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This research is a study into the production of citrus fiber from 4 citrus plants:
pomelo, tangerines, sweet orange, and limes. Produced dietary fibers were analyzed
and the amounts of fiber were found to be 58.21 %, 48.45 %, 44.90 %, and 41.70 %
in the pomelo, tangerines, sweet orange, and limes, respectively. According to
appropriate material supply, fiber amounts, and the production time, fiber from
selected tangerines was added to a power bar product. The ingredients of the
power bars were investigated and controlled based on the standard of Acceptable
Macronutrient Distribution Ranges (AMDR). The nutrient energy of the power bar
was analyzed, and the results showed a calorie ratio of carbohydrate 48.02 %,
protein 11.40 %, and fats 40.56 %. These power bars were produced with the amount
of citrus dietary fiber being added in the ratio of 5%, 7 %, and 10%. The result
showed that the power bar containing 5 % ratio of citrus’s fiber had average scores
for the highest of all aspects. Appearance had an average score of 8.60, color with
an average score of 8.66, taste with an average score of 8.73, texture had an average
score of 8.46, and finally, overall acceptance had an average score of 8.73. The
amount of orange peel added to the energy bar at 7 % ratio and 10 % ratio are
different from 5 % ratio with a 95 % confidence in statistics.

Introduction

fundamental energy for supporting the tasks efficiently.
Nevertheless, ready meals such as the power bar do not

In the military, cadets training in the field or on
operations require quick deployment, and therefore
carry dried food or canned meal. Despite the convenience
of these foods, the nutritional balance is a concern.
Therefore, there has been the development of Meal,
Ready-to-Eat (MRE) that is not only lightweight but also
has sufficient nutrition for a daily meal. This is the

contain enough fiber; therefore, the increment of fiber
in the power bar will improve cadets’ health during
field operations. Moreover, people in modern life are
increasingly concerned about their health. The daily
meals are a hot topic because the proper amount of
nutritional food can balance the necessary energy and
keep the body working efficiently. Consequently, the
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research about the increment of fibers in the power bar
is intended to provide another choice for consumers who
expect sufficient nutrition, proper energy and resolve
the malnutrition problem in dieters. The power bar that
increased the level of fiber from the citrus is also
environmental-friendly because they utilize fruit peel
which was previously a waste product from the food
industry. The daily energy requirement in humans relies
on all-day energy metabolism. For example, the energy
of'the muscle movement can be assumed from the body’s
size, type of movement, and the value of the Basal
Metabolic Rate (B.M.R.). According to the statistical
data, the average energy which is required daily for
human, is categorized in the following age range; children
(1-3 years) require 1,000-1,200 kcal/day; children (4-8
years) require 1,200-1,400 kcal/day; adult boy and girl
(9-18 years) require 1,600-2,400 kcal/day; men (19-60
years) require 1,800-2,200 kcal/day; women (19-60
years) require 1,500-1,800 kcal/day; and the seniors men
and women (older than 60 years) require 1,500-1,800
kcal/day (Bureau of Nutrition, 2020). Energy from the
principal nutrients are composed of three elements,
carbohydrate, protein, and fats. The ratio of these
energetic nutrients is essential for nutritional balance.
There is the recommendation ratio among the energetic
nutrients in daily food, which is referenced by the various
standard value. In this research, we refer the ratio of
energetic nutrients with the Acceptable Macronutrient
Distribution Ranges (AMDR) that shows the required
amounts of each energetic nutrient in Table 1 (Weight
Watchers Research Department, 2019).

Table 1 The requirement percentage of nutrient energy

Nutrient Requirement percentage (%)
Carbohydrate 46 — 65
Protein 10-15
Fats 20-35

Remark: AMDR-Macronutrient Ranges and Recommendations, Weight
Watchers Research Department

Fiber is the composition of the cell wall in
plant-based foods. Due to the indigestible element, it
cannot absorb and does not give any energy to the human
body. There is 2 type of fibers, soluble dietary fiber and
insoluble dietary fiber. The fiber amounts in this research
are both soluble and insoluble dietary fibers. According
to the study about the fiber utilization from wasted fruits
and vegetables, the fiber amounts in the orange rind
are about 63.7% by dry weight (Tanongkankit, 2014).
Thailand’s Food and Drug Administration (F.D.A.) makes

the table of Thai Recommended Daily Intake (Thai
R.D.I.) for Thai people older than six years old. These
standard values are the references used for the nutrient
calculation in the food label. It shows that the required
daily intake of fiber should be more than 25 grams
(Watthanataweekul, 2002).

The peel of orange-species fruit and orange can
be categorized into four groups; 1) orange group
2) mandarins 3) pomelos or grapefruits and 4) common
acid members (Janluay et al., 2009). As the results of
fiber-contained in citrus, the fiber amounts inside the
orange rind are greater than the fiber amounts in pulp. It
also found that the amounts of fiber in fresh rind is high;
93.07% by weight (Saengthongpinit, 2008). Therefore,
the objectives of this study are the studying of fiber
preparing method and developing the ingredient of fiber
added power bar. The developed power bar must meet
the nutrient standard of Thai R.D.I. and be satisfying and
desirable for the consumer.

Materials and methods

The experiments were composed of 3 steps;
(1) Fiber preparation: the dietery fibers of four citrus plants
were prepared; pomelo, tangerines, Citrus sinensis, and
limes, and then a chemical analysis was made to determine
the fiber amounts. (2) Power bar production: soybean meal
was used as the main component of the power bar and
adjusted an ingredient ratio for the appropriated nutrients
balanced. (3) The customer’s acceptance of the power
bar, which added the fiber amounts by weight ratio 5%,
7%, and 10% was evaluated by CLT method. The popular
level is a quantitative expression by 9- point hedonic scale.
1. Fiber preparation from orange-species fruit

There are 4 main processes of the fiber extraction from
orange rind, (1) wet milling process, (2) washing process,
(3) drying process, and (4) dry milling process, respectively
(Larrauri, 1997). The experiment proceeds as follows
(Pichaiyongvongdee & Rattanapun, 2014). Each of step
were shown in the Fig.1

1.1 Wash and cut each type of orange rind into a rectangle
shape with a small size (1 x 1 cm).

1.2 Decrease the bitter taste by soaking the rind pieces in
sodium chloride solution and adjust the pH value to 7 with
the concentration 1:10 (w/v) for 24 hours.

1.3 Water steaming at 80°C for 10 minutes.

1.4 Heating at 60°C for 6-8 hours. The orange rind will be
in a dehydrated state.

1.5 Finely milling the rind pieces by herb grinder and

The Study of Citrus’s Fibers Production for Power Bar
and the Effect on Consumer’s Acceptance
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sieving the powder using 60 mesh screens.

1.6 Determine the amounts of dietary fiber by analyzing
fiber powder with the In-house method (CH-TH-076) base on
AOAC (2016) at the Central Lab (Thailand) company.

®

Fig. 1 Physical appearance during the fiber extraction process (pomelo’s fiber
powder (a) pomelo peel, (b) pomelo peel cut of rind into a rectangle shape,
(c) pomelo peel soaked in sodium chloride solution, (d) steamed at 80°C
for 10 mins pomelo peel, (e) hydrated pomelo peel, (f) pomelo’s fiber
powder

2. Production and development of power bar using
the prepared fiber as a base ingredient

2.1 The main components of a power bar, butter wheat,
and soybean meal were adjusted for the appropriated
ingredient recipe. The ingredient of the power bar recipe
performed the weight ratio as 100% total compositions.
According to the balance of mixing energetic ingredients
in which protein ingredient (50% soybean meal content)
was controlled to be constant, carbohydrate and fats
ingredients were varied in 3 types of ingredients, as
shown in Table 2.

Table 2 Various ingredients of wheat and butter contents in power bar production

Ingredients no. Wheat (%) Butter (%) Soybean meal and others. (%)

1 30 20 50
2 35 15 50
3 40 10 50

2.2 The method of chemical property analysis such as
a moister content analysis (AOAC., 2019), ash contents
analysis (AOAC., 2019), carbohydrate contents analysis
(In-house method CH-TH-169 base on method of
Analysis for Nutrition Labelling of Sullivan & Carpenter,
1993), protein contents analysis (In-house method
CH-TH-042) and fats contents analysis (AOAC., 2019)
are supported by the laboratory test at the Central Lab
(Thailand). The test results were compared and selected
the ingredient recipe, which had a nutrient value, mostly
like the requirement of the daily nutrient standard.
Consequently, ingredients no. 3 was applied as the base

recipe. The basic composition of the power bar which
has a nutrient energy ratio based on AMDR standard.
Add the fiber powder into the power bar until the fiber
amounts are sufficient for the daily requirement amount,
25-20 grams. Fig.2 shows the appearance of the base
products approximately 12-13 grams per piece.

Fig. 2 The appearance of base products

3. Customer’s acceptance investigation

Made the questionnaire style survey about the
customer’s satisfaction with the power bar, which added
the fiber amounts by weight ratio 5%, 7% and 10%.

3.1 The base ingredient of the power bar was added
the dietary fiber by weight ratio of 5%, 7% and 10%.
This weight ratio is calculated by comparing the weight
of the orange rind and the weight of the products. The
products are a circular disc with a diameter of 4 cm. The
weight per piece is 12 grams. The products are baked in
the oven at 180°C heat for 10 minutes. Fig. 3 shows
the appearance of the final products. These fibers
added power bars were surveyed for the degree of
consumer satisfaction. The degree of consumer
satisfaction will be verified by the 9-point hedonic
scale method. The popular scores are averaged, and a
statistical analysis was performed.

5% 7%, 10%

Fig. 3 The samples of final products with the fiber weight ratio 5%, 7% and
10%, respectively

Somrajlichinda
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3.2 The survey, the consumer acceptance for fiber
added power bar was verified by the Central Location
Test (CLT) method. The popular level is a quantitative
expression by 9- point hedonic scale (1 = least popular
to 9 = most popular). The details of the questionnaires
were the opinion about the product characteristics,
appearance, color, smell, taste, and the overview image.
The survey was given to 30 subjects with the 3 types of
products varied in fiber amounts; 5 %, 7 % and 10 % by
weight ratio. The survey results were conducted into a
data analysis program SPSS (Kongkaew et al., 2019).
The analysis of variance (ANOVA) and multiple
comparisons, Duncan’s new multiple range test methods,
were applied with the condition p<0.05.

Results and discussion

1. The process of reducing the bitterness in orange peels

In the production of citrus’s fiber 4 citrus plants;
pomelo, tangerines, sweet orange, and limes, the bitter
taste was reduced by a process of soaking. The citrus
peel was soaked in the 10% (w/v) NaCl solution with pH
7 for 24 hours then steamed for 10 minutes. The fiber of
pomelo was found to be the most bitter. Because the
bitter taste in pomelo peel composed of the derivative of
triterpenes called Limonin (C,H, O,), which readily
dissolved in acetone or chloroform but were only
slightly soluble in aqueous (Maier et al., 1977). The result
was consistent with the investigation about the production
of fiber powder from pomelo’s internal peel by
Pichaiyongvongdee & Rattanapun (2014). The verified
result of the physical properties of citrus’s fiber found
that bitterness of pomelo is in Limonin which can be
reduced by using 1% NaCl. The result showed that the
bitterness can be reduced for 10.3% compared to 7.74%
of bitterness reduction using pure water, the results did
not have any statistical significance in the difference.
Therefore, this research used fiber powder from the
mandarin orange peel with high fiber amounts of 48.45%.
Moreover, the bitter test in mandarin orange was naringin
that could be dissolved in warm water readily. In contrast,
the hard-dissolved substance, limonin mainly found in
the seed of mandarin orange (Sansawat, 2000).

For the application of a hot air oven in the drying
process, the results of the drying time and temperature
by Pichaiyongvongdee & Rattanapun (2014) showed that
the higher temperature could reduce the drying time, the
fiber amounts could be reduced. While drying the process
with high temperature, the structure of the cell’s wall was

damaged, and the absorption performance in both water
and oil was increasing (Gould et al., 1989). This effect
is also found in Chinnasarn et al. (2015) in the drying
process with low temperature, a long time for drying
reduced sugar in pectin substance and the performance
of water conservation was decreased. According to the
drying process for apple peel by Constenla et al. (2002),
the structure of fiber did not show any change at drying
temperature 60-80°C. However, at the drying temperature
105°C, the amounts of pectin are reduced significantly.
Consequently, this research controlled the drying
temperature at 60°C and dying time for 6 hours. All types
of orange peel were dried entirely and became a dark
color, as shown in Fig. 5.

Fig. 5 The appearance of each citrus peel after dried entirely (a) dried pomelo
peel, (b) dried mandarin orange peel, (c) dried sweet orange peel, (d) dried
lime peel

After the drying process, each of orange peel was

finely milled by the herb grinding machine, then make a

sieved the powder by 60 mesh screens. Each of fiber

powder was shown in Fig. 6

# 3 (d)\

Fig. 6 Fiber powder from the citrus peel (a) pomelo’s fiber powder, (b) mandarin
orange’s fiber powder, (c) sweet orange’s fiber powder, (d) limes’s fiber
powder

The Study of Citrus’s Fibers Production for Power Bar
and the Effect on Consumer’s Acceptance
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The amounts of dietary fiber were measured at the
Central Lab (Thailand) company. The results have shown
the amounts of fiber from 100 grams of sample. The
percentage of weight ratio was summarized in Table 3.

Table 3 Summary the fiber amounts from 4 types of citrus peel

Type of citrus peel Dietary fiber amounts (%)
Sweet orange 44.99
Mandarin orange 48.45
Pomelo 58.21
Lemon 41.70

The comparison results from 4 types of citrus peel
found that the highest-fiber amount was pomelo
(58.21%), following by the mandarin orange (48.45%),
sweet orange (44.99%), and the lowest fiber amounts
were lemon (41.7%). In the investigation of dietary
fiber from the pomelo peel, 92% was a water-insoluble
fiber. The ratio between soluble and insoluble fiber
varied from 1: 5.9 to 1:12.7. It depends on the pomelo
species and the production process (Saengthongpinit,
2008). The results corresponding with the research by
Pichaiyongvongdee & Rattanapun (2014) that showed
the fiber amounts from pomelo was higher than other
fruits, peach, pear, sugarcane, the pericarp of cumin,
apple, banana, carrot and the other citrus species such as
grapefruit, mandarin orange and lemon. However, the
fiber amounts from pomelo in this study were lower than
Saengthongpinit (2008). In an experimental result, the
amount of fiber in pomelo depends on the processing
method. Fiber amounts produced by the boiling and
heating process tend to lower than the producing by
non-heating. The fiber amount from boiled and
heated pomelo peel is lower than fresh pomelo peel
(Saengthongpinit, 2008).

2. The investigation of power bar base ingredients
and chemical properties analysis results

Three base ingredients were verified for the quantity
analysis. The weights of moisture, ash, carbohydrate,
fat and protein in power bar 100 grams are shown in
Table 4.

Table 4 The chemical analysis of 3 base ingredients of the power bar

Compared to the AMDR standard, nutrients energy
(carbohydrate, protein and fat) in table 5 were calculated
for the energy ratios by using the energy rate, 4 kcal/g in
carbohydrate and protein, 9 kcal/g in fats. Each of
the base ingredients in the power bar showed the ratios
of nutrients energy compare to the AMDR standard in
Table 5.

Table 5 The results of energetic nutrient ratios

. Power bar (%) The AMDR’s standard
Nutrient o
No.1 | No.2 | No.3 amounts (%)
Carbohydrate 48.06 | 48.02 65.92 4665
Protein 9.37 11.40 10.11 1015
Fats 4256 | 40.56 22.77 20-35

The comparison between the ratios of nutrients
energy and the daily-requirement energy, the AMDR
standard value in Table 5, the base ingredient No. 3 found
the most consistent with the AMDR standard. Therefore,
this research will apply this base ingredient to the
fiber-adding process.

3. The investigation about the consumer acceptance
of the power bar added the citrus fiber by weight
ratio 5%, 7% and 10%

The consumer’s acceptance was evaluated by Central
Location Test (CLT) method. The popular level is
a quantitative expression by 9-point hedonic scale
(1 =least popular to 9=most popular). The questionnaires
will be about the opinion about the product
characteristics, appearance, color, smell or flavor, texture
and the overview image given to 30 subjects. The results
of consumer’s acceptance for the power bar, which
added the 3 fibers ratios, are summarized in Table 6.

Table 6 The results of consumer satisfaction in fiber addition products

The percent amounts of citrus’s fiber from an
Evaluated Item orange peel added to the products
5% 7% 10%
Appearance 8.60 +0.56° 7.76 +£0.72° 723+ 1.16°
Color 8.66 + 0.47° 7.76 £ 0.85° 6.86 + 1.35°
Flavor 8.73 +0.44 7.63 +0.99° 6.50 + 1.35°
Texture 8.46 +0.57 7.33+£0.92° 6.06 + 1.98°
Overall acceptance 8.73 +£0.44* 7.80 + 0.88° 6.96 £ 1.1¢

Remark: a-c means the average data in the same rows which have a different

. . Power bar (g/100 g) character. The statistical significance of the difference was a 95%
Chemical analysis No. 1 No. 2 No. 3 confidence interval
’X";is‘“re ?Z (7)'22 Zg; The average score of flavors from the power bar with
S . . . . s 0 0 0 .

Carbohydrate 58.83 56.84 68.85 amounts of citrus’s fiber 5%, 7% and 10% is between
Protein (%N x 6.25) 11.47 13.50 11.81 medium popular much more popular with the score of
Fat 2315 2134 10.57 8.73, 7.63 and 6.50, respectively. The popular score of
Somrajlichinda The Study of Citrus’s Fibers Production for Power Bar
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5% ratio fiber amounts had the highest average score of
flavors. The comparison among 3 ingredient ratios
showed that the 7% ratio and 10% ratio are different in
statistical significance from 5% ratio at 95% confidence
interval. According to the removal of naringin in
mandarin orange peel did not completely do, the addition
fibers in the power bar increased the bitter taste. In the
investigations by Attavanich & Anprung (2003) found
that, although naringin in mandarin orange peel was
soluble in warm water, the aqueous extraction and pH
adjustment method could reduce the bitter teste just
slightly (P < 0.05).

The average score of texture from the power bar with
amounts of citrus’s fiber 5%, 7% and 10 % was found
between the range of least popular to more popular in
the score 8.46, 7.33 and 6.06, respectively. The popular
score of 5% fiber amounts had the highest average
score with regards to texture. The comparison among
3 ingredient ratios shown that 7% ratio are 10% ratio are
different in statistical significance from 5% ratio at in
95% confidence interval. The results showed that the
increase of fiber ratio increased the hardness of texture.
The dried fiber could absorb the water contents in
products (Siwnguan, 2017). Increasing hardness
affected the consumer’s acceptance in the point of view
of texture was decreased. Consequently, a low fiber
addition ratio received higher acceptance scores than the
power bar with high fiber addition ratios.

The average score of overall acceptance from the
power bar with amounts of 5%, 7% and 10% citrus’s
fiber was found between the range of least popular
to more popular in the score 8.73, 7.80 and 6.96,
respectively. The popular score of 5% fiber amounts had
the highest average score of the overall acceptance. The
comparison among 3 ingredient ratios shown that 7%
ratio and 10% ratio are different in statistical significance
from 5% ratio at in 95% confidence interval. This research
found that the 5% fiber addition of power bars got the
highest score in all points of view. The acceptance scores
seem to be decreased when the added fiber ratio in the
power bar was higher than 7%.

Table 7 The results of the acceptable total score in the additional fiber products

Average of the
No. P

° ower bar acceptable total score
1. | Fundamental formula with orange fiber 5% 8.73 +0.44*

2. | Fundamental formula with orange fiber 7% 7.80 + 0.88°

3. | Fundamental formula with orange fiber 10% 6.96 +1.18°

Remark: a-c means the average data in the same rows which have a different
character. The statistical significance of the difference was a 95%
confidence interval

Table 6 shown the summarized total acceptance scores
of power bar due to the base ingredients with 5%, 7%
and 10% orange fiber. They were in the range of little
popular to much more popular with the scores 8.73, 7.80
and 6.96, respectively. The power bar that added 5%
citrus peel fiber powder has the highest total score and
the comparison result of the differences among 3 ratios
shows that the 7% and 10% has the statistical significance
in the difference with 5% in 95% confidence interval.
Consequently, fiber additional 5% of the power bar was
accepted due to the highest average scores. It was good
in appearance, appropriate color, mild taste and crunchy.
This delicious sensation caused the best taste results.
Then the sample with the highest score of satisfaction
consumers was analyzed for the total energy, ratios of
energetic ingredients (carbohydrate: protein: fats) and
dietary fiber at the Central Lab (Thailand) company. The
results were shown in Table 8.

Table 8 The analysis results of the highest score of the satisfaction consumer

product
Chemical analysis Powerbar with 5% | Requirement ratio of
orange fiber (%) AMDR Standard

Carbohydrate 56.84 55-60 %
Protein 13.50 10-15 %

Fats 21.34 <30 %

Total energy (in 100 grams) 473.42 kcal -

Fiber 6.22 25-30 g/day

Using these products instead of regular food, serving
size for daily required energy will be concerned. Although
the daily requirement of total energy depends on the
personal activity, 2,000 kcal is the typical average value
that was converted to the weight of 1 meal, 150 grams
with the equivalent energy 710.13 kcal and including
fiber weight 9.33 grams.

Conclusion

The production of fiber analysis from 4 types of
citrus fruit, sweet orange, mandarin orange, pomelo, and
lemon, which had the drying process for an orange peel
300 grams, thick peel of pomelo and lemon required
dehydrating time longer than 6 hours. Whereas the
thinner peel, sweet orange, and mandarin orange, in
which water absorption is limited, required 6 hours
for dehydrating. All dehydrated orange peel was
dried entirely, and their color became dark green.
Dehydration temperature was stable at 60°C during the
drying process.
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The analysis results from Central Lab (Thailand)
showed the fiber amounts from 4 types of citrus. Fiber
powder from pomelo peel has the highest fiber amounts
of 58.21 %, followed by 48.45 % in sweet orange and
44.99 % in mandarin orange while lemon has the lowest
fiber 41.70 %.

In conclusion, the results of the investigation
about the basic components of a power bar, which has
an energetic nutrients ratio based on the AMDR standard,
the fundamental formula which composes 0f 40% wheat,
10% butter and 50% soybean meal and others showed
that the ratios of the energetic nutrient is similar to the
AMDR standard. In the power bar 100 grams, the
study found 65.92% carbohydrate, 10.11% protein and
22.77 % fats.

The results of the investigation about the fiber
addition ratio and the verification of consumer
satisfaction by a 9-point hedonic scale showed that the
power bar, which added 5 % fiber, had the highest in an
average score of an appearance, color, smell, flavor,
texture and the overview image. The difference results
among 3 gradients ratio shown the ingredient ratios 7 %
and 10 % have the statistical significance differed
from ingredient ratio 5 % in 95 % confidence interval.
Consequently, fiber additional 5% of the power bar was
acknowledged for the highest average scores and the best
of taste evaluation.
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Thai rice today is not limited to staple food, but it has been transformed into a
variety of medicinal and beauty products, as part of a growing industry with a bright
future. We measured total phenolic content, total flavonoid content, free radical
scavenging activity, lycopene, f-carotene, color and SPF of raw materials in face
powder. Riceberry extract sample contained phenolic and flavonoid with the highest
level at 26.46+0.008 mg GAE/g of extract and 101.634+0.034 mg Rutin/g of extract.
Free radical scavenging activity was measured by DPPH assay: the Riceberry extract

sample contained antioxidants that indicated the EC_ at 108.31+0.024 ug/mL. All raw
materials showed SPF, which could be used as foundation data for making face
powder. However, wood apple powder has the highest SPF for a material, that can be
used as a raw material, for further development of face powder.

Introduction

Rice is Thailand’s main economic crop; it has
been developed to meet the people’s basic needs. The
development is consistently extended from local wisdom,
inherited from the past generations, and with new
technology and innovation in producing rice that meets
modern consumer needs. Riceberry is a newly registered
rice variety from Thailand in 2002, which was derived
from a cross-breed between Jao Hom Nin (JHN), the
local non-glutinous purple rice, and Khoa Dawk Mali
105 (Jasmine rice), the Thai Hom Mali rice, by the Rice
Science Center, Kasetsart University, Thailand. After 4
years of careful selection for nutritional properties,
anthocyanin stability, physical and cooking properties,
the outcome was a deep purple whole grain rice, that was

soft and palatable. Riceberry has come a popular brown
rice, known for health promoting properties. Attracting
people to consume more brown rice is significant
contributor to solving food-related chronic diseases like
diabetes, heart disease, high blood chloresterol, obesity
and cancers (Suttiarporn et al., 2016; Leardkamolkarn et
al., 2011). Pathum Thani rice is a new strain of fragrant
rice, developed by a rice institute in Pathum Thani
Province, it’s kernel and fragrance is so similar to Thai
Hom Mali Rice Kernel, that consumers are often unable
to tell it from the latter. Pathum Thani rice is mainly
grown in the central provinces, which have abundant
water. Two or three crops of Pathum Thani rice can be
harvested each year, and it is considered as a replacement
for Thai Hom Mali rice (Sreethong et al., 2018).

The current consumer trends stimulate strong
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interests and preferences in choosing cosmetics that
contain natural extracts, because many natural extracts
are now comparable to synthetic substances, obtained
from laboratories including ability to nourish and protect
the skin, antioxidant ability and the aging rejuvenation
ability. Consumers are excited by these features and
demand them, so cosmetic products, containing natural
extracts, are therefore extremely interesting and in high
demand by consumers. Free radicals refer to molecules
that are unstable and sensitive to chemical reactions and
encourage continuous destruction of other molecules in
chain reactions. Free radicals are therefore toxic to the
body cells. If there are many, it can be dangerous. They
will destroy the cell membranes and other structures. In
the short term, free radicals cause inflammation and
tissue destruction while, in the long term, they affect
the degeneration or aging of cells. At present, both
domestic and international studies have shown that free
radicals are associated with the occurrence of many
non-communicable chronic diseases, especially cancer,
which is one of the top causes of death for globally
(Freddie et al., 2018). Free radicals are created both
by the body's metabolic processes and in unhealthy
conditions, for example, illnesses or polluted environments.
These abnormal condition will cause the body to accumulate
more free radicals. Therefore, it is vital for the body to
find a way to prevent from being destroyed by free
radicals. Antioxidant compounds promote health by
protecting the cells of the body from damage caused by
free radicals and reactive oxygen species (Pukumpuang
& Seansrimon, 2020). They are various substances or
enzymes with a low concentration that can delay or
prevent the oxidation of substrates, which are sensitive
to the reaction. These substrates include almost all
substances in the body, for example, proteins, fats,
carbohydrates and DNA. However, to some certain
extent, the imbalance between free radicals and
antioxidants in favor of free radicals results in oxidative
stress (Khanthapok & Sukrong, 2019). This affects living
cells, in various way, e.g. oxidation of DNA proteins,
carbohydrates and destruction of molecules with S-H
bonds and cell membranes, that have detrimental effects
on cells and cell destruction. This directly leads to aging
and some chronic diseases, such as stroke, autoimmune
disease, diseases caused by the blood, returning to the
organs, that have been constricted, due to short-term
stroke, and cancer (Flachenecker, 2012). Antioxidants
prevent formation of free radicals by inhibiting free
radical chain reactions, stop new free radicals forming,

repair damage to the body cells destroyed by free radicals,
eliminate and replace the damaged molecules (Lobo et
al.,2010). Fig. 1 showed the DPPH assay, an odd electron
displays a strong absorption band at a wavelength of 519
nm, which loses absorption once the odd electron is paired
off by a hydrogen or electron-donating antioxidant
(Ningjian & David, 2014).

R:H = antioxidant radical scavenger; R = antioxidant radical.

Q o, Q N,
N wo. + (Re T —> NN—@—NO, + .
e, >>: w @ s v
DPPH

DPPH-H

Purple, 519 nm Colorless

w “H  represents antioxidant
Fig. 1 Reaction mechanism of DPPH with antioxidant (Ningjian & David, 2014)

“Phenolic” refers to molecules containing at least
one phenol group and many phenolic substances are
found in plants. The total phenolic content varies with
type of plant, planting method, degree of ripeness,
processing and storage. Heat, used in the processing,
reduces the amount of phenolic compounds. Many
phenolic compounds have antioxidant properties. The
hydroxyl group of the phenol, can be replaced by other
cluster functions, e.g. flavonoids, lignins, cinnamic acid
and coenzyme-Q (Moeiklang & Ruangviriyachai, 2014).
Phenolic compounds have chemical formulas ranging
from simple structural groups, the phenolic acids, to
structural polymers, e.g. lignin. The largest group is the
flavonoid compounds. Phenolic compounds found in
plants often embedded in the sugar molecules in the form
of glycosides. The most common type of sugar in the
phenolic molecules is glucose and it was found that this
perhaps is a recomposition between the phenolic
compounds, or phenolic compounds with other
compounds such as organic acids including in the
molecules of the protein alkaloids and terpenoids
(Moeiklang & Ruangviriyachai, 2014). They have been
classified into six subgroups in Fig. 2 (Ali & Neda, 2011).

Carotenoid are yellow, orange or red pigments,
commonly found in plants, algae, animals and microbes
(Costache et al., 2012; Dhir et al., 2013). Carotenoid in
plants can be found in different parts, e.g. fruits, flowers
and roots. Carotenoids are highly effective antioxidants
especially B-carotene, lycopene, and lutein which are
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Fig. 2 Structure of some phenolics acids (Ali & Neda, 2011)

used as supplements to help prevent heart disease, cancer,
aging and skin disorders caused by sunlight (Sadighara
et al., 2016; Stahl & Sies, 2012; Aust et al., 2003;
Fazekas et al., 2003). However, carotenoids are also
anti-inflammatory and empowering the removal of
foreign bodies from the human body. Thus carotenoids
are important for the promotion of human health, e.g.
B-carotene, lutein, cisanthin, lycopene and astaxanthin
(Jia et al., 2011).

The sunlight reaching the surface of the earth
consists of a broad spectrum, but, the radiation affecting
the skin is quite obvious and labeled UV, which is
divided into 2 types according to the wavelength: UV-A
-in the range 320-400 nm and UV-B-in the range 290-320
nm (Ulrike et al., 2006). UV has positive effects on the
skin, e.g. stimulating vitamin D production and skin
pigmentation to protect the skin from sunlight (Anitha,
2012). However, UV is also somewhat harmful, in that
UV-A can penetrate the skin to the dermis and destroy
the collagen tissue and elastic fibers, which causes
premature aging for skin cells, while UV-B, if consistent
exposure, will cause the skin to swell, become red, swell
and peel, causing sunburn, and it may develop skin
cancer with long term exposure. The Sun Protection
Factor (SPF) measures the effectiveness of sun protection,
it tells consumers the length of exposure of the skin to
sunlight, that the skin will tolerate without burning. For
example, people normally exposed to sunlight for 10
minutes will feel burning pain or skin burn. However,
after applying cosmetics to the skin, with SPF 15
sunscreen, exposure can be prolonged by 15 times or 150
minutes, without skin burn. Therefore, if consumers
know and understand sunscreen products, they can more
accurately choose the right sunscreen items and achieve
the highest efficiency in protecting the skin from UV.

Thus, here we measured total phenolic content,
total flavonoid content, free radical scavenging activity,

lycopene, B-carotene, color, SPF, morphology and
elemental composition for use as foundation data to use
these raw materials, for developing effective face powder
formulae.

Materials and methods

1. Extraction preparation

10 g Riceberry powder (or Pathum Thani rice powder)
was soaked in 100 mL 95 % ethanol in a closed
container, left it for 24 hr, then filtered with vacuum
filter on Whatman filter paper No.l and evaporated
ethanol in a vacuum rotary evaporator at 75°C.
2. Total phenolic content

Following a Folin-Ciocalteu assay method, modified
from Butsat & Siriamornpun (2010), 100 mL Riceberry
extract sample (or Pathum Thani rice extract sample)
with a concentration of 2 mL per mL and 500 uL of 10%
Folin Ciocalteu reagent were transferred to a test tube.
It was shaken and left at room temperature for 1 min.
After that, 1 mL 20 % w/v Na,CO, was added
shaken and left in a dark room for 60 min. Absorbance
was measured at a 760 nm, using a UV-Vis
spectrophotometer. Three replicates were measured.
Total phenolic content was determined by comparing
absorbances to the gallic acid calibration graph. Results
were reported as mg gallic acid equivalent to 1 g of
extracts (mg GAE/g of extract).
3. Total flavonoid content

Following a method, modified from Prabnok et al.
(2016), 1 mL Riceberry extract sample (or Pathum Thani
rice extract sample) with concentration of 2 mg/mL
was pipetted into a test tube and added 4 mL distilled
water, shaken and added 300 puL 5% NaNO,. The mixture
was shaken again and left for 5 min at room temperature.
After that, 300 uLL 10% AICI, was added and left at room
temperature for 6 min. Then, 225 uL of 1 M NaOH and
775 pL distilled water were added. The mixture was
shaken and measured the absorbance at wavelength 510
nm using UV-Vis spectrophotometer. The results were
reported in mg Rutin/g of extract.
4. DPPH radical scavenging assay

Following a method, modified from Butsat &
Siriamornpun (2010), 1 mL of Riceberry extract
sample (or Pathum Thani rice extract sample), with
concentrations of 31.25, 62.50, 125.00, 250.00 and
500.00 pg/mL was pipetted into a test tube and 3 mL 0.2
mM DPPH (1,1-diphenyl-2-picrylhydrazyl) was added.
It was shaken and left in the dark for 30 min. Then, it
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was measured the absorbances at 517 nm by a UV-Vis
spectrophotometer, using 95 % ethanol as blank and
using 0.1 mM DPPH as control. The fraction of DPPH
inhibition was calculated by plotting a graph of the
relationship between % DPPH inhibition and sample
concentration to indicate efficient concentration 50
(EC,,), which represents the antioxidant content that
reduces DPPH concentration to 50 % by using butyl
hydroxytoluene (BHT) as a standard substance. Three
replicates were measured. The free radical scavenging
activity was calculated as follows:

Free radical scavenging activity (%) = [(AbSconror — AbSgampie)/ AbSconror] X 100

where Absgmpi 15 the absorbance of DPPH with sample
and Abscontrol 1S the absorbance of DPPH without sample.
A linear regression was calculated from activity vs
concentration to find EC_ in pg/mL.
5. Lycopene and beta-carotene content

Following a method, modified from Nagata &
Yamashita (1992), 1 g of gac fruit (or wood apple)
powder was added 20 mL 4:6 acetone: hexane and stirred
for 15 min. Absorbances were measurement at 453, 505,
645 and 663 nm. The following equations were used to
find concentration from absorbances:

Lycopene (mg/100 mL) = — 0.0458 Absees + 0.204Abseas + 0.372Abssos — 0.0806Absass
B-carotene (mg/100 mL) = 0.216Absees — 1.22Absess — 0.304Abssos + 0.452Absass

6. Color measurement

Colors were measured in the CIELab L* a* b* space,
when L* represents “lightness”, ranging from 0 to 100,
where 0 means low brightness and 100 means high
brightness, a* measures green vs red and b* measures
blue vs yellow (Mir et al., 2013). Total color differences,
AE, where computed as:

AE =VAL% + Aa? + Ab?

where AL =L* - L, Aa=a* - a, and Ab=Db* - b and L*, a*, b* refer to colors
of the reference object and L, a, b refer to colors of the sample.

7. Sun protection factor (SPF)

Following a method, modified from Dutra et al.
(2004), 100 g sample was weighed and transferred
to a 100 mL volumetric flask, diluted to volume with
ethanol, shaken for 5 minutes and filtered through a
Whatman No.1 filter paper. The filtrate was collected
after rejecting the first 10 mL of filtrate. Then a 5.0 mL
aliquot was transferred to a 50 mL volumetric flask and
diluted to volume with ethanol. Subsequently, a 5.0 mL
aliquot was transferred to a 25 mL volumetric flask and

the volume completed with ethanol. The filtered solution
was put in a quartz cell and the absorbance was measured
from 290 to 320 nm at 5 nm steps. The measurement was
repeated three times. SPF was calculated from the
absorbances (Mansur et al., 1986):

320
SPF = CF x Z EE ()x I(D)x Abs(A)

290

where EE(7) is an erythemal effect spectrum, /(1) mean solar intensity spectrum,
Abs(A) means absorbance of sunscreen products and CF means correction factor
(=10).

8. Morphology and elemental composition

Morphology and elemental composition of samples
were checked by scanning electron microscopy (SEM);
model LEO 1455 VP, Germany, coupled with energy
dispersive X-ray (EDX Oxford, ISIS 300, England)
analyzer.
9. Formula for face powder from rice and natural
substance

Samples of two types of broken rice were ground,
until they passed a 200 mesh filter by peeling off the rice
shells. The gac fruit powder was made from the flesh
covering its seeds. The wood apple powder was derived
from wood apple tree branches. Samples were prepared
using mixtures listed in Table 1, ground, mixed together,
and packed in containers.

Table 1 Percentage of the components in the form of face powder formula

Component (%) Formula 1 Formula 2
Talcum - 60
Pathum Thani rice 22 -
Riceberry 6 -
Wood apple 3 -
Gac fruit 44 -
Zinc oxide 3 5
Zinc stearate 3 10
Magnesium carbonate 3 10
Kaolin 3 5
Calcium carbonate powder 13 10
Total 100 100

Results and discussion

Table 2 showed that Riceberry extract sample had
total phenolic content at 26.46+0.008 mg of gallic acid/g
of extract, while Pathum Thani rice extract sample had
3.67£0.010 mg. The higher phenolic content for
Riceberry extract sample was likely due to the darker
color of Riceberry seed, showing that it containing more
flavonoids. For flavanoid content, the Riceberry extract
sample had 101.63+0.034 mg rutin/g and Pathum Thani
extract sample had 56.04+0.004 mg of rutin/g.
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Table 2 Total phenolic and flavonoid content of rice extract sample

Table 4 Antioxidant activity, Lycopene and B-carotene of natural extract

Total phenolic Total flavonoid
Sample (mg of gallic acid/g of (mg of rutin/g of extract)
extract)
Pathum Thani rice 3.67+0.010 56.04+0.004
Riceberry 26.46+0.008 101.63+0.034

Fig. 3 illustrates calculation of the efficient
concentration 50 (EC, ) of Riceberry extract sample,
based on the DPPH assay, using the plot of % free radical
scavenging activity versus concentration. As expected,
free radical scavenging activity increased with sample
concentration-dose-dependent curve. Table 3 indicates
that the antioxidant activities, EC,, were 108.31+0.024
for Riceberry extract sample and 430.46+0.062 pg/mL
for Pathum Thani rice extract sample. This confirms
reports from Chakuton et al. (2012), Chen et al. (2012)
and Moko et al. (2014), who found that colored rice had
higher amounts of phenolic compounds and antioxidant
activity than colorless rice. That is, the extracts with a
low EC, hold good free radical scavenging activity.

% Free radical scavenging activity
80.00
70.00 .
000 e

5000 | e

y = 0.124x+ 36.569
40.00 « T R=09971
30.00
20,00
10.00

0.00

0.00 50.00 100.00 150.00 200.00 250.00 300.00

Concentration (ug/mL)

Fig. 3 The relationship between concentration and % free radical scavenging
activity of Riceberry extract sample

Table 3 Antioxidant activity of rice extract sample

Sample EC,, (g/mL) Linear regression R?
Butylated hydroxytoluene | 128.68+0.024 | y=0.124x +34.034 | 0.9971
(BHT)

Pathum Thani rice 430.46+0.062 y=0.108x +3.337 | 0.9983
Riceberry 108.31£0.024 | y=0.124x+36.569 | 0.9971

Table 4 shows free radicals capturing ability,
measured by DPPH assay method. Gac fruit had the
highest EC, at 290.39+0.032 pg/mL, lycopene at
1.1099+0.099 mg/100 mL and B-carotene at 0.6292+0.081
mg/100 mL on a dry basic. Gac fruit had the clear pigment
at L* = 56.70+0.02, a* is 42.77+0.02, b* = 40.94+0.05.
SPFs in Table 5 showed that wood apple offered the
highest of SPF at 6.78+0.097.

Properties Gac fruit ‘Wood apple

Antioxidant activity (g/mL) 290.39+0.032 | 55.67+0.045

Lycopene (mg/100 mL dry basic) 1.1099+0.099 | 0.0346+0.000

B-carotene (mg/100 mL dry basic) 0.6292+0.081 | 0.0400:+0.000

Table 5 Sun protection factor of samples

Sample| Riceberry Phatum Thani Gac fruit ‘Wood apple
SPF 1.83+0.083 1.12+0.159 1.58+0.155 6.78+0.097

Table 6 indicates that face powder made from rice
and natural extract offers AE of color closer to commercial
face powder No.3 than talcum face powder. Face powder
from rice and natural extracts offered better SPF than
talcum powder, which means that rice and natural extracts
can protect from UV even though the sun protection
value is not very high, compared to those of synthetic
sunscreens in the market. However, natural extracts also
contained useful antioxidants, which may be used in
combination with synthetic sunscreen, to enhance
sunscreen efficiency and reduce the use of synthetic
sunscreen. Analysis for metals content showed no heavy
metals according to TIS 981-2013 standards, which
prescribes no more than 20, 5, 1 and 0.05 ppm of lead,
arsenic, mercury and barium by weight. The SEM
images indicated that the powder formula was similar to
that of the commercial formula which had round particles,
while the talcum powder formula showed sheet-like
particles.

Table 6 Chemical composition and morphology of samples

Commercial face
Item powder No.3 Formula 1 Formula 2

Color

L* 62.61+0.00 75.73+0.02 92.81+0.02

a* 13.66+0.02 8.09+0.06 -1.48+0.01

b* 23.86+0.02 13.50+0.04 2.06+0.01

AE - 17.62+0.05 40.20+0.01
SPF value 39.39+0.00 1.19+0.06 0.60+0.12
Element by
weight (ppm)

* Lead nd nd nd

* Arsenic nd nd nd

* Mercury nd nd nd

* Barium nd nd nd
Morphology

Remark: nd = not detected
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Conclusion

We showed that face powders based on natural
ground rice with added natural ingredients provided a
useful level of sun protection, additional antioxidants and
free radical scavenging, yet contained no toxic heavy
metals, thus were beneficial and safe. Riceberry and
Phatum Thani rice both showed significant levels of
phenolic content-26.46+0.008 mg GAE/g and 3.67+0.010
mg GAE/g; flavonoids-101.6340.034 mg Rutin/g and
56.04+0.004 mg Rutin/g-and antioxidants at 108.31+0.024
pg/mL and 430.46+0.062 ug/mL. SPFs were Riceberry
-1.8340.083, Pathum Thani rice-1.12+0.159, gac fruit
-1.58+0.155 and wood apple-6.78+0.097.

Thus natural extracts are highly appropriate for
use as an ingredient in cosmetic products; further, they
show unique local identity and pride for the community,
that, could earn more income and promote career choices
for people in it. Antioxidants in these natural extracts can
additionally offer rejuvenation of the cells and reduce the
use of synthetic sunscreens. Therefore, they could be
developed further for future research projects.
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The objective of this research was to study the effect of ingredients on the
quality of crispy bamboo shoot snack. The effects of different ratios of tapioca flour
and bamboo shoots on the quality of crispy bamboo shoot snack were studied. It
was found that the optimum ratio of tapioca flour and bamboo shoot was 50:50. It
had good appearance and swelling rate after frying. Moreover, the aroma of bamboo
shoots was clear. The effects of different flour types on the quality of crispy bamboo
shoot snack were investigated. It was found that tapioca flour was suitable flour for
crispy bamboo shoot snack production. It had good appearance and swelling rate
after frying that it was higher than the formula using glutinous rice flour, rice flour
and wheat flour. In addition, the texture of the crispy bamboo shoot snack was crispy
at an appropriate level. The effects of flavoring with various flavors on the sensory
acceptance of consumers were investigated. The original, seaweed mixed with black
sesame and spicy flavors had a higher score in appearance, flavor, taste, texture
and overall liking score than other flavors. The analysis of the chemical composition
of crispy bamboo shoot snack was investigated. The moisture, protein, fat, total
carbohydrate, ash, and energy were 2.73-3.50 %, 1.04-2.39 %, 26.91-28.53 %, 66.36-
66.67 %, 1.89-1.98 % and 513.08-523.81 kcal, respectively. It can be used as a
guideline for crispy bamboo shoot snack production for commercial distribution.

Introduction

into food products at the industrial level, such as dried
bamboo shoots, pickled bamboo shoots, bamboo shoots

Bamboo shoots are the young shoots of bamboo
trees. It is a raw material for food products that is delicious
and rich in nutritional value. It is considered one of the
five most popular health foods in the world. Bamboo
shoots are used as raw materials for cooking in many
countries such as China, India, Japan and Southeast
Asian countries. Currently, bamboo shoots are processed

soaked in brine, and canned bamboo shoots, etc. In terms
of nutritional value, the chemical composition of fresh
bamboo shoots is high in protein content between 1.49
to 4.04 (average 2.65 grams) per 100 grams of fresh
bamboo shoots and contains 17 amino acids. There are
8 types of essential amino acids, especially tyrosine,
which is approximately 57-67 % of all amino acids and
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it has a low-fat content of approximately 0.26-0.94 %
(Chongtham et al., 2011).

Bamboo shoots have a high fiber content of about
6-8 grams per 100 grams of fresh weight. Furthermore,
it has high phytosterols, which is a useful chemical
substance. It helps reduce cholesterol and has anti-cancer
activity (Brufau et al., 2008). In addition, bamboo shoots
are a good source of vitamin B, niacin, vitamin A, vitamin
B6 and vitamin E. There are many important minerals
in bamboo shoots such as potassium, calcium, manganese,
zinc, chromium, copper, and iron (Nirmala et al., 2007).
The benefits mentioned above, thus bamboo shoots are
a potential raw material in the food industry. Nowadays,
planting bamboo shoots in Thailand can be found in every
region throughout the country. Bamboo shoots that are
planted for sale tend to continuously grow. If properly
maintained, it can produce throughout the year. The
bamboo shoots have very low price in the rainy season,
which is a problem encountered by agriculturists. If there
is no proper management process after cutting the
bamboo shoots, the quality of fresh bamboo shoots will
decrease rapidly. Therefore, the food products from
bamboo shoots processing is an interesting way that helps
to extend the shelf life of bamboo shoots and value
adding to agricultural products.

Crispy snack is a product obtained from mixing
flour with seasoning. It may contain meat, vegetables, or
fruits such as fish, shrimp, pumpkin, taro, black sesame,
and white sesame, etc. It is mixed and molded into the
desired shape. Next, the mixture is steamed until cooked
and cut into thin strips or shaped as desired. It is dried
using heat from sunlight or other energy sources. It may
be fried before packing or not fried (Thai industrial
standards institute, 2006). Generally, there are two types
of crispy snack products, including raw crispy snack and
ready-to-eat crispy snack. Currently, there are many
crispy snacks producing research from a variety of raw
materials, such as fish (Tantasuttikul & Samuankid, 2014)
Champedak (Wongsudaluk, 2016) mushroom (Khaepimyi
& Nepthangdee, 2018) Burma bean (Suriya et al., 2011)
etc. The fresh bamboo shoots are used as raw materials
for crispy snack production that help increase the
nutritional value of products and as an alternative food
to consumers. Normally, there are many factors affecting
on the quality of the crispy snack including the proportion
of flour and other ingredients, the type of flour, the
process of partially making the dough, kneading,
steaming, drying, and frying (Tangkanakul, 2003).

The objective of this research is to study the effect

of ingredients on the quality of crispy bamboo shoot
snack. The apparent, physiochemical, and sensory
acceptance were investigated to select the suitable
formula for production as a prototype of crispy bamboo
shoot snack. The knowledge gained from this research
can be used as a guideline for the crispy bamboo shoot
snack production. Moreover, it is way for value adding
to agricultural products as well as further expanding into
production for commercial distribution.

Materials and methods

1. Raw materials

The ingredients used in crispy bamboo shoot
snack were composed of sugar (Mitrphol, Suphan Buri,
Thailand), salt (Prungthip, Nakorn Ratchasima,
Thailand), glutinous rice flour and rice flour (Erawan
brand, Nakhon Pathom, Thailand), tapioca flour (Fish
brand, Nonthaburi, Thailand), wheat flour (Kite, Samut
Prakan, Thailand), vegetarian mushroom seasoning
powder (Fah Thai, Nakhon Pathom, Thailand), Barbecue
seasoning powder (OK, Samut Sakhon, Thailand), black
sesame and ground black pepper (Raithip, Nonthaburi,
Thailand), dried seaweed and garlic (Tontawan, Samut
Prakan, Thailand). The bamboo shoots (Dendrocalamus
asper Backer) were obtained from the agriculture group
in Sa Kaeo province. The fresh bamboo shoots were cut.
The bamboo shoots with similar growth stages of equal
size and length approximately 30 cm were selected.
The fresh chilli (Capsicum annum L.) young galangal
(Alpinia galanga (L.) Willd.) and Yanang leaves
(Tiliacora triandra (Colebr.) Diels) were bought from a
local market in Sa Kaeo province.
2. Study on the effect of different ratios of tapioca
flour and bamboo shoots on the quality of crispy
snack

The bamboo shoots preparation, the shell was
removed. It was washed with clean water, and was cut
into small pieces before boiling in hot water for 30 min.
It was removed from the hot water and was blended
until fine. The ratio of tapioca flour to bamboo shoots
was, 100:0, 75:25, 50:50 and 25:75, respectively. The
blended bamboo shoots were heated with steaming for
1 min before mixing with tapioca flour that It was
kneaded easily. The 60 % hot water was added in 100 %
tapioca flour formula. The 25 % hot water was added
in 75 % tapioca flour formula, while 50 % and 25 %
tapioca flour formula without water added. The crispy
snack production process was modified from Tangkanakul
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(2003). First of all, tapioca flour and bamboo shoots
according to the recipe were mixed and kneaded together.
Secondly, the mixture was molded into a rectangle 40
mm long and 20 mm wide before steaming for 1 hr. Then,
it was put in room temperature and cooled at 4°C for 12
hr. It was cut into sheets with a thickness of about 2 mm
and dried at 60°C for 6 hr. The raw crispy snack products
were kept in sealed container. The ready-to-eat crispy
snack preparation, the raw crispy snacks were fried at
180°C for 30 sec or until or until cooked throughout
the sheet by observing from the blooming of the crispy
snack and were kept in sealed container.

The appearance of crispy snack was observed,
consisting of forming ability after mixing, swelling after
steaming, gel stability after steaming, cutting ability
after chilling, swelling rate after frying, hardness of raw
crispy snack, hardness of ready-to-eat crispy snack,
bamboo shoots flavor intensity of ready-to-eat crispy
snack and yellow color intensity of ready-to-eat crispy
snack. The analysis of the quality of the crispy snack in
various areas as follows:

2.1 The weight loss value of ingredients after
steaming, cooling, drying, and frying were analyzed. The
crispy snacks before and after processing were weighted
by balance (Zepper EPS-3001, China). Weight loss was
defined as follows: weight loss (%) = [(Weight of crispy
snacks before processing - Weight of crispy snacks after
processing)/ Weight of crispy snacks before processing]
x 100 (Kotoki & Deka, 2010).

2.2 The moisture content in raw crispy snacks and
ready-to-eat crispy snacks were measured (Moisture
Meter, GM640, China).

2.3 The swelling rate of crispy snacks was analyzed
by replacing sesame seeds (Tiwthao, 2014). The swelling
rate was defined as follows: swelling rate = (Volume of
raw crispy snack (ml) / Weight of raw crispy snacks (g))
/ (Volume of ready-to-eat crispy snacks (mg) / ready-to-
eat crispy snacks (g))

2.4 The hardness of raw and ready-to-eat crispy
snacks were measured using a hardness instrument
(Daiichi FG 520K, Japan). The cylindrical probe was
used, and the unit of force was newton (N).

2.5 Color of raw and ready-to-eat crispy snacks were
measured by color meter (Colorimeter, WR10QC, China).
The CIE system was defined by L * or brightness (0 =
black, 100 = white), a * (+ a =red, -a = green) and b *
(+ b =yellow, -b = Blue).

The optimum ratio of bamboo shoots and tapioca flour
was selected to produce crispy bamboo shoot snacks in

the next step.
3. Study on the effect of different flour types on the
quality of crispy bamboo shoot snacks

The qualities of crispy bamboo shoot snack products
using tapioca flour, glutinous rice flour, rice flour and
wheat flour were compared. The ratio of tapioca flour to
bamboo shoots selected in the previous step was used in
the crispy bamboo shoot snack production. The crispy
bamboo shoot snacks production, according to the steps
mentioned above was carried out. The appearance of
crispy bamboo shoot snack during the production process
was observed, consisting of forming ability after mixing,
swelling after steaming, gel stability after steaming,
cutting ability after chilling, swelling rate after frying,
hardness of raw crispy snack, hardness of ready-to-eat
crispy snack, bamboo shoots flavor intensity of ready-
to-eat crispy snack and yellow color intensity of ready-
to-eat crispy snack. The weight loss, moisture content,
swelling rate, hardness, and color value were investigated
as follows above method. The suitable flour that had good
quality of crispy bamboo shoot snacks was selected for
production in the next step.

4. Study on the effects of flavoring of crispy bamboo
shoot snacks with various flavors on the sensory
acceptance

Raw material preparation: (1) The fresh garlic was
peeled and washed before blending until fine. (2) Young
galangal was washed and cut into small pieces before
blending until fine. (3) Yanang leaves were washed
and cut into small pieces. Yanang leaf to water ratio was
1: 1 by weight before blending until fine. It was filtered
with a thin white cloth. Yanang water was boiled with
bamboo shoots for 30 min. (4) Dried seaweed was
blended into fine powder. (5) The fresh chilli was washed
before blending until fine.

The crispy bamboo shoot snacks production using
various flavors, consisting of original, garlic and
pepper, young galangal and Yanang leaves, seaweed and
black sesame, spicy and barbecue were investigated. The
1% sugar and 0.3% vegetarian mushroom seasoning
powder were added in original formula and other
formulas of crispy bamboo shoot snacks. The 0.5%
garlic and 0.1 % pepper were added in garlic and pepper
formula. The 0.5% young galangal was added in
galangal and Yanang leaf formula. The 2% black sesame
and 1% seaweed were added in seaweed and black
sesame formula. The 0.5% fresh chilli was added to spicy
formula. The 1% barbecue flavor was added to barbecue
formula. The production of crispy bamboo shoot snacks

Effects of Components on Qualities of Crispy Bamboo Shoot Snack

Charoenphun & Pakeechai



Journal of Food Health and Bioenvironmental Science (September-December 2020), 13(3): 16-25 19

according to the steps mentioned above was carried out.
The sensory evaluation by 30 untrained panelists was
investigated. The importance of liking of appearance,
flavor, taste, texture, and overall liking were expressed
by 9-point hedonic scale. The suitable formula was
selected for crispy bamboo shoot snacks prototype
products.
5. Chemical composition analysis

Chemical composition of the crispy bamboo shoot
snacks including moisture content, protein, fat,
carbohydrate, ash and total energy were investigated
(Association of Official Analytical Chemists, 2012).
6. Statistical analysis

The completely randomized design (CRD) was used.
The statistical technique one-way ANOVA was used for
calculating. Duncan’s new multiple-range Test (DMRT)
was used to compare the difference in the average values
at the 95% confidence level.

Results and discussion

1. Effect of different ratios of tapioca flour and
bamboo shoots on the quality of crispy snack
Effects of different ratios of tapioca flour and
bamboo shoots on the observable characteristics of crispy
snacks are shown in Table 1. It was found that the ratio
of tapioca flour to a bamboo shoot at 25:75 was not
suitable for crispy snack production. Obviously, it was
formulated with a low tapioca flour and high bamboo
shoots content. It was difficult to mold due to there being
too little tapioca flour resulting in the low agglomeration
of the mixture. The texture of crispy snacks during
forming was very soft. There was a low swelling rate
after steaming. The gelling structure after steaming
was weak and unstable. It was quite difficult to cut into
pieces after chilling. The crispy snack had the lowest
swelling rate after frying. The texture of raw crispy
snack and ready-to-eat crispy snack were quite fragile.
Apparently, the ratio of tapioca flour and bamboo shoots
at 100:0, 75:25 and 50:50 was suitable for crispy snack
production. It was molded easy due to the appropriate
ratio of tapioca flour and bamboo shoots, resulting in
better agglomeration of raw materials. The texture of
crispy snacks during forming molds easily, not too sticky
or too messy. There was a high swelling rate after
steaming. The gel structure was quite strong and stable.
It was quite easy to cut into pieces after chilling. The
crispy snack had the highest swelling rate after frying.
The suitable texture of raw crispy snack and ready-to-eat

crispy snack were suitably crispy were not easily broken,
not sticky or hardened.

The ratio of tapioca flour and bamboo shoots were
an important factor in the quality of the crispy snack. If
the bamboo shoots add too little, there will be no
fragrance of bamboo shoots such as the ratio of tapioca
flour to bamboo shoots at 100:0 and 75:25. Conversely,
the bamboo shoots were added in high volume such
as the ratio of tapioca flour to bamboo shoots at 25:75,
resulting in the low swelling rate. In terms of color, 100 %
tapioca flour was used in crispy snack which was white
in color. Bamboo shoots were added at 25 %, 50 % and
75 % that was yellow color of crispy snack. The intensity
of the yellow color will increase, according to the amount
of bamboo shoots in the formula. Basically, the production
of crispy snack relies on the basic principle of gelatinization
of the flour granule is occurring, which must be
completely produced to get a good product (Tangkanakul,
2003). In general, characteristics of crispy snack according
to product standards are specified. The raw crispy snack
must be dry, non-sticky, and in separate pieces. The
ready-to-eat crispy snack must be crispy, not sticky, or
more hardened, good, and consistent swelling (Thai
industrial standards institute, 2006). The flour solution
is gelatinization when heated during steaming. It causes
changes in the internal molecules because the hydrogen
bonds within the starch molecules was destroyed by the
heating process. The amylose and amylopectin polymers
that are tightened in the granule will relax and combine
with the surrounding water, resulting in changes in
appearance, puffed of grain, and the viscosity of the flour
solution continuously increasing (Damondaran & Parkin,
2017).

Table 1 Effect of different ratios of tapioca flour and bamboo shoots on the
observable appearance of crispy bamboo shoot snack

The ratio of tapioca flour to bamboo
Observable appearance

100:0 | 75:25 | 50:50 | 25:75
Forming ability after mixing | | A ++
Swelling after steaming | +++ +
Gel stability after steaming | | A +
Cutting ability after chilling Pt | A | ++
Swelling rate after frying | | +
Hardness of raw crispy snack | -+ ++
Hardness of ready-to-eat crispy snack| ++++ ++ ++ +
Bamboo shoot flavor intensity of - ++ |
ready-to-eat crispy snack
Yellow color intensity of ready-to-cat - ++ |
crispy snack

Remark: + = very low, ++ = low, +++ = moderate, ++++ = high, +++++ = very
high
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The effects of different ratios of tapioca flour and
bamboo shoots on weight loss, moisture content, swelling
rate and hardness of crispy bamboo shoot snack are shown
in Table 2. It was found that the weight loss after
steaming varied directly as the amount of bamboo shoots.
The weight loss after freezing, drying and low frying
were inversely proportional to the amount of bamboo
shoots. Specifically, the amount of tapioca flour had the
lowest content that it caused the gel weakness after
gelatinization. Moreover, the high initial moisture
content of boiled bamboo shoots was 91.90-93.50 %
(Mogkhuntod et al., 2017). It caused an unbalanced
composition with a higher amount of liquid than solid.
The free water had a higher evaporation during steaming,
resulting in greater water loss than other formulas. In
contrast, the formulas using the ratio of tapioca flour to
bamboo shoots at 100:0 75:25 and 50:50 were observed.
It was formulated with the right amount of tapioca flour
and bamboo shoots. The gelatinization during steaming
had a strong structure that the low weight loss.

The weight loss after chilling of all formulas have no
significant difference to the 95% (P > 0.05). The weight
loss after chilling may result from starch retrogradation.
It occurs when a gelatinized starch paste was cooled. The
glucose molecules in amylose and amylopectin chains
are reconnected with hydrogen bonds and the water is
eliminated. It is called syneresis that new crystals were
created (Damondaran & Parkin, 2017). The weight loss
after drying varied directly as the amount of tapioca flour.
The water is eliminated during drying when air or hot air
blows over the surface causing weight loss. The heat is
transferred to the surface of the crispy snack and the
water is eliminated by the latent heat of vapor formed.
The water vapor is spread through the air film and is
blown away by moving hot air. It causes the vapor
pressure at the surface of the crispy snack that it is
lower than the pressure on the inside of the crispy snack,
resulting in differences in vapor pressure. The inner
layer of crispy snack will have high vapor pressure and
gradually decrease when the crispy snack layer near the
dry air. This difference of vapor causes pressure to expel
water from the crispy snack (Fellows, 2017).

The weight loss after frying varied directly as the
amount of tapioca flour. In general, the method used for
crispy snack frying is deep-fat frying. The heat transfer
in the oil, frying is the convection of the hot oil and the
heat conduction inside the products. The product surface
will receive similar heat, resulting in consistent color and
external appearance (Mogkhuntod et al., 2017). Most

water is eliminated during the drying process. Therefore,
there will be only a small amount of free water in raw
crispy snack, resulting in a slight weight loss during the
frying process. There are oil particles replacing the
amount of evaporated water and the space inside the
product, causing the oil content to increase and moisture
to be reduced (Rattanathammawat et al., 2003).

The moisture content of all raw crispy snacks had
an average of 9% by weight and ready-to-eat crispy
snack has an average of 3% by weight. It was in the
value range as according to the standard crispy snack
products. The moisture content of raw crispy snacks must
not exceed 12% by weight and the moisture content of
ready-to-eat crispy snack must not exceed 4% by weight
(Thai industrial standards institute, 2006). Drying was
an important step affecting on puffing and pore
consistency which was related to the moisture content in
the crispy snacks. Generally, a crispy snack is heated
from oil, which causes the water in the flour to vaporize.
The vapor pressure in the crispy snack expands into a
pore. The optimum moisture of raw crispy snack is
approximately 12% by weight. If the raw crispy snack
has moisture below 7-8%, that is baked too long, the raw
crispy snack will crack. Conversely, if it is baked, or dried
in the sun is a short time, will get a raw crispy snack with
high humidity. There are some large, small, irregular
porous holes when deep-frying that is characteristic of
low-quality crispy snack (Tangkanakul, 2003). The
hardness and swelling rates from raw crispy snack to
ready-to-eat crispy snack after frying were observed. It
is found that all formulas of crispy snack, a swelling rate
and hardness have significance differences of the 95%
(P<0.05). The swelling rate and hardness of crispy snack
varied directly as the amount of tapioca flour. Basically,
the swelling of crispy snack is caused by many factors,
such as the tapioca flour processing, kneading, steaming,
chilling, drying and heating under high temperature by
frying until causing the puffiness of the crispy snack
(Fellows, 2017). The swelling rate of the crispy snack
using the ratio of tapioca flour to bamboo shoot 25:75
had the lowest value because it is a low amount of
tapioca flour. The swelling rate is related to the hardness
of the crispy snack. If the amount of tapioca flour is
high, it will cause the high gelatinization. It affects the
viscosity of the crispy snack and making the strong
structure of crispy snack. The hardness of raw and
ready-to-eat crispy snacks were compared. It was found
that ready-to-eat crispy snack was lower hardness than a
raw crispy snack. Because the frying causes the expansion
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of the structure that the structural strength to decrease
(Kengkhetkit et al., 2019).

Table 2 Effect of different ratios of tapioca flour and bamboo shoots on the
quality value of crispy bamboo shoot snack

Quality value of The ratio of tapioca flour to bamboo

crispy snack 100:0 | 75:25 | 50:50 | 25:75
Weight loss after steaming (%)  |-1.67£0.29°| -1.07+1.51° | -0.33+0.47°| 9.33+1.70°
Weight loss after chilling ns (%) | 2.46+0.50 | 2.12+1.37 | 1.99+0.80 | 1.85+1.07

Weight loss after drying (%) 32.98+1.39°(29.62+1.3626.09+3.3723.980.34¢

Weight loss after frying (%) -0.9540.78" | -1.53+0.54* | -1.85+0.69*| -3.96+0.79°
Moisture content of raw crispy | 9.20+£0.00* | 9.19£0.01* | 9.18+0.00*| 9.17+0.02°
snack (% by weight)

Moisture content of ready-to-eat | 3.14+0.04 | 3.11+0.02 | 3.10+0.00 | 3.09+0.01

crispy snack™ (% by weight)

Swelling rate after frying 1.02+0.01* | 0.90+0.01° | 0.85+0.02°| 0.56+0.02°
Hardness of raw crispy snack (N) [17.63+0.14%| 14.300.13|12.32+0.04¢ 7.23+0.02¢
Hardness of ready-to-eat crispy | 11.23+0.09*| 9.20+0.06° | 7.27+0.04¢ | 3.29+0.10¢

snack (N)

Remark: mean+SD, “dmeans within each row indicate significant differences
(P <0.05) and ™ means not statistically significant (P > 0.05) using
Duncan's multiple range test

The effects of different ratios of tapioca flour and
bamboo shoots on the color values of raw and ready-to-
eat crispy snacks are shown in Table 3. It was found that
the brightness (L *) varied directly as the amount of
tapioca flour. The brightness of ready-to-eat crispy snack
is greater than raw crispy snacks. The a * shows the red
to green color values. If a * is negative, is in the green
range and a * is positive, is in the red range. The a *
value of ready-to-eat crispy snacks varied directly as the
amount of bamboo shoots. The b * value indicates the
yellow to blue range. If the b * value is negative in the
blue range and the b * positive value is in the yellow
range. The b * value of crispy snacks varied directly as
the amount of bamboo shoots. Specifically, the crispy
snacks without adding bamboo shoots had white color
from tapioca flour. The yellow color of bamboo shoots
is caused by the chemical composition which affects the
color change such as carotenoids and chlorophyll (Bal et
al., 2011). Carotenoids are yellow, orange, red, and red

orange pigments. It is found in plants and organisms that
can be synthesized by light. It is worked with chlorophyll,
which is a green pigment. The chlorophyll absorbs
energy from sunlight, photosynthesis and helps plant
growth and protection from light hazards. Generally,
chlorophyll is unstable to heat. If it exposed to heat,
it changes to phytotin causing the green color to turn
greenish brown (Damondaran & Parkin 2017). The crispy
snack is heated by steaming, drying, and frying. It is
resulting in chlorophyll being destroyed and changing
color. The observable appearance and various quality
values were considered. The suitable ratio was selected
for development into crispy bamboo shoot snack in the
next step. The tapioca flour and bamboo shoot equal to
50:50 was suitable formula. It is easy molding, good
swelling, and strong structure after steaming, cut into
pieces easily, good swelling after frying, and a clear
aroma of bamboo shoots.
2. Effect of different flour types on the quality of
crispy bamboo shoot snack products

The effect of different types of flour at the ratio of
flour and bamboo shoots equal to 50:50 on the
observable characteristics of crispy snacks shown in
Table 4. It was found that tapioca flour has better the
observable appearance than the other flours, such as
forming ability after mixing, swelling after steaming, gel
stability after steaming, cutting ability after chilling,
swelling rate after frying, hardness of raw crispy snack,
and hardness of ready-to-eat crispy snack. The aroma
of bamboo shoots in all formulas has no significance
differences of the 95% (P > 0.05). The tapioca flour and
wheat flour formulas had a darker yellow color than
glutinous rice flour and rice flour formulas. The kneading
and molding process using glutinous rice flour, rice flour
and wheat flour were more difficult than tapioca flour
and sticky of texture, the puffiness after steaming of all
formulas was compared. It was found that tapioca flour
had the highest swelling rate, followed by glutinous rice
flour, wheat flour and rice flour, respectively. The rice

Table 3 Effect of different ratios of tapioca flour and bamboo shoots on the color value of crispy bamboo shoot snack

The ratio of tapioca Raw crispy snack Ready-to-eat crispy snack
flour to bamboo L* a* b* L* a® b*
100: 0 70.74+0.21* -0.82+0.03¢ -0.25+0.02¢ 77.19+0.17° -0.13+0.01¢ 0.81+0.04¢
75:25 54.17+0.19° -0.32+0.02¢ 2.83+0.03¢ 65.58+0.10° 0.45+0.06° 9.31+0.03¢
50:50 52.59+0.05° -0.27+0.10° 3.72+0.06° 60.29+0.04¢ 4.924+0.01° 12.24+0.09°
25:75 45.50+0.07¢ 1.70£0.07° 9.73+0.06* 48.84+0.07¢ 8.43+0.04° 16.28+0.09*

Remark: mean+SD, ¢ means within each column indicate significant differences (P < 0.05) using Duncan's multiple range test
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flour formula had the lowest swelling rate and high gel
stability after steaming. The rice flour gel had a rather
more the dense texture than other flour. It had low
flexibility that different from the tapioca flour gel. It was
soft and flexible. The glutinous rice flour and wheat flour
gel had low stability. The cutting ability after chilling
was investigated. It was found that the tapioca flour and
rice flour formulas were cut easily. The glutinous rice
flour and wheat flour formulas were difficult for cutting
due to being sticky. In terms of swelling after frying, the
tapioca flour had the highest swelling rate, followed
by glutinous rice flour, wheat flour and rice flour,
respectively. The texture of raw crispy snacks was
stronger than ready-to-eat crispy snacks. The ready-to-eat
crispy snacks using tapioca flour had a suitable hardness.
The rice flour formula had the least hardness, brittle and
easily broken.

The type of flour is an important factor that affects
the quality the crispy snack. In various flour had different
quality, such as the characteristics of cooked flour,
temperature for making the dough cooked, the texture of
the toughness, swelling, and crispy. Because each type
of flour contains amylose and amylopectin in different
proportions. The amount of amylose to amylopectin in
tapioca flour, rice flour, wheat flour, and glutinous rice
flour were, 17:83, 17:83, 28:72, and 0:100, respectively.
The texture of cooked flour that contains high amylose
had high hardness while the high amylopectin flour
had highly sticky and flexible. The ratio of amylose to
amylopectin was related to swelling rate. The flour that
high amylopectin was good swelling, lightweight, and
brittle products 1 (Tangkanakul, 2003).

Table 4 Effect of different flours on the observable appearance of crispy bamboo
shoot snack

Flours
Observable appearance

Tapioca |Glutinous|  Rice | Wheat
rice
Forming ability after mixing +++ ++ ++ T+
Swelling after steaming -+ +++ + ++

Gel stability after steaming - ++ |
Cutting ability after chilling -+ ++ -+ ++
Swelling after frying -+ ++ + ++
Hardness of raw crispy snack - e + ++
Hardness of ready-to-eat crispy snack | +++ ++ + +
Bamboo shoot flavor intensity of ++++ -+ |
ready-to-eat crispy snack

Yellow color intensity of ready-to- -+ R 4+ e+

eat crispy snack

Remark: +=very low, ++ = low, +++ = moderate, ++++ = high, +++++ = very
high

The effects of different flour types on weight loss,
moisture content, swelling rate and hardness of crispy
snack are shown in Table 5. It was found that the weight
loss after steaming, after cooling, and after drying of all
formulas have no significant differences of the 95%
(P>0.05). The weight loss of tapioca flour and rice flour
formulas were higher than rice flour and wheat flour
lightly. The moisture content of raw and ready-to-eat
crispy snacks after frying were 8.94-9.21 % by weight
and 2.98-3.13 % by weight. It was in the standard range
of general crispy snack products (Thai industrial standards
institute, 2006). The swelling rate and hardness of crispy
snacks after frying using tapioca flour had the highest,
followed by glutinous rice flour, wheat flour and rice
flour, respectively. Totally, the hardness of raw crispy
snacks was higher than ready-to-eat crispy snacks.

There are many factors affecting on the swelling of
flour, such as non-carbohydrate composition in starch
granules, types of starch, strength, and appearance of the
network structure within the grain, etc. Non-carbohydrate
composition in starch granules, gluten in wheat flour
which is a glycoprotein found in the endosperm of wheat.
It is caused by the combination of glutenin and gliadin
proteins in equal proportions. It is creating a disulfide
bond, insoluble in water, making the gluten tough and
flexible (Damondaran & Parkin, 2017). The glutinous
rice flour, rice flour and wheat flour, which is flour from
cereals, have a 2-puffing pattern. The bonding forces in
flour are crystal and the amorphous bond. The cereal
flour has the highest number of bonds but has the lowest
swelling and dissolving. It has a high amount of amylose
which amylose will strengthen the network structure and
low swelling (BeMiller & Whistler, 2009). Glutinous
rice flour is without amylose but is high amylopectin. It
had good swelling, light weight, but easily brittle
(Tangkanakul, 2003). Tapioca flour made from the root
section or the middle of the stem. There is only one
layer of swelling. Puffing power is higher than flour from
cereals since there are fewer bonds. In addition, the flour
from the root section causes gelatinization at lower
temperatures than cereal flour, which is related to the
hardness of the crispy snack. It may be caused by the
number and type of bonds within the starch molecules.
The factors affecting on the number of bonds including,
size, shape, composition, distribution of the network
structure within the starch granule, the ratio of amylose
and amylopectin, molecular weight, molecular distribution,
number of branches, the arrangement of molecules and
the length of the branch in the amylopectin structure, etc
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(BeMiller & Whistler, 2009). These factors resulted in
different hardness values of crispy snack produced from
different types of flour. The rice flour formula had the
lowest hardness, brittle and easily broken that consistent
with the observable appearance.

Table 5 Effect of different flours on the quality value of crispy bamboo shoot

snack
Quality value of Flours
crispy snack Tapioca Glut.inous Rice Wheat
rice

Weight loss after steaming ™ (%) | -0.33+£0.47 | -1.00£1.63 | 0.33+1.70 | -2.00+1.63
Weight loss after chilling ™ (%) | 1.99£0.80 | 2.63+1.22 | 3.66+0.88 | 1.94+1.35
Weight loss after drying ™ (%) | 26.09+3.37 | 25.76+0.20 | 28.12+1.26 | 26.32+2.45
Weight loss after frying (%) -1.85+0.69" | -2.75+1.15 | -5.81+1.25°| -5.45+1.15°
Moisture content of raw crispy | 9.18+0.00° | 9.10+0.01% | 8.94+0.00c | 9.21+0.02*
snack (% by weight)
Moisture content of ready-to-eat | 3.10+0.00° | 3.13£0.00* | 2.98+0.01¢ | 3.00+0.02¢
crispy snack (% by weight)
Swelling rate after frying 0.85+0.02* | 0.72+0.01° | 0.06+0.02¢ | 0.54+0.01°
Hardness of raw crispy snack (N)|12.32+0.04| 10.40+0.03°| 5.19+0.07¢ | 8.20+0.03¢
Hardness of ready-to-eat crispy | 7.27+0.04* | 5.43+0.01° | 2.13£0.0% | 4.00+0.02¢
snack (N)

Remark: mean+SD, *¢ means within each row indicate significant differences
(P <0.05) and ™ means not statistically significant (P > 0.05) using
Duncan's multiple range test

The effects of different types of flour on the color
value of raw and ready-to-eat crispy snack are shown in
Table 6. The results indicated that raw crispy snack using
rice flour for the production had the highest brightness,
followed by glutinous rice flour, tapioca flour and wheat
flour, respectively. In terms of ready-to-eat crispy snack,
glutinous rice flour had the highest brightness, followed
by tapioca flour, rice flour and wheat flour, respectively.
The a * value of raw crispy snack produced from tapioca
flour had a negative value that was in the green range.
There was a positive value for other formulas in the red
range. The a * value of ready-to-eat crispy snack was
positive in the red range. The b * values of raw and
ready-to-eat crispy snack in all formulas were positive
in the yellow range. The yellow color of the crispy snack
was the result of the pigment in bamboo shoots that
mentioned above. In addition, using different flours

Table 6 Effect of different flours on the color value of crispy bamboo shoot snack

23

results in the brightness of ready-to-eat crispy snack was
different. The tapioca flour formula and glutinous rice
flour had a high swelling rate, resulting in the structure
of the cracker to expand. The brightness of ready-to-eat
crispy snack was higher than a raw crispy snack. The
rice flour formula and wheat flour to produce raw crispy
snack had a higher brightness value than ready-to-eat
crispy snack that due to having a low swelling rate. The
fried crispy snack had darker color, result in the Maillard
reaction. It is a non-enzymatic browning reaction. It
occurs between reducing sugar and amino acids, protein
or other nitrogen compounds under the heat catalyzed.
The various compounds that give brown color and
various flavorings were the products of Maillard reaction
(Damondaran & Parkin, 2017).

The observed appearance and quality of the crispy
snack were considered. It was found that tapioca flour
has better the observable appearance than the other flours,
such as forming ability after mixing, swelling after
steaming, gel stability after steaming, cutting ability
after chilling, swelling rate after frying, hardness of raw
crispy snack, and hardness of ready-to-eat crispy snack.
Therefore, the tapioca flour was suitable flour for crispy
snack production in the next step.

3. Effects of flavoring of crispy bamboo shoot snacks
with various flavors on the sensory acceptance

The results of flavoring of crispy snacks with
various flavors on the sensory acceptance are shown in
Table 7. It was found that all crispy snacks flavored had
a high average score in appearance, flavor, taste, texture,
and overall liking in the medium to like very much. The
original, seaweed and black sesame, and spicy flavor had
ahigher average score in appearance, flavor, taste, texture,
and overall liking than other flavors. All crispy snacks
flavored had unique characteristics. The original flavor
had the sensory characteristics like the crispy snacks that
was commercially available in the market. The garlic and
pepper flavor were outstanding in the aroma of garlic-
pepper mixture. The young galangal flavor mixed with
Yanang leaves was the aroma of young galangal like herb

Raw crispy snack Ready-to-eat crispy snack
Flours
L* a* b* L* a* b*
Tapioca 52.59+0.05¢ -0.27+0.10¢ 3.72+0.06¢ 60.29+0.04° 4.92+0.01¢ 12.24+0.09°
Glutinous rice 53.29+0.08° 2.26+0.08° 4.87+0.06° 70.41+0.07¢ 5.35+0.02¢ 13.57+0.07¢
Rice 70.47+0.07° 0.45+0.03¢ 14.33+0.06* 56.74+0.04¢ 7.37+£0.02° 10.40+0.11¢
Wheat 50.06+0.04¢ 1.38+0.06° 9.29+0.08" 45.35+0.03¢ 8.39+0.04* 7.38+0.07¢

Remark: mean+SD, *¢ means within each column indicate significant differences (P < 0.05) using Duncan's multiple range test
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flavor. There are black sesame and seaweed distributed
in pieces of crispy snacks with the fragrant aroma of
black sesame seeds. The spicy flavor had fresh chilies
and slightly spicy flavor. It was suitable for consumers
who like spicy taste. The aroma of barbecue had the taste
like the crispy snacks on the market that is flavored with
barbecue flavor. All crispy snacks flavored had an
average score in the medium to like very much. It can
be used as a guideline to develop crispy bamboo shoot
snacks for further commercial distribution.

Table 7 Effect of different flavors on sensory evaluation of crispy bamboo shoot

snack
Crispy snack Attribute
flavors Overall
|Appearance| Flavor Taste Texture liking
Original 7.83+0.83% | 7.53+0.82% | 7.77+0.68|7.73+£0.87% |7.87+0.73*®
Garlic and pepper | 7.76+1.21% | 7.40+0.81° | 7.73+0.98% |7.67+0.92% | 7.53+0.97°
Galangal and 7.53£1.10° | 7.47+0.88® | 7.50+1.10° | 7.57+0.93 | 7.50+1.06°

Yanang leaves
Seaweed and black | 8.13+0.90* | 7.93+0.87* | 8.10+0.71* | 8.10+0.84* | 8.13+0.94*
sesame
Spicy
Barbecue

8.03+0.93* | 7.87+0.82| 8.00+0.91|7.87+0.73* | 8.07+0.91°
7.53£1.11° | 7.57+1.01% | 7.80£0.92% |7.67+0.99% | 7.53+0.97°

Remark: mean+SD, *® means within each column indicate significant
differences (P < 0.05) using Duncan's multiple range test

4. Chemical composition of crispy bamboo shoots
snack products

The original, seaweed and black sesame, and spicy
flavor of crispy bamboo shoots snack products (Fig.1)
had the highest score of sensory acceptability in
appearance, flavor, taste, texture and overall liking. It
was selected for chemical composition analysis (Table
8). The crispy bamboo shoot snack produced is rich in
nutrition. It is an interesting alternative product for
consumers who enjoys eating snacks.

[ original | [ Scaweed and black sesame |

e

3 4
Before frying
- “
4
. |

Fig. 1 Appearance of of crispy bamboo shoots snack products

Table 8 Chemical composition of crispy bamboo shoots snack products

Chemical Crispy snack flavors
composition . Seaweed and .
Original black sesame Spicy

Moisture content (%) 3.50+£0.25 2.73+0.22 346+0.19
Protein (%) 1.06 +0.39 2.40+0.41 1.04+0.35
Fat (%) 26.91 +0.45 28.53+0.51 26.93 +0.55
Total carbohydrate (%) 66.64 +0.15 64.36£0.12 66.67 £0.15
Ash (%) 1.89 +0.50 1.98 + 0.66 1.90 + 0.86
Energy (kcal) 513.08+0.49 | 523.81+0.60 513.12+0.52
Conclusion

The optimum ratio of tapioca flour and bamboo
shoots in the production of crispy snack was 50:50, which
has easy molding, good swelling rate and strong structure
ofthe gel after steaming, easy cutting, and good swelling
rate after frying. Tapioca flour was a suitable raw
material for crispy snack producing because of obtaining
good quality products. The original, seaweed and black
sesame, and spicy flavor had a higher score in appearance,
flavor, taste, texture, and overall liking than other recipes.
The prototype crispy bamboo shoot snack can be used
as a guideline for further development of commercial
production as alternative food products for consumers.
It also creates added value for agricultural products. There
may be additional studies on the packaging. That helps
extend the shelf life of the product including modern
packaging designs that attract consumer attention.
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Corncob is one of the main agricultural wastes in the northern part of Thailand.
It is utilized in many proposes such as wood pellet, activated carbon or biochar.
Biochar has several excellent properties that could provide benefits for agriculture
applications such as water absorption, ionic exchange, water holding capacity, and
conductivity. These properties could also offer an advantage for the hydroponics
system. This study selected corncob biochar for improving the growth of
hydroponic plants. Firstly, the commercial biochar will be characterized it’s
chemical and physical properties and then hydroponic plants, namely Red Oak
lettuces, Green Oak lettuces, and Cos lettuces, were grown in the growth medium
with and without biochar in order to compare the growth of plants. It was found that
corncob biochar has high aliphatic carbon content with 99.27 % fixed carbon.
As the morphology properties, it’s surface area, total pore volume and mean pore
diameter are 40.4695 m?/g, 0.0385 cm?®/g, 3.85875 nm., respectively. These
advantage for promote nutrients utilization in the hydroponics system. These are
also affected to different number of leaves of Cos lettuce and dry weight of Green
Oak lettuce from growth media with and without biochar which is reached a
significant difference level (p<0.05). It was suggested that adding a small amount
of corncob biochar could endorse nutrients used in a hydroponics system. This would
advantage for put forth shoots of hydroponic plants. However, the biochar would
benefit for microbial activity that is important to water and nutrient uptake. This
would more advantage if biochar is applied to the soil.

Introduction

this industrial is corncob. This is around 15% of the maize
yield and is more than 1,000,000 tons/year. (Tangtaweewipat

During 2012-2014, around 4,000,000 tons/year et al., 2012). Burning becomes the most common method
of maize was produced in Thailand (Centre for Agricultural ~ to dispose of this large amount of agriculture residual
Information, 2017) which are mostly used as raw material ~ because it is easy and fast. However, this also causes air
for industrial animal feed. One of the main residuals of  pollution (especially pm 2.5) in Thailand. This problem
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has been extremely concerning for the last decade. This
pollution affects health, economics and environment.
The Kasikorn research center reported that the impact
of air pollution on the economy of the Bangkok
Metropolitan Region could be around 3,200-6,000
million baht for I month (Kasikorn research center, 2020).
Additionally, the quality of soil is also reduced from the
burning. This might be because of the annihilation of
the microorganism and porosity destruction in soil by
burning. As the environmental problem from agriculture
waste burring, many alternative solutions were developed
to use the corncob, instead of burning, such as wood
pellet (Tangtaweewipat et al., 2012), activated carbon
(Khoomsab et al., 2015) or biochar (Angmanee et al.,
2017; Tansathit et al., 2016). Among them, biochar is
preferred for agricultural proposes. Generally, biochar is
produced via the pyrolysis process. Several previous
studies applied biochar to improve solid properties
(Angmanee et al., 2017; Novak et al., 2009; Zhu et al.,
2017). The conditions for pyrolyzed different feedstock
types are also studied (Ronsse et al., 2013; Zhu et al.,
2017). As the agricultural benefit, biochar is interesting
because it could be used as soil amendments. This is the
result of the physical properties of biochar which are
high porosity and surface area. These properties could
improve water absorption, ionic exchange and reduce
the density of soil structure, water holding capacity,
conductivity, porosity, and adjusting pH (Angmanee et
al., 2017; Awad et al., 2017; Fryda & Visser, 2015;
Tansathit et al., 2016). Moreover, biochar could limit the
heavy metal and over secondary macronutrients into the
plant nutrients absorption process (Rizwan et al., 2016).
The pyrolysis biochar could improve the water-holding
capacity and reduce water and nutrient leaching (Jahromi
et al., 2018). As these advantages, biochar is suggested
as a growth media for hydroponics (Awad et al., 2017;
Blok et al., 2017; Vaughn et al., 2015). Moreover, the
biochar molecules are stable and highly resilient to
microbial degradation (Blagodatskaya et al., 2014;
Singh et al., 2017). Hence, the introduction of biochar
may not only maintain suitable nutrients for plant growth
but may also restrict the unwanted algal growth around
the plant root, preventing the adverse effect of these
microbial on crop yield. However, further research is
required to proof the practicality and benefits of using
corncob biochar as a growth medium in hydroponic
systems.

Now a day, biochar could be used for hydroponics
growing medium. These could be produced from rice

husk biochar (Awad et al., 2017; Blok et al., 2017), rice
straw biochar (Vaughn et al., 2015) or agriculture residual
biochar (Blok et al., 2017). It might be assumed that the
properties of growth medium for Hydroponics could be
improved by adding some of the biochar. This study has
produced significant evidence backing this claim. The
aim of this work is to study the benefits of biochar from
corncob as the growth medium for hydroponics plants.
Three common hydroponics plants are selected in this
study which are Red Oak lettuces, Green Oak lettuces,
and Cos lettuces. We hope that by increasing the
applicability of the biochar and increasing the
productivity of hydroponic plants, the inappropriate
burning of the agriculture residual should be lowered.

Materials and methods

In this study, the commercial biochar was sent
from Mae Chaem, Chiang Mai, Thailand which are the
major source of the corncob. The biochar was pyrolyzed
from corn crop at an operating temperature around 650°C.
This biochar was characterized by both chemical and
physical properties. The functional group of this biochar
is analyzed by using Fourier-transform infrared
spectroscopy (FTIR). The surface area and the surface
morphology of the activated carbon were determined by
Brunauer-Emmett-Teller (BET) and a scanning electron
microscope (SEM), respectively. Nuclear magnetic
resonance spectroscopy (NMR) is used for analyzing the
core-structural characteristics of biochar. It was evaluated
via Fourier Transform Nuclear Magnetic Resonance
Spectrometer 400 MHz. (Solid) — NMR 400 MHz.
(Bruker, Germany). It was operated at 13C frequency of
75.5 MHz. Their chemical composition was studied via
Ultimate analysis process. The pH of the biochar was
evaluated by mixing biochar with De-ionized water with
a ratio of 1 % (w/v) and shaking for 24 h. pH was
measured by using multimeter (Multi 350i/SET, WTW,
Germany) (Novak et al., 2009).

After that, the benefit of addition biochar in to
support culture for hydroponic plants was investigated
in the experimental field. The size of hydroponics systems
is 160 cm. x 600 cm. x 80 cm., combined with a nutrient
solution container for growing 160 plants. All testing
samples were cultivated in the hydroponic system with
commercial liquid fertilizer (N=268.5 ppm, P=56.724
ppm, K=326.19 ppm). Three types of hydroponic plants
were selected in this testing which are Red Oak lettuces
(Lactuca sativa var.crispa L.), Green Oak lettuces
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(Lactuca sativa L.), and Cos lettuces (Lactuca sativa L.).
Note that these seed were obtained from Maejo 68 Seed
company, Chiang Mai, Thailand.Ten of these plants will
be implanted in the support culture with and without
biochar. The pots of all testing seed were distributed
uniformly in the hydroponic growth systems were placed
without a greenhouse. For the support culture with
biochar, 1g. of biochar added to the support culture before
seeding. Meanwhile, the control sample is directly
seeding in the support culture. These were harvested
after 45 days of seeding. After that, their growth was
measured. The growth of hydroponic plants from these
two-difference support cultures was identified by
measured width and length of leaf, the number of leaf
and dry weight of plants. The differences in each
treatment were adjudged by Tukey test (P < 0.05).

Results and discussion

1. Fourier-transform infrared spectroscopy (FTIR)

From FTIR spectrum from range between 500-4000
cm’', as presented in Fig. 1, shows the absorption band
of aliphatic carbon (2869 cm™': C-H stretching and 1540:
C=C stretching). The band at 2358 cm! is designated as
the O=C=0 stretching from the adsorbed CO, which
absorbed on the alkaline biochar. The wideband from
1700-1600 cm™ are assigned to C=0 stretching of ketone,
aldehyde or carboxyl groups. As a result, the carbonyl
carbon has a large partial positive charge and the oxygen
has a large partial negative charge as denoted (Smith,
2016). These functional groups benefit for ionic exchange
of nutrient utilization at the roots of plants.
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Fig. 1 The FTIR spectrum of the biochar from corn crop

2. Nuclear magnetic resonance spectroscopy (NMR)

As seen in Fig. 2, the ¥C NMR of biochar was
dominated by the aliphatic C=C and aromatic-C centered
at 124 ppm. Two other peaks centered at 206 and 47 ppm
indicates the presence of carboxyl and aliphatic C-C.

Biochar with high aromatic-C contents is probably
appropriate for long-term C sequestration. Moreover,
biochar with high aromatic-C are resistant to microbial
mineralization (Novak et al., 2009).
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Fig. 2 *C NMR spectral scan of the biochar from corn crop

3. Biochar porosity

In this study, SEM images of biochar from corncob
shown in Fig. 3 with different magnifications. The surface
morphology of the biochar was structure with different
diameters of pores. In Fig.3 (b), the pore size in range of
1 to 7 um. were observed, which is classified as storage
pores (0.5 to 50 um.) (Batista et al., 2018). The BET
results are shown in Table 1. This is influence to capable
of holding water and the retention of nutrients in the
growth media.

Table 1 Porosity properties of corncob biochar

Parameter Porosity Property

40.4695 m */g

0.0385 cm.’/g
3.85875 nm.

Surface area
Total pore volume
Mean pore diameter

Fig. 3 SEM of the biochar from corncob at magnification of (a) 500 x and (b)
3000 x.

4. Chemical properties of biochar

The solution from biochar is in the alkaline pH region
(Table 2). However, Nurhidayat & Mariati (2014)
recommends that pH in range of 5.0 - 7.5 is the suitable
range for nutrient accessibility for the plant. Outside
this range, the nutrient loading for the plant will be
imbalanced. This might advantage to change the acidic
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growth media to improve nutrient utilization for plants.

The proximate results indicate that the fixed carbon
was a dominant content at more than 90% in the biochar
which is consistent with the *C NMR result.

Table 2 Chemical properties of corncob biochar

Sample pH Volatile (%) Ash (%) | Fixed carbon (%)
1 8.33 0.58 0.11 99.32
2 8.32 0.70 0.06 99.24
3 8.30 0.67 0.09 99.25
Average 8.32 0.65 0.09 99.27

5. Effect of biochar on plants growth
The effect of biochar on hydroponic plants growth

were shown as followed. The plants were seeded and
grown in hydroponics growth media with and
without biochar, as seen in Fig. 4 and 5. All of them were
put in the control condition and nutrient.

29

r

Fig. 4 Hydroponic plants seeding in the support culture with biochar (a) and
without biochar (b)
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Fig. 5 Hydroponic plants growth from the support culture (a) with biochar and
(b) without biochar in the (c¢) hydroponic system

All results compare the growth in the term of number
length and width of leaves. It could be seen in Tables
3-6, the different number of leaves of Cos lettuce from
growth media with and without biochar is significant
(p<0.05). The number of leave greatly increased for all
three plants. Meanwhile, the length and width of Cos
lettuce, Red Oak lettuce, Green Oak lettuce from growth
media with and without biochar are not different.
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No. of leaf Length of leaf (cm.) Width of leaf (cm.) No. of leaf Length of leaf (cm.) Width of leaf (cm.)
OWith biochar =5.728 t=0.667 t=-1.8521 O With biochar =1.957 t=-0.938 t=-0.175
m Without biochar Sig=0.001 Sig=0.511 Sig=0.077 ® Without biochar Sig=0.373 Sig=0.376 Sig=0.865

Fig. 6 Comparison of Cos lettuce growth from hydroponic growth media with
and without biochar (n=10)

Fig. 7 Comparison of Red Oak lettuce growth from hydroponic growth media
with and without biochar (n=10)

Dokmaingam et al.

The Improvement of Hydroponics Growth Media by Using the Corncob Biochar




30

_I_

No. of leaf Length of leaf (cm.) Width of leaf (cm.)
OWith biochar =3.277 =1278 t=0.846
® Without biochar S1g=0.017 Si1g=0.249 S1g=0.430

Fig. 8 Comparison of Green Oak lettuce growth from hydroponic growth media
with and without biochar (n=10)

When compared the dry weight of these three hydropon-
ic plants, it is seen that the difference of Green Oak
lettuce dry weight from hydroponic growth media with
and without biochar is significant (p<0.05). While this
is disparate for Cos lettuce and Red Oak lettuce.

70

60

3
= 40
k)
=
- 30
3
= 20
\ ]
0
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OWith biochar t=1.146 t=0.539 =2.420
B Without biochar Sig=0.281 Sig=0.602 Sig=0.039

Fig. 9 Comparison of the dry weight of Cos lettuce, Red Oak lettuce, and Green
Oak lettuce from hydroponic growth media with and without biochar
(n=10)

From the result from Fig. 6-9, the hydroponic plants
which grow from the growth media with biochar grows
better. Since the aliphatic carbon content with 99.27%
fixed carbon and the high porosity of biochar, these have
the advantage that they promote nutrition, from liquid
fertilizer, to hydroponic plants (Awad et al., 2017).
However, the differences in each treatment were showed
to be non-significant according to result off the pH range
of biochar which was in the alkaline region. These should
inhibit the nutrition accessibility of plants (Nurhidayat
& Mariati (2014). Furthermore, the addition of biochar
might impact to reduce Nitrogen (N) and Manganese
(Mn) availability but increased Phosphorus (P) availability
(Atkinson et al., 2010). The biochar property for water
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holding capacity was not accounted in this hydroponics
system which was operated under water-saturated
conditions (Mukherjee & Zimmerman, 2013). However,
the benefit of adding biochar on plant growth might
effective when applied in the soil. As the study of Zheng
et al., (2013) and Ding et al., (2016), suggested that
biochar could improve the rhizosphere and microbial
activity that are important to water and nutrient uptake
which do not exist in the hydroponic environment.

Conclusion

The commercial corncob biochar has high
aromatic carbon and carbonyl group proportion. Their
surface morphology and porosity are advantages for
water retention. These properties may offer several
advantages for the hydroponics system such as provide
resistance to microbial and better nutrient utilization.
Moreover, this biochar also shows an appropriate pH and
high ionic exchange capacity which should benefit the
growth of the hydroponic plants. All these properties
were proved benefits on the growth of the plants
depending on the type of plant. The different number of
leaves of Cos lettuce and dry weight of Green Oak lettuce
from growth media with and without biochar is significant
(p<0.05). It could recommend that adding some corncob
biochar could endorse nutrients used in the hydroponics
system. This would advantage for put forth shoots of
hydroponic plants.
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indistinctum larvae using gut content analysis. The study was carried out in the
stream flows into the Krasiow dam. A total of 126 larvae were captured and had the
head capsule width measured. The gut content was analyzed under microscope.
Seven categories of food items were determined: arthropod fragment, blue green
algae, diatoms, gastropods, green algae, protozoa and rotifers. When comparing
both populations in two seasons, statistically significant differences (P<0.05) were
found for gastropods and protozoa. The food items, arthropods, blue green algae,
diatoms, green algae and rotifers showed no difference between both populations.
Macrostemum indistinctum was found to be an omnivorous collector organism. The
similarities in the seasonal trophic structure might indicate the constant availability

of food.

Introduction

Aquatic insects are one of the most dominant
elements in freshwater ecosystem trophic webs,
participating in energy flow and nutrient cycling (Whiles
& Wallace, 1997). They are also important food
resources for fish (Wallace & Webster, 1996) and some
insectivorous birds (Ward et al., 1995). The distribution
and abundance of insects in freshwater systems is the
result of complex interactions between their ecological
roles and the physicochemical conditions that
characterize the habitat, and food availability (Merritt &
Cummins, 1996). Thus, the community structure depends
on a number of factors, such as water quality, type of
substrate, particle size of sediment, water flow, available

of sediment organic matter, oxygen concentration as well
as environmental conditions surrounding the watercourse
(Ward et al., 1995; Buss et al., 2004). They reflect
environmental changes, aquatic insects are often used as
indicators of the effects of human activity on water
systems, providing information on habitat and water
quality (Woodcock & Huryn, 2007). Amongst the
aquatic insects, order Trichoptera (or caddisflies) are the
most widely distributed; their larvae are common in
running water (Ward, 1992) and they are one of the
relatively well-studied orders of aquatic insects in South
East Asia (Malicky, 2010; Morse, 2017). The larvae of
many species coexist in running waters and are known
to have specific habitat and environmental requirements
(de Moor, 2007).
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The filter-feeding caddisflies of Hydropsychidae
comprise one of the largest families of Trichoptera, with
about 1,756 described adult species worldwide (Morse,
2011). Larvae of hydropsychids live in running waters
and are generally collectors-filterers. Hydropsychidae
larvae use nets spun with their silk glands to capture
drifting food materials in stream (Merritt & Cummins,
1996). They usually construct a silken filter net at the
entrance to their fixed tubular retreat (Wiggins, 1996).
Larvae present a high ecological diversity and display a
wide range of tolerance to different levels of pollution,
which makes them very useful organisms in biological
water quality monitoring programs (Resh, 1995). The
species Macrostemum indistinctum Banks 1911 from the
Thai basin constructs a tube of sand grains (Fig. 2) on
the sandy bottom of streams and utilizes an extremely
fine meshed net that captures food. However, it is not
known on the trophic behavior of this species in the study
area during a year sampled, the aim of the present paper
was to determine the feeding habits of M. indistinctum
larval stages using gut analysis from the two seasons
collected in corresponding on water quality measurement.

Materials and methods

1. Study area

The study was conducted in the stream flows into the
Kasiow reservoir, Dan Chang district, Suphan Buri
Province, Thailand (14°56.859'N, 099°38.118 E) (Fig.
1). This stream is part of the Tha Chin River, and is 140
km long. The stream watershed is located between Khao
La and Khao Yai, north of Ban Rai district, Uthai Thani
Province. The study site is located at an elevation of
81 m and the stream is on average 2.0 m wide and 0.6 m
deep. It presented clear water, gravel, a sandy muddy
bottom, and marginal herbaceous vegetation. The
collecting sites are located in the extensive areas with
the sugar cane cultivation.
2. Sampling and laboratory analyses

Nine water physicochemical variables were measured
once a month during January to December 2019. The
physicochemical water quality parameters were recorded
directly at the sampling site and included pH (measured
by a pH-meter Waterproof Model Testr30), water
temperature (measured by a hand-held thermometer),
and dissolved oxygen (DO, measured by a HACH®
Model sensION 6 DO meter), total dissolved solid (TDS)
and electrical conductivity (EC) (measured by a
EURECH CyberScan CON110 conductivity/TDS meter).

Water samples from each collecting period were stored
in polyethylene bottles (500 mL). Ammonia nitrogen
(NH,-N), sulfate (SO,”), nitrate-nitrogen (NO,-N),
orthophosphate (PO,*), and turbidity were determined
in accordance with standard procedures (American
Public Health Association (APHA), 1992).

Aquatic insects were collected during the wet season
(July to October 2019) and cold-dry season (November
to April 2019), along with 50 m stretch of the stream.
Samplings were collected with a D-frame kick net with 250
um mesh size, including by hand picking. The caddisflies
larvae, M. indistinctunm (Fig. 2) were taken together
with other aquatic insects and preserved in 70% ethanol.

All the organisms were sorted and kept its in 70%
ethanol. For the M. indistinctum, head capsule width was
use to classified into the larval instar, following the
method described by MacKay (1978). Head capsule
width was measured using an ocular micrometer. The
numbers of larval instars were determined by analyzing
the frequency distributions of head capsule widths,
following which the width ranges for instars were
determined for each month.

For a qualitative assessment of the chief food item
of M. indistinctum, a total of 50 larvae of the cold-dry
season and 66 larvae of the wet season were dissected
under a stereomicroscope (Olympus SZ51). The whole
digestive tracts were removed to a glass slide with water,
shredded, and examined under dissecting and compound
microscopes (Olympus CX31). Gut contents were
separated into arthropod fragment, blue green algae,
diatoms, gastropods, green algae, protozoa, and rotifers.

Kasiow dam

e

Fig. 1 Map of the Kasiow reservoir showing the sampling site (A) Dam inlet,
(B) the collecting sites, and (C) Map of the Kasiow reservoir
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Fig. 2 The characteristics of larva with case (A) and larva of Macrostemum
indistinctum (B)

3. Data analysis

The SPSS v. 13.0 (http://www.spss.com/) was used
to perform the statistical analyses. Mean, standard
deviation, maximum and minimum values of prey (as
the maximum and minimum number of individuals
identified) were calculated for the percentage of each
item of gut content. The ontogenetic shift on diet was
assessed by means of a correlation (Gamma correlation
test) between larval size (measured as head width)
and percentage of the different items in the larval gut.
To compare the food items in gut contents between
populations in cold dry and wet season, Mann-Whitney
U-test was used.

Results and discussion

1. Physicochemical parameters of water quality
Mean values of selected physicochemical parameters
of water quality at the stream flows into Kasiow dam
during this study are presented in Table 1. All water
parameters such as water temperature, dissolved oxygen
(DO), pH, total dissolved solids (TDS), electrical
conductivity (EC), nitrate-nitrogen (NO,-N), ammonia-
nitrogen (NH,-N), orthophosphate (PO,*) and turbidity

varied significantly during the sampling periods (p<0.05),
using ANOVA (Table 1).

Water temperature greatly varied from 22.37+ 0.21
to 39.50+1.15°C. Temperature is one of the most
important physical parameter in the biosphere, partly
because it affects the movement of saturation constants
of dissolved gasses in water, metabolic rate of organisms
and other factors that directly or indirectly affect life on
earth (Hauer & Hill, 1996). In tropical streams, the mean
annual temperature generally exceed 20°C (Dudgeon,
1999). This average temperature is similar to the average
result in this study.

The mean value of pH ranged from 7.47+0.15 to
9.30+0.44. The pH is parameter concerned with the
concentration of carbon fractions and hydrogen ions
(Goldman & Horne, 1983), which shows a similarly trend
of local and seasonal difference to the previous ions
mentioned (i.e. EC and TDS). However the result of pH
showed significant differences.

The mean value of dissolved oxygen ranged from
6.13+0.16 to 8.63+0.50 mg/L. Beside the ions concentration,
dissolved oxygen is the most widely studied chemical in
aquatic environment. Dissolved oxygen greatly affects
aquatic life as well as biochemical processes. Nearly all
stream organisms are sensitive to DO. Organic pollution
may significantly reduce DO concentration in entire
stream reaches as microbial processes consume the
oxygen from the water (Hauer & Hill, 1996). The fact
that DO saturation mixed well at above 80% at the
unpolluted stream, which is greatly replenished from
the air, supports that DO concentrations of each
month showed significant differences with excessive
concentration.

The mean electrical conductivity values ranged from
202.73+0.59 to 602.334+0.58 uS/cm. Within the water
column, conductivity, which indicates the ability of

Table 1 Physicochemical parameters of the sampling site during January to December 2019*

Parameter/month Jan Feb Mar Apr Jul Aug Sep Oct Nov Dec
Water temp. (°C) 27.67+0.3% 30.13+1.18% 31.30+0.53¢ 39.50+1.15° 29.13+0.06% 29.87+0.06%  29.10+£0.53  31.60+1.08 22.37+0.21% 26.80+0.17°
DO (mg/L) 8.210.13¢ 7.2140.13° 8.63+0.50° 6.88+0.65% 6.13+0.16 6.65+0.07% 7.07+0.03° 6.89:0.07 6.99+0.02° 7.06+0.04¢
pH 8.200.10% 7.9740.40%¢ 8.53+0.06° 7.870.12% 8.030.06°¢ 8.17£0.06%  7.47+0.15* 8.300.00% 9.30:£0.449 8.43+0.06%
TDS (mg/L) 228.67+0.58"  111.67+11.50  134.10+0.75¢ 95.93+1.05%  136.70+3.91° 162570419  175.00£0.26°  245.67+2.528  385.50+0.35 359.00+1.00"
EC (uS/cm) 457.00£1.002  216.00+2.00°  283.33+1.53¢  202.73£0.59*  289.00+0.00°  372.67+1.53°  393.33+1.53f  569.33+1.53"  602.33+0.58! 762.33+4.04
NH;-N (mg/L) 0.08+ 0.04" 0.69:£0.34° 0.23+0.01 0.72£0.04° 0.220.13® 0.20£0.03®  0.48+0.30% 0.26+0.01% 0.15+0.03° 0.24+0.02:
NOs-N (mg/L) 4.13£0.06%9 7.20£0.17¢ 4.1020.17b4 NA 1.7740.15%¢ 1.57£0.46% 5.63+4.21% 2.93£0.06%* 3.70+£0.00¢  4.40+0.62%¢
PO+ (mg/L) 1.18+0.08¢ 2.2540.15°" 0.84+0.04%¢ 0.76%0.25%¢ 0.26+0.27° 0.17+0.07 0.40+0.19%>¢ 0.67+0.102d 1.82+0.39¢ 2.43+0.06"
Turbidity (NTU) 7.39£1.72° 10.55+3.36" 4.96+2.96° 1.87£0.75%  127.33£13.65°  41.63+4.97°  364.33+16.50¢ 7.39£1.72° 10.55+3.36" 4.96+2.96

Remarks: *The heavy rains occur in the month of May and June, environmental variables were no measured. Values with different letters indicate significant mean
difference following Turkey post hoc tests (P<0.05).
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solution to carry on an electric current, is related to the
water fertility (Mustow, 1997). Conductivity was found
as the gradual built-up along a downstream progression,
which was clearly shown in high values in stream flow
in to the Kasiow reservoir. This may be explained by the
dissolution of rocks and soil nearby stream, which was
high up at the lower altitude. Conductivity, moreover,
showed evidence of seasonal pattern, which indicated a
high value in hot-dry season and less value in cold-dry
season and wet season, respectively. This pattern was
explained by the theory of Bishop (1973). In hot-dry
season, the amount of the falling leaves or leaf litters were
high. Leaves were quickly decomposed by high temperature
and then, the soluble nutrients were released into the water.

The mean total dissolved solids values ranged from
95.93+1.05 mg/L to 385.50+0.35 mg/L. Total dissolved
solids is another parameter, which indicates the materials
that are chemically dissolved in water. This includes
materials such as calcium, chloride, sodium, magnesium,
silicate and carbonate. The TDS enters the stream from
three natural sources; (1) atmosphere (i.e. rainfall),
(2) soil and rock weathering and (3) biological process
(Webster & Ehrman, 1996). Seasonal pattern of TDS
indicates that a high concentration of TDS appears
in hot-dry season and is less concentration in cold-
dry season. This shows a similar trend to electrical
conductivity parameter and can be explained by the same
explanation.

The mean turbidity values ranged from 1.87+0.75 to
364.33+16.50 NTU. The high turbidity was recorded
during the wet season due to heavy rainfall. Turbidity
of the water is caused by suspended solids and any
coloration produced by dissolved substance. The source
of suspended solids and dissolved substance can be
inorganic particles and organic debris from soil erosion
in the agricultural areas, with high erosion during the
flood (Bisson & Montgomery, 1996). As results of this
study indicated the turbidity of all month were different,
especially in the month of rainy season. The adverse
effects of turbidity on freshwater system included; low
penetration of light which then reduces primary and
secondary production, high adsorption of nutrient
molecules to suspended materials making the nutrients
unavailable for plankton production, decreased oxygen
concentration, and clogged filter-feeding apparatus, and
digestive organs of planktonic organisms, which may
adversely affect the production of larvae (Gupta &
Gupta, 20006).

The mean dissolved nutrients, NH,-N, NO,-N, and

PO,* concentrations varied from 0.08+ 0.04 to 0.72+0.04
mg/L, 1.57+0.46 to 7.20+0.17 mg/L, and 0.17+0.07 to
2.43+0.06 mg/L, respectively. Nitrates are the most
oxidized forms of nitrogen and the end product of
aerobic decomposition of organic nitrogenous matter
(Qadri et al., 2020). Nitrogen is always present in
aquatic ecosystems and is as abundant as gas in the
atmosphere. Relatively small quantities of nitrogen exist
in the combined forms of ammonia, nitrate, nitrite, urea,
and dissolved organic compounds. Nitrate is usually
the most important nutrient. Natural changes in the
vegetation of the drainage basin caused by fire, floods,
or artificial clearing usually results in an increase of
nitrate in streams. Even moderate environmental
disturbances, such as sensible farming or logging without
severe erosion, release a higher quantity of nitrate more
than ammonia or phosphate (Goldman & Horne, 1983).
Therefore nitrate concentration also reflects the range of
pollution or disturbances, while ammonium concentration
indicates a metabolic waste product of animals. At the
time of this study nitrate concentrations were found
to be slightly low. Although it should be noted that
according to Goldman & Horne (1983) indicated that
the concentration of most nitrogen compounds in lake
and stream tended to follow regular seasonal pattern. The
extreme values in this study in wet and hot-dry season,
respectively, coincide with the recorded heavy rain before
collecting began the same as the value of turbidity and
others. The result of ammonia was also similar to nitrate
concentration. Phosphate, in contrast to nitrate, is
readily adsorbed to soil particles and does not move
easily in groundwater. High flows of total phosphorus is
due to erosion of particles from steep slopes with easily
erodible soils. Agricultural, domestic and industrial
wastes are the major sources of soluble phosphate.
Phosphate containing detergents, for example, commonly
contribute about half the phosphorus contained in
domestic sewage. Here the detected phosphorus is
treated as the reflection of waste within water column
and hill-slope. The amounts of phosphorus concentration
has significant seasonal pattern similarly to the results
of the nitrate and ammonia.
2. Larval instars of Macrostemum indistinctum
From the specimens collected on all occasions during
the wet season (July to October 2019) and cold-dry
season (November to April 2019), a total of 5,583
individual of hydropsychid larvae were found. 126 larvae
of M. indistinctum were identified and measured of
head capsule width.
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Larval head width ranged from 0.13 to 1.98 mm, which
all developmental stages of larvae were present in our
analysis (Table 2). The larvae were classified into five
instars using 126 specimens. Head widths of first instars
ranged from 0.13-0.18 mm (n = 8). Head widths of
second instars ranged from 0.26 to 0.44 mm (n = 18).
The third instars ranged from 0.50 to 0.81 mm (n = 30).
The fourth instars ranged from 0.83 to 1.36 mm (n = 34)
and the fifth instars ranged from 1.38 to 1.98 mm
(n =34) (Fig. 3 and Table 2).

Number of specimen

[}
00 10 20 30 40 S0 60 70 80 .90 1.001.101.201.30 1.401.50 1.601.70 1.80 1.90 2.00 2.10
Head capsule width (mm)

Fig. 3 The frequency distribution of larval instars of M. indistinctum at all
sampling sites, based on head capsule width

Table 2 Median and range of head capsule width (mm) for larval instars of
M. indistinctum during study period

Larval Number Mean head width Range of head width
instar measured (mm) (mm)
1 8 0.16+0.02 0.13-0.18
11 18 0.34+0.05 0.26-0.44
11 30 0.62+0.07 0.50-0.81
v 34 1.06+0.08 0.83-1.36
\Y 34 1.63+0.09 1.38-1.98

3. Larval gut contents in Macrostemum indistinctum

Larval gut contents were assessed qualitatively. Gut
contents were separated into arthropod fragments, blue
green algae, diatoms, gastropods, green algae, protozoa
and rotifers. Gut content analysis indicated that larvae
are omnivorous filterers. The major resource items used

by M. indistinctum larvae were diatoms, green algae and
blue green algae (Tables 3-4 and Fig. 4).

In the cold-dry season, 50 larvae were analyzed gut
content. The most abundant trophic resource was diatoms
followed by green algae, blue green algae, gastropods,
arthropods, rotifers and protozoa (Table 3 and Fig. 4).
Significant positive correlations (P<0.05) was found
between head width and percentage of arthropods
(Gamma correlation = 0.707), blue green algae (Gamma
correlation = 0.352), diatoms (Gamma correlation =
0.587), green algae (Gamma correlation = 0.563), and
rotifers (Gamma correlation = 1.000). No significant
positive correlations was found between larval stages
and percentage of gastropods (Gamma correlation =
—0.034) and protozoa (Gamma correlation = —1.000).
The example of food items in the gut of M. indistinctum
was shown in Fig. 5.

Table 3 Gut contents of the larvae of Macrostemum indistinctum* in the dry
season

Food item/ Instar II Instar III Instar IV Instar V
individual Mean N Mean N Mean N Mean
Arthropods 6 1.2£0.4 15 1.5£0.9 14 3.9+6.8 15 5.64£3.3
(1-2) (1-4) (1-24) (1-13)
Blue green 6 9.6£13.2 15 9.2+85 14 11.6£10.2 15 32.6+452
algae (1-39) (1-33) (1-34) (1-176)
Diatoms 6 45.3+65.2 15 64.5+11 14 165.9+113.1 15 218.5+142.9
(9-211) (11-155) (13-415) (26-573)
Gastropods 6 15.7+16.0 15 9.1+8.6 14 9.2+6.1 15 8.5+6.7
(1-34) (2-29) (2-20) (3-20)
Green algae 6 6.746.5 15 10.0+5.2 14 20.4+9.8 15 37.4+252
(1-35) (1-17) (3-32) (1-74)
Protozoas NA NA 15 1.3£0.6 14 1.0£00 15 1.0+00
(1-2) o M
Rotifers ~ NA NA 15 1.0£0.0 14 1.0+00 15 13.6+14.0
o o (3-38)

Remarks: *Gut content of first instar was not dissected for qualitative assessment

In the wet season, 66 larval analyzed in this study had
gut content, and they ingested mainly diatoms followed
by green algae, blue green algae, gastropods, arthropods,
rotifers and protozoa (Table 4 and Fig. 4). A significant
positive correlation (P<0.05) was found between head
width and percentage of arthropods (Gamma correlation
=0.635), blue green algae (Gamma correlation = 0.660),
diatoms (Gamma correlation = 0.594), green algae
(Gamma correlation = 0.589), and protozoa (Gamma
correlation = 0.280). No significant correlations was
found between head width and percentage of gastropods
(Gamma correlation = 0.103) and rotifers (Gamma
correlation = —0.600).

Comparing populations in two seasons, statistically
significant differences (P<0.05) were found for
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gastropods (Mann-Whitney U = 0.021) and protozoa
(Mann-Whitney U = 0.043). The food items, arthropods
(Mann—Whitney U test, P = 0.564), blue green algae
(Mann—Whitney U test, P = 0.773), diatoms (Mann—
Whitney U test, P=1.000), green algae (Mann—Whitney
U test, P = 0.386) and rotifers (Mann—Whitney U test,
P=0.796) showed no difference between both populations.

Table 4 Gut contents of the larvae of Macrostemum indistinctum* in the wet
season

Food item/  Instar 11 Instar 11 Instar IV Instar V
individual N Mean N Mean N Mean N Mean
Arthropods 12 1.0£0.0 15 1.4%0.5 20 1.6x13 19 4.4+4.1
M (1-2) (1-6) (1-15)
Blue green 12 3.2+13 15 8.8+7.7 20 20.5+28.5 19 43.8+19.7
algae (1-4) (1-27) (2-119) (10-77)
Diatoms 12 1144108 15 86.6+653 20 126.1+115.8 19 269.2£166.0
(1-38) (1-223) (1-386) (7-659)
Gastropods 12 42+32 15 6.7+6.1 20 3.0£2.9 19 8.1£6.3
(1-10) (1-20) (1-11) (1-24)
Greenalgae 12 2.7+22 15 2894251 20 52.8+68.9 19 113.3£102.6
(1-7) (2-82) (2-254) (4-363)
Protozoa ~ NA NA 15 2.0£1.4 20 2.0x1.7 19 324238
(1-3) (1-4) (1-8)
Rotifers NA NA 15 1.0£00 20 2.0+00 19 1.0£00

Q) @ )

Remarks: *Gut content of first instar was not dissected for qualitative assessment

The feeding habits of M. indistinctum populations in
the stream flows into Kasiow reservoir widely coincided
with that observed in other species of Hydropsychidae
larvae populations in Thailand (Maneechan et al., 2018;
Thamsenanupap & Prommi, 2020). They are mainly
filtering-collectors, but detritus is also an important
component of their smaller larvae diet. Among the
food items, diatoms, green algae and blue green algae
are also the major resources for most of the studied
Hydropsychidae species (Maneechan et al., 2018;
Thamsenanupap & Prommi, 2020). When analyzing
changes in diet with growth, apart from a general decrease
in detritus intake, they seemed to be a significant trend
to ingest higher size prey (as gastropods, protozoa and
rotifers) by bigger larvae. This was the result of different
conditions and environmental parameters at the sampling
site (Table 1). The same result was published by Gil et
al. (2008). During both periods the most representative
items were invertebrates and amorphous substance
constituting about 70% of the diet. Hydropsychidae,
Smicridea (Rhyacophylax) dithyra Flint, 1974 between
both periods preferred amorphous material (37.4%),
invertebrate remains (32.6%), filamentous algae (11.5%),
leaves fragments (6.3%), inorganic matter (5.9%) and
unicellular algae (4.8%). Hyphae, fine sediment and

pollen were found in small percentages between 0 and
0.7%. Chaetas of oligochaeta, eggs, legs and tegument
of mayflies and antennas, among others, were observed
in the invertebrate remains.

Hydropsychidae larvae are described as filterer
collectors (Merritt & Cummins, 1984). A filterer
collector is classified by the way that they eat: those
which feed on seston moved by a current, using silk nets
or body parts (passive), and those which resuspension
deposits which are filtered using silk nets or body parts
(active) Palmer & O’'Keefe (1992). Gallardo-Mayenco
et al. (1998) described the feeding habits of
Hydropsychidae in relation to the different net sizes
which can be related to the larvae development stage.

% Arthropods % Blue green algae Diatoms 8 Gastropods
—_— - N\\\\\\\}
3 v AN : NN\
LA BN
P TOONN BN\
N - NN\
g Instar IV RN NN\
E msarm AN EEERNN\\T
Instar 7T RN B\

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Frequency (number of organisms with content)

Fig. 4 Frequency of food items in the gut of Macrostemum indistinctum

The food item composition in larval gut observed in
M. indistinctum obtained from the stream flows into
the Kasiow reservoir was in agreement with the genus
description due to the variety of ingested food items.
Considering the size of the items found in the digestive
tracts of M. indistinctum larvae, the definition given for
omnivorous collectors might be extended since they
have been traditionally described as processors of fine
particulate organic matter (FPOM) and coarse particulate
organic matter (CPOM). However, some cases, coarse
particulate organic matter (CPOM), such as complete
preys or fragments of big filamentous algae, were found.

The similarities found in the seasonal trophic structure
might indicate the constant availability of the food
resource. This possibility was reinforced by some studies
carried out with coleopterans and dipterans, which
showed that a change in the trophic group involved a
change in the proportion of items consumed during the
dry and wet seasons (Motta & Uieda, 2004).
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Conclusion

Most of M. indistinctum consumed diatoms, blue
green algae, and green algae as the main food source.
The small larval of M. indistinctum consumed detritus
as part of their diet, whereas the larger larval consumed
larger food items. M. indistinctum is not exclusively
herbivorous, but rather omnivorous species with flexible
feeding habits. The physico-chemical of water quality
parameters such as electrical conductivity, total dissolved
solids, water turbidity, orthophosphate, pH, water
temperature, dissolved oxygen, ammonia-nitrogen, and
nitrate-nitrogen are currently affecting on the life stages
of M. indistinctum in Kasiow reservoir, Thailand.
Hydropsychidae are richly diverse in Thai streams and
other species can be expected to be affected in the same
way.
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Chenopodium botrys (C. botrys) methanolic extract (Cb.Cr) and subsequent
fractions were screened for inhibitory potentials against cholinesterase's. Acetyl-
cholinesterase (AChE) and butyryl-cholinesterase (BChE) in vitro inhibitory
potentials were evaluated employing Ellman's assay. Lineweaver-Burk a plot (1/v
versus 1/[s]) in which v is the velocity of reaction and [s] is substrate concentration
was sketched by Michaelis-Menten kinetics. In AChE inhibition assay, chloroform
(Cb.Chf), ethyl acetate (Cb.EtAc) and crude extract (Cb.Cr) showed highest
activity with 80.12+1.97, 71.7940.67 and 69.00+1.52% inhibitions at concentration
of 1 mg/mL with IC_ values of 50, 115 and 130 ug/mL, respectively. Similarly,
Cb.Chf, Cb.EtAc and Cb.Cr showed the strongest activity against BChE causing
76.20+0.28, 70.48+0.19 and 62.75+1.79% inhibitions at 1 mg/mL with IC,; of 25,
55 and 195 pg/mL, respectively. For the AChE inhibition, the V/ and K values
were noted as 70.08 pg/min and 55.21 pg/mL intended for Cb-Cr, 54.38 pg/min and
107.6 pg/mL for Cb-Hex, 82.65 pg/min and 51.09 pg/mL for Cb-Chf, 72.83 pug/min
and 63.05 pg/mL for Cb-EtAt, and 64.4 pg/min and 82.27 pg/mL for Cb-Aq. likewise,
the V and K values for BChE also displayed effective inhibitory potential of
Cb-Cr (63.51 pg/min and 51.82 pg/mL), Cb-Hex (53.13 pg/min and 47.71 pg/mL),
Cb-Chf (77.37 pg/min and 33.13 pg/mL), Cb-EtAc (72.28 png/min and 37.84 ng/
mL), and Cb-Aq (59.18 ng/min and 34.67 pg/mL), respectively. In conclusion, C.
botrys contains bioactive components which can be effective in the curing of
Alzheimer's disease (AD) and other stress associated diseases.

Introduction

Medicinal plants, especially herbs, have been used
as the chief source of medicine by majority of world’s

population for many years. The bioactive principles
derived from medicinal plants are providing huge
contributions towards healthcare throughout the world
due to the ubiquitous nature medicinal plants and
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multiple health benefits (Ayaz et al., 2017a). Among the
bioactive principles derived from medicinal plants, some
of the natural compounds have also been proven to show
good results in the treatment of various diseases (Ayaz
etal., 2016). Alzheimer’s disease is one of them, which
shows good results among patients using drugs derived
from plant sources especially “galantamine”. Alzheimer’s
disease is the main/primary cause of dementia which
associated with loss of social as well as intellectual
capabilities and thus may interfere the routine functioning
(Ali et al., 2017). The brain region of the AD patients
prove a progressive loss of cholinergic synapses which
playing higher mental functions, largely in the neocortex
and hippocampus (Ayaz et al., 2017b). A decrease level
of Acetylcholine (ACh) neurotransmitter, In the AD
patients appear to be significant aspect in progression of
dementia (Henry et al., 2010) . Thus, AD, dementia and
other related neurological diseases can be treated via
agents that restore the acetylcholine level by inhibition
of both cholinesterases enzyme like AChE and BChE
which is responsible for its degradation (Ayaz et al.,
2017c). Furthermore, the AChE inhibition acts a vital
role not only increasing the cholinergic transmission, but
also helps in the formation of the neurotoxic fibrils and
to reduce the aggregation of amyloid beta peptide (AB)
in AD (Yoo & Park, 2012; Sadiq et al., 2015). Numerous
treatment approaches have been urbanized, but the most
valuable alternatives approach is cholinesterase inhibitors
in cure of AD.

Currently five drugs including tacrine, eserine,
rivastigmine, galanthamine and donepezil have been
permitted for management of the AD and other
neurological diseases. Among these, galanthamine is
derived from plant sources (Berkov et al., 2009), whereas,
rivastigmine is a synthetic derivative of naturally
occurring compound physostigmine (Russo etal., 2013).
Several other natural compounds including curcumin,
catechins and myricetin are reported to act at various
pathological targets of the AD (Baum & Ng, 2004;
Frautschy etal.,2001; Lim et al., 2001; Ono et al., 2004;
Yang et al., 2005; Ayaz et al., 2019a; Rice-Evans et al.,
1996). The currently available drugs have limitations for
their clinical use due to its serious adverse effects
with bioavailability troubles, hepatotoxicity and gastro-
intestinal disorders (Ullah et al., 2016). Consequently,
investigation for efficacious, safe and more potent AChE
and BChE inhibitors from alternative basis like natural
products is ongoing.

Chenopodium botrys belongs to Chenopodiaceae,

a family employed in traditional medicine as anti-
asthmatic, anthelmintic, anti-spasmodic, and as spice
(Buchbauer et al., 1995). It is traditionally used in various
neurological disorders including convulsions, headache,
CNS stimulant and as neurotonic (Morteza-Semnani,
2015). The species has been reported for the presence of
monoterpenes like delta-3-carene, camphor, fenchone,
mentone, linalool, beta-pinene, nerol, terpineol-4,
thujone, pulegone, and sesquiterpenes such as elemol,
beta eudesmol, beta elemene, (de Pascual-T et al., 1981).
Some flavonoids including salvigenin, hispidulin,
7-methyleupatulin, 5-methyl salvigenin, and sinensetin
have also been isolated from C. botrys (Morteza-
Semnani, 2015). It's essential oils are reported to possess
elemol, ledol, germacrene and other important
compounds. These essential oils are reported to possess
considerable antioxidant, acetylcholinesterase and
butyrylcholinesterase inhibitory potentials (Ozer et al.,
2017). Essential oils secluded from the aerial parts of
C. botrys have been revealed noteworthy anti-fungal and
anti-bacterial activities (Maksimovi¢ et al., 2005). Based
on the relevant traditional uses of the plant and scientific
exploration of its essential oils against cholinesterase's
and free radicals, the current study has been carried out
to investigate AChE and BChE inhibitory potentials of
crude methanolic extract as well as various fractions of
C. botrys.

Materials and methods

1. Plant collection and identification

The aerial parts of C. botrys were collected in July
2013 from district Dir (L), Khyber Pakhtunkhwa,
Pakistan. The plant materials was confirmed via
taxonomy professor, Dr. Jehandar Shah, Shaheed
Benazir Bhutto University, Sheringal, Dir (U) KPK,
Pakistan and plant sample was deposited with voucher
No: CB-1036 at the same University herbarium for future
reference (Ullah et al., 2017).
2. Extraction and fractionation

C. botrys crude powder (6.4 kg) was soaked in 22 L
methanol (80%) for 12 to 14 days with vagarious shaking
and then filtered via muslin cloth. The filtrates were
concentrated at 40°C with rotary evaporator (Heidolph
Laborota 4000, Schwabach, Germany) till a greenish
crude methanolic extract 445 g was obtained. A total of
400 g from this greenish crude methanolic extract (Cb.
Cr) was displayed for fractionation via n-hexane (Cb.
Hex), chloroform (Cb.Chf), ethyl acetate (Cb.EtAc) in
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triplicate and finally aqueous fraction (Cb.Aq) was
collected. The dissimilar fractions acquired were sealed
and hoard at 20°C until required for anti-cholinesterase
evaluation (Shah et al., 2014; Shah et al., 2015). Solvents
were evaporated from various fractions and the effect
of solvents used for UV analysis was nullified as the
analysis were in vitro only.
3. Anticholinesterase assays

In this assay, the enzyme AChE and BChE from
Electric eel and equine serum respectively were used to
probe the enzyme inhibitory potential of C. botrys via
Ellman's assay (Ellman et al., 1961; Khalil et al., 2018;
Ovais et al., 2018a). The Plant samples were mixed
with a small amount of methanol and then dissolved in
0.1 M phosphate buffer in various concentration (125-
1000 pg/mL). The enzyme AChE (518 U/mg) and BChE
(7-16 U/mg) were prepared in 0.1 M phosphate buffer
having pH 8.0 until the last concentrations of AChE and
BChE (0.03 U/mL, 0.01 U/mL) was attained. The other
solutions of this assay like ATchl (0.5 mM), DTNB
(0.2273 mM), and BTchl (0.5 mM) were equipped
in distilled water and transfer to eppendorf tubes in
refrigerator. In each assay, the 5 pL of enzyme was taken
in the cuvette pursued by 205 pL plant samples and 5 pL.
DTNB as indicator. The solution mixture was preserved
for 15 min at 30°C in a water bath. The substrate
solution (5 pL) was further added for starting the
reaction. This reaction was analyzed via double beam
spectrophotometer at 412 nm. The absorption and reaction
time was noted for 4 minutes in this assay while
Galantamine was used as standard drug. Each experiment
was performed three times. Percent enzyme potential and
inhibition of enzyme via tested and control sample were
deliberated from absorption rate with time change.

V= A Absorbance/A time

as: % Enzyme inhibition = 100 - % enzyme activity, while
% Enzyme activity = 100 x V/V__

Where
V_ .. is enzymatic potential in absence of inhibitor.

4. Kinetic parameter estimation

The Kinetic values were applied by altering data of
Lineweaver-Burk plots (1/v versus 1/[s]) where v is
apparent velocity reaction and [s] is the given concentration
of substrate were schemed from assays via range of extract
concentrations. The /. and K _values were indomitable
via Michaelis Menten kinetics (Ovais et al., 2018a).

5. Statistical data evaluation

The plant and its various concentrations given 50 %
inhibition (IC,)) were deliberated via excel graph of
percentage inhibition opposed to the extract various
concentration. Two-way ANOVA were applied, followed
by Bonferroni multiple comparison tests for the
assessment of standard drug galantamine and tested
groups. The P values less than 0.05 were considered
significant statistically. IC, values was calculated using
SPSS programme and mean + SEM were determined at
95 % confidence interval (Ayaz et al., 2014).

Results and discussion

AD is an age related persistent neurological
disorder which is frequently characterised by progressive
loss of cognitive ability primarily memory impairment,
cognitive dysfunction and behavioural disturbances
which may lead to dementia (Ovais et al., 2018b). In AD
patients, it is noted that reduction in the level of Ach
shows major aspect in the progression of dementia (Ayaz
etal., 2020b). The chief approach in the treatment of AD
entails the continuation of the enough levels of Ach at
the sites of neurotransmission (Ayaz et al., 2020a; Kamal
et al., 2015). Thus, the reservation of AChE and BChE
stop hydrolysis of the ACh, which in turn maintains
normal memory function (Ahmad et al., 2016). From the
literature, it is clear that various synthetic drugs and its
analogues are causing toxicity and a lot of side effects
(Ahmad et al., 2020a). That’s why, there has been a
renewed attention worldwide, for the search of strong
AChHE as well as BChE inhibitory compounds from the
natural sources, mainly medicinal plants (Ahmad et al.,
2020b; Nair & van Staden, 2012). Medicinal plants have
long been employed for the management of symptoms
related to cognitive memory dysfunction (Kim et al.,
2014). Presently, numerous reports are available which
identify the biological activities of natural products as
AChE inhibitors in vitro and memory enhancers in vivo
(Ayaz et al., 2014; Mantle et al., 2000).

Results of AChE and BChE inhibitory assays are
shown in Table 1. In AChE inhibitory assay, Cb.Chf, Cb.
EtAc and Cb.Cr showed the highest activity with
80.12+1.97, 71.79+0.67 and 69.00+1.52 % AChE inhi-
bitions at 1 mg/mL concentration, respectively as com-
pared to the standard galantamine. The IC values for
the strongest activity fractions were 50, 115 and 130 pg/
mL correspondingly (Fig. 1). All the remaining
fractions displayed inhibitory potential in dose dependent
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manner. Among the tested fractions of C. botrys, Cb.Chf,
Cb. EtAc and Cb.Cr exhibited the excellent activity
against BChE with 76.20+0.28, 70.48+0.19 and
62.75+1.79 % inhibitions correspondingly at 1,000 pg/
mL concentration. The other fractions showed from good
to moderate inhibitory activity. BChE inhibitory potential
of various fractions be in order of Cb.Chf > Cb. EtAc >
Cb.Cr> Cb.Aq > Cb.Hex. BChE inhibition of the stand-
ard drug galantamine was 94.21+1.01% at 1,000 ug/mL
and the IC, was less than 0.1 ug/mL.

Table 1 Percent Cholinesterase inhibition by different samples of Chenopodium

botrys
Concentration
Sample (ng/mL) % AChE inhibition % BChE inhibition
1000 69.00 & 1.52 *** 62.75 £ 1,79 ***
Cb.Cr 500 60.66 + 1.20 *** 54.91 £ 0.85 ***
250 55.81 4 0.74 *** 51.86 + 0.46 ***
125 50.16 4 0.72 *** 45.95 +£0.35 ***
1000 50.33 +£2.96 *** 51.67 +£0.17 ***
Cb.Hex 500 43.18 £0.99 *** 47.72 £ 0.45 ***
250 37.66 + 0.66 *** 43.84 £0.19 ***
125 30.00 + 1.00 *** 39.08 +0.4]1 ***
1000 80.12 & 1.97 *** 76.20 + 0.28 ***
Cb.Chf 500 73.73 £ 1.01 *** 71.82 4+ 0.18 ***
250 67.48 + (.28 *** 66.82 + (.53 ***
125 59.64 £ 0.67 *** 62.11 £0.4] ***
1000 71.79 +0.67 *** 70.48 £ 0.19 ***
Cb. EtAc 500 61.62 & 1.04 *** 66.87 & (.82 ¥k
250 55.87 & 1.12 *** 61.55 4+ 0.75 ***
125 50.61 & 1.37 *k* 56.23 + 1.17 ***
1000 62.29 + 0.49 *** 58.40 £ 0.76 ***
Cb.Aq 500 52.23 4+ 1.27 *k* 54.31 +0.83 **
250 47.28 + 1.04 *** 51.17 £0.77 ***
125 40.56 + 1.52 *** 46.97 £ 1.51 ***
1000 94.21+1.01 96.00 = 0.30
Galantamine 500 92.28 +£0.43 92.90 + 0.60
250 85.35+0.83 89.45+£0.90
125 83.05+1.03 86.23 £0.22

Remark: The data were analyzed as mean = SEM of three experiments. Values
were significantly varies as compared to the positive control, asterisk
shows that *: p < 0.05, **: p < 0.01, ***: p < 0.001

1200

1000

200

600

400 & ACKE

ICg (ug/mb)

200 & BCLE

0
Cb.Cr Cb.Hex Cbh.Chf Cb.EtAc Cb.Aq

Different Fractions

Fig. 1 Median inhibitory concentrations (IC, ) of different extracts of C. botrys
against cholinesterase's enzymes

The extract and its fractions exhibited strong
inhibitory potential against the acetylcholinesterase, and
butyrylcholinesterase as bared from the ¥, and K
values which were indomitable via Michaelis-Menten
kinetics and inveterate from Linewear-Burk plots for
the particular enzymes (Fig. 2 and Fig. 3). For
acetylcholinesterase inhibition, the V. and K values
were calculated as 70.08 pg/min and 55.21 pg/min for
Cb-Cr, 54.38 pg/min and 107.6 pg/mL for Cb-Hex, 82.65
pg/min and 51.09 pg/mL for Cb-Chf, 72.83 pg/min and
63.05 pg/mL, for Cb-EtAt, 64.4 pg/min and 82.27 pg/
mL for Cb-Aq. The positive control, galantamine
displayed excellent inhibition of acetylcholinesterase
comprises ¥/ _and K values of 95.35 pig/min and 20.67
ug/mL, respectively. likewise, the ¥, and K values for
butyrylcholinesterase inhibition also exposed an excellent
potential of Cb-Cr (63.51 pg/min and 51.82 pg/mL),
Cb-Hex (53.13 pg/min and 47.71 pg/mL),
Cb-Chf (77.37 pg/min and 33.13 pg/mL), Cb-EtAc
(72.28 pg/min and 37.84 pg/mL), and Cb-Aq (59.18 pg/
min and 34.67 pg/mL), correspondingly. An excellent
inhibitory potential was observed for the positive control,
galantamine (96.42 pg/min and 15.87 pg/mL).

Various plants extracts, essential oils and isolated
compounds are reported to exhibited considerable
antioxidant and enzyme inhibition properties. For
instance, Lawsonia inermis extracts are reported to
posses in vivo antioxidant potentials and offer
neuroprotective properties in animal models (Mir et al.,
2019). Polygonum hydropiper L. crude extracts, essential
oils and isolated compounds were found active against
cholinesterase's, free radicals using in vitro and in vivo
analysis (Ayaz et al., 2020a; Ayaz et al., 2019b). Other
medicinal plants including Rumex hastatus D. Don
(Ahmad et al., 2015), Nonea micrantha Bioss. & Reut
(Imran etal., 2017), Iris germanica var; florentina (Ullah
et al., 2016), Isodon rugosus (Zeb et al., 2014) are
reported to posses free radicals scavenging and enzymes
implicated in Alzheimer's diseases. From the current
study, it is accomplished that Cb.Cr and subsequent
fractions of C. botrys possess good anticholinesterase
inhibitory potential. Further isolation and characterization
of the pure compounds from this plant is needed which
is responsible for the anticholinesterase inhibition for
their helpful consumption in the curing of Alzheimer's
disease and other neurological diseases. Studies in this
route are presently in progress in our laboratory.
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Fig.2 Lineweaver-Burk plots showed the reciprocal of preliminary
acetylcholinesterase velocity against the reciprocal of substrate
concentration in existence of various concentrations of extract, its fractions
and the standard drug galantamine
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Fig. 3 Lineweaver-Burk plots showed the reciprocal of preliminary
butyrylcholinesterase velocity against the reciprocal of substrate
concentration in the existence of various concentrations of extract, its
fractions and the standard drug galantamine

Conclusion

Results of the current study revealed that solvent
extracts of C. botrys exhibit considerable cholinesterase
inhibitory potentials. Particularly, Cb.Chf and Cb. EtAc
were most potent and can be subjected to column
chromatography for the isolation of pure compounds.
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Rice bran oil emulsion organogels with different organogelators including
triglyceride and policosanol are prepared and utilized as a bakery fat for making
brownies. Texture profiles, percent of height gain, percent of weight loss, color, fatty
acid composition, and sensory properties of the organogel brownies are investigated
and compared with those of brownies made with rice bran oil and commercial
margarine. The organogel brownies exhibit similar percent weight loss, percent height
gain, hardness, gumminess and chewiness when compared to the commercial
margarine brownies. Hardness, gumminess and chewiness in the organogel brownies
are lower than rice bran oil brownie. The fatty acid compositions of both organogel
brownies are similar to the rice bran oil brownie. Brownies prepared with the
organogels exhibit considerable reduction in saturated fatty acid contents from 50.47%
to 30.25% when compared with brownie prepared with commercial margarine.
Policosanol and triglyceride organogels are potentially effective for producing
nutritionally superior brownies with comparable quality attributes when compared to
the margarine brownies.

Keywords:
Organogel, Rice bran oil, Brownies,
Baking fat

Introduction fat intake, particularly saturated and trans-fat, leaded to

a dramatic decline in coronary heart disease mortality

Solid fats containing high saturated fats have been
extensively utilized in the bakery industry. Solid fats play
an important roles in quality attributes of baked goods
for improving palatability, air-incorporation, moisture
barrier, shelf-life, and the tender texture and mouthfeel
of the final product by preventing the cohesion of gluten
strands (Cheong et al., 2011; Pyler & Gorton, 2008).
However, consumption of oils rich in saturated fats could
also cause health problems. Saturated fats are known to
associate with increasing risk of heart disease. Reducing

(Andy, 2004; Aranceta & Pérez-Rodrigo, 2012;
Mozaffarian & Ludwig, 2015). More importantly,
consumption of unsaturated fatty acids is highly
recommended due to their health benefits (Micha &
Mozaffarian, 2010; Rodriguez-Leyva et al., 2010).

In recent years, different attempts have been
carried out to find alternative ways to produce solid fat
with a low amount of saturated fatty acid (SFA). One of
the effective techniques is using organogelation. Liquid
oil can be entrapped in a thermo-reversible gel network

* Corresponding Author
e-mail: sakunta@vru.ac.th

Rice Bran Oil Emulsion Organogels as Fat Baking for Brownies



48 Journal of Food Health and Bioenvironmental Science (September - December 2020), 13(3): 47-53

with an assistance of various organogelators, resulting
in organogels with semi-solid properties. These organogels
did not alter the fatty acid composition of the entrapped
liquid oil and no trans fats were generated (Marangoni,
2012; Stortz et al., 2012). The organogels are interesting
products which are recently being used in structuring
vegetable oils for emulsion-based products, margarine,
and shortening-like products. Especially, the organogels
have been utilized in substitution to solid fats in bakery
products to reduce saturated fats. Various edible oils and
organogelators have been evaluated for different bakery
products. Cookies and biscuits prepared with organogels
had similar quality parameters with those prepared with
shortening (Devi & Khatkar, 2016; Hwang et al., 2016;
Onacik-Giir & Zbikowska, 2019). Cakes and muffin
produced with organogels had lower levels of saturated
fatty acids without quality loss when they were replaced
with shortening (Amoah et al., 2017; Pehlivanoglu et al.,
2018; Willett & Akoh, 2019; Zhou et al., 2011). Baking
fat affects dough structure and the desired final product
attributes. Therefore, the replacement of conventional
shortening or margarine poses tremendous challenge in
the bakery production (Demirkesen & Mert, 2020).

In this study, rice bran oil emulsion with two
organogelators, i.e. triglyceride and policosanol, are
employed to produce solid-like organogels. Effects of
the organogels on the quality attributes of the organogel
brownies are then compared with commercial margarine
and rice bran oil brownies in terms of texture profile,
color, percent weight lost and height gain, fatty acid
composition and sensory characteristics.

Materials and methods

1. Materials

Rice bran oil, triglyceride (Palsgaard 6111®,
Palsgaard, Morris Plains, NJ, USA) policosanol, butter
flavor, B-carotene, and citric acid were used to make
the organogels margarines. Rice bran oil, commercial
margarine, commercial all-purpose wheat flour, white
sugar, sodium bicarbonate, sea salt, and cacao powder
were purchased from a local grocery store.
2. Organogel preparation

Triglyceride organogel (organogel-1) and policosanol
organogels (organogel-2) were prepared by the reported
method with some modifications (Hwang et al., 2013).
The water in oil emulsion organogels were prepared by
dissolving 4.0% (w/w) organogelators in rice bran oil at
75°C. Water phase was prepared by mixing water with

1% (w/w) salt, 0.5% (w/w) butter flavor, 0.05% (w/w)
B-carotene, and 0.03% (w/w) citric acid. The water
phase was subsequently poured into the oil phase while
homogenizing (T-25 basic Ultra Turrax®, Janke and
Kunkel IKA, Germany) for 5 minutes. The water-in-oil
emulsion was then cooled to 4°C for 1 hour. The
formation of organogels was performed by placing the
emulsion at —18°C for 4 hours. Once the gelation was
completed, the samples were stored in a refrigerator at
4°C before baking the brownies.
3. Brownie preparation

The brownie samples were prepared by the reported
method of Uruakpa & Fleischer (2016). Firstly, solid fats
were melted using a double boiler method and cooled
down to room temperature. Then, rice bran oil or melted
fat, eggs, white sugar, and vanilla extract were mixed in
a stainless-steel bowl. The mixture was then combined
with the cooled chocolate mixture. All-purpose wheat
flour, cacao powder, salt, and baking powder were then
added into the mixture. The final mixture was placed in
abaking tin (10 cm x 10 cm x 4 cm) and was oven-baked
at 175°C for 15 minutes. After baking, the sample was
removed from the baking tin and left to cool for 1 hour
at room temperature. Cooled brownies were sealed in
plastic wraps and placed in zip-lock plastic bag and
stored at 4°C prior to further chemical analysis. Physical
properties and sensory analysis were performed on cooled
brownies. Four formulation of brownies presented in
Table 1.

Table 1 Brownies formulation

. Brownies formulation
Ingredients

Conventional

Rice bran oil Organogels .
margarine

Sugar (g) 158.00 158.00 158.00
Salt (g) 1.78 1.78 1.78
Vanilla extract (g) 1.78 1.78 1.78
Eggs (g) 126 126 126
Wheat flour (g) 106.00 106.00 106.00
Cocoa powder (g) 43.00 43.00 43.00
Baking powder (g) 3.55 3.55 3.55
Rice bran oil (g) 64.00 0 0
Organogels (g) 0 64.00 0
Conventional 0 0 64.00

margarine (g)

4. Texture profile analysis

Texture profiles of cooled brownies with dimensions
of 3 cm X 3 cm x 3 cm were analyzed after 24 hours of
baking with a texture analyzer (TA. XT2i Texture
Analyzer, Texture Technologies Corp, Ltd. Hamilton,
MA) under a two-cycle compression. A 75-mm
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compression plate (P/75) probe was used. The strain 50 %
at 10 mm with a force of 5.0 g were employed. Hardness,
cohesiveness, springiness, chewiness, and gumminess
of each brownie were averaged from 10 replicates.

5. Weight loss and height gain of brownies

Heights of the brownies were measured using a
Vernier caliper (Model No. CD-800CSX, Mitutoyo Corp.,
Kawasaki, Japan). Height was measured from the
highest point of the brownie to the bottom. Brownies
were weighed and measured 5 times, that is before and
after baking and cooling. The difference in weight and
height was calculated as weight loss and height gain.

6. Color of brownies

Color of all the brownie samples were evaluated by
a colorimeter (Chroma Meter CR-410, Konica Minolta,
Inc., Osaka, Japan). The measuring head was placed at
the center of each brownie. Color values were measured
using CIE scale in 3 replicates and average values were
reported as L* = lightness (0 = black, 100 = white), a*
(-a*= greenness, +a* = redness) and b* (-b* = blueness,
+b* = yellowness).

7. Fatty acid composition analysis

Fatty acid composition of all brownies sample was
analysis using Gas chromatography technique in 3
replicates. Oil extracted from brownies with a mass of
10 mg were mixed with 3 mL of toluene in a screw-capped
glass tube. Then, 1 mL of 5% (w/v) methanolic NaOH
was added. The mixture was vortexed for 3 minutes and
1 mL of glacial acetic acid was added. The toluene phase
was washed several times with distilled water and dried
over anhydrous sodium sulfate before analysis with gas
chromatography (Kaewkool et al., 2009).

Gas chromatography analysis were performed
with a model 2010 gas chromatograph equipped with a
flame ionization detector (Shimadzu, Tokyo, Japan),
electronic pneumatic control, and a split/splitless injector.
The detector time constant was set at 100 ms. A 1-pL
sample was injected with a split ratio of 50:1 by an
autoinjector. The injector switch was set at split
throughout the analysis. Data acquisition and analysis
were performed with a CBM 102 data processor. The
injector and detector temperatures were set at 250°C.
Helium was used as the carrier gas at a flow rate of
0.5—1.0 mL/min. The nitrogen makeup gas flow rate was
30 mL/min (Kaewkool et al., 2009).

8. Sensory evaluation

Hedonic test was utilized to determine the degree of
overall preference for brownies. Fifty panelists were
given with four random samples (2 cm x 2 cm x 2 cm)

from the midsection of the brownies that had been held
at room temperature for 24 hours. The brownies were
evaluated for preference of appearance, color, texture,
flavor and overall acceptability based on a nine-point
hedonic scale (1 = extremely dislike, 9 = extremely like).
All samples labeled with 3-digit random code numbers
were randomly served to panelists. Samples were
presented according to a Latin Square. The sensory test
was performed in separate booths at room temperature.
The mouth was rinsed with water to minimize any
residual effects between each sample. Sensory evaluation
was performed after the approval from the Ethical Review
Committee for Research in Human Subjects, Ministry
of Public Health, Thailand (Reference number: 31/2561).
9. Statistical analysis

The Completely Randomized Design or CRD was
applied to create the different formulations of brownies
for physicochemical properties study. The Randomized
complete block design (RCBD) was applied for sensory
evaluation. Three replications were performed for each
sample. The mean values recorded for each test were
compared using analysis of variance (ANOVA). Tukey’s
test was applied to detect the differences among the
samples (P <0.05).

Results and discussion

1. Texture profiles of brownies

The texture profiles of the brownies prepared with
organogels, rice bran oil, and commercial margarine were
compared as shown in Table 2. Hardness of the rice
bran oil brownie (4681.72+12.31) was significantly
higher than the organogel-1 brownie (2843.20+15.78),
the organogel-2 brownie (2822.13+10.48), and commercial
margarine brownie (2666.67+16.04). The highest
hardness was observed in the rice bran oil brownies. The
brownies prepared with organogels and margarine
exhibited a softer texture. The reason for this observation
could be attributed to the type of baking fat. Commonly,
margarine plays an important role in the stabilization
of air bubbles during creaming process. Air cells are
incorporated into the fat phase during the mixing stage
and then released into the aqueous phase when the
shortening is melted during baking, giving rise to a foam
structure or a homogenous crumb structure (Campbell
& Mougeot, 1999). Utilization of rice bran oil led to
less incorporation of air cells into the batters (Fig. 1).
Furthermore, the decreasing hardness observed in
margarine and both organogel brownies might be due to
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Table 2 Texture profile of brownies
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Parameters

Formulation

Hardness Springiness
Rice bran oil 4681.72+12.31* 0.57+0.012
Organogel 1 2843.20+15.78° 0.59+0.05°
Organogel 2 2822.13+10.48° 0.58+0.03*
Conventional margarine 2666.67+16.04¢ 0.45+0.05°

Cohesiveness Gumminess Chewiness
0.28+0.01° 1318.57+17.22* 525.614+26.69°
0.34+0.03° 805.79+35.37¢ 476.21£29.92°
0.34+0.01° 943.65+14.39° 552.13+13.23¢
0.28+0.02° 744.00+15.45¢ 332.76+26.40°

Remark: Different letters in the same column are significantly different (P <0.05)

the presence of emulsifiers playing a critical role in the
stabilization of air bubbles during creaming process.
Pyler & Gorton (2008) reported that baking fat contain
emulsifier help in the dispersion of the fat in the batter
system resulted bakery product have tender and softer
textures as compared to rice bran oil. Visual observation
of the internal texture revealed that brownies made of
commercial margarine had well-distributed air cells as
compared to other samples. Rice bran oil brownies
contained less air cells that are not homogenously
distributed (Fig. 1). This might be due to rice bran oil are
non-emulsifiers baking fat dispersed upon mixing
throughout the batter in the form of globules that are less
effective in their shortening and aerating actions (Hartnett
& Thalheimer, 1979).

Fig. 1 Photographs of brownies prepared with rice bran oil (A), organogel with
4% of triglyceride (B), organogel with 4% of policosanol (C) and
commercial margarine (D)

The springiness of organogel-1 brownies (0.59+0.05)
organogel-2 brownies (0.58+0.03) and rice bran oil
brownies (0.57+0.01) were significantly higher than those
of commercial margarine brownies (0.45+0.05). The
higher springiness values of the organogels compared to
the margarine brownies due to increasing elasticity. The
elasticity of the organogel brownies is reflected in the
higher values of chewiness as a result of the higher
level of protein crosslinking in the batter (Patel et al.,
2014).

Cohesiveness relates to crumbliness or perceptions of
denseness. Cohesiveness of organogels-1 brownies

(0.34+0.03) and organogel-2 brownies (0.34+0.01)
exhibited the highest values, followed by commercial
margarine brownies (0.2840.02) and rice bran oil
brownies (0.2840.01). There were significant differences
in the cohesiveness of brownies with organogels and rice
bran oil. This might be due to the compact and dense cell
structure of the brownies leaded to chewy in texture of
the organogels brownies.

Gumminess was calculated by hardness and
cohesiveness value of food product, whereas chewiness,
defined as the energy required to chew solid food to a
state of readiness for swallowing (Karaoglu & Kotancilar
2009). Chewiness and gumminess values in brownies
were similar trend with the hardness values. The lowest
gumminess and chewiness were observed in the
commercial margarine brownie.

2. Weight loss and height gain of brownies

Percent weight loss and height gain of various
brownies are shown in Table 3. Percent height gains for
the brownies prepared with rice bran oil, organogel-1,
and organogels-2 were 75.22, 75.81, and 76.38%,
respectively. Brownie prepared with commercial
margarine had the maximum height gain of 79.23. Percent
height gain of brownies prepared with organogels and
rice bran oil were lower than those of margarine
brownies (P> 0.05). The reason for this observation could
be attributed to the number of air bubbles (Patel et al.,
2014). Commercial margarine had the most gained height
of brownies due to during creaming process, dispersed
gas could move freely to coalesce into bubbles and float
rapidly to the surface and air that can be retained into the
batter during the baking process (Matsakidou et al.,
2010).

Table 3 Percent of height gain and weight loss of brownies after baking

Formulation ‘Weight loss Height gain
Rice bran oil 5.87+0.01* 75.2240.11°
Organogel 1 5.80+0.02° 75.81+0.11°
Organogel 2 5.524+0.03* 76.38+0.11°
Commercial margarine 3.73+£0.01° 79.23+0.10*

Remark: Different letters in the same column are significantly different (P <0.05)
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Percent weight loss for the brownies prepared with
rice bran oil, organogel-1, and organogel-2 were 5.87,
5.80 and 5.52%, respectively. The lowest weight loss
was observed in the commercial margarine brownies
(3.73%). Brownies contained organogels and rice bran
oil displayed a nonsignificant weight loss after baking
(P> 0.05). The high weight loss during baking could be
related to the fact that there was not a developed structure
that would retain its shape and its components to any
external change. Therefore, the lack of structural
integrity in rice bran oil could allow easier water
evaporation during baking, even if water were already
hydrating the matrix (Rodriguez-Garcia et al., 2013).
Organogel brownies have performed inferior weight
loss and height gain when compare to the commercial
margarine brownies.

3. Color

Effects of different fats on the colors of baked
brownies are presented in Table 4. The lightness values,
i.e. L*, of the crumb and crust exhibited the lowest
value when organogel-1 and commercial margarine were
used, indicating a darker color. Brownies with rice bran
oil and organogel-2 displayed the highest L* values. The
rice bran oil and organogels brownies exhibited higher
b* values. The crumb and crust color became yellowness
for brownies prepared with organogels. The values of
redness, i.e. a*, became lower for commercial margarine
(crust), suggesting that the brownies contained
organogels gave lower redness values. The result
indicated that brownies showed significant differences
in color measurement. However, dark brown colored
brownies were visually seen as having very similar. This
could be observed in the visual appearance of brownies
in Fig. 1.

4. Fatty acid composition

The fatty acid compositions of brownies made with
various baking fats are presented in Table 5. Commercial
margarine brownie contained the highest amount of
total SFA (50.47 %) and the lowest amounts of poly
unsaturated fatty acid (PUFA) (9.51 %) compared to
other brownies. Percentage of monounsaturated fatty

Table 4 Color of brownies

acid (MUFA) was highest in margarine brownies (36.6 %)
followed by rice bran oil (40—41 %) and organogels
brownies (40—41 %). Organogels and rice bran oil
brownies had similar amount of SFA (30-33 %) and
had high content of unsaturated fatty acid (USFA). The
major SFA in all of brownies sample were palmitic acid
(C16:0) and stearic acid (C:18). The major MUFA and
PUFA in the brownie samples was oleic (C18:1¢9) and
linoleic acid (C18:2), respectively. Utilization organogels
for baking fat resulted in 27 % increase in USFA content
of brownies. The total PUFA content in the organogels
brownies increased by 64% when compared to the
commercial margarine brownie MUFA s. Furthermore,
the total SFA content in the organogels brownies
decreased by 40% when compared to the commercial
margarine brownies. Replacing the baking fat with
organogels could decrease in SFA content, while
increasing PUFA content, i.e. linoleic acid, in brownie
products.

Table 5 Fatty acid composition of brownies

Formulations
Fatty acid composition Rjce bran  Organogel Organogel Commercial
oil 1 2 margarine

Lauric acid (C12:0) 1.45 0.47 0.46 0.79
Myristic acid (C14:0) 0.90 0.50 0.50 1.16
Palmitic acid (C16:0) 23.29 21.08 21.49 41.26
Stearic acid (C18:0) 4.85 6.85 5.90 6.87
Arachidic acid (C20:0) 0.76 1.15 0.90 0.39
Behenic acid (C22:0) 0.23 2.44 0.91 -
Lignoceric acid (C24:0) 0.33 0.34 0.34 -
Cerotic acid (C26:0) - - - -
Total SFA 31.81 32.83 30.50 50.47
Palmitoleic acid (C16:1) 0.33 0.39 0.40 0.37
Eicosenoic acid (C20:1) 0.45 0.42 0.45 -
Oleic acid (C18:1¢9) 38.98 39.55 39.90 38.86
Oleic acid (C18:1c11) 0.80 0.17 0.92 0.80
Total MUFA 40.56 40.53 41.67 40.03
Linoleic acid (C18:2) 26.79 25.82 26.96 9.51
Linolenic acid (C18:3) 0.85 0.82 0.86 -
Total PUFA 27.64 26.64 27.82 9.51
Total USFA 68.20 67.17 69.49 49.54

Remark: SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,
poly unsaturated fatty acid; USFA, unsaturated fatty acid

Formulation Lightness (L*) Redness (2*) Yellowness (b*)
Crumb Crust Crumb Crust Crumb Crust
Rice bran oil 26.39+0.58* 19.58+0.71° 4.28+0.36* 3.78+0.48° 12.09+0.42° 14.88+0.33%
Organogel 1 25.56+0.60° 18.58+0.52° 3.38+0.60° 2.63+0.74° 12.19+0.60* 15.03£0.56*
Organogel 2 26.31+0.63® 18.11+0.75° 3.81+0.64® 2.45+0.45% 12.1440.72¢ 14.62+0.42°
Commercial margarine 25.68+0.97° 18.07+0.59° 3.68+0.92° 2.2240.92¢ 12.16+0.67* 14.22+0.45°

Remark: Different letters in the same column are significantly different (P <0.05)
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High amount of SFA and low PUFA of were found in
the margarine brownies because commercial margarine
is prepared by palm oil. Rice bran oil and organogels
brownies had similarly fatty acid composition because
organogelation did not alter their fatty acid composition
(Stortz et al., 2012). Brownies prepared with organogels
instead of commercial bakery fats potentially showed
the nutritional superiority to the margarine brownie. The
organogels and rice bran oil brownies had higher levels
of unsaturated fatty acids compared to the commercial
margarine. Therefore, they could be utilized as healthier
alternatives for bakery fats. Moreover, organogel-2 was
prepared with policosanol, long chain alcohols extracted
from rice bran wax. It is used as a dietary supplement
for lowering blood cholesterols (Weerawatanakorn et al.,
2019). Therefore, policosanol organogel brownie not
only had lower SFA but also presence healthy functional
compound (4% by weight).

5. Sensory characteristics

Sensory properties of brownies including appearance,
odor, texture, taste and the overall acceptability are
important factors determining consumer acceptability.
The preference mean sensory scores of various brownies
are shown in Table 6. No significant differences were
observed in the preference of the evaluated appearance
and odor in all the brownie samples. Preference texture
scores of rice bran oil, organogel-1, organogel-2 and
commercial margarine brownies were 6.72+0.99,
7.08+0.90, 7.36+0.22, and 7.72+0.33, respectively. The
brownies using organogel-2 showed high preferences
in texture followed by commercial margarine and
organogel-1 brownie. Rice bran oil brownies had the
lowest scores (P<0.05). Mean scores of texture preference
for organogel-1, organogel-2 and commercial margarine
brownies were insignificantly different. In the taste
evaluation, there was insignificant differences between
organogel-2 and commercial margarine brownies. Mean
score of organogel-1 and rice bran oil brownies had
significantly lower than other sample for taste preference.
Rice bran oil, organogel-1, organogel-2 and commercial
margarine brownies had overall acceptability scores

Table 6 Sensory characteristic of brownies
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of 6.04+0.61, 7.80+0.62, 7.26+0.87, and 7.14+0.28,
respectively. No significant differences were observed
between organogel-1 and organogel-2 brownies. These
results indicated that both of organogel brownies and
commercial margarine brownies were comparable in
overall acceptability characteristic.

Conclusion

Rice bran oil was structured with policosanol
and triglyceride to form organogels with semi-solid
properties. The organogels were utilized for brownie
preparation. Organogel brownies with performed
similarly to the commercial margarine brownies in terms
of texture, while providing the good sensory properties.
Reduction in the SFA content of the baked product
by completely replacing commercial margarine with
organogels were the most effective in producing
nutritionally superior brownies with comparable quality
attributes to the margarine brownies.
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An aphrodisiac is defined as any food or drug that arouses the sexual instinct,
induces venereal desire and increases pleasure and performance. There are many
commercial advertisements related to herbal supplements that claim to have an
aphrodisiac property. But the claims almost always come from the long-standing
belief or traditional wisdom (Chinese or Ayurveda) with no scientific support. To
support “food is medicine”, the aphrodisiac herbs from Thai ancient drugs were
explored from private formulary books. The properties of aphrodisiac formulas in
the formulary texts were classified into four groups as follows: 1) anti-aging,
2) physical strength and power, 3) healthy sex, and 4) relief from erectile dysfunction.
The herbs that appears in Thai foods in everyday life with claimed medication results
from the formulary textbooks were identified. They were 49 food ingredients from
143 herbs presented in 62 aphrodisiac formulas. The herbs with herbal aphrodisiac
groups (1 and 2 and 3 and 4) were ranked by the number of times they appeared
thusly; Pepper, Galingale (Finger root), Ginger, Long pepper, and Nutmeg. The
paper correlates the herbal foods traditionally used aphrodisiacs with recent
scientific validation for the management of sexual health.

Introduction

dwelling men and women aged 50 years and older in
England (Steptoe et al., 2013) of which the 7,079 (67%)

Sexual health, physical health, mental health, and
overall well-being are all positively associated with
sexual satisfaction, sexual self-esteem, and sexual
pleasure (Anderson, 2013). Sexual well-being is
presented as part of “Subjective Well-Being (SWB)”,
SWB concerns peoples’ self-reported assessment of
their own well-being (Hicks, 2011; ONS, 2010). The
nationally representative panel survey of community-

completing and returning the paper-based Sexual
Relationships and Activities Questionnaire (SRA-Q),
men and women who reported either infrequent/no
sexual activity, or were sexually active but reported
sexual problems, generally had lower SWB than those
individuals identified in Class 1 (Class 1 consists of those
with frequent levels of sexual desire, intercourse, and
other partnered sexual activity, a low frequency of
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masturbation, and no problems with erectile function or
reaching orgasm). Poorer SWB in men was more
strongly associated with sexual function difficulties,
whereas in women desire and frequency of partnered
activities appeared more important in relation to SWB
(Lee et al., 2016).

An aphrodisiac is defined as any food or drug that
arouses the sexual instinct, induces venereal desire
and increases pleasure and performance. To overcome
sexual dysfunction, the seeking of the aphrodisiac
substances from plants, animals or minerals since time
immemorial to serve the passion of man (Yakubu et al.,
2005). A lot of natural substances have historically
been known as aphrodisiacs in Africa and Europe, like
yohimbine and the mandrake plant, as well as ground
rhinoceros horn in the Chinese culture and “Spanish fly”
which is actually toxic (Ang et al., 1997; Evans, 1969).
Even in today's culture, there are certain foods that are
used as aphrodisiacs, including strawberries and raw
oysters. Chocolate, coffee, and honey are also believed
to have aphrodisiac potential. Although these natural
items are claimed as aphrodisiacs, there is no or little
scientific confirmation supporting those assertions
(Kotta et al., 2013).

Thai Traditional Medicine Theory (TTM), starting
from King Narai the Great’s Medicinal Textbook (1917),
the core theory is the equilibrium of the four elements
through body elements, seasons of the year, age, time
period in a day, and habitat; the tastes of drugs and
the 82 drug formulas were presented without how to
formulate them. Until Ratanakosin Kingdom, the Bhatsart
Songkroh Medicinal Book has the scriptures specific to
the disease symptoms with the drug formulas to solve
those symptoms, also without how to formulate them
(Thai Language Institute, 2000). The properties of each
part of the herb was also first established in King RAMA
II period by His Royal Highness Prince Wongsa Dhiraj
Snid (1808-1871 AD), without any biochemical
laboratory, but from his experience and investigations
(Auttakaweewajok, 1919; Suntravej, 1932). The periodic
table was first established by the Russian chemist
Mendeleev in 1869 (Royal Society of Chemistry, 2020).
In ancient Thai medicine, they are many official
medicinal texts which are not directly mentioned about
improving sexual health. The private Thai herbal
formulary collections are more straightforward in that
they claim the formula’s property in improving sexual
activities.

Police Captain Bhiam Bunyachot (Pol. Capt.

Bhiam) was born in Nakhon Si Thammarat, studied
astrology since he was a child. He was also known Thai
drugs from his home that selling herbs starting from 10
years old. He had an experienced in healing his own
hemorrhoids, two eye blindness, and prong feet
sweating until normal. At 14 years old, he experienced
conjunctivitis and went blind, the Muslim tradition from
Narathiwat suggested the medicine should consist of one
handful of the gourd leaf (“Bai Tam Lung” in Thai), one
handful of the orange banyan treetop (“Tsai Som”
in Thai), pound together filling a banana leaf bowl
(krathong) exposed to the dew for one night, wrapped
with white cloth and squeezed with water added if there
was not enough liquid, and mixed with the python bile
in the amount of 3 heads of matches, and used as eye
drops 1-5 times a day. Within 3 weeks his eyes were
reported to be normal again (Bunyachot, 1972). After he
was ordained he moved to Bangkok. He operated a drug
store in 1937 but was forced out of business because of
his political activities. From borrowing and copying
many herbal drug formulas, he decided to publish them
between 1971 to 1982 (Bunyachot, 1982), they were 12
books with total 4,682 pages (The number of pages per
book are average 390.16, minimum 312, and maximum
455). Pol. Capt. Bhiam’s formulary texts have the
highest number of formulas among the formula
collections.

In these 12 books, there are many Thai ancient
herbal drug formulas, their medicinal properties cover
a broad range of diseases in Thai life, including
aphrodisiac activities for anti-aging, more strength, more
powerful sex, and recovery from erectile dysfunction.
They are many “Iron flagpole” formulas that claimed
penile erection activity (stand up like iron flagpole).
Flagpole is implied the male sex organ. The word “Iron
flagpole” (“Soa Thong Lhek” in Thai) came from the
story that many people asked Pol.Capt. Bhiam which
items they should offer to make merit and they will always
have a powerful sex organ. By that time, Siamrath
Newspaper answered that it should be “Iron flagpole”
(Bunyachot, 1971b).

To support “food is medicine”, the aphrodisiac
herbs presented in Thai ancient drugs of which recorded
in the formulary books were explored. Each formula was
analyzed with the aphrodisiac criteria and the herbs in
that formula were classified by their claimed medical
results. The herbs that appears in Thai foods in everyday
life with claimed medication results from the formulary
textbooks were identified.
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Data sources

The twelve Thai ancient formulary books of Pol.
Capt. Bhiam during 1971 to 1982 were the sources of
input data (Bunyachot, 1971a, 1971b, n.d.a, n.d.b, 1975,
n.d.c, n.d.d, 1979, n.d.e, n.d.f, 1982). The herbal drug
formula was included in data processing when the
formula mentioned about their properties, claims, and
stories related to the 4 aphrodisiac properties; Group 1:
anti-aging; become younger-looking, glowing skin, good
looking, and more youthful appearance, Group 2: more
strength, more power, Group 3: good sex, power and
performance, and Group 4: relief from erectile
dysfunction. Apart from Group 1, the rest 3 groups are
the sexual health formula for men were included. An
aphrodisiac drug formula composed of one or many
herbs, each herb presented in the formula should
contribute their aphrodisiac properties to the formula.

In the original official Thai traditional medical
texts, the texts has the formulas attach to the disease
symptoms, this means that the herbs in that formula have
to transfer some properties to the formula claimed
properties. The first book of herbal properties had only
166 herbal items, the textbook was written by His
Royal Highness Krom Luang Wongsa Dhiraj Snid, and
presented in National Library in 1915 (B.E. 2458)
(Division of protection and promotion of Thai traditional
medicine and indigenous medicine, 2016). There are
1,390 herbs in the 3 Thai drugs compilation books (The
school of ancient medicine Wat Pra Chetuphon, 1994;
1978a;1978b), and the tailoring the drug formula from
the properties of each herb to match the symptom had
a broad guideline (Bureau of Sanatorium and Art of
Healing, 1998). In search of the properties of each
aphrodisiac herb, this study identified the herb properties
from the property of the formulas that the herb was in.

Data Processing

To perform data processing in deriving the
properties of the herb from the formula property of which
that herb was in, the data records were organized in two
formats; the format of drug formula consisted of the
formula identification code, book number, page number,
formula name, the number of herbs in a formula and
formula properties (Group 1 or Group 2 or Group 3 or
group 4), and the format of herb presented in each
formula consisted of the formula identification code, herb
name, and the property of the formula that the herb was
in. The spreadsheet program was used to process both
the drug formula data, and the herb data that belong to

each formula, the frequency count, percentage, and basic
statistics were used to describe the findings.

Remark: The classification of both drug formulas
and herbs was dependent on the data shown in the
aphrodisiac delineations from the twelve Thai ancient
formulary books that were recorded based on knowledge
or texts passed down over generations by Pol. Capt.
Bhiam only.

Foods Ingredients in the aphrodisiac drug formulas

The 62 aphrodisiac drug formulas were founded,
and classified into four drug formula aphrodisiac group;
Group 1 (Anti-aging), Group 2 (More strength), Group
3 (Healthy sex), and Group 4 (Relief from erectile
dysfunction).

Review of the twelve books showed that the
aphrodisiac formulas appeared in only seven books, the
formulas classified by the book number and the number
of herbs in each formula was shown in Table 1. The
number of herbs in the formula ranged from 1 to 17,
average 6.63, with standard deviation 4.00.

Table 1 The aphrodisiac formula classified by book number and number of herbs
in formula
Unit in number of drug formulas

Book Number of herbs in each formula (No duplicated formulas)
No. |1 |2]3[4|5]6]|7]|8]|9|10]11|12|16] 17 | Total
1 2

1
2 1y3 5|43 (21|13 |1 |1]1]2]1 29
3 11221 3121 1 13
5 1 1 1 3
8 1 1 1)1 1 5
10 1 311 2111 9

12 1 1
Total| 2 |6 |9 | 54|96 |3|7 |2 |3|1|3|2| 62

There was no criteria or standard related to
number of herbs in one formula; for example, the Yahom
Intajak has 58 herbs. To make the table compact, the
formula group size by the number of herbs was a small
1-5, a medium 6-10, and a large 11-17 (excepted 13-15).
The herbs in the small group may have efficacy straight
to the formula claimed properties, while the group of
herbs is bigger, each herb in the bigger group made less
contribution to the properties of the formula or may be
added to another support properties. The number of
formulas classified by the drug formula aphrodisiac
Group 1 (Anti-aging) and Group 2 (More strength) had
6-10 herbs at 50 % each group, Group 3 (Healthy sex)
had 1-5, 6-10, and 11-17 herbs at 31 %, 38 %, and 31 %,
respectively, and Group 4 (Relief from erectile
dysfunction) had 1-5 herbs at 67 %, as shown in Table 2.
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Table 2 The aphrodisiac formula classified by number of herbs in formula and

their properties
Unit in number of drug formulas
Drug Formula Aphrodisiac Groups
Number
of herbs | Group 1 Group 2 Group 3 Group 4 Total
in the | (Anti-aging) (More (Healthy sex)| (Relief from
formula strength) erectile
dysfunction)
1-5 11 2 5 8 26
6-10 14 3 6 4 27
11-17 3 1 5 0 9
Total 28 6 16 12 62
Percent 45% 10% 26% 19% | 100%
1-5 39% 33% 31% 67% 42%
6-10 50% 50% 38% 33% 44%
11-17 11% 17% 31% 0% 15%
Total 100% 100% 100% 100% | 100%

The 143 herbs were presented in 62 aphrodisiac
formulas, and the number of herbs classified by the
combination of the drug formula aphrodisiac group (the
herbal aphrodisiac group code) was shown in Table 3.
The 49 of 143 plants from the formulary texts are in our
everyday Thai food culture. Eight herbs had properties
that cover the four aphrodisiac groups (Group 1 and
Group 2 and Group 3 and Group 4 or Group Code 1234)
and the top 5 of them by the number of formulas they
appeared, were spicy food ingredients; they were Pepper,
Galingale (Finger root), Ginger, Long pepper, and
Nutmeg, as shown in Table 4.

The plant data base websites from of Plant
Genetic Conservation Project Office (n.d.), the Botanical
Garden Organization (2011) and Faculty of Pharmaceu-
tical Sciences, Ubon Ratchathani University (2010) were
studied to find the scientific name of the 49 plants in
Table 4.

Table 3 The herbs in aphrodisiac drug formulas classified by the herbal
aphrodisiac group code and the number of herbs use as food

hT};)el Total Tl})'e i p
erba L number of Percent
aphrodisiac Description ofnl:lg_ll?: l[;:] Percent herbs use  [b/a]
group code as food [b]
1 Anti-aging 35 24% 14 40%
2 More strength 1 1%
3 Healthy sex 28 20% 13 46%
4 Relive from erectile 19 13% 4 21%
dysfunction
12 1 and 2 3 2% 2 67%
13 land3 13 9% 5 38%
14 1 and 4 1 1%
23 2and 3 5 3% 1 20%
34 3and 4 13 9% 1 8%
123 land 2 and 3 12 8% 2 17%
124 1 and 2 and 4 1 1%
134 1 and 3 and 4 2 1% 2 100%
234 2 and 3 and 4 2 1%
1234 1and 2 and 3 and 4 8 6% 5 63%
Total 143 100% 49 34%

The academic articles on the top five herbs from
Pol. Cap. Bhiam’s formulary books are as follows;
(1) Pepper or Black pepper (Piper nigrum L.) have
testosterone So-reductase inhibitory effects due to its
capability to catalyze the conversion of testosterone
(Hirata et al., 2007). The fruit extract of black pepper
potentially affects sexual drive in male mice, observing
4 groups of male mice that were given pellets with and
without black pepper extract. Male mice fed on aqueous
as well as ethanol extract of black pepper significantly
showed a shorter courtship latency (»p<0.05) (Sutyarso
& Rosa, 2015); (2) Galingale or Fingerroot (Boesenbergia
rotunda L.) is a daily food ingredient and traditional
medicinal plant in Southeast Asia and Indo-China. It
has been shown to possess anti-allergic, antibacterial,
anticancer, anti-inflammatory, antioxidant, antiulcer
activities and wound healing. Its phytochemical
components include alkaloids, essential oils, flavonoids,
and phenolics, and also rich in boesenbergin, krachaizin,
panduratin, and pinostrobin, all of which has been
reported its remedial properties including aphrodisiac
property (Ongwisespaiboon & Jiraungkoorskul, 2017);
(3) Ginger (Zingiber officinale Rosc. red clone) has the
oleoresin compound that reported to function as an
aphrodisiac. It is traditionally used to solve problems
related to sexual dysfunction. (Anandita et al., 2012);
(4) Long pepper or Pippali (Piper longum L.) is a
rejuvenating herb with a warming, stimulating and
kapha reducing action in Indian Ayurveda. Its oily nature
prevents it from drying making it suitable for vata and
its pleasant post digestive effect makes it more calming
to pitta than other hot spices and herbs. It aids blood flow
to the reproductive tissues when taken in combination
with Ashwagandha (Chauhan et al., 2014; Dass, 2007).
Pippali is one portion among 8 herbs in the Phala Ghrita
(PG) which reported to be useful in improving fertility.
Virechana (therapeutic purgation) is largely indicated for
cases having a semen abnormality (shukra dushti).
Administration of PG after performing virechana
provided statistically highly significant improvement on
various seminal parameters related to male infertility
including oligozoospermia (Varsakiya et al., 2019);
and (5) Nutmeg (Myristica fragrans Houtt.) has been
mentioned in Unani medicine to be of value in the
management of male sexual disorders. The extracts (50 %
ethanolic) of nutmeg and clove enhanced the sexual
behavior of male mice (Tajuddin et al., 2003).

Even the herbs with aphrodisiac properties are in
the everyday food table, but the more consuming with
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Table 4 The aphrodisiac food ingredients and the drug formula aphrodisiac group

Unit in number of drug formulas

hzrlLill Drug formula aphrodisiac group
aphrodisiac Common name Scientific name G e 2] G 3G 4 Total
group code roup roup roup roup otal
1234 Pepper Piper nigrum L. 19 4 12 2 37
Galingale (Finger root) Boesenbergia rotunda (L.) Mansf. 12 1 11 1 25
Ginger Zingiber officinale Roscoe 7 2 5 1 15
Long pepper Piper retrofractum Vahl 7 1 2 2 12
Nutmeg Myristica fragrans Houtt. 4 1 4 1 10
134 Salt Sodium chloride 3 2 1 6
‘Wild betal, Leaf bush Piper sarmentosum Roxb. 3 2 1 6
123 Caraway seed Cuminum cyminum L. 1 1 1 3
Blood leaf Iresine herbstii Hook. 1 1 1 3
34 Bottle gourd Lagenaria siceraria (Molina.) Standl. 1 1 2
23 Hen's egg (not a plant) Gallus domesticus 1 1 2
13 Garlic Allium sativum L. 4 1 5
Shampoo ginger, Wild ginger| Zingiber zerumbet (L.) Smith. 3 2 5
Cardamom Wurfbainia testacea (Ridl.) Skornick. 2 1 3
& A. D. Poulsen
Honey Apis mellifera L. 1 2 3
Cultivated banana Musa sapientum L. 1 1 2
12 Leech lime Citrus hystrix DC. 2 1 3
Cobra (snake) Naja Kaouthia 1 1 2
4 Lemongrass Cymbopogon citratus Stapf. 1 1
Ma khuea chae khruea Securidaca inappendiculata Hassk. 1 1
Coconut Cocos nucifera L. var. nucifera 1 1
Rattan Calamus caesius Blume 1 1
3 Bael fruit, riped Aegle marmelos (L.) Correa ex Roxb. 2 2
Cow milk Bos primigenius 2 2
Ginseng Panax ginseng C.A.Mey. 1 1
Korean Ginseng Panax ginseng C.A.Mey. 1 1
Water Chestnut Trapa bicornis Osbeck. 1 1
Paddy Rice Oryza sativa L. var indica 1 1
Red cotton tree Bombax ceiba L. 1 1
Winged Bean Psophocarpus tetragonolobus (L.) DC. 1 1
Water lily Nymphaea nouchali Burm.f. 1 1
Lotus Nymphaea lotus L. var. pubescens 1 1
Hook.f. & Th.
Tamarind Tamarindus indica L. 1 1
Cinnamon Cinnamomum spp. 1 1
Butter (not a plant) made from cow's milk 1 1
1 Cock roach berry (Dutch egg| Solanum aculeatissimum Jacq. 3 3
plant or India night shade)
Solanum trilobatum L. Solanum trilobatum L. 3 3
Bush tomato (Engl.) Indian | Solanum indicum L. 3 3
night shade (Engl.), Poison
berry (Engl.)
Indian Mulberry Morinda citrifolia L. 3 3
Clove Syzygium aromaticum (L.) 2 2
Merr. & L.M.Perry
Licorice Glycyrrhiza glabra L. 2 2
Galangal Alpinia galanga (L.) Willd. 1 1
Black glutinous rice Oryza sativa var. glutinosa 1 1
Safflower Carthamus tinctorius L. 1 1
Gotu kola Centella asiatica Urban. 1 1
Fang Caesalpinia sappan L. 1 1
Indian Gooseberr Phyllanthus emblica L. 1 1
Lime Citrus aurantifolia (Christm.) Swingle. 1 1
Bitter orange Citrus medica L. 1 1

Aphrodisiac Food Ingredients from the Twelve Thai Ancient Formulary Books
of Police Captain Bhiam Bunyachot

Jayathavaj & Chuensumran



Journal of Food Health and Bioenvironmental Science (September-December 2020), 13(3): 54-60 59

more expectations will face over dose or the food
and drug interactions (FDI) for the person who take
medication regularly. FDI can significantly affect the
outcome of patients’ health. Certain foods and specific
nutrients in foods, may affect the overall bioavailability,
pharmacokinetics, pharmacodynamics and therapeutic
efficacy of medications. FDI occurs due to extension of
drug action or due to interaction between the drug and
herbal medicines (HDI) as well as dietary supplements
and food products, some HDI also showed their potential
to make the drugs ineffective, others posed a dangerous
risk of toxicity (Benni et al., 2012; Ladd, 2018). The
physicians and pharmacists prescribe drugs cautiously
with only suitable food supplement to get maximum
benefit for the patients with minimum interactions
between different foods and drugs (Bushra et al., 2011).
The safety and effectiveness of the ancient aphrodisiac
herbal drug formula would be prescribed by the registered
Thai traditional medical professions.

Conclusion

From the twelve Thai ancient formulary books of
Pol. Capt. Bhiam during 1971 to 1982, all aphrodisiac
properties were selected including (1) anti-aging, become
younger, glowing skin and youthful looks, (2) more
strength, more power, (3) good sex power and
performances and (4) relief from erectile dysfunction.
The 49 food ingredients out of 143 herbs from 62
aphrodisiac formulas were food in our everyday life, the
8 herbs had properties that covered all the drug formula
aphrodisiac groups (Group 1 and Group 2 and Group 3
and Group 4 or Herbal Aphrodisiac Group Code 1234)
and the top 5 of them were spicy food ingredients; they
were Pepper, Galingale (Finger root), Ginger, Long
pepper and Nutmeg. However, there are many
commercial advertisements related to the herbal
supplements with aphrodisiac properties by long-
standing beliefs or traditional wisdom (Chinese or
Ayurveda) with no scientific support. To have more
confidence in sexual health activity of the herbs from
Pol. Capt. Bhiam’s formulary texts, self- observation
after consumed will be appropriate to find the right one.
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