by followed by 300 and 150 pg I'. The sex ratios by
immersion were 94.852, 93.222 and 95.443 % feeding at 3 concentrations (40, 60 and 80 mg kg*)
respectively. (Table 1) It was found that 300 pg 1? were 80.6667, 81.889 and 85.667 % respectively.
was the best survival rate followed by 0 and 150 ug (Table 1) It was found that feeding at 80 mg kgt
1. The survival rates by feeding at 3 concentrations was the best male ratio followed by 60 and 40 mg
(40, 60 and 80 mg kg™) were 94.110, 94.370 and kg!. There was an experiment of 17a-MT on sex
95.037 % respectively. (Table 1) It was found that reversal of Nile Tilapia (O. nilotica) by immersion
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of 300 pg 11 and feeding of 60 mg kg™! for 45 days.
The result of this experiment showed a sex ratio of
100 % which is higher than this present study. This
may be due to the longer duration of hormone
exposure [19].

3.3 Water Quality

The red tilapia were fed hormones by different
methods and with different concentrations for a
period of 28 days. The water quality was checked
every day throughout the trial period. It was found
that the pH was 8.38 £0.00-9.31 +£0.59, Dissolved
Oxygen (DO) amounts were 3.38+0.01-5.91 £ 0.02
mg I, Water temperatures were 27.00 % 0.00-29.00
+0.10 ° C, Total Ammonia amounts were 0.01 +
0.01-0.36 + 0.04 mg 1" and Nitrites were 0.00 +
0.00-0.02 + 0.02 mg I, (Table 2) It was found that
the water quality in this present study was
satisfactory [20] due to the quality control of the
water throughout the duration of the experiment.
The fish were not under stress and had a higher
survival rate.

4. CONCLUSION

This study looked at the effects of 1 7¢-MT on
sex reversal in the free-swimming stage of Red
Tilapia (O. wniloticus x O. mossambicus) by
immersion (0, 150 and 300 pg/l) for 3 hours and
feeding (40, 60 and 80 mg/kg) for 28 days. It was
found that during the free-swimming stage the
immersion treatment of 17a- MT in 300 ug I* (T53)
produced the highest growth rate in terms of
weight, total length (28 days), ADG, FCR and
survival rate. The immersion treatment of 17a-MT
in 150 pg I* (T,) produced a medial growth rate
among the other factors. The immersion treatment
of 170-MT in 0 pg I (T;) gave the minimal growth
rate but had the highest sex ratios of males. Sex
reversal by feeding treatment of 170-MT in 60 mg
kg (F2) produced the highest growth rate in terms
of weight, ADG and FCR. Sex reversal by feeding
treatment of 17a-MT in 80 mg kg? (F3) gave a
medial growth rate and the highest survival rate and
sex ratios of males. Sex reversal by feeding
treatment of 170-MT in 40 mg kg™ for 28 days (F1)
had a good growth rate but the other factors were
minimal.
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Development of Reduced Calories Carissa Carandas Sherbet by

Substitution Sugar with Stevia Extract

Nawaporn Lapsongphon"” and Saranya Changso®

Abstract

The objective of this research was to develop Carissa carandas sherbet by substitution sugar with
stevia extract. Five Carissa carandas sherbet samples were studied with different ratios of sucrose (g) and
stevia extract (g} of 800:0 (control), 200:1 (T1), 100:2 (T2), 0:1 (T3), and 0:2 (T4), respectively. Results
showed that viscosity and %overrun decreased significantly (p M 0.05) in samples without sugar (T3 and
T4} and those samples showed higher total phenolic content (102-176 pg gallic acid eq./g) and DPPH free
radical scavenging activity (93—-96 pg Trolox eq./g) than control sample (65 pg gallic acid eq./g and 69 pg
Trolox eq./g). All sherbet samples replacing sugar with stevia extract had significantly higher %melting rate
(7.57-13.09%) when compared with the control sample (4.17%) (p 1 0.05). Sensory evaluation using 9-
point hedonic scale by 50 untrained panelists showed that the highest rating score for color (8.23), odor
(8.03), taste (8.36), texture (8.33) and overall acceptability (8.40) was found in ice cream added with 100 g
of sugar and 2 g of stevia extract (T2). Our results suggested that the development of Carissa carandas
sherbet by substitution sugar with stevia extract could be a good potential as a healthy frozen dessert

product with natural coloration and antioxidative property.
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1. Introduction

Ice cream is a very popular frozen dessert among consumers of all ages in many
countries, including Thailand, mainly because of its refreshing coolness. Ice cream, and all
other frozen desserts, usually consist of seven ingredients such as fat, nonfat dry milk,
sweeteners, stabilizers, emulsifiers, water and flavoring agents {(Badem and Alpkent, 2018.).
Sherbet is a frozen product made from sugar, water, fruit acid, color, fruit or fruit flavoring,
stabilizer, and a small amount of milk solids added in the form of skim milk, whole milk,
condensed milk, or ice cream mix. Citrus and berry sherbets must contain a minimum of 2%
and 6% fruit, respectively. Other sherbets must contain a minimum of 10% fruit. Natural and
artificial flavors of fruit sherbets have been used as fruit-flavoring ingredients (Arbuckle, 1986).

Carissa carandas L. (Apocynaceae), commonly known as Karanda (in Thai called
Namdaeng, Manaao ho, Naam khee haet), is a widely used medicinal plant. Fruit is a rich
source of iron and vitamin C. Young fruit generally have a light pink color that slowly darken
and turn into the red color. Mature fruit is useful for making jellies, jams, squash, syrup and
chutney due to its high pectin content (Signh and Uppal, 2015). The juice from the ripe fruit
has become very popular among consumers due to its health beneficial biological activities
including anthocyanin, phenolic compound and vitamin C (Pewlong et al.,, 2014). Antioxidant
activity of Karanda fruits was relatively high when compared to other tropical fruits (Mamun
et al., 2012). However, negligible scientific information is available on antioxidant potential as
well as physicochemical characteristics of Carissa carandas sherbet.

The main sweetener used in sherbet is sucrose although other sugars can be used,
such as glucose, fructose and sugar alcohols (Soukoulis ef al., 2010) and low glycemic index
sweeteners (Whelan ef al, 2008). Higher intake of added sugars is associated with higher
energy intake and lower diet quality, which can increase the risk for obesity, pre-diabetes,
type-2 diabetes, and cardiovascular disease (Klurfeld, 2013). The replacing of sugar with
natural sweeteners in ice cream could provide a good dietary alternative for such consumers.

Stevia is known to be the best alternative natural sweetener and has been used by
many food and beverage products. It is a good alternative, due to its high content of steviol
glycosides which are natural, non-caloric and with a high sweetener capacity (200-300 times
more than sugar) (Panpatil and Polasa, 2008). The development of reduced calories Carissa
carandas sherbet could provide a good dietary alternative for consumers. Therefore, the
objective of this research was to develop Carissa carandas sherbet by substitution sugar with

stevia extract.
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2. Materials and Methods

Fully ripe Carissa carandas and commercial products such as sugar, salt, skim milk
and stabilizer were purchased from a commercial market in Phathumtani province. Stevia
extract powder (SGV002, food grade) was purchased from Chemipan Co. (Bangkok, Thailand).
All chemicals used were of analytical grade.

2.1 Carissa carandas juice preparation

Fully ripe Carissa carandas were washed with clean water for two times, and then cut
the fruit in half and removed the seeds. Carissa carandas juice was extracted by using electric
juicer with mixing Carissa carandas in with water at a ratio of 2:1 (w/v).

2.2 Carissa carandas sherbet production

Five formulations were studied as shown in Table 1. Each formulation was produced
by mixing all ingredients and heated until temperature reaching 50 °C for 30 min. Then, the
mixture was homogenized by using blender for 1 min, and pasteurized at 80 °C for 2 min.
The heated sample was immediately cooled down to 4 °C and further ripened at 4 °C for 24 h.
After ripening, each Carissa carandas sherbet formulation was produced using home style ice
cream maker (HOMEMATE®, Model HOM-4002, Malta) for 20 min. After this step, each
treatment was sampled for analyzing viscosity using a digital Brookfield ( Brookfield
Viscosmeter, Model DV-lI+ Pro, USA), color value using HunterLab colorimeter ( ColorFlex,
Reston, VA, USA), %overrun, and total solid (AOAC, 2000).

After that, the process continued with placing 50 g of ice cream in plastic cup, covering
with a plastic lid, hardening at -18 + 2 °C for 24 h and storing at -18 + 2 °C until analyzing.
All treatments were analyzed for %melting rate, pH by using pH-meter (CONSORT, Model
C830P, Belgium), Total phenolic content by Folin-Ciocalteu method and 2,2-Diphenyl-1-

picrylhydrazyl radical scavenging activity assay (DPPH assay).

Table 1. Carissa carandas sherbet formulation containing sugar (control) and replacing sugar

with stevia extract (T1-T4).

Sample
Ingredients (g)
Control T1 T2 T3 T4
Carissa carandas juice 1000 1000 1000 1000 1000
Sugar 600 200 100 - -
Stevia powder - 1 2 1 2
Salt 2 2 2 2 2
Skim milk 2 2 2 2 2
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Stabilizer 2 2 2 2 2

2.3 %0verrun
%Overrun was measured by comparing the weight of mix and ice cream in a fixed
volume container (Ozdemir et al., 2003) by using a 250 mL beaker. The %overrun was

determined according to the following equation;

Og— Ogg
%overrun = —— X 100
Onp

Where W,, (g) is the weight of a given volume of ice cream mix and Wi (g) is the

weight of same volume of ice cream.

2.4 %Melting rate

Ice cream sample (50 g) was put on a wire mesh attached to a beaker and maintained
under a controlled temperature chamber at 25 °C. The dripped volume was measured at a
10 min (Koxholt et al., 2001). The %melting rate was measured as the ratio of meltdown of ice
cream to the total weight of ice cream.

2.5 Total phenolic content

Total phenolic content by Folin-Ciocalteu method was performed according to
Kéahkénen et al. (1999). Carissa carandas sherbet (50 g) was extracted with 100 mL of 95%
ethanol. The mixture was then shaken at room temperature for 1 h with a shaking speed of
150 rpm. Supernatant was collected and filtered through Whatman No.1 filter paper. Then, the
extract was subjected to total phenolic content and antioxidant activity assays.

Briefly, 500 pL of each samples were mixed well with 2.5 mL of 0.2 M Folin—Ciocalteu
reagent, followed by the addition of 2 mL of 7.5% (w/v) sodium carbonate. The mixture was
allowed at room temperature for 60 min and absorbance was measured at 765 nm. The total
phenolic content was calculated from the calibration curve, and the results were expressed as
Ug gallic acid equivalents/g sample (ug gallic acid eq./g).

2.6 Antioxidant activity assay

2,2-Diphenyl-1-picrylnydrazyl radical scavenging activity assay (DPPH assay) was
conducted according to Burits and Bucar (2000) with some modifications. Sample (1 mL) was
mixed with 1 mL of 0.1 mM DPPH in ethanol solution. The reaction tubes were wrapped in
aluminum foil and incubated for 10 min in darkness. The absorbance was monitored at 517
nm. DPPH assay was expressed as pg Trolox equivalents/g sample (ug Trolox eq./g).

2.7 Sensory evaluation

© 2019 Agro-Industry, Chiang Mai University
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Sensory evaluation of Carissa carandas sherbet was evaluated by 50 untrained
panelists using 9-Point Hedonic scale (1 = dislike extremely to 9 = like extremely) in color,
odor, taste, texture and overall acceptability.

2.8 Statistical analyses

All physical and chemical analyses were carried in duplicate and mean values were
presented. The data were analyzed statistically using SPSS statistical software program
version 16 (SPSS Inc., Chicago, IL, USA). Analysis of variance (ANOVA) with Duncan’s

Multiple Range Test (DMRT) was used to determined significant difference among results.

3. Results and Discussion

Five Carissa carandas sherbet samples were studied with different ratios of sucrose (g)
and stevia extract (g) of 600:0 (control), 200:1 (T1), 100:2 (T2), 0:1 (T3), and 0:2 (T4),
respectively (Table 1). The physical properties of Carissa carandas sherbet before hardening
including viscosity, %overrun, and total solid were presented in Table 2. Viscosity of control
sample showed the highest viscosity (56.15 cP), followed by sample T1 (24.75 cP) and T2
(19.50 cP), respectively. Results also showed that control sample gave the highest total solid
(41.57%), followed by sample T1 (21.54%), and T2 (13.77%), respectively. It was observed the
samples with sucrose (control, T1 and T2) that showed higher %overrun than the samples
without sucrose (T3 and T4) (p M 0.05). These results indicated that the content of total solid
greatly affects the viscosity and %overrun of Carissa carandas sherbet samples. This trend is
in agreement with previous reports that sugar concentration increased the %overrun
significantly (Guven and Karaca, 2002). Sonthisawate and Chantarapanont (2015) also
reported that the viscosity and %overrun of the samples were increased when the total soluble

solid increased.

Table 2. Physical properties of Carissa carandas sherbet formulation containing sugar {control)

and replacing sugar with stevia extract (T1-T4).

Sample Viscosity (cP) Overrun (%) Total solid (%) Melting rate (%)

Control 56.15° + 1.06 18.51° + 1.89 4157° +0.25 4.17% £ 0.06
T 24.75° + 0.49 17.73° £ 0.04 21.54° + 0.02 7.57°+0.21
T2 19.50° 0.28 18.15° + 0.56 13.77° + 0.19 6.71° + 0.39
T3 6.40° + 0.14 9.50° + 0.00 5.64% + 0.09 15.06° = 0.07
T4 6.45 + 0.35 9.84°+ 0.79 5.06°+ 0.12 13.09° + 0.05
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Note: Means of the same column with different superscripts indicate significant difference (p M 0.05).

%Melting rate after hardening at -18 °C for 24 h of all samples were also presented in
Table 2. %Melting rate of all samples correlated with their total solid and %overrun by reducing
total solid and %overrun resulting in increasing %melting rate. It has been reported that the ice
cream formulation with higher viscosity had lower melted mass (Aranda-Gonzalez ef al., 2016).
In addition, Sonthisawate and Chantarapanont (2015) reported that lower total soluble solid
resulted in higher %melting rate.

Color appearance of all samples were presented in Figure 1. As the level of sucrose
content in ice cream was decreased, the whiteness (L*) and yellowness (b*) of the samples
decreased significantly (p M 0.05), while the redness (a*) of the samples increased significantly
(p M 0.05) (Table 3). Buyong and Fennema (1988) reported that higher content of sucrose
reduced ice crystal growth rate and it can produces smaller ice crystals and higher %overrun.
For this reason, the presence of sucrose might contribute to higher the whiteness (L*) in

Carissa carandas sherbet, resulting sherbet becomes light pink.

Figure 1 Color appearance of Carissa carandas sherbet formulation containing sugar {control) and replacing

sugar with stevia extract (T1-T4).
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Table 3. Color parameters (L*, a* and b* values) and pH value of Carissa carandas sherbet

formulation containing sugar (control) and replacing sugar with stevia extract (T1-T4).

Sample L* a* b* pH

Control 57.30° + 0.05 26.25% + 0.07 15.35% + 0.00 2.78% + 0.01
T 56.00° + 0.21 37.80° + 0.21 13.50° + 0.01 2.42° + 0.02
T2 55.65° + 0.15 45.85° + 0.07 14.70° + 0.14 2.43° + 0.01
T3 34.35% + 0.07 46.25° + 0.21 8.00° + 0.00 2.33°+ 0.01
T4 28.70° + 0.14 46.20° + 0.31 6.65° + 0.07 2.34° + 0.00

Note: Means of the same column with different superscripts indicate significant difference (p 1 0.05).

The pH value of Carissa carandas juice in this study was 2.43 (data not shown).
The addition of sucrose content at 600 g (control sample) significantly increased pH value of
final product to 2.78 (p M 0.05), while pH of other samples (2.33-2.43) was similar to pH of
Carissa carandas juice.

Total phenolic content and DPPH radical scavenging activity of all samples are shown
in Table 4. The results showed that the highest total phenolic content was found in T4 (136 ug
Gallic acid eq./g), followed by T3 (102 pg Gallic acid eq./g), respectively, which corresponds to
the highest of DPPH radical scavenging activity which found in sample T3 and T4 (93-95 pug
Trolox eq./g). These results might be associated with the highest content of Carissa carandas
juice per gram sample in T3 and T4. Pewlong et al. (2014) found that fully-ripe Carissa
carandas fruits contain 4.67 mg Gallic acid/g, 54.80 mg anthocyanin/L and 180.40 mg vitamin
C/100g. Prasad et al. (2010) also reported that Carissa carandas is abundant in anthocyanin
which consists of cyanidin-3-O-rhamnoside, pelargonidin-3-O-glucoside and cyanidin-3-O-
glucoside. These compounds include phenolic compounds, anthocyanin and vitamin C that act

as antioxidant.
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Table 4. Total phenolic content (ug Gallic acid eq./g) and DPPH radical scavenging activity (ug
Trolox eq./g) of Carissa carandas sherbet formulation containing sugar (control) and replacing

sugar with stevia extract (T1-T4).

Total phenolic content DPPH radical scavenging activity
Sample
(ug Gallic acid eq./g) (ug Trolox eq./g)

Control 65.27°+ 0.48 69.27°+ 2.43

LI 61.23°+ 0.32 66.83°+ 3.24

T2 62.80°+ 1.43 66.97"+ 3.24

T3 102.56°+ 1.75 93.35%+ 2.43

T4 136.24%+ 0.32 95.64°+ 0.00

Note: Means of the same column with different superscripts indicate significant difference (p ' 0.05).

The results of sensory evaluation using 9-point hedonic scale of Carissa carandas
sherbet were shown in Table 5. The highest rating score for color (8.23), odor (8.03), taste
(8.36), texture (8.33) and overall acceptability (8.40) was ice cream added with 100 g of sugar
and 2 g of stevia extract (T2). The substitution sugar with stevia extract 100% (T3 and T4) in
Carissa carandas sherbet resulting in lowest rating score for color, odor, taste, and texture.
These results are in agreement with Aranda-Gonzalez et al., (2016) who reported that the
replacing sugar with S. rebaudiana extracts on sensory properties of strawberry ice cream

showed the lowest scoring as compared to the control sample.

Table 5. Sensory evaluation of Carissa carandas sherbet formulation containing sugar (control)

and replacing sugar with stevia extract (T1-T4).

Overall

Sample Color Odor Taste texture
acceptance
Control  7.40°+ 028 7.20°+014 7.33°+020 7.10°:0.21 7.10°+ 0.14
T 7.80%°+ 056 7.61°£0.38 7.82°+060 8.16%+ 028 7.76%+ 0.18
T2 8.23%+ 025 8.03°+0.17 836°+031 833%+0.34 8.40%+ 014
T3 6.23°+0.17 6.16°+0.14 566°+0.27  5.50°+ 0.70 5.76%+ 0.21
T4 570°+ 0.36 554"+ 043 494°+009  4.86% 0.11 4.70%+ 0.11

Note: Means of the same column with different superscripts indicate significant difference (p 1 0.05).
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4. Conclusion

The replacement of stevia as sweetener with different concentrations has significantly
affected on the physical and sensory properties of Carissa carandas sherbet. These results
reveal that stevia ice cream has a lower viscosity, %overrun and higher %melting rate. In this
study, Carissa carandas sherbet added with 100 g of sugar and 2 g of stevia extract was the
optimum ratio with the highest liking scores for color (8.23), odor (8.03), taste (8.36), texture
(8.33) and overall acceptability (8.40). Therefore, Stevia extract can be used as a sugar

substitute in formulating Carissa carandas sherbet for the health conscious market.
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Abstract—The objective of this research was to study the
optimum ratios of okra, gac fruit and passion fruit on
beverage production. Four ratios of okra, gac fruit and
passion fruit were performed into 4 experiments.
Experiment 1: (control formula) okra: gac fruit: passion
fruit 50:50:0 ratio. Experiment 2: okra: gac fruit: passion
fruit 50:40:10 ratio. Experiment 3: okra: gac fruit: passion
fruit 40:40:20 ratio. Experiment 4: okra: gac fruit: passion
fruit 40:30:30 ratio. Study physical measurements, i.e. color
measurement and sensory evaluation were performed. The
results showed that all values from all experiments were
statistically significant differences. (P<0.05) Sensory
evaluation test was done by using 9-point hedonic scale
showed that Experiment 3 was the most acceptable from
panelists.

Index Terms—okra,
preference

gac fruit, passion fruit, color,

1. INTRODUCTION

The aspect and color of the food surface is the first
quality parameter evaluated by consumers and is critical
in the acceptance of the product. The color of this surface
is the first sensation that the consumer perceives and
uses as a tool to accept or reject food. The determination
of color can be carried out by visual (human) inspection
or by using a color measuring instrument. Color additive
is any dye, pigment or substance that imparts color when
it is added to food or drink. Many fruits and vegetables
contain important active pigment that affects the quality
of beverage production [1]. Thailand has many medicinal
plants. The major advantage is that there are bioactive
ingredients and antioxidants that are beneficial to the
body are possible when used as a drink. There are
previous research reports related to the production of
various herbal drinks such as gac fruit, mushroom and
okra [2]-[4]. Okra is a popular health food due to its high
fiber, vitamin C, and folate content. It is also known for
being high in antioxidants have a good source of calcium
and potassium and the mucilage contains soluble fiber.
Some people prefer to minimize the sliminess; keeping
the pods intact, and brief cooking. Some of the
advantages of okra are aids in improving digestion, help
to relax blood vessels and arteries and protect heart
against clotting [5]-[9]. Gac fruit has been used as both
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food and medicine in the regions. It is also used for its
medicinal and nutritional properties. Gac fruit and seed
oil contain high contents of carotenoids, particularly
provitamin A, B- carotene and lycopene. Fatty acids in
the seed oil may facilitate absorption of fat-soluble
nutrients, including provitamin A, B —carotene. High
content of B -carotene and lycopene, gac extracts may be
sold as a in a blended juice. However, because it has no
sweetness, gac fruit juice is typically mixed with other
fruit juices and sugar to make it tastes better [10], [11].
Passion fruit is a popular health food due to in a 100
gram amount, fresh passion fruit contains 36% of the
Daily value (DV) of vitamin C, 42% dietary fiber,
riboflavin (11% DV) and niacin (10% DV), 12% iron and
10% phosphorus. No other micronutrients are in
significant content. It is used on shaved ice, and the fruit
is also eaten raw, sprinkled with sugar and fruit juice [12].
Researchers have launched new herbal drinks from okra,
gac fruit and passion fruit. Because they are cheap local
Thai herbs [13]. The data obtained from this research was
an alternative to make okra, gac fruit and passion fruit as
raw materials for beverage production to improve the
nutritional quality and good health of consumers.

The objective of this research was to study different
ratios of okra, gac fruit and passion fruit that affected on
color, weight sediment measurement and sensory
evaluation.

II. MATERIALS AND METHOD

The research was carried out at Division of Food
Science and Technology Laboratory, Faculty of
Agricultural Technology, Rajamangala University of
Technology  Thanyaburi. (RMUTT)  Pathumthani
Province Thailand. The raw materials used in this study
were purchased from Rangsit Market Pathumthani
Province Thailand [13].

A.  Materials and Procedures [13]

1) Okra preparation

Wash of okra and slice into small pieces and boiling in
hot water for 15 minutes. Blend of 100 g okra and 120 ml
of water by using electrical blender for 1 minute.
Separation of aliquot through filter cloth.

2) Gac fruit preparation

Split the arillate gac fruit by squeezing the juice out by
hand. Blend aliquot homogeneous with the water
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gradually mixed with water to squeeze out with filter
cloth.

3) Passion fruit preparation

Take the ripen passion fruit, wash in clean water and
cut two pieces, use the spoon, seeds and the juice out.
Crush the filter with a colander with filter cloth. To
extract seeds and fibers separate juice could be kept.

Bring all above of three mixed juices to 4 of
experiments as detailed: (two replications)

Experiment 1: okra: Gac fruit: passion fruit

50:50:0 (control experiment)

Experiment 2: okra: Gac fruit: passion fruit

50:40:10

Experiment 3: okra: Gac fruit: passion fruit
40:40:20

Experiment 4. okra: Gac fruit: passion fruit
40:30:30

The ingredients were listed in Table I.

TABLE I. BLENDED OKRA GAC FRUIT AND PASSION FRUIT

Ingredient Experiment
@® 1 2 3 4
okra 50 50 40 40
gac fruit 50 40 40 30
passion fruit 0 10 20 30
sucrose 30 30 30 30
lime juice 11.88 11.88 11.88 11.88
salt 0.4 04 0.4 0.4
water 450 450 450 450
After that, blending of juices were performed

continuously until homogeneous by using an electric

blender and heat to a temperature of 65 °C for 30 minutes.

Filter through a filter cloth to separate the sediment,
reduce the bottled temperature for further analysis.
Completely Block Design (CRD) experiment was used to
analyze ANOVA (P<0.05), Analysis of mean difference
of experiment was performed by Duncan’s new multiple
range test.

B. Color Measurement [13]

The sample of mixed okra, gac fruit and passion fruit
from each experiment were prepared for color
measurement by using a Spectro Dens A407077
Premium. (D-61462, Germany)

Color was recorded data and shown from recorder as
term:

-brightness (L*)

-redness (+a*), greenness (-a*)

-yellowness (+b*) and blueness (-b*)

C.  Sediment Weight Measurement [13]

The sample of mixed okra, gac fruit and passion fruit
from each experiment was prepared for sediment weight
by using centrifuge.

D. Sensory Evaluation [13]

The sensory evaluation was carried out 30 of panelists
in Rajamangala University of Technology Thanyaburi,
(RMUTT) Thailand. Sensory evaluation was done by 30
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of panelists. Panelists was asked to analyze the level of
preferences on each treatment by using 9- hedonic scale
test based on attributes of color, odor, taste, sediment and
overall liking. Randomized Complete Block Design
(RCBD) experiment was used to analyze ANOVA.
(P<0.05) Analysis of mean difference of experiments
were performed by using Duncan’s new multiple range
test. (DMRT)

III. RESULTS AND DISCUSSION

A.  Color Measurement

Four of samples were tested for Color Measurement.
The results were shown in Table II.

TABLEII. COLOR VALUE OF OKRA BLENDED WITH GAC FRUIT AND

PASSION FRUIT
Experiment no. Values*
L* a* b*
1 +23.70a -9.30a +12.3a
2 +21.76a +1.20d +4.7b
3 +16.60b -341c +4.3b
4 +20.50ab +7.80b +13.5a
*The different letters in the same column mean significant difference

(® £0.05)

From the above results, the values of L* (brightness),
a*(redness) and b*(yellow) and physical appearance
depending on different ratios of okra, gac fruit and
passion fruit. The results showed that all values had
differences. (P <0.05) For L* value, Experiment 1 had
the highest values and did not differ from Experiment 2,
but Experiment 3 gave the lowest values. For a* value of
Experiment 2 and 4 revealed tendency to be reddish,
while Experiments 1 and 3 were likely to be greenish.
For b* value, all measurement values were yellow.
Experiments 1,4 and 2,3 were not different values.
Experiment 4 showed the highest yellow values and did
not differ from Experiment 1. The possibilities of reason
might be different ratios among okra, gac fruit and
passion fruit and chemical compositions such as
chlorophyll, caroteinoid, vitamin C and some
macrominerals, micromineral or differences of varities
and seasons of post harvest [13].

B. Sediment Weight Measurement

Sediment weighing is very important parameter. It can
indicate the amount of dissolved solids or undissolved
solids in bulk or in the analyzed sample. In this research,
four of analyzed samples were tested for sediment weight
measurement after centrifuge by using centrifuger, after
that, the sediment was weighed by using an electric
balance. (four digitals) Record the obtained values. The
results from all experiments were shown in Table IIT

TABLEIII. SEDIMENT WEIGHT VALUE OF BLENDED OKRA WITH GAC

FRUIT AND PASSION FRUIT
Experiment no. Sediment weight (g)
1 0.3153
2 0.5345
3 0.3677
4 0.5388
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From the above results, the values of sediment
depending on different ratios of okra, gac fruit and
passion fruit. For the sediment weight value, Experiment
4 had the highest values and did not differ from
Experiment 2. One reason might be different ratios
among okra, gac fruit and passion fruit and chemical

compositions or the special technique of separating the
solution by filtration using a centrifuger, rotating speed
was not enough high speed.

C.  Sensory Evaluation
The results were shown in Table IV.

TABLEIV. MEAN SCORE OF PREFERENCE FOR SENSORY ANALYSIS

Experiment | Scores®

no. color odor

1 6.60° | 6.10°
2 6.00° | 633°
3 630° [ 656°
4 6.10° 6.50°

taste sediment | overall
liking
6.33° 5.23° 6.36°
4.03° 3.40° 4.10°
653 | 6.10° 6.83°
6.06° 5.96° 6.36°

*The different letters in the same column mean significant difference (P < 0.05)

From the above results, The results of the sensory
analysis by using 9-point hedonic scale, i.e. 9=like
extremely,8=like very much, 7=like moderately, 6= like

slightly, 5= neither like nor dislike, 4= dislike slightly, 3=
dislike moderately, 2= dislike very much and 1=dislike
extremely (for 30 panelists)

g

[ |
E3 o E4 ‘

Figure 1. Product of different ratios of okra blended with gac fruit and passion fruit.
El okra: gac fruit: passion fruit 50:50:0 (control experiment)
E2 okra: gac fruit: passion fruit 50:40:10
E3 okra: gac fruit: passion fruit 40:40:20
E4 okra: gac fruit: passion fruit 40:30:30

From the Fig. 1. The images could be seen that the
color is E1 was darker than in all experiment. The results
were concerned with the L* values (+23.70) measured in
Table I. As aresult of the ratio of okra and gac fruitin E1
was equal and no passion fruit was added. Color
measurable impacted on the quality of the sensory
packaging and storage products [13]. Possible reasons
were that E1 had the same amount of okra, gac fruit and
the two major pigments (chlorophyll, carotenoid) were
quite distinct and different chemical compositions and
structures such as carotenoid in gac fruit [14], [15] and
chlorophyll in okra [16]. But color of other experiments
(E2, E3 and E4) were not different. The result might be
due to the addition of different passion fruit, which made
slightly color. research. application of beverage
production using similar materials to produce new
products [17].

Different sensory results could indicated overall
preference. The occurred results might be accepted or
rejected the characteristics of each experiment.
Summation of data revealed what results made different
values. Different ratios and qualities of okra, gac fruit,
passion fruit and natural characteristics such as color,
flavor, shape and defect affected on their acceptabilities.
When considering the average all attribute tests,
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Experiment 3 was the most commonly accepted in
comparison to other experiments. Experiment 3 was
accepted overall, except for the colors from the most
panelists. One possible reason might be due to the
proportions of okra and gac fruit were equal and no taste.
Natural Passion Fruit is a fruit that has a little sour, sweet
taste and helps to adjust pH, acidity in the drink to have a
good taste. Quantity of ratios were not too much that
acted on the acceptance of consumer products [18].

IV. CONCLUSIONS

1. The uses of different ratios of raw material
preparation had effects on color of mixed okra, gac fruit
and passion fruit.

2. Brightness and color values (L*,a* and b*) had
differences for all experiments. (P<0.05)

3. Experiment 4 got the highest sediment values
(0.5388 ¢)

4. Experiment 3 revealed that gave the most acceptable
from the panelists.

5. Based on this research, researchers will be able to
launch new Thai herbal beverage products in the future
by selecting Thai local herbs that are beneficial for
antioxidant activities, an option for health conscious
consumers.
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