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Evaluation of Physical, Health Promoting Properties
and Storage Stability of Ready-to-Drink Mixed Tea
from Riceberry Rice and Mulberry Leaf

Paradorn Ngamdee!”
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Abstract

This study aimed to present the development of healthy ready-to-drink (RTD) tea from
Riceberry rice tea infusion (RBTI) and mulberry leaf green tea infusion (MGTTI). The color of
RBTI was red with a positive a* value (8.1) due to the anthocyanins which were found only in
RBTI. The MGTI color was pale green with a positive b* value (12.9). Four formulas of the
RTD mixed teas were prepared by varying the ratio of RBTI:MGTI at 50:50, 60:40, 70:30,
and 80:20 v/v. The color of the RTD mixed teas changed toward red pertaining to the content
of RBTI. As the ratio of RBTI increased, the anthocyanin content in the RTD mixed teas
increased. As a result, the 80:20 formula had a higher anthocyanin content (14.4 mg/L).
However, total phenolic content (14.3 - 15.6 mg GAE/L) and DPPH antioxidant activity
(49.2 - 52.9 %) of all four formulas changed insignificantly. The sensory test results indicated
that 70:30 and 80:20 formulas received high liking scores on bitterness, overall flavor, and
overall liking attributes. The 80:20 formula was selected as the most preferable formula in this
study because of its high anthocyanin content. The evaluation of the storage stability of the
80:20 formula revealed that the color, total soluble solid content, anthocyanin, phenolic content,
and DPPH antioxidant activity of the tea changed significantly on day 15. These results indicated
that the RTD mixed tea from Riceberry rice and mulberry leaf was a healthy tea with consumer
acceptance and adequate storage stability.

Keywords: Rice Tea; Riceberry; Mulberry Leaf Green Tea; Ready-to-Drink; Antioxidant

' Faculty of Science and Technology, Thepsatri Rajabhat University, Lopburi Province
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Introduction

In Thailand, ready-to-drink tea drinks are wildly accepted due to the belief that they possess
health-promoting properties. Recently, a limited type of ready-to-drink tea product is available
in the market: green tea, black tea, flower tea, and rice tea. According to Thai community
product standards, teas are defined as the product produced from the plant Camellia sinensis [1].
However, 201 plants are considered tea according to the Ministry of Public Health Notification [2].
The plants listed by this notification include fruits (e.g., Bael fruit, lime, bitter orange, etc.),
flowers (e.g., Rose mallow, Torch ginger, Reishi, etc.), stems (e.g., Jaiogulan, wild leek, Welsh
onion, etc.), seeds (spiny amaranth, Ethiopia oat, rice, etc.), leaves (coffee, buko, mulberry, etc.),
roots (carrot, beetroot, chicory, etc.) [2]. Among these plants, mulberry and rice teas are wildly
available in Thailand.

Mulberry (Morus alba L.) leaves have been used to treat human illnesses such as colds,
diabetes, and other diseases [3]. In recent years, mulberry leaves are commercially available
as tea and drink products in China, Japan, Thailand, and other Asian countries [3]. The health
benefits of mulberry leaf reported relate to the high content of bioactive compounds, including
phenolic acids and flavonoids. However, Angki, T. A., Saikim, F. H., Dawood, M. M.,
Ahmad, A. H., Godoong, E., Mahyudin, A., Bagul, A. H. B. P., Matanjun, P. C., Noor, N. Q. . M.,
Janaun, J. A., Neoh, Y. Y., Sirinus, E., and Gibin, G. [4] reported that pure mulberry leaf tea
drink received only slightly like level of taste and aroma attributes. This could indicate the
unpleasant sensory characteristics of the mulberry leaf tea. Thus, diluting or mixing mulberry
leaf tea with other tea could elevate consumer acceptance.

Rice tea is a common beverage in Japan and Korea. Hyeonmi-cha is a Korean rice tea
made from roasted brown rice [5]. Brown rice is a common raw material for producing rice tea.
Recently, the health benefit of black rice (or purple rice) has been reported. Black rice contains
anthocyanins that show multiple inhibitory effects against chronic diseases: cardiovascular
diseases, cancers, diabetes, visual health, obesity, and antimicrobial effects [6]. For this reason,
the development of and studies on black rice tea have been performed. Wu, L., Zhai, M., Yao, Y.,
Dong, C., Shuang, S., and Ren, G. [7] prepared black rice tea and studied the effect of tea
processing on the nutritional compositions and anthocyanin content. Germinated black rice tea
was developed by Noosing, S., Mundee, P., and Leelawat, B. [8]. Riceberry rice, a non-glutinous
black rice, has been widely cultivated throughout Thailand as it has superior health benefits
to common brown rice [9].

Mixed green tea and rice tea is common in Japan. Genmaicha is a Japanese style rice tea
in which roasted brown rice is mixed with green tea [10]. Ready-to-drink mixed tea products
of rice tea and other tea leaves are currently available in the market in Thailand. However,
the optimum ratio between rice tea and leaf tea needs to be studied as it affects consumer
preferences [11] and also alters the profile of the bioactive compounds in the mixed tea.

This study involved the preparation of mulberry leaf green tea and Riceberry rice tea
and their physical and chemical properties analysis. These teas were used to prepare ready-to-
drink mixed teas by varying the ratio of the Riceberry rice tea infusion to the mulberry leaf
tea infusion. The changes in the physical, chemical, and antioxidant properties of the mixed

2
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teas was studied. The sensory study on these mixed teas was also performed to evaluate
consumer preference. The storage stability of the selected final tea product was evaluated.

Materials and Methods

1.  Preparation of the Riceberry rice tea
Organic Riceberry rice sample was obtained from a small local rice mill in
Kok-Charoen village, Kok-Charoen Sub-district, Lopburi Province, Thailand. The rice grains
(200 g) were roasted in a heated (170 - 210 °C) iron pan until they were partially popped and
produced an aroma [7]. The Riceberry rice tea (RBT) was vacuum stored in a plastic laminated bag.
2.  Preparation of mulberry leaf green tea
Mulberry leaves of the Sakon-Nakorn cultivar were obtained from the Organic
Farmer Group of Tambon Nong-Pak-Wanne of Thaluang Sub-district, Lopburi Province, Thailand.
The preparation of the mulberry leaf green tea (MGT) was conducted using the method
described by Wongcharoenkit, S., Nawanukor, P., Kaewrueng, W., and Weerasopon, P. [12].
Briefly, mulberry leaves were cleansed with tap water and drained. The leaves were cut across
by a stainless-steel knife yielding leaf strips with a width of approximately 0.5 cm. These leaves
were blanched in boiling water for 30 seconds and let to cool down to room temperature.
They were kneaded and curled in a heated pan (60 - 70 °C) for 20 min yielding bruised and
slightly dried leaves. The leaves were then dried using a tray-dry at 80 °C until the moisture
content was below 8 %w/w. The obtained mulberry leaf green tea was vacuum stored in a
plastic laminated bag.
3. Development of ready-to-drink mixed tea from RBT and MGT
The mixed tea drinks were developed by increasing the ratio of the RBT to the
MGT, 50:50, 60:40, 70:30, and 80:20 v/v, to promote the health benefit of the anthocyanin
from RBT. Both tea stocks were prepared using the same procedure. To prepare 1 L of the
tea infusion stocks, 50 g of MGT was used to produce MGT infusion (MGTT) while 250 g of
RBT was used to produce RBT infusion (RBTI). The tea was extracted by infusing the tea in
90 - 95 °C water for 5 min and then filtering the residue. The tea stocks were kept in glass
bottles with screw-capped and let to cool down to room temperature before being stored in
a refrigerator at 4 °C.
4.  Physical property analysis
Color parameters in the CIE L*a*b* system of the raw materials, the tea samples,
and the tea drinks were measured using a colorimeter (MiniScan XE Plus, Hunter Associates
Laboratory, Inc., Reston, VA, USA). At least three replicate measurements were performed.
The moisture content was analyzed using the gravimetric method AOAC
934.01 [13]. The sample (2 g) was weighed in an aluminum moisture can and dried in an
electric hot air oven (ShelLab 1375 FX Forced Air Oven, Sheldon Manufacturing, Inc.)
at 105+2 °C until the weight of the solids changed insignificantly. The experiment was
performed with three replications and the moisture was presented as the percentage of the
sample weight loss after the drying.

https://ph01.tci-thaijo.org/index.php/rmutijo/index
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The water activity (a,) value was analyzed using the water activity meter

(Aqua Lab 4TE, USA). The samples were crushed using a porcelain mortar before the analysis.
5.  Determination of total anthocyanin content (TAC)

The anthocyanin in the Riceberry rice and RBT was extracted by using methanol:
HCI (85:15 v/v) as a solvent [9]. The anthocyanin of RBTI was measured directly.
The determination of TAC was performed using the pH differential method [14]. The major
anthocyanin in black rice, cyanidin-3-O-glucoside, showed red color in KCI-HCI buffer
solution pH 1.0 while showing colorless in the acetate buffer solution pH 4.5. This color change
was measured for the absorbance at 510 nm using a spectrophotometer (Hitachi UH5300,
Japan). The TAC was then calculated using Equation (1).

(Ax MW x DF x 1000 )
exL

TAC =

(1

Where A = (A51() - A7()()) pH 1.0 - (A510 = A7()()) pH 4.5), MW Of Cyanldln-3-glu0051de
(C3G) (449.2 g/mol), DF = dilution factor, ¢ = molar absorptivity (26,900 L/molecm) and
L = path length (1.0 cm).

6.  Determination of total phenolic content (TPC)
The bioactive compounds from the raw materials and the teas were extracted
by following the procedure of Jiamyangyuen, S., Nuengchamnong, N., and Ngamdee, P. [9],
in which the acidified methanol (methanol:HCI = 85:15 v/v) was used as a solvent. The TPC
was determined using the Folin-Ciocalteau reagent [9]. The methanolic extracts or tea infusions
(0.1 mL) were mixed with the Folin-Ciocalteau reagent (0.5 mL) and left to react in the dark
or 5 min. A 1.5 mL of 7.5 % sodium carbonate solution was added and mixed well before 5 mL
of distilled water was added. The mixture was measured at 765 nm using a spectrophotometer
(Hitachi UH5300, Japan). The calibration curve was plotted with a series of gallic acid dilutions.
The TPC was reported as milligram gallic acid equivalent (GAE) per 100 g sample weight
or mg GAE/L.
7.  Determination of DPPH antioxidant activity
For the determination of DPPH antioxidant activity, the methanolic extracts of the
raw materials and the teas were used while the tea drinks were used directly without treatment.
The DPPH antioxidant activity was determined by following the method described by
Jiamyangyuen, S., Nuengchamnong, N., and Ngamdee, P. [9]. The sample solution (50 pL)
was mixed with 100 uM 2,2-diphenyl-1-1-picrylhydrazyl (DPPH) solution (2 mL) and left to
react for 30 min in the dark. The absorbance of the solution was measured at 515 nm using
a spectrophotometer (Hitachi, UH5300, Japan). The antioxidant capacity was calculated as the
percentage scavenging of DPPH against the blank (DPPH reagent without sample).
8.  Preparation of ready-to-drink (RTD) mixed tea
The preparation of the RTD mixed tea was performed by following the description
of Baek, N., Kim, Y., Duncan, S., Leitch, K., and O’Keefe, S. [15]. For each formula of the

4
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mixed tea, fifteen clean glass bottles (280 mL each) were washed and sanitized by immersing
into boiling water for 10 min and then air-dried. The previously prepared mixed tea (5 L) was
heated to 90 °C for 5 min. The hot RTD mixed tea was filled hot into the bottles and capped
before they were placed upside down for 2 min. The filled bottles were subsequently immersed
in an ice-water bath.
9.  Sensory evaluation
The sensory characteristics of the RTD mixed teas were evaluated using the
9-point hedonic scale method. Fifty panelists (18 - 35 years of age) who drink a type of ready-
to-drink tea at least once in a week were selected. Six sensory attributes, color, clarity,
bitterness, overall flavor, aftertaste, and overall liking, were evaluated as described by
Vittayaporn, V., Chompreeda, P., Haruthaithanasan, V., and Rimkeeree, H. [11]. The RTD mixed
teas at 4 °C was served (100 mL) in white plastic cups along with drinking water (room
temperature) for mouth rising. The tea was served to the panelists within 1 min after the
preparation. Each panelist evaluated 4 samples marked with a 3-digit random number.
10. Storage stability analysis
The RTD mixed teas were stored in a refrigerator at 4 °C for 20 days. The properties
including color, total soluble solid content (TSS) (Atago PAL-3, Atago, Japan), TAC, TPC,
and DPPH, of the RTD mixed teas, were analyzed every 5 days.
11. Statistical analysis
The data were expressed as means+standard deviation (SD). Statistical analysis
was performed using a statistical analysis software and the analysis of variance was assessed
using One-Way ANOVA with completely randomized design (CRD). The differences of the
mean values were established by Duncan’s new multiple range test at 95 % confidence level
(p<0.05).

Results

1.  Riceberry rice tea (RBT) and mulberry leaf green tea (MGT)
When roasted, RBT had the appearance of popped rice grains (Figure 1(a)).
The MGT appeared dry and the color was dark green as shown in Figure 1(b). These teas were
used to prepare the tea infusion stocks for developing ready-to-drink mixed tea of RBT and MGT.

(a) RBT (b) MGT
Figure 1 Physical appearance of Riceberry rice tea (RBT) and mulberry leaf green tea (MGT)

https://ph01.tci-thaijo.org/index.php/rmutijo/index
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2.  Physicochemical and chemical properties of RBT and MGT
Roasting significantly decreased the moisture of the unpolished Riceberry and
the mulberry leaves by approximately 42 % and 89 %, respectively, resulting in the final
moisture of the RBT and MGT being 7.1 % and 7.5 % (Table 1), respectively. The a,, value of
RBT (0.42) changed insignificantly (p > 0.05) compared to that of the unpolished Riceberry
(0.47). On the other hand, the a, value of mulberry leaves (0.74) largely decreased by
approximately 58 % after the leaves were roasted to produce MGT.

Table 1 Physical and chemical properties of unpolished Riceberry, fresh mulberry leaves,

RBT and MGT
. Color TPC
Moisture TAC
Sample a,, (mg GAE
(%) L* a* b* (mg/100 g)
/100 g)

Unpolished ~ 12.3+£0.2* 0.47+0.12* 50.6+2.4*  83+1.0°  14.4+1.0° 34.0£2.1° 175.1+4.4*
Riceberry

RBT 7.1+£0.2°  0.42+0.03* 333+1.1> 5.1+0.3° 5.840.9°  54+0.9° 7.4+0.7°
Fresh 67.1£1.7*0  0.74+0.18 38.1+1.8* -8.1+1.0*  14.7£3.2° nd 2,443£27°
mulberry

leaves

MGT 7.5£0.4°  0.31+0.08° 21.1+2.2° -11.7£2.0° 24.8+7.9* nd 1,297+46°

nd = not detected, Means+sd in the same column of the same type of tea (rice or mulberry leave) with

the same superscript letter are not significantly different (p>0.05)

The color parameters of the unpolished Riceberry and fresh mulberry leaves
changed significantly after they were processed into the corresponding teas. The lightness (L*)
of the unpolished Riceberry (50.6) and fresh mulberry leaves (38.1) significantly decreased
(p £0.05) as they were roasted to produce RBT (33.3) and MGT (21.1), respectively. The positive
a* value (8.3) indicated the redness of the unpolished Riceberry. This redness significantly
(p < 0.05) decreased to 5.1 in RBT. The a* value of the fresh mulberry leaves was negative
(-8.1) indicating the green color of the material. When it was roasted to produce MGT,
the a* value decreased (p < 0.05) to -11.7 indicating the dark green color of the tea. The b*
values of the unpolished Riceberry, fresh mulberry leaves, and the teas were positive indicating
the yellow color tone of the material. The b* value of the unpolished Riceberry (14.4) decreased
significantly (p < 0.05) in the RBT (5.8). On the contrary, the b* value of the fresh mulberry
leaves (14.7) significantly (p < 0.05) increased in MGT (24.8).

Total anthocyanin content was detected only in the Riceberry raw rice and RBT.
The TAC value of the unpolished Riceberry (34.0 mg/100 g) was approximately 6.3 times
higher than that of the RBT (5.4 mg/100 g). The anthocyanin content in black rice could vary
depending on the cultivars. Some studies reported TAC values of black rice at 37 mg/100 g
dw [9] and approximately 30 mg/100 g [16]. The TAC in the heat-treated black rice is ¢
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generally lower than that of the raw material. Arora, S., Virdi, I. K., Sharanagat, V. S., Kheto, A.,
Dhua, S., Suhag, R., Kumar, R., Kumar, Y., and Patel, A. [16] reported that the TAC values of
black rice roasted using microwave powder ranged from approximately 3 to 9 mg/g.

Total phenolic content was found in both Riceberry and mulberry leaves and
the corresponding teas. The TPC of the unpolished Riceberry was 175.1 mg GAE/100 g and
reduced to 7.4 mg GAE/100 g in RBT. The TPC values in black rice were reported by

Jiamyangyuen, S., Nuengchamnong, N., and Ngamdee, P. [9] (116 mg GAE/100 g) and Arora, S.,
Virdi, I. K., Sharanagat, V. S., Kheto, A., Dhua, S., Suhag, R., Kumar, R., Kumar, Y., and

Patel, A. [16] (148 mg GAE/100 g). Arora, S., Virdi, I. K., Sharanagat, V. S., Kheto, A.,
Dhua, S., Suhag, R., Kumar, R., Kumar, Y., and Patel, A. [16] also reported TPC values of
roasted black rice to be as low as 51.75 mg GAE/100 g. The TPC value of the fresh mulberry
leaves (2,443 mg GAE/100 g) was higher than that of MGT (1,297 mg GAE/100 g). Yu, Y.,
Li, H., Zhang, B., Wang, J., Shi, X., Huang, J., Yang, J., Zhang, Y., and Deng, Z. [3] reported
TPC content in 19 varieties of mulberry leaves which ranged from 887 to 2,026 mg/100 g dw.
The tea processing significantly reduced the TPC value of the mulberry leaves. Wanyo, P.,
Siriamornpun, S., and Meeso, N. [17] reported the TPC value of a commercial mulberry leaf

tea which was approximately 1,500 mg GAE/g dw.
3. The appearance of RBTI and MGTI and the ready-to-drink mixed teas
The stocks of the RBTI (Figure 2(a)) and MGTI (Figure 2(b)) were used to prepare
the ready-to-drink mixed tea by varying the ratio of RBTI:MGTI (v/v) at 50:50, 60:40, 70:30,
and 80:20. The appearance of these mixed teas is shown in Figures 2(c)-(f). As the ratio of RBTI
was increased, the color of the mixed tea changed toward a red color which corresponded to

the color of the RBTI.

PN

>

(a) RBTI (b) MGTI (c) 50:50

4

(d) 60:40 (e) 70:30 (f) 80:20
Figure 2 Physical appearance of RBTI, MGTI, and the mixed tea of RBT:MGTI (v/v) at
50:50, 60:40, 70:30, and 80:20
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4.  Physical and chemical properties

The color parameters of RBTI and MGTI were significantly different. For the
RBTI, the a* and b* were both dominant while only b* was the major one for the MGTIL.
The positive a* (8.1) and b* (9.5) values (Table 2) indicated that the color of the RBTI was red
which agreed with its appearance in Figure 1(a). The negative a* (-1.3) and positive b* (12.9)
indicated that the color of MGTI was yellow. The color of the mixed tea changed with the ratio
of RBTI and MGTI. The redness of the mixed tea increased significantly (p<0.05) from 5.1
to 9.6 as the ratio of RBTI increased from 50 to 80. This increase in the redness of the mixed
teas was contributed by the positive a* value of the RBTI. On the other hand, the yellowness of
the mixed teas decreased sequentially from 15.8 to 9.9 with a decrease in the MGTI ratio due
to yellow being the predominant color parameter of the MGTIL. The L* values of RBTI, MGTI,
and the mixed teas were in the range of 46.3 and 63.3, indicating that the tea color was rather dark.

Table 2  Physical and chemical properties of RBTI, MGTI and the mixed teas

RBTI: MGTI Color parameter TAC TPC™ DPPH
a* b* (mg/L) (mg GAE/L) (%)
100:0 47.14£0.3% 8.1+0.4>  9.5+0.6° 15.5+0.6* 16.2+0.5 49.6+3.5°
0:100 56.9+1.8° -1.3+0.2¢ 12.9+£0.2° nd 15.7¢1.2 40.9+2.6°
50:50 63.3+x1.1*  5.1+0.3¢  15.8+0.9*°  9.3+0.7° 14.3+1.4 51.2+2.8°
60:40 49.2+1.8¢  7.440.5° 12.5+£0.6°* 12.1+0.5¢ 14.840.8 52.9+1.9°
70:30 46.3£1.3° 8.4+0.2° 10.7+0.4° 13.2+0.4¢ 15.6+£0.7 50.0+1.22
80:20 51.2+1.7°  9.6+£0.5*  9.94+0.9°  14.4+0.7° 15.1£1.2 49.242 4°

ns = insignificantly different
nd =not detected, Means*sd in the same column with different superscript letters are significantly
different (p < 0.05)

Anthocyanin content in the stock RBTI was 15.5 mg/L (Table 2) while it was not
detected in the MGTI. As a result, the TAC in the mixed teas increased consecutively from 9.3
to 14.4 mg/L with the increase of the RBTI proportion from 50 to 80. In the case of the phenolic
content, the TPC values of RBTI, MGTI, and all four mixed teas were insignificantly different
(p > 0.05) and ranged from 14.3 to 16.2 mg GAE/L. The DPPH antioxidant activity of the
RBTI (49.6 %) was approximately 1.2 times higher (p < 0.05) than that of the MGTI (40.9 %).
However, the DPPH antioxidant values of all mixed teas (49.2 - 52.9 %) were not significantly
different (p > 0.05).

5.  Sensory evaluation

The liking scores of the sensory characteristics of the RTD mixed teas with
different proportions of RBTI: MGTI (50:50, 60:40, 70:30, and 80:20) are presented in Table 3.
The color (6.3 - 7.5 scores) and clarity (7.3 - 7.6 scores) attributes of all four mixed teas were
insignificantly different (p > 0.05). The bitterness of the 50:50 received the lowest liking score
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(4.0 scores), however, it was insignificantly different from the score (5.1 scores) of the 60:40
formula. With higher proportions of RBTI, the 80:20 formula received the highest liking score
(6.5 scores). Similarly, the 80:20 formula in which the RBTI ratio was higher than the MGTI
received the highest (p < 0.05) liking score for the overall flavor (6.9 scores) and aftertaste
(6.1 scores) attributes. The 80:20 formula was selected as the most preferable product.
Although its color, TPC, DPPH activity and sensory properties were insignificantly different
from the 70:30 formula, the 80:20 formula showed the highest TAC value indicating better
health promoting value.

Table 3 Liking scores for sensory attributes of the mixed teas with different ratio of RBTI

and MGTI
Sensory RBTI:MGTI
attribute (score) 50:50 60:40 70:30 80:20
Color™ 7.4+0.9 7.5£0.9 6.9+0.9 6.3£1.0
Clarity™ 7.6+0.8 7.54+0.6 7.3+0.9 7.4+0.9
Bitterness 4.0+0.9° 5.140.7% 6.2+0.4% 6.5+0.4°
Overall flavor 4.2+0.7¢ 5.240.9% 6.4+0.8® 6.9+0.5%
Aftertaste 4.1+0.8° 4.0+0.9° 6.0+0.8° 6.1+£0.8°
Overall liking 4.0+0.9° 4.2+0.5° 6.6+1.0° 6.9+0.4°

ns = insignificantly different, Means+sd in the same row with different superscript letters are significantly
different (p < 0.05)

6.  Properties of the RTD mixed tea during storage

The color of the RTD mixed tea containing RBT: MGTI at an 80:20 ratio decreased
in intensity (Table 4). The tea showed an increase of lightness indicated by subsequently
increasing (p < 0.05) of L* value at 10, 15, and 20 days of storage in which the L* values were
50.7,57.2, and 60.2, respectively. The a* and b* values of the teas were stable after 5 days of storage.
These color values showed a decreasing trend upon further storage. The tea stored at 15 days
showed a lower a* value (p < 0.05) compared to the five-day-stored tea, however, it was
insignificantly different (p > 0.05) from the ten-day-stored one. After the tea was stored for
20 days, it showed the lowest (p < 0.05) a* value at 7.3. The change in b* value showed almost
the same decreasing trend as a* value (insignificant change (p > 0.05) after 10 days of storage).
After that, b* values decreased to 8.6 and 7.0 on days 15 and 20, respectively. The total soluble
solid content of the tea showed a decreasing trend during storage. The teas stored for five days
and more showed significantly lower (p < 0.05) TSS values than that of the zero-day-stored one.
The TSS values of the teas showed a decreasing trend upon further storage. However, the TSS
values of the teas stored for 5 to 20 days were insignificantly different (p > 0.05).
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Table 4 Physical and chemical properties of the mixed teas containing RBTI:MGTTI at 80:20
ratio during storage

Color TSS TAC TPC DPPH
L* a* b* (°Brix) (mg/L) (mg GAE/L) (%)
0 452+1.2¢ 10.1+0.6* 11.0+0.5* 0.30+0.06°  14.3+0.1° 15.2+0.12 53.4+1.3%
46.9+1.4  10.5£0.9* 10.2+£1.0° 0.27+0.06>  14.7+1.12 15.8+0.1° 50.5+1.4%
10 50.7€1.1¢  9.3x0.7*  9.9+0.8*  0.23+0.01>*  13.6£1.1° 14.9+0.9° 49.7+1.8°
15 57.2+1.0° 8.1+0.5%  8.6+0.9°  0.20+0.06°  10.7+1.2° 12.8+0.7° 35.3+1.5¢
20 60.2+0.7*  7.340.6° 7.0£0.8<  0.18+0.01¢ 9.6+0.5° 10.0£0.3¢ 34.4+1.9°

Day

Means+sd in the same column with different superscript letters are significantly different (p < 0.05)

The total anthocyanin content of the teas changed insignificantly (p > 0.05) during
ten days of storage in whereby the values ranged between 13.6 to 14.7 mg/L. On days 15 and
20 of storage, TAC decreased to the lowest values (p < 0.05) of 10.7 and 9.6 mg/L, respectively.
The change in TPC value was almost on the same trend as that of the TAC value. During 10 days
of storage, TPC values of the teas were stable (p > 0.05) with values of 14.9 to 15.8 mg GAE/L.
On days 15 and 20 of storage, TPC values subsequently decreased (p < 0.05) to 12.8 and
10.0 mg GAE/L, respectively. The decrease in DPPH activity occured earlier than those of
TAC and TPC. The DPPH activity of the five-day-stored tea (50.5 %) tended to decrease as
compared to the zero-day-stored tea (53.4 %), however, the change was statistically insignificantly
different (p > 0.05). After further storage for 10, 15, and 20 days, the DPPH activity of the
tea decreased (p < 0.05) to 49.7, 35.3, and 34.4 %, respectively.

Discussion

1.  Physical and chemical properties of RBT and MGT

The properties of the teas (Table 1), RBT and MGT changed significantly as affected
by the heat processing. The moisture content of both teas (7.1 - 7.5 %) agreed with the standard
values of dried mulberry for infusion (10 %) [18] or tea (8 %) [1] products. The RBT was darker
compared to the raw material Riceberry rice as indicated by significantly (p < 0.05) lower L*,
a*, and b* values. This decrease in color parameters was a result of roasting at a high temperature
which developed color via the Maillard reaction [16]. The color of the mulberry leaves and MGT
was green, indicated by the negative a* and b* values. The kneading of the mulberry leaves
increased the negative value of the a* parameter of the MGT by stimulating the enzymatic
browning process [19].

Anthocyanin is the predominant pigment in unpolished Riceberry rice although
it was not detected in the mulberry leaves. As a result, TAC was presented only for the
Riceberry rice and RBT. Heat treatment significantly reduced the TAC values of the Riceberry
rice because anthocyanins are suspectable to heat. Arora, S., Virdi, I. K., Sharanagat, V. S.,
Kheto, A., Dhua, S., Suhag, R., Kumar, R., Kumar, Y., and Patel, A. [16] reported that heat
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treatment could reduce TAC value by approximately 10 times compared to the original value.

The phenolic content was also affected by the heat treatment. Arora, S., Virdi, 1. K.,
Sharanagat, V. S., Kheto, A., Dhua, S., Suhag, R., Kumar, R., Kumar, Y., and Patel, A. [16]
reported a reduction of the TPC value in the Riceberry rice by a factor of 2.9 as a result of heat
treatment. The TPC value of MGT was approximately 1.9 times lower than that of the fresh
mulberry leaves. Wanyo, P., Siriamornpun, S., and Meeso, N. [17] also reported a similar
reduction factor (1.9 times) of the TPC in commercial mulberry leaf teas as compared to the
fresh leaf.

2.  Physical and chemical properties of RBTI, MGTI, and the mixed teas

The physical and chemical properties of the tea infusions, RBTI and MGTI,
and the mixed teas with different RBTI:MGTI ratios: 50:50, 60:50, 70:30, and 80:20 v/v,
were analyzed. The color of RBTI was in the area of red as indicated by positive a* and b* values.
The b* of the MGTI was predominant with a positive value indicating the green color area.
The color of RBTI and MGTI represented their corresponding raw materials. The color of the
mixed teas changed significantly when the ratio of the RBTI increased. Contrary, the b* values
of the mixed teas decreased significantly as the RBTI increased, however, the ratio of 70:30 and
80:20 showed insignificantly different b* values.

The anthocyanin content of the mixed teas increased proportionally by the factor
of 1.1 - 1.3 depending on the ratio of RBTI. This was because anthocyanin content was present
only in RBTI. However, the TPC value of the mixed teas changed insignificantly because
both RBTI and MGTI contained insignificantly different TPC values.

Although the DPPH antioxidant activity of RBTI was higher than that of MGTI,
the activity of all mixed teas was insignificantly different. This could be because anthocyanins
are weak antioxidants as tested by the DPPH assay. Jiamyangyuen, S., Nuengchamnong, N.,
and Ngamdee, P. [9] reported that the extract of black rice of the first stage of grain development
contained lower TPC and detected no TAC, showing equal DPPH antioxidant activity to the
fully developed grain, which contained higher TPC and TAC.

3.  Sensory evaluation RTD mixed teas

The color and clarity attributes of the RTD mixed teas were insignificantly
different. The liking scores on these attributes were in the range of 6.3 - 7.6 scores which were
in the level of like slightly to like very much. The 50:50 and 60:40 mixed teas received the
lowest liking scores, which were translated to the level of dislike slightly to neither like nor
a dislike, on bitterness, overall flavor, aftertaste, and overall liking attributes. The 70:30 and
80:20 mixed teas received insignificant liking scores of 6.0 - 6.9 scores which indicated
the liking level of like slightly to like moderately. Angki, T. A., Saikim, F. H., Dawood, M. M.,
Ahmad, A. H., Godoong, E., Mahyudin, A., Bagul, A. H. B. P., Matanjun, P. C., Noor, N. Q. I. M.,
Janaun, J. A., Neoh, Y. Y., Sirinus, E., and Gibin, G. [4] reported that the liking level of Tudan’s
organic mulberry leaf tea was in the level of slightly like. The sensory evaluation result
indicated that consumers tended to dislike mixed teas with a higher ratio of MGTI. This could
be due to individual flavor and test characteristics of the mulberry leaf tea.
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4.  Storage stability of the RTD mixed tea

Storage stability of the RTD mixed tea with 80:20 of the RBTI:MGTI ratio stored
at 4 °C for 20 days was evaluated. The a* and b* values of the RTD mixed tea changed
significantly on days 15 and 20 of storage. This decrease was associated with the reduction
of TSS, TAC, and TPC values. The precipitate pigment could be the cause of the reduction
of these values. Dorris, M. R. and Bolling, B. W. [20] reported that soluble anthocyanin and
polyphenolic molecules can react and form polymeric precipitate. This causes the reaction of
soluble molecules which subsequently reduces the TSS value. Some anthocyanins and other
polyphenols can combine to form a polymeric precipitate which causes the reduction of TAC
and TPC values. This phenomenon subsequently caused the reduction of the DPPH activity
of the tea due to the loss of some antioxidant molecules. The study of Baek, N., Kim, Y.,
Duncan, S., Leitch, K., and O’Keefe, S. [15] also reported the color change behavior of RTD
green tea which agreed with the results from this study. After the tea was stored for 20 days,
they found an increase in L* values while the values of a* and b* had decreased.

Conclusion

The tea infusion from Riceberry rice was red and contained anthocyanin as a predominant
active compound which was not found in the mulberry leaf tea infusion. The RTD mixed teas
containing a different ratio of the Riceberry rice tea and mulberry leaf tea infusions were prepared.
The color of the RTD mixed tea changed toward red as the ratio of the Riceberry rice tea
infusion as well as the anthocyanin content increased. However, the variation of the tea ratio
showed no effect on the total phenolic content and DPPH antioxidant activity. The RTD mixed
tea with a ratio of the Riceberry rice tea and the mulberry leaf tea infusion at 80:20 was selected
due to consumer preference along with its high health-promoting property. During the storage,
color intensity, TSS, TAC, TPC, and DPPH antioxidant activity of the RTD mixed tea showed
a significant decrease on day 15. These results indicated that the RTD mixed tea from Riceberry
rice and mulberry leaf tea could be an alternative RTD product with health benefits.
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Abstract

Putaway and order picking are high-cost warehousing activities, accounting for up to 55 %
of the total cost in the warehouse. Furthermore, most of the time is being wasted on trips to
store and pick up, which can add up to 55 % of the total working time. This research proposed
mathematical models to determine the optimal storage locations in each period by minimizing
pick up and storage traveling distances under two storage policies, including dedicated storage
and random storage. The efficiency in minimizing traveling distance was studied and compared
by applying the mathematical model with Add-in Open Solver in Microsoft Excel using Gurobi
Optimizer solver engine to solve the problem. Under the assumption that the warehouse knew
the change in demand and supply in advance, the results indicated that the random storage policy
was more efficient in minimizing traveling distance than the dedicated storage policy. In fact,
the total traveling distance of the random storage policy was 11.2 % less than the dedicated
storage policy.

Keywords: Storage Location Assignment Problem; Linear Programming; Time-Varying Demand

and Supply
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What is AutoModel? AutoModel I

AutoModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by observing the structure
of the spreadsheet. It will turn its best guess into a Solver model, which you can then edit in this window.

Objective Cel: ISBUS! A  maxmise (@ minimise]  target value: |

| variable Cells: [g:c6:5xs35 | J

<Add new constraint>
$AS6:5L835 <= SARS6:$8C$35 [
$AS6:5L835 <= $286:5AKS35

$AS6:$X$35 int [ _]
SAMS6:SANS3S = SADS6:SAPS3S =
$8K$10:$8P$35 <= 50

Add constraint ‘ I

[v' Make unconstrained variable cells non-negative

[v' Show named ranges in constraint hist

Sensitivity Analysis [ it censitivity analysis on the same sheet with top left cell: [ __I
7 Output sensitivity analysis: (& G

Solver Engine:

Current Solver Engine: Gurobi Solver Engine...

[v Show model after saving Clear Model Options... Save Model I l Cancel |

U4 msauwuudrassuloviemsdnnuuuugy
AYNIINANDY

NAmsnadeuwuuinesedumalddimuadunuiulomemsdnfuuugulinafumsansze:
momsvhoulananhuleuemsdanuuuuimuamuidslunn 9 done Taedszezmalunmsnou
samonuA 1,030 was TusnziuTonemsdafuuimuamwnisissosmoinnussmonangada
1,160 wns ﬁagﬂﬁ 6

wenMnHuuLSImesmMenAdamans i ldiamniudsmansauanememe q Lafoil swaudum
AoRRsTRamAD lumuisdAAuma 4 lunn 4 tona daduimldnndmus R, figui 7 ua: 8
mmuﬂummmﬂﬂﬂLmJu,a“mamlmmummﬂﬂumanmmo 1 1y, v, Suuseuililumsdaiu
MREUBY X, Y mmim‘w 3 mmiamuﬂﬂﬁimamﬁnﬂﬂaaumnﬂvl,ﬂtmaﬂmamﬂvlﬂmu Tuua?
fdonai 1 Fumd 1 umia}mﬂmmml,muﬂﬁmmuw 1 91mm 5 1u Tnedesauthenomun 1 sou
dheuntsdaiun 2 Swau 35 3u Tnedesauthenmun 4 seu wasindumisdaful 3 91uau
10 3u Tnesessuihenomun 1 sevuaziinmsunduiumaindmumiod 1 $1uam 5 3u Tnedesauthe
oA 1 50U
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What is AutoModel? Asoiiode I

WsawammmmmmmmMmmwmwmmm’o
of the spreadsheet. Rt will turn its best guess into a Solver model, which you can then edit in this window.

lothalwal:l,my 3 C maxmise @ minimise | C target value: l—

Variable Cells: |5x¢1:5755,5457:9X536 _|

SAS1:$FSS It
SAS6:8FS6 <=1

SAS7:$L8$36 <= SAMS7:$AXS36 I g

SAS$7:$L836 <= $7$7:5AK$36

SAS7:$X$36 Int

$BGS7:$8HS36 = $BI$7:$8)836 Add constraint I |
$BP$11:$87$16 <= S0

[v Make unconstrained variable cells non-negative
[v" Show named ranges in constraint list
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Abstract

This study investigated the unconfined compressive strength of cemented clay under soaked
and unsoaked conditions. The concept of the study was the use of a soil-cement core zone
for check dam construction. The check dam needs fast construction and must be immediately
soaked in water after the end of construction. Influential factors of this study were cement
content, water content, soaked/unsoaked conditions and curing times. The cement contents
were 15, 20 and 25 % by weight of dry soil. The moisture contents were 80, 100 and 120 %
of optimum moisture content. The study results indicated that unconfined compressive strength
increased with an increase in curing time for all mixing ratios. The lower clay-water/cement
ratio resulted in an increase in unconfined compressive strength. The results of soaked and
unsoaked conditions showed that soil-cement samples in soaked conditions had lower
compressive strength than those in unsoaked conditions. However, soil-cement samples in
soaked conditions had more yield strength and ductility than soil-cement samples in unsoaked
conditions. The effect of the initial soaked condition resulted in the clay-water/cement ratio
increase in the unconfined compressive strength of samples in soaked condition lower.

Keywords: Check Dam; Compressive Strength; Soil Cement
N
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Properties of High-Calcium Fly Ash Geopolymer Paste Mixed with Ground Clay Brick

Abstract

This research aimed to study the properties of geopolymer paste using high calcium fly ash
mixed with ground clay brick. The main raw material used was high-calcium fly ash from
Mae Moh Power Plant, Lampang Province. Ground clay brick was used to partially replace
high calcium fly ash at the ratios of 0, 25, 50, 75, and 100 by weight. Sodium silicate and
10 molar of sodium hydroxide solutions were used as alkali solutions at the ratio of 1.00.
The alkali liquid to solid powder ratio was kept constant for all mixes at 0.60. The flow value,
setting time, compressive strength, and microstructure analysis by SEM/EDS, XRD, and
FTIR of the geopolymer paste were tested. The results showed that ground clay brick had
highly crystalline silica materials. An increase in the number of ground clay bricks increased
the setting time while the flow value and compressive strength decreased. The microstructural
analysis showed that the C-S-H or C-A-S-H compounds and geopolymer gels were formed
in the geopolymer pastes. When high-calcium fly ash was replaced with ground clay brick,
more crystals and non-reactive particles were generated, which negatively affected the
mechanical properties at an early age. However, the replacement at a rate of 25 - 50 % had
slightly lower 60-day compressive strength than the control sample.

Keywords: Geopolymer Paste; High Calcium Fly Ash; Ground Clay Brick; Microstructure
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donsuszznafimmumiile Wame SmasmlfmauuumsoymatharminliSouud  siefmewaiain
flosiumsgaionnuiu Udeslimetedediluiesmiuangmnai 25 °C Wunat 1 Hlug 910t
ihsethaingeumuaugampimelulii 60 °C enszuufideniunm 48 il deasuszznm
fimumotooonnngeuusnndllugampivioseetion 6 Hlus hmsaeALULLEMDR IBEN
enaaRnuazialuosfifigamniis:ning 25 - 30 °C aufisergnAsoy uaztiloRAnmIMINAINMATER
Tugnzgampiiviessesilomawesingd  uonamillAmmuasimamsunuiiiaosmorydguen
upaadeRlusndiudosa: 0 ua: 50 Tnevhnin Tnevhmstnsmegmdsnnnaussslugmmaiivon
wdseenaseuLRzuaRTanEal -A TTednsdIunan
3. 3sMInAgeu

iWeAnmamsiizesilondwesnaraaua:alo ndwesnanmudoiui liua msvinm
Mdssauazmsiasunaslassaomesanadeunuiinaosunaidangaforsdsuoguaazden
ymnaseuidsae 1 WielinnzimsiAsuulanaautfvesilenawesdoi 28 Ju

31 mmslvawd (Flow Test) vnmsnageulaglinsissmnd@nifimadurigudnag
AU 19 Jafns g9 57 Jaawns uazlnuIAuagudnaemuaomiu 38 Iaawns [25]
daaAasluuunMeawAnamiuthafmhlfSeuwdennseiuluune - dseslimadlnaus
vuwauwasAnlaluua sl iauuiuasims induraugnas

32 swznmmsnem (Setting Time) waownanlnaduliuanlneihmemsdlo Iname swan
AlFnnmsmseumotamauuunaegnsIe MmsnAgeumuIAITIL ASTM C191-19 [26]

33 MINAFaUMRITULIIaA AL WEANIIGAUIANDUIA 5X5X5 LUUAWNAT ¥INT
nAROUMAISULIIBATiey 7 28 uaz 60 Tu AasA3eonateuaiunUszaoA (Universal Testing
Machine, UTM) uaznagaumuninsgid ASTM C109/C109M-20b [27]

34 malenilaseaogamavesilendwesmanliAuiietofiony 28 Ju udlu
ssezAlauiienanuiaseiinluilelndmesiduna 24 Falue [18] udninnevliuidlugeunds
nntwihmanagey WWwd mslnnsimemwmelassa medug e iUsinmen  (SEM/
EDS) msinnziendneaizesiaseasonin (XRD) ua:msdsuuassauzeessnfion3o
Wisensunesudunssnanlnsalal (FTIR)

MIN 2 DATIFIUNTNLRZDATIFIUINATOIA 1o INRLNBSINER

. HCF FCB Na,SiO; NaOH annaiulpslua
DNTIHIUNNL

(e) () (2) () SVAl Na/Si Ca/Al Ca/Si
100HCF 100 - 30 30 4.34 0.34 3.24 0.75
25FCB 75 25 30 30 5.45 0.26 2.41 0.44
50FCB 50 50 30 30 6.53 0.21 1.61 0.25
75FCB 25 75 30 30 7.58 0.18 0.83 0.11
100FCB - 100 30 30 8.59 0.15 0.07 0.01
100HCF-A 100 - 30 30 4.34 0.34 3.24 0.75
50FCB-A 50 50 30 30 6.53 0.21 1.61 0.25
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WRNINARDILLRZaALUIIUNA

1. MM3lvaui

R 4 usnwamInAeumMMsazoiaesuAR TNl Infe SnaRH L ALEgIa Y
vaszdonlulnauanmeiy namsnageunumMMsnaurdmanaodioUS M sunuiirdguen
upazBaaiy Tufenaniuan (100HCF) fidumeausnaosasmslnaudnomniu 129 fnauns
maunuiAsdguonuanidanludandmsesa: 25 50 waz 75 lasthmin mmslnauizooines
anausesa: 2 5 waz 11 muadiy lusazimslimsdguenuassdenduinafuifeosinfe
(100FCB) nuiiimmslnauranaogefiosesa: 41 edisuiudiegoniuaueaazisumaniesan
dnvuzeumanenAudgueguaazdsniumasidunuiougasluzud 2(2) ilinnuiaulnaanas
pssthuiuihaesifioumansenaaiudulnailiaulnaléi  uenaniloumavenAvdguenuns:dan
AfifuARI9 NIz gonI AR08 19suENAIRNBMzOUAIANTTNTUTIARI8LITLARUYILAS
ANNABIMIzagmaIlUndauAnnIdlalndawe sStnandsiinnuamnsalumsrionulaanas [28]

140
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100 4+
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60+

Mini slump spread (mm.)

40+

204

& & & & &
\e@ & & & &

U4 amslnaunzesiassuAa@engedloInAmeSInaANTNLABIgHRIUAR:LEA

2. 928zIRIMINOM

F2021ININIINOAIVDILIADBUARLTENGIT [0 INA LN SINTANTNLADUO Y UAR LB A
TuuSmauanmsiuuansisgudl 5 wuhilelnfwesimanindannniisesunaidougaiszazion
msfefuazlmeshiy 66 ua: 117 wii lusuuilelndwesilel i ngAuiivsmanaaidoseenlaig
linsazmeladeulonsenlodanudniuiligonainualimensain Na,SiOy/NaOH §a
MIzzazaedanuazasgiuilaen [29] 9:indooureiuAa@uNINNIDOUTRITAN LA 02N
[30] Tnewdlevnufassezinduuandendfnalamsawszunadonezgiunlansaiansienieti
Pmsaenndasiunuidefinumes [31] msunuiiiisesmersdgueguanzdoniuuiliy
deiinszeznmsntemiuuR:Umezoonsn lufets 25FCB 50FCB ua: 75FCB fimszazim
MINBAIAWNIAD 90 145 ua: 412 WA MUEIAY uaziissezaImsnamuUaIommny 158 225 ua:
587 Wit muEAy WeRinsanandnnauzeslualumaned 2 nuimsanassesensidiu Ca/Si
wa: Ca/Al fAnuduiusivszeznamsnemiiindy mManavounsonanuandenriliusa
deou Ca® anas mamuuwiilulassaiuesilelnfwesuetivdeeusosdam (Si*) uazegiiul
(APY fsnsainjasedlelnaweslsiudoldnatlumsnedinniu [24] ludimvesmsliies
dguenuaa@ualuingAuiosoiaAerlunmsnanilelndwes (e 100FCB) Amsnenat
Tugamgiivesrilifiszezmmsneminnnd 24 s senadosiunuddenliiaamfunivsma
wARLdae [32]
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3. MAYTULIION

WAN1INATBUMIRITULIIONDDILIIADEUARLTENGIT o INFLNO SINGANTULABDIND LA
azdonlusamdudona: 0 fsfenn: 100 Tnetwn flelgmsnagey 7 28 ua: 60 Tu uaAdfogUd 6
ﬁnﬂwami‘wmaauLLamﬂﬁLﬁu’hﬁm“ﬂ%Uusaé’mﬂaﬂ?ﬂaiwﬁma%macﬁﬁﬁimmamﬁ'aﬂ%mmmwﬁwam
uARBEALRNDY ﬂﬂmatnﬂmuvmm 28 Ju shetemuaninszAuliisemennuFeufimmasn
WY 69.6 wnzthama deuwnuiinaesuanidengemamsdguenunazdenlusnadiuioa: 25
50 um: 75 uasimsunmssnnsuuuhsiuimmassuussonaaiusesa: 78 71 uaz 57 musay
Woifinuiudiesanuan mIsnaszosmdsiuuseAaainAUSnadinuasesgliniignzasas
sanmnnAsdgueyuaazdaamlinnniuiaeilesnnfienuiuedugumdanaldangui 3
fsunisfinnTdlugnaszndne 20 © fia 27 © 2Theta inasednduingfvifanuiuedugugond
sunsaigaseladninduaileIndmesdefimmasioussdagomuliie ueninimsanaseos
UsimauaaideslugmnanesaziudanissmnaivilimnindresileInfwesinnuuiousoanas
dlesnnwandmnslemawesnningAvifiunadengoasilidin C-S- H uaz C-(A)-S-H A
lelndwedwanazdaudionmuinnuudivesilendwes [4], [33] LJJ@LLVIHV]LZHRE]EJLLM\]L?IBJJE\N
ABLAdguaUAazBualiandmlaeluaney Si/Al Winsulusazii Ca/Si anas Amaod 2
mafindusecUSmadanaludiunatenanliinsnsdiu S/AL wa: Na/Si Alisunasonaiie
RemsAnUiBen [34] wenvnimannazneuzesas C-(A)-S-H ua:leRonorglundann (N-A-S-H)
anazanaoiilesnnmsanaszes Ca unz Al sgslsimuludsoglmeegoilolndmesnad
fliAudguenunszidonunuiiinaeslusnndulifuiesa: 50 dmsemnmaenntuetineu
ammsfinwes [35] wuhesAdsznevrenAsdgueniinnuiundngousduammsngazazas
ponuuaznugisendunandunilolnawesls uazanouideoes [36] aaINMSERIBAIBENTAM
uwazezgiwidsanindudenaruliuasilfidaealndmesnndudeielinswmmanuudousg
saoinmesilemawes Amuluduenlmeddmuazezainiivsmasnnlursdguenuaa:idon
9199:gnzazmseanIIn LA i lUhuATonAmTwealaAsuegiludfnalansaua:
WinAnudussesileniwesnanld

dmsumegilelndwedmannuvlugumaivesnalunuhdmaidssuusedaming,
fethoiins:AuUFAsenmoamuiounamsAnnillAennsesiunuidoans [4] safesafion 7 u
Mavsunssenzesalatlg 100HCF ua: SOFCB fimassuussdnmnu 55.8 ua: 43.1 wnzihama
musdyu Tusmziinied1s 100HCF-A ua: SOFCB-A fifmmassuuseananiuiosas 47 uaz 31
diadisuiumeuiiylugeuiigumapivinau 60 °C Trenaluudimsvudsanuiouszidumsss
UFAsenileTndwesTiianiulaeauysaiiieny 7 Ju wdsnnuumaesuusednaziiniuegioi q
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genAResAunuIdezes [37] esnnwsedupudumanatszmaisiimlianuuiousofiniu
TnefwlandnliiAsuudasmunm [38] wietgslsimuiiflenamniuileTndwesmaniius
Tugamaivesialuannsawmummasldgedu dondeainers 28 Ju dree1s 100HCF-A ua:
50FCB-A fmmassuuseananiuiosa: 63 ua: 68 Weifisuivdnsdiuferiuiivuiesnnuseu

80

07day ®28day m60day

Compressive strength (MPa)
[ w B wn [ =2
S S S S S S

S

100HCF  25FCB 50FCB  75FCB  100FCB 100HCF-A 50FCB-A

JUN 6 AavsunssdnTeIIaRELARTENgITlo IR IINTANGNLAB TN IUARCLER

4. m¥Azvime SEM-EDS

Tuns3As1zi SEM-EDS waumlat193 la Iname StnananidaosuAaLdungontuLAsdy
wenuARzBEnhtudILAuAnINMATeUMAISULIIEATIoNy 28 Tu UT 7 uaasmnmisze
MdsgopesAiegs 100HCF S0FCB ua: SOFCB-A muawiu a1nguil 7(n) danaliiimets
100HCF finnuuiwiuiiodoiuuazfioymazeniassilivhujisemsengnazazmodfiosnssiu
wietiosniilewSeuifisuiuimesnty 9 uansdmsiinufaseilelndweslswiuiirouinosuysal
dofinsanmamannziSnasamuhio:reseseendiou (0) #@m (Si) Tefon (Na) oxgiin (Al)
wazupadon (Ca) useduszneunanvedaomsiines N-A-S-H ag39unu C-(A)-S-H [34]
dounuiiinaesuaadengaimarmsdgueguaaidonludnndiudosa: 50 Metulitufmennieu
dfnrdnuzUTIAgaumAasingAudliUfA e duiounadusadlugun 7 udethlsing
dedirumuiy USinugniuuazsesuanamadnUnagiissdniies  deSsuiisufiagoii
Tugamafivesnud Wedimmniilidey danunguge Taseasobidwido@erdu uonanil
danveumanliiuiiseegluileinfmesuamnniifegniuauuazAegoiiuumeniuiou
ﬁTﬂLLaﬂﬂugﬂﬁ 7(m) LﬁaﬁﬁmﬁmwamﬁLmﬂ:ﬁ‘iﬁmmﬁmwudwﬁmdm 50FCB ua:z 50FCB-A
HesAlsznavpassiaifeiumes 100HCF uandliiunwaniuaea N-A-S-H uaz C-(A)-S-H
\umsuszneuilisuiAmemumdoudile ndwesmaRnninaesunadongonauAsgueguna:Bon
witlesananuiundngozecdguenersssinliAsdguenuaadendluiuiaselddes
Fovimihidumasmemadn [391 annuideimiunuanddiviuianinaiiesainuasay
awadnmailimassnsesiesnileTndwesmarmniiedsilename Smannsieunia
pldigasemseiuiaseniissvsdiuiiesndi [40]
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(A) S0FCB-A
N7  Awaeve1emasgiuazednlIznauneesInpedfeg sl lalnawasinaaneie 28 Ju

o

5. §ugIuINe DRI loInaLIa SR

Uil 8 usnvguuy XRD woafaotns 100HCF S0FCB wa: SOFCB-A fleng 28 u
ioAnmanTAMoATizesiloIndmeimannniassunadougs  uazdlondweimadnniaes
uwaidsugonsArgueuAazBoaluan M staiwnmafunuTlufme i o ndwe Svarivhns
nnsmenanudiveslassa anAnUTIngfingun Nouanedanaiueduguiisunio 23 © - 37 ° 2Theta
Moty 100HCF asanumlandnvesldnenesgiludamnnlamsn (Nag(H0)s(SiinAwr0s5)(H20),s)
mend (Si0,) wunidloweslsa (Fe,MgO,) unniilng (Fe,0,) wosauaulan (Ca(OH),) wAR kA
(Ca(CO3)) uaza15lun (Ca,Sio,) uaﬂmﬂuﬂaﬂﬁﬂgwmaomeﬂﬂmammlmmmwﬂmaﬂumiﬂi oy
mﬂﬂmﬂﬂgﬂimvlal,mzluﬂaaﬂuuﬂ:,uumﬂuwmLmun 29.5 uaz 30.1 2Theta [41] - [42] MIATIANY
sstszneustiuayuramMaInAgaUsEz I Manoruuamefiiulufes 100HCF lusiuzessiat

nldiAvdguanuansduaununidINsLAadaNgIlugnEIuTona: 50 NUAI0EIINUNTOUULATUN
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Tugunniivies (SOFCB ua: SOFCB-A) aslanumandnvasmieadiudinlngdonnaasiuiuide
veu [35] wilinumanAnzosunadendfinnlansnossismnilosnniloUiinm Ca ludunas
mssnandmnildanmsiuiasoeesingaviimuazasazasdanlassiuaslsnevuuy
lavsmaa lAun C-(N)-A-S-H uaz N-(C)-A-S-H [43] mawnilalelnfmesmadfinaududy
venuARzBEndeiimstemiinhilemamesmarnninaesuaadengodiosinge)  eealsfm
wihmsliirsdguenunandonunuiiassuradougeludnnduiosa: 50 ailiAandnzod
mendgy wansnssulgisemeaanuseuilunalimasonvasmets SOFCB fimunnh S0FCB-A
idesnnmstnFewiliilendiweseaimnuiy - SHwaveumanlivhuiisodesuaziisnuiesnd
Auuanslumsinsziae SEM

S-sodium aluminum silicate hydrate ; Q-quartz ;
CSH-calcium silicate hydrate ;

P-portlandite ; C-calcite ;

M -magnesioferrite ; M-magnetite
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U 8  Juuuy XRD pasmetnoinassunnidengidlo Iname SInaARGULAYgaIUAR:IBaATNE 28 U

6. msuAsime FTIR

aunnsudunssnvesilelndwesinannidiaosunadengs uazdlolnawaswgnain
iinResuARaNgInaArEgNaUARzBaALaAsluIUR 9 namsIATERIBAI0s FTIR Asianu
mﬁﬁuﬂaﬂmaqaﬁu,mﬂﬁhﬂf"fuuamﬁﬂLaﬂﬁﬂmﬁﬂaaﬁ’mdm 100HCF 50FCB uaz S0FCB-A Tngil
Aunismonanlugig 3369 - 3341 uas 1650 - 1644 cm umsauuuy X-OH Stretching 1o X
fin Si 30 H uaz H-O-H Bending mwiu domsaudimumisiiinanbuanazoni [44] - [45]
waziismunisinonaulugae 1442 - 1428 cm” wanAonsduuuy O-C-O Stretching BosmsAnge
wenszuzes CO; wazmsiinmiveulneenloslutuussenme [44], [46] %ﬁluﬂﬂéﬂﬂﬁﬁuﬁﬂﬂaﬂ
pyanUlunnfmeteihmanAtey  mIsuafiouuuuosmnAs Si-0-Si- Mmumisiazaiu 1100 cm’
[47] iflesnnmendnsianummzludiedis 100HCF LfiaLmu'ﬁ'Lﬁmaﬂﬁwmvﬁgmmuﬂa:L’SUﬂ
awaniliiAnnanzes Si0, Wnmndursinaudslunadiaszs XRD wasiiogs SOFCB ua:
50FCB-A Fwhlifinmsauuuuesumng Si-O-Si Munis 799 cm' [48] - [49] rhuntsaznau
Tuze 962 - 958 cm’! uazlumsduuuUoNIATERIMIEARIBEIUS: T-O-Si 017ty Si-O-Si
waz Si-0-Al uazmsduuuvinzes Si-O veswus:Anthvesdann [34] Admuntsilugnofomaneda
variandlalndwes [44] Tudrees 100HCF 50FCB ua: SOFCB-A uasfisunismsaaulndiy
440 em" iumsduuuuinaunnszes Si-0 ilelndwesiilesnningivilimsdonszi [50]
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Abstract

This study proposes using a factorial experimental design method to determine optimal parameters
for controlling water removal from fresh-cut vegetables. The objective was to achieve maximum
efficiency of water removal and increase the shelf life. The tests were conducted on samples of
three leafy vegetables, including lettuce, green cos and green oak, with the samples weighing
1, 2, and 3 kilogram; the speeds of water removal were 85, 130, and 180 rpm; and time was 5,
10, and 15 minutes. The output parameters were the amount of vegetable water removed
and the shelf life which made for 64 tests in total. The amount of water removed from vegetables
was compared with the initial weight. The results showed that removal of water from lettuce
weighing 3 kilograms, at 180 rpm, for 15 minutes was up to 98 %; 96.50 % for 1 kilogram of
green cos at 180 rpm for 10 minutes can remove water from vegetables up to and 96.50 % for
1 kilogram of green oak at 180 rpm for 15 minutes. The shelf life of vegetables after drying
was compared when stored in the fridge in a perforated plastic bag at 8 - 10 °C. The results
showed that lettuce had a 15-day shelf life, green cos had a 12-day shelf life, and green oak
had a 13-day shelf life. The shelf life was increased by 80, 66.67 and 20.08 %, respectively,
compared with the conventional method. Therefore, it can be concluded that the proposed
method was able to obtain optimal parameters for effective spin-drying of each type of vegetable.

Keywords: Spin Drying Machine; Fresh-Cut Vegetables; Leafy Vegetables; Design of Experiment (DOE)
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Parameters Specification
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AC Motor 220V, 1/2 hp, 50 Hz. , Speed 1500 rpm.
Operation Control Automatic
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sanuuumsisurinnedeaingUuuy Aol 5 waadeRnsandulsdmsumseonuunlunuide
sonun 3 fauds aansafmmungluuulafeme 2
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Define all parameters
Key, Type A, Type B, Time, Weight,

initaial

le

Show data of
Vegetable on LCD

Input from keypad
Type A or Type B

Key == Type A

Display

/

Analog from Load cell Weight

Show data of
Vegetable on LCD
Display

Y, = 88.2-3.98X,+19.8X,+2.0X,

Show data of Time
Operting
v

Motor : ON

No

Y, <=95%

Yes

Motor : OFF

Yes

Analog from Load cell Weight

Show data of
Vegetable on LCD
Display

Y, =75.1-12.8X,+14.0X,+1.40X,

i)

Motor : ON

Motor : OFF

Show data of
Vegetable on LCD
Display

U4 AenuldsunIuAILANMIMULUUEA TUGA
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. Define
aim of research

[ Choose output l "I Second-order design |
v v
l Choose input l l Experiments in random order ‘
v L]
|The calculation of all experiments‘ I Fit to second-order model l
l First-order factorial design l No
l Experiments in random order l Yes
] Try changes in variables and/or response
: fit to different model
| Fit to first-order model l

Is there
lack of fit?

No

Give results with optimum
variable conditions

§1J17i 5 uwunwmslnaresds Full-Factorial Experimental Design Method

MIWN 2 MssviarenIulsdunadnsumsTamihnnanAnLAsuiaEn Ly

Coded and Uncoded Levels

Variables Unit Symbol 1 0 +1
Weight kg. X 1 2 3

Speed rpm X, 85 130 180
Time min X, 5 10 15

uazivarsneann (Y) A Ysuanhngansenainin desusamiuinlanangunisn (1)

initial

w....—W.
%W =[#j x 100 1)

Tned
%W Ae  wesiusmsssmiesnainda (%)
Wi A8 ihwindnneumssantesnaInfn kg)
Wia 0B TwindARAIMIEaAIIoaNIINAN kg)

sumsmendiamansilimmsumsnasesmmuaidulUld dewndy o Taed a
fio SwanssAvvosuan:ilade uas k Ae swaudede [15] luowideiidnmileds 3 Tede unasieds
fnwd 3 s:iu Andemiwlflumsnesendudnfifidnsasdnlufiunse wazdnlundn urasileds
Aowd 3 sy Teeszaufithanlflumsneass ldun 85 130 ua: 180 seusewd doiiussAu
ANIEITOUM NN uAzgy TABAAET 85 ua: 180 FeUReUIf ABANISITOUMEALAZAIINEY
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souguaafinIaosandnInaduaansaild  oudazsrauanudadinaiaiudsna
50 soUMEWIN 9INMIBBNLUUAIBITNTOBNLLUMINARBILDDLWANBSBaANgUuLY 9:lAd1uou
manARaaviansA 27 manages (3° Full Factorial Experiment) uansunumanaags 3° unanadea
FAam 107 3

MIN 3 uwumMInaaed 3° unanaBeafnsumsmMAM AW TN N InTUMIAIVANNITTNNUY
2DILATDINANUIRNFAAALAITIAND LU

Factors Factors Factors
Run Run Run

X, X, X, X X, X4 X X, Xy
1 1 1 1 10 0 1 1 19 -1 1 1
2 1 1 0 11 0 1 0 20 -1 1 0
3 1 1 -1 12 0 1 -1 21 -1 1 -1
4 1 0 1 13 0 0 1 22 -1 0 1
5 1 0 0 14 0 0 0 23 -1 0 0
6 1 0 -1 15 0 0 -1 24 -1 0 -1
7 1 -1 1 16 0 -1 1 25 -1 -1 1
8 1 -1 0 17 0 -1 0 26 -1 -1 0
9 1 -1 -1 18 0 -1 -1 27 -1 -1 -1

TUMINANEUAMANUINRNTRSRNMIAULUY  Tngassnmsinsamaulsamsmsanaule
(Coefficient of Determination, R @gm R Sua1n Muneds sumsimanummnsaumn douans
FUuUMIIIMIAARAIANNLYIUTIL (ANOVA) Fonaoil 4 ifle N ApduIudeys p Ao
SuunanmnlsdasludumsmIlaimanuulsUsuuenty 3 & Ae ANNLUSUTINTIN
(Sum Square Total: SST) iflupnuulsUsiusinvasioys dudiedueldfeaunisanaes
(Sum Squares Regression; SSR) uazsmiesuglilfmesunsanaes (Sum Squares Error; SSE)
Aosumsii (2)-6) [15] - [17]

SST = SSR + SSE )
I 2

SSR ZZ(Y/—Y) 3)
i=1
I 2

ssE=>(r,-7) 4

i=1

4 N —_ 2 = A o s J d'
($N]3)] Z(Yl —Y) AD WRUINTDINAAIINIRIEDIDDT ¥ 91NAIRNE
i=1

IR VDIDATIFEINTZWI SSR AU SSE mlman

e Mean Square Regression  SSR /(p - 1)

: = (5)
Mean Square Residual — SSE/ (N - p)
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- 2 T e a v a . . . 2 ¥
Aon MaNYszansmsanaula (Coefficient of Determination, R”) wilaain

2> _ SSR

6
SST ©

MIwn 4 MInATRAmANULUSUIIN (ANOVA) [16]

Source of Variation Degree of Freedom Sum of Squares Mean Square

(DF) (SS) (MS)
Regression p-1 SSR SSR/(p-1)
Residual (Error) N-p SSE SSE/(N-p)
Total N-1 SST

WA

1. WEMSBRNLUUAMNINTABSIINENMEIENMT00NLLUMINAREY
mAsaimsnaseuiiegudnly 3 win ldua Anmanen nsuAes uazaIulon nagou
Jasenonun 3 998 uraziladenasou 3 326U wskamsnaaeseamdy 3 du ldud kamsesnuuy
mmniwesiwanzaudeds Full-Factorial Experimental gesinmaven n3unes uan3uldn
TAEWANI300NULUDNIINARDILDULNANBLITRANFULUD defifuls 3 Buna ua: 2 Lo1FNA

IS ILIUMINARDITINNA 27 MINARDY FILTAIHANITNARBIAIAIIIN 5 - 7

MIWN 5 WANTOONLULAWITIHNDTNMINzaNAI835 Full-Factorial Experimental Annnvan

Factors Factors Factors
Run X, X, X Y, Run X X, X Y, Run X X, X ;
1 1 1 1 98.0 10 0 1 1 975 19 -1 1 I 965
2 1 1 0 975 11 0 1 0 970 20 -1 1 0 96.5
3 1 1 -1 96.0 12 0 I -1 970 21 -1 1 -1 96.0
4 1 0 I 960 13 0 0 1 905 22 -1 0 1 940
5 1 0 0 975 14 0 0O 0 865 23 -1 0 0 94.0
6 1 0 -1 950 15 0 0 -1 850 24 -1 0 -1 92.7
7 1 -1 1 51.0 16 0 -1 1 63.0 25 -1 -1 1 875
8 1 -1 0 495 17 0 -1 0 615 26 -1 -1 0 835
9 1 -1 -1 47.0 18 0 -1 -1 715 27 -1 -1 -1 80.0

MIWN 6 WANTRRALLUMNITNADTINIzEUMEI5 Full-Factorial Experimental Annsupos

Run Factors % Run Factors % Run Factors
Xi X Xy ’ Xy X Xy ’ X, X, X5 7
1 1 1 1 83.5 10 0 1 1 900 19 -1 1 1 945
2 1 1 0 825 11 0 1 0 915 20 -1 1 0 96.5
3 1 1 -1 78.5 12 0 I -1 850 21 -1 1 -1 935
4 1 0 1 75.0 13 0 0 1 915 22 -1 0 1 924

https://ph01.tci-thaijo.org/index.php/rmutijo/index



N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

MINN 6 HAMITBINULUUAWITEARINWNZENMET5 Full-Factorial Experimental Ann3uaos (7o)

Run Factors v Run Factors % Run Factors
Xi X Xy ’ Xi X X4 ’ Xi X X ’

0 0 725 14 0 O 855 23 -1 0 0 905

0 -1 705 15 0 -1 830 24 -1 0 -1 88.5

69.0 16 83.5 25 -1 -1 1 865

-1 0 655 17 -1 0 775 26 -1 -1 0 920

-1 -1 47.0 18 -1 -1 745 27 -1 -1 -1 85.0

O 0 3 &N
— e
1
—_—

[S—
oS O O O O
1
—_

—_

MIWN 7 WANTOONLULATWITIHNaININzaNnI835 Full-Factorial Experimental Annsulan

Factors Factors Factors
Run X, X, X, Y, Run X X, X, Y, Run X, X, X Y,
1 1 1 1 845 10 0 1 895 19 -1 1 I 965
2 1 1 0 84.0 11 0 1 0 91.0 20 -1 1 0 94.0
3 1 1 -1 79.0 12 0 I -1 865 21 -1 1 -1 94.0
4 1 0 I 68.0 13 0 0 1 83.0 22 -1 0 I 910
5 1 0 0 655 14 0 0 0 865 23 -1 0 0 90.0
6 1 0 -1 615 15 0 0 -1 735 24 -1 0 -1 88.0
7 1 -1 1 425 16 0 -1 1 605 25 -1 -1 1 84.0
8 1 -1 0 44.0 17 0 -1 0 585 26 -1 -1 0 80.0
9 I -1 -1 390 18 0 -1 -1 575 27 -1 -1 -1 80.5

W01 UAITI97 5 - 7 IATEZARRETUENNTARLUD ASENNISA (7) - (9)

Y, =88.2-3.98X, +19.8X, +2.02.X, )
Y, =82.4-9.74X, + 639X, +3.36 X, ®)
Y,=75.1-12.8X, +14.0.X, +1.40.X, )

(i
Y, fe weiwusamssamimesinmanes
Y, fe weiwusamssamimesinniunes
Y, #e weswusamssamiwesinniulen
X, fAe wiinvesdn
X, fp  ANNSITOUIDINDADS
X, fe  nailiaan

2. mTIATIERANLLYTUSIU (Analysis of Variance)
NANAMIDDNUVUANINAWOSAI835  Full-Factorial Experimental 1{811u13tA51:9
TOYANIWINIA IAUMITNAGDUAIANNIANIZRNTDIENMIAULLY AIBA1 R? wudl aumsauuuy Y,
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fim R® Wiy 769 % uazdim1 P-Value wu 0.001 Y, fim R® iy 84.20 % ua:difA1 P-Value
WAL 0.001 ua:z Y, fiA1 R® wniu 89.30% waziim P-Value iy 0.001 uanowamsdnszi
e ANOVA shwsumsaamiesinmanen nunes uazn3ulda fmsieh 8 :nmsAnsonss
JmmsuazInefinusiiedtes nui mMseenuuumsnAResiinIsimaulssansminaule
R®> 70 % uazm P- Value (prminandn) < 0.05 (a) wansihuwusiaesinanuiigsnelumsin
Foyauazdoiniudoyaiid sunsnilusiuanmsimeiommmasuiianigs [17]

MIWN 8 MITIAIIZHAIANNLYTUTIN

Variables Source DF SS MS F P

Regression 3 7419.5 2473.2 25.59 0.001
Y, Residual Error 23 22229 96.6

Total 26 9642 .4

Regression 3 2646.57 882.19 40.80 0.001
Y, Residual Error 23 497.27 21.62

Total 26 3143.85

Regression 3 6562.8 2187.6 63.90 0.001
Y, Residual Error 23 787.4 34.2

Total 26 7350.2

3. HAMTAATERMUAMMNTBIRNEARALAITIALUVEINSIRALIDaNINAN

mafusnmraaRagampisIEmsiivsansnmlumailinsuaumsme 9 menmw
haouazBirmgmaivinmesinuaznalll Wosnnamnsaansrnmaesauiulavesdegaunials 18]
Forinandaudsziialudeiluussemunssuds Ae Us3900ia Oriented Polypropylene (OPP)
gEIAgEN WuSmfigamail 8 - 12 °C [19] Mmnsaianiinn:inmmneingn Tnsfalsan
SLHZIRMIALSNMIUAANNTNYTAI9a0RAN g 3 TR uamAgeuiinMSITou 85 130 ua:
180 soUABLIR FzHIMMITAAINBBNAINAN 5 10 WAz 15 Wil WEAINAMINANBUATIATHYBINNER
AawAszfinlundomasanth Muszeznmmaiusnmuazauany iz 3 aiindouil 6

WANINARBLIZHIRIMINUSNRNLARZINANAINMSHAR

FAnMANEN : nSUADN . n3nlon
16 : . >

14 ]
12 11111 fi LR

12

(1)

STELIMMIAUIAM
o N = (o)} (o) 5
G |
&&9 (=]
S
< \&& . L
Q | ——— i1
® \&)gx
O
o
-
e ]
N e«
I O
N 1
3
g h&’(’ I O
N
0@)“ &&9 - O
i
o
&Q(V\ I O
S e —— O
ks
=
HO° I——- O
S
- \O
%

&Q‘" N
- o
— O\
eemm—m——===UTRi\0
- \O
L RV

G G B bR % %% %% 5 6 G %% g %

% %, %, % 2, 2 % 2, %, %, 2,5, 2, % 2

2.%,%., %% o 2% % 2 PR TN ]
P R RO V. % 0, G Nl G G Y N 0 N B S,
% % Yy y Yy 4 % % %y %Yy Yy 5B %% Y% Yy

UM 6  WANMIMANDUIZEIA AU NIANUANZTIANAINIHaAIBNINAN
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NNHAMINAREUT LS AMANWARzTiANAIMITARthoanARNY Anmavies
fiumsadmieananininmss 180 seudewd a1 15 wiii @ansadivinwldnuiign Ae
14 Ju fnnsupesiiiumssantinaananininnmuis 180 seudewi a1 15 Wil @nsaifusam
liudfign Ae 11 Ju dAnnsuldaimumsadmieenandaiianugi 85 seudewi v 15 wii
sansafusimliuign fe 12 u wammaeesdinsnsennfasiuIIdEBes [19] Johmsmareu
URAAKAARRIM AR IeBReeMTAUIIm Tneusagluge OPP Tigamgil 7 - 15 °C &unsaiiu
S waaNalanNn 10 u

4. wamsuAREUMIEAADBNINANMIETITUNSNAUANMSINILEATLIR

HAMINATOUNITAAALI00n91NANAI8TUSLASHAILANAI T IULYUEATUITA
Taeldanmsi ) - ) smsuiusumamuvaumannu Hsmetoingiin A fe lundn uainuiin B
Ao fnmupse hmin 1 Alansu nageuth 5 A3 uwasisrsanA N TSN zDalUTUATY
mudeulefimvun  uERIWAMINARBUAIMIIN 9 NARAMINATIUANNWILETRslITUATIAILAN
msvhowuudnluiinud dehingdia A fe dnlundn dmidn 1 Alansu Tdsunsusnansavou
IFeenognieswiugig 5 ass mudeulafimnun fe wWesdurmsasmheennninlitiosnd 95 %
uwazillothinaiin B fin Anmupse wmin 1 Alansu Tosunsuansaioulfegogasaoususiing
5 Ase mudeulafidmun Ae wWeiidudmssdniheonaninlitesnd 95 % wduiu

MIWN 9 WANMINATEUANNLNUE PRI Y IUATNAIVANM INUUUUDA LULRA

YNAND wWesdurmssaaueannin wasidun
ﬁwﬂﬂa‘u ﬂ%z\ﬁ; 1 ﬂ%z\ﬁ; 2 ﬂ%zﬂ*f/'; 3 ﬂ%v'\:i‘f/'i 4 ﬂ%zﬂ*f/'; 5 ANHLLIUEN
A 96.0 96.0 95.0 95.0 96.0 95.6
B 95.0 95.0 97.0 97.0 97.0 96.0
dyduazanlsuna

AdeiliisuemammmafimesimnzaudmsumuanmstaneannRnaARALAsiaRT LU
medsmsesnuuumanasesuuuwinnesualnefiingUsadiiemus:ansamgoansesmsadni
ganINANUAzANEIgMSIAUTAm Tmsnageuieteanly 3 #in lHud AnmAnen n3unos ua:
n3uldn naseumTimeionun 3 Wndimes winsmdimesnatey 3 szAu ldun min
nageuthmind 12 waz 3 Alansu ANWSIOU 85 130 UAz180 SOUABINT WAZIZBzIa) 5 10 uA:
15 wit Tadnn A USinahiisaneenandnuazegmafiusnm Geduiumnaaesomn
WAL 64 ManaRes wtswamsnasaseaniilu 2 diu Wud duil 1 WisuifisuuSmanhiisdnoan
nARAAUMTNGNAY manInARBINLIY Anmaneutivin 3 Alansu adARIsASITeU
180 suUeWIf S:uzaan 15 Wil Mnsadanihoennadnldnngn 98 % nsunemimin 1 Alansu
ganMBANNSIToL 180 seusewd Suziam) 10 Wifl ssnsaaaAenNANANGA 96.50 %
waznsuldaimiin 1 Alansu sanMmensIsay 180 soudewtd szazia1 15 Wil asnsasani
ponaMANlANINGA 96.50 % DoWaMIITBAINAINEAARDIAUNUITETNILIBOIATBINAR
Lmumﬁiﬂawﬂquﬁ An ANuSIToVLRzs o e lflumssaniinanomsasausis (31, [7]1, [20]
Aam 3107 10
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M3197 10 HANIIMIATITALADTNNNTENEIMIVAIVANNITEAALIBDNNNRNTAAALAITTARN LU

é]l'liﬁgﬂ']iﬂﬂﬂLLU‘IJﬂ’]iVIﬂﬂ?J\.‘iLL‘IJULLWﬂV]E]Lgﬂf\l

- wiin ANuIlunsaan F2HZLINT mIsaAn
YUANN )
(kg) (rpm) (min) (%)
NNNIATION 3 180 15 98.00
NSUADH 1 180 10 96.50
nsulen 1 180 15 96.50

fun 2 WiueUeIgMINUINTOIRNTRINIEAR U39 QINAIEANDIZJURADSNH

Tustugmumngi 8 - 12 °C wamsnARINUTIRNMANENIIDIEMINUIA 15 T NIuADNTIyMINUINE
12 Ju waznsuldafiongmadusam 13 Ju Teefiegmaiuosasuinduamdu 80 66.67 ua:
2008 % sy WewSeudsuiuAnfilimumsmouszadmh do JssunsaagulEiiEmamisue
sunsamanNimeinmnzandmsumssdnihoennndnudazsiialfosoiis:insam

AnAnNssuUsznA

peraUAnEITIMNTINlNTh  Audmnssumans unineaumalulatnouspaauu wwolan
Az ITmAIUIRELALIANIINMINBAT ANIAINTINAEAT NNTIEaumAUIaEs1ITNIARAILN
nwalan NENuELLITAgUNTAl uarEaINALININITY
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UNANLD

mafinmnazasARUANNIdIHANT:NUARaNITIUMSHAAlTh s suNTaALEID ARG T ingUszaoA
Tumsfnmansmzaduimnzanfgafiliungaduserindnanlniladngaiis:Auaudn
1 wufwns antwimsinmaudsmeliiivesunogadudserindmelianinuinden uaz
uwsseingase wamasnameuilagnitluaieaumsmendinmansiermensnanlninedoes
wwoirasussenglimin Tnglimulssralumainmemssanliimasouugsenfingsed laun
AIANULINTIROINE QUNNTUINRDN UATQMNATDDILNILIARALNIDINAT 91NNITNARDINUI
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Abstract

This work reports the effect of surface waves on the power generation of solar panels.
The experiments were carried out to determine the optimal wave characteristics for solar panels
to generate maximum power when installed under water at the depth of 1 cm. Several electrical
parameters were obtained under natural sunlight and ambient conditions for the comparison.
The results were used to create a mathematical model which was used to predict the annual
power generation of underwater solar panels. The key parameters employed in the prediction
of the annual solar power generation included solar radiation, ambient and panel temperature.
The results revealed that the solar panel installed underwater with surface wave height of
0.3 cm showed the highest power conversion efficiency of 24.06 %, compared to 12.78 %
from the one installed on land. The annual power generation of an installed underwater
solar panels with the surface wave height of 0.3 cm and capacity of 1| MW was estimated,
by a mathematical model, to provide an yearly income of 9,804,636 THB, which was
227,059 THB higher than that from the on-ground installation system.

Keywords:  Solar Photovoltaic Panel; Surface Waves; Efficiency
NN

NRIIIUNLRDNATONAIIUNALNLLASUANNTENEIUNTARI8NALNUM T IEINRsIIUIIANOFTR
TnomaluTadnasnumadenilasuanuiioumnniianlumsinnedanlii fe waluladnanli
wasomuageiing dodmdumaluladnianuielumsannslionu wazmsthsedam WumaTulad
plidudeummsaindsldegounsnae  lufinunuludiuzoousdoeiing  uaziiszozamAunum
winalulaginigmilismnsananiaesliesoans Wesmamswanlhdenhurosasusseing
TWAnRsuSanmouds  Weliunosusiforinduazingns:uiamananliihoesunodadusserfindnely
Fonszuumananliihoesungadussofindiinessussfeiindnaennaitliomngivesunageou
mumanuNsaoing (11 wasiliuseanlnisesunsasusioinsinanlianae sonarili
mdslwihuazszansnmmsnanliihanas  wennniudsfilymiduinnnsmunihuneadusefing
delfomuiusoznannuiudniedunioifinansmuseUsinamasulwihiunswasuaseindnanli
Tneruazilimanudnssferfindimuniunonnnsnulldoieadtesasninin silidadlnih
fnanladesasluie  smsumImsfnnsuRogasLRIoRndULRuTIUS s ANus uiufeslFiui
dwsumsanns Taemsaenonn q 1 Aladafesfecldfuiiuaisanm 10 maomas deduiu
msAnaIuunsmMasemsaasiumslifuioalinnlslomd  wimusoaiuduiuidmi
MINUABATATIN  NIDTUNRINANSIIUIR  MIARAILRITaRLEeRIndUuRUTIma I ue99: 15
Ansadumslinui lumnsauindu
sndlgmasaanladiniseinmsanfuuuamouadunuieiulssansamnmswanlnii
PRUHITRALEIO RS TnemIsunEAuSeumnuS AT URaauRseHRg [2] - [4] namsnaaey
wansliiuhemnafinhumanaslugansesa: 16 waszivszd@nmnlumsndnnszudlniniugy
Sooar 14 WowsSoudouduuwedluldsumssuiennuion uennniugsinsnAsosRnm LNy
asuaso g luthmuasingn (5] Tngliumooasussefinduuuidus a-Si) wuhmasmswanlih

72
ISSN 2672-9369 (Online)



msAnmanyuzTaIAALAhNFINaneaNTTausMINAA LT TRILRsaRLEsD NG LA
The Effect of Surface Waves on Power Conversion Efficiency of Underwater Solar Panels

sesuHgaRLaIe T IAGlIEA (12 wufimes) dmdesniunodeduaierfindluiau Q wufing)
TnefivszansmmmswannszusliihiszAviAuuazihdnegisosa: 2.2 - 7.8 uazsewua: 1.5 - 6.28
wonNnudMIAnMaNIIIUzTRsURIERALIIng (PV) fiaueglii Tnevmsnaaeaiu
WHITRSUEIDTINSULUUNANAEY [6] JMIIATIZAREIAUNAFNEULAZATATINTOULRNANLANE
UM siLszansmmossungadsteindlih - wuithsansagaduansiuasilifaud i
pamInannszudlnihzeounagaduasningld  doanmsAamnudissAuanudnilmanzan
TumsAnrourgaausinfinglmiegiivszanm 1 -5 wufins

nnsmsuidymananminei fdeldsulafnmmsiusneaduaseinglufnaslsi
eaniumaampiivazduiiiindudumsndnlnfiizesunoeaduaoing  dondoainasAng
midednsmidelAfoiudgaunmsedlumanagey  esnanluanzaisenaninpauusniong
fidonansznuRenIsieorIuzaINgsnAat  I0ilRdITeiuaAnfie:AnmnansznuzesAAUAItN
fidonalumsnanliizesunsigaduasoindiAnalAinfissAuanuEn 1 wufwuns 91nA
e aziuazilSoufisunisnaandsnulnihsesunsgadusserindiAnmsuuuaua: 1
mniuldihmsiransmaseuluafuaumsimensnanndsnuliihoosszuundaliihwdsou
useiindaun 1 winzina ananseglmhmudeuludeiuiunmsmageuifnganoly

ASMIALI NIV

AsaiumsAne
MsnasouARNAIIidINaneaNsIaumsHanliTDesuRITaRLEse RS NAA AL
wustuneumsidusendu 2 damvan 9 ldun MsfnmanEMzTeIARUANT dINaReaNTIOU:
mananliihzosunogaduEInindRARALIN  uazhszAuARuRARganIensnanlioes
wHoaRLIRRgImMATsaAldlunrennst ieSeuiisuiumswanliihseounogaduae1fing
AAnmsunun Tnedunoumanaaesluwdazdiuazgnesusluidetesdonoluil
1. MR IRNEATRIARUAI RSN RN TS AU MIHAR LT TN OLTRAL AT TINETIRARG N
mmanasevlagldunirasusseindguinnansu (Polycrystalline Silicon) #wm 100 mn
Vo, 182 Taadi 1, 549 wouil Vi, 22.3 Taad I, 582 wenil NOCT 45 °C uazdiiunlumssu
M3aRofing 0.616 mM3mAT $10u 2 uwe Anasliluverluzmn 2.0 x 3.0 x 0.5 AUIARLAT
NIAVANNGN 1 WUANAT 1IN 1 WWg URZAAAIULUA 1 WHY ARIINIWINMIARANATEIIATIZN
pauautAmMalNThsesuRsEAALE9 1 RS (Solar PV Analyzer, PROVA210, MAnuAma@aed +1 %)
fuungaauaInindvoaosunsiiotufindeyamaimesnoluihsesunogadudoering
semesuAUidaziin K (Thermocouple Type K, manuamanion 2.2 °C) lflumsintoya
gamgimAwIATen  gamgith  uargamivesungaRLae T Ag  uazATasinmToReniing
(Apogee, MANNATIAARBY +10 %) v:denreiugunsnifiuieya 10 des (Graphtec 10 channel,
MANuAMAARDY +0.1 %) ieimsifivieyammnivmeinmunilinanieiunn 5 wii
TaaisumouAIa1 08.00 - 16.00 4. wenINUUMsAAAITNIINIzUENTIDIIA 130 TRA ield
Tumssraunszunninhanmuudliiauintlusanmsine 3407 4542 ua: 5678 ansrowii
edumsiasnauiiiniffinnnauiionmslvatesnii 2.6 wasaeiui wesenaufe
aofsznousAalumsasnauAnh uarauiinusiesnin 2.6 wAsAEWT AraSARLAIIN
aianugolaiiu 7 wufmnes [7] - [8] wasnamihmanaaasAnmmswanliihaosunaeaduaseing
meldideuledsnanuanimsnaaesdnmun 3 asoluudazdenlamsnanes 23T IATA

73
https://ph01.tci-thaijo.org/index.php/rmutijo/index



N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

NamNALRRLTasToyamInaasnientenlafiunsgaduaserfindndnlnihlfnniigalaanis
Wisuifsuiuunaasusseindifnaouuun  Tnednnsianmanuinsierfindinansnuusii
wihunsgadusterfinglaedoniuiimanudusiferindIndidssiunniian  amnnizeouns
wadudsefing maslaihindnlfpesunodaduasening mwdsnuildnnunogadugoeiing wa
UszAnsamposunngaduaefing uasdesnsninniuazasUnansnasesluduneuusnazi
wamsnaaoanAngallavanmsdmsulflumsimemsnanlninaeansiluduneud 2 Aely
Tnedunoumsnagauazasieuununwesoielugui 1

PV Analyzer PV Analyzer

Solar Panel Underwater Solar Panel

Temperature Air

s

I
g

dqt——————

i

o—a

=10 v
Graphtec Data Logger \Tenperature Water

DC Pump Motor 130 W

JUN 1T WHURIDELIETUABUNIINARDY

2. mynwemskanliihesuRsasLsIiRgRRoATIT

tumeumIaSvanmImMnanlifmasnuusefindgdmsuunsiinnsuuunuaslii
2 liTsunsuaouuheesmendnnans  dethaililumsimenswanliihoesunogadussefing
aannslmitludoulsiAngneosmsnaaedlusuneudl 1 dedudsiisnlflumsasoaums laua
AANuBnSiFofindinnasznuusnunihunsgesuaseingiannsuuunuazlii gunaized
wwaiaALEnETRRRIULUNURZWRN gungiiindounrenyy uazmasliihTesumaaduEseTing
wasnnlammaimesnidusulsadalumsimemsnaniiihugs - asimsumemswanlnih
NuRsERLEengRARAULULR:IMhnaenl

AAnuEnssRerinddlfidudiunusosuaasiionldtoyaarnTusunsudiiaaomia
AdinAansMInanthfoundsnuuasaiing [9] dofoyamanudnsedoringminnimeiue
mananlifhndsnuusseindidudeyamununed usenfeuunazdonlumaod 1

74
ISSN 2672-9369 (Online)



msAnman¥uzTaIRALAhNNaneaNTTauzMINAA LN TRILRsaRLEsD NG LA
The Effect of Surface Waves on Power Conversion Efficiency of Underwater Solar Panels

MIWN 1 MUNUMANULTNSIRengs 18T lug luLAazRau

AINUAIAINLINS IR INAEII8LADY (OAARDAITINNAT)

L3N i.A. .N. .. L 8. Nn.A. 1.8, n.A. §.A. .8, A.A. n.a.  Bb.A.

0700 w. 179 231 244 237 266 354 387 380 316 191 108 130
08.00 u. 389 455 462 439 403 515 546 546 489 348 285 325
09.00u. 601 675 678 642 553 649 675 678 630 478 469 527
10.00 . 775 853 852 809 687 745 764 768 728 580 627 701
11.00 w. 879 953 952 910 770 797 807 811 778 662 730 813
12.00 w. 892 957 959 925 784 802 802 802 775 674 757 842
13.00 . 813 864 870 851 727 759 748 742 721  6l6 703 781
14.00 u. 655 692 704 703 610 617 650 637 617 516 578 644
15.00 . 450 473 492 508 456 545 514 492 473 397 407 456
16.00 . 236 248 272 302 322 388 350 317 297 248 222 252
17.00 u. 47 53 81 119 175 212 168 125 101 80 54 67

ludiuvesgmnniing aaeuililunsimiensaanldiingsruusseringsied
mﬁlaLaaﬂiﬂﬂamaammuLL’Jﬂaauﬂau‘wa\mﬂﬂﬂaﬂﬂiuamuﬂmwmﬂ w.A. 2561 [10] L‘W?ﬂ"ﬁl Wumunu
YUNANLINRONFIFA UAZ mﬁmaamamma doulu 1 Mumsie 2 uazldaumeegnmainInaey
Tuwdnzih naiedumumeanaineaillflumshmeenmgivnsenseil [11] Tusumsi (1)

MIWN 2 FMIUNUGUNNILINRBNFITALAZAINA 18D

AILNUAMNYNLIARBNTIBLABY (TAARBAITIILNAT)

= a

°C) A AN WA W WA N nA §A N8 AA. W.e.  B.A.

gugm 303 355 355 385 365 395 352 330 348 355 33.0 290
man 169 174 205 254 245 240 248 238 240 235 233 216

e A a0 W

T, A QUINLINRONGIgATBILADUNABINITIATIZNA (°C)
T, @A ammnﬁu’maaumamaamauw ABIMSIATIER (°C)
t Ao naideemsAaIsan (Falug)

1{9911N113NTIVIDYRDMNANUIAADNII0TILNILAIIZHINITDATUINYUN) T VO IULHY
wwaauasengnAnasuuun [12] Tunanfsanulaluannmsn )

T,=T, +Mxlc (2)
800
75

https://ph01.tci-thaijo.org/index.php/rmutijo/index



N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

ST
T, Ao qmmgﬁLwﬂé’ﬁmiwaﬁﬂmﬁﬁhmmvl,ﬁmﬂaumiﬁ (1) (°C)
NOCT fo mamwﬂmﬂaa‘tﬂmummﬂaaiﬂamiwﬂﬁau °C)
I Ao mAnudiussaefindseilueilianmsei 1 Gadremsowns)

Tusuaamaiivesundadussorfindinnadihaiiidudedendnlumshesesmsnady
FNOULET  URZIZUIIANNIOUTOILHILTRALEID TN %ﬁhLﬂurﬁaﬂﬁwuammamwnﬁﬂaﬂﬁwmaaﬂﬁu’ﬁu
Lwamwamimu’;fuammﬂuuﬂﬂ?ﬂumimammmmLmeaaLmewmﬂwmmm‘lmmmaammau
szmmimmmammum R ammmammnmaaummwmwmﬂm‘lmum 1?1613Jﬂ131/1 3) waz (4)
TumsAuam

—0.22105 1.074
T, =2.5396 x I x T (3)
1o
T, #fa gungizand (°C)
I, A mAanuusssonngeti lusnlaanmsien 1 OnAnemsIsuns)
7, fe aunplwinseunsediluendnlannaunsn (1) C)
T " — 0. 015347 X 1g50735 X Ta*0A98435 X va52]6 (4)
1l

T, fo  gungiivosunsadusieiiadlin )
I, #e  menudusiderfingsedilueildanmsiei 1 Gadremsiowns)
I, mo 'qm‘quﬁmﬂé'amwﬁﬂuﬂ‘ﬁﬁwmmlﬁmﬂaumiﬁ (1) O
T,

Ao aanniivegi (°C)

M I IAMIUWUTaYRgUNNTILIAREN LRz TR TPOILHITRALTI0 TS
fannsununuazlmildenmsmmadusumsi (1) - @ udr anhwamsmuwialy1flumsriune
maslnihinanldnnunogasusseringinnnsununuaslminaeanstlugumsn (5) uas (6) uas
smsmmamasuliihinanlaseiludlugumss () wasatwinmsiuanasulii
ananldneiulugumsi ) wanimsmuwialszansmmwmswanliihvesunowasusseing [13]
Ilusnmsd 9)

P =0.22983x IG5 X T%7 5 T % 10000 )

I, Ao MANuES IR RS RAANTIMUNTLHOTARLEIDIRASARAAIULLA
(INAABDMTILUAT)

Ao gumgiwingen (°C)

gaumgiizesungaALaIRRgAARIUULA (°C)

'mﬂ zﬂ
o)
o©

76
ISSN 2672-9369 (Online)



msAnmanyuzTaIAALAhNFINaneaNTTausMINAA LT TRILRsaRLEsD NG LA
The Effect of Surface Waves on Power Conversion Efficiency of Underwater Solar Panels

max _ 0 ]854 % 10 93072 Ta70400067 % T[g)40543 % 10000 (6)
13l
I, A9 AMANNILNSIEDIIAgNANNSNURIILRIIDRRLEse NRgRARAY ALY,
Usym * 0.5976) (TAARDAITINAT)
T, Ao guupglwinaeu (°C)
T, fo  gqungiivosunsasusiefindnanaslmi C)
E=Pxt (7)
*10)
P A mwslivhoesunogaaudooingnannsuuunuazlanl (Inm)
t Ao nanldlumsnaaes (@3luo)
16.00
Dazly ZE (8)
t=08.00
F10)
Epay A nasnusiniwdnlaanuasizaduaseindnasnansiu (Inatluadeiv)
E, #As  wasnusetilusnnanlanaennsiu (Inagalug)
0, Pmax
n% = —me s 100 )
Iox4
F10)

P,.. Ao maslWihgogaoeounooasudsoing m 9annean1sneaIsan (In)
I, A9 MANNDNSIRDNAES (INARDAITISNAT)

NALRZITAINANIIVNARDY

HAMINARBITLHITRALEETIRETARAIUULALRZ M asThmsutseeniy 2 sumubeuly
manARBsnEINAeuNNife ManaseUNaToIAALTIAMY | TinareUSmamaselnihinaals
uwazmsthdeyadlinamanageuingaluafuanmsdmsvimenamswaanasnuluinaoanad
Aosessdenneluil

AN sieinginansnunihumsgasuaseinginnasuuunuac i i ssiuaNuEn
1 wufmns definfuAnhanugosindy 03 05 ua: 1 wufmes lugud 2 Taevimsinlugonm
8.00 - 16.00 u. Mngtazdannldinmanuinssferindfinnnsnuununeffnndlimifiaana
dlofeuiumuscunsinnmuuunetitaAn  BieRnsanmaenuEus R RndsmuLnehinnmg
Tinflofinnugosasadauie 9 wuhmanuduioferfingannsnudienfuAnidanugamiiy
03 wuimnsazlimgeiign MINMTlANATeyaNUTENYITIARLTINARE M ITR IR ULAZMSa:ToY
YOI Lﬁﬂﬂ‘ﬂ”]ﬂﬂﬁl&ﬁiﬁﬂﬂLLViﬂ“ﬂﬂﬂﬁluﬂ“ﬁﬁﬂHm"ﬂﬁﬂﬂﬁULﬂuéLsﬁLLﬂ“Lﬂuﬁuu [flougonnnIzny
fupdunddnsazmiuluuiazdna  yuvesussiannnUAUARUAItha: ;Jmsw“amuua 8z wau
savusseanlumoiuluudazauiiinanansmslnamoiu - InmsnAseuNUTIUEInaRIUAIh

77
https://ph01.tci-thaijo.org/index.php/rmutijo/index



13815 UN3. 88U atuinenmansuasmaTulad 19 15, atiui 3, (Fueneu - SunAy 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

LUAANTNULS MU AR LE I INGIN TAARIMNANNGIDEIAAUAIN  NEIINMSIATIN
AANULTNS I IRASAANATINUNTILHILTRRLE DA GNANASLAINDIEATINISHDINIUDDY
uadlimifomnanugzosndusiAy 03 05 war 1 wuAwns adiduafunaoniuogi 427.47
42155 ua: 401.76 IAAREMSIWAT MUY Sefeuiumanudnsifeinginnnssnuwssuuun
WUNIR@ABWIAD 728.68 InRRams10mAs IAgasnUINsAARILHIasLEe1 RS LAz
AN sRonsanaslsanaioa: 58.66 dewamswSsuifisumanuEnsiefindnnansmy
mnuRsRALIIDingARDANS TUAITUT 3

B ‘,iuuménill"'m

N2 srAvANugsrasAduAl luuAazeulzmMInAaey

1000
800
~
NE -
= 600_ 28gR0ggp
= | jenaseneetninsitees S s niangs,
) T AR TR 234 4 HITH
gt g,
2 400 o T By,
wn agde?® Telts,
=} | L *t2g
O 3387
2 200t .
= 4 «lecm -05cm - 0.3cm -land
|
0 T T T . T T .7 T T .1 T T T T .1 T T T T T . T,
2 2 & & 2 " g o 2 &# 2 8 £ '8 = g =
o (o=} o o o o o o o (o=} o o o o o (o=} o
S &5 S a8 S a8 3 a6 o a8 S 8 S a3 a3
[ee} [o.e] (o)) N =] 22 — i (g N o o <t =t Lo Lo O
o (==} o o — — — — — — — — — — — — —
Time

JUN 3 AIANNITNTIRDINAENANNTINUNTNLHILIAALEIDITINENANN T NUNIULN LIRS I NS
ununua:la

Uil 4 udAvgunnfivosuNERRLEIIiRGARARIUULALALMNATATNNGIZRIARY 0.3 0.5
Az 1 ufmng musay dengud 3 Ausadlidiudemarsiinseiofindnnnsmuusmmiueg
indusseMRdIRARIUuUndumANIEN SR Andgslignmbasvion vieaaduanuemARuLEseanly
fonavinliomnafizesunngasudseningdmuniignlunisnanes dednvazmsiindusesgmngi
wnaLgagudseingiannsuuunzinduludnsuzafeiuAANuENSsfoindinnnsnuwng
\aALEIINGAARATULLN  BogmnaiTesunsidasudsoindAinanaziiniuganiaUsznm
12.00 - 13.00 . Goifunmamanuinsdorfindiniuganvesiulugui 3 nasnntiugmngiung
azanaetein q mumssiefindianasllduAeddy wanmeivgunnfizesunseadussling

78
ISSN 2672-9369 (Online)



msAnmanyuzTaIAALAhNFINaneaNTTausMINAA LT TRILRsaRLEsD NG LA
The Effect of Surface Waves on Power Conversion Efficiency of Underwater Solar Panels

aanndlmihnlasunmspaduuazasieuniuusseonliuisdiuiligamafizasunoiiAiiosnd
unagaALasndiRuLLn  TnegamafiunsasiniuludnuazadmeiudunssaugoaainaUszna
14.00 - 14.30 . wﬁamﬂﬁuammﬁﬂammﬂﬁ]“aﬂm ‘?iﬂ’ﬂm‘ﬂﬂﬁ“ﬂ’t]ﬂLLW\]L‘ZIE\]E\?LLE\N‘mﬁﬂﬂtﬁﬁﬂﬁzﬂﬁﬁ:ﬂ
fiAnugonau 0.3 \TUAAS 3Jmaammmmmaau,wamaauﬂamwmfmmﬂm‘l,mmwmmaaﬂau
0.5 uaz 1 wUAMAT NofifilosnnfienugoRrdy 0.3 WUAWAT uWolaaLdIAnglATUA
ANadNsIReindfnnssAuANugeraudn 2 szAvlumanaaes  dmsugmnnfizeouns
\asuasefindfannsuuunuazlminsennsiuluuiazdoulvazuandlugud 4

70.00 -
~ 1
O 6000 - e,
e i 20040 °
O 5000 { et e
= ] ‘A“68A‘i.660006‘ng L
2 cageettter N T TITTN
s 40.00 - § T et
2 1 R i « Panel Temperature
g« 30.00 - . T L P
s
° adfew
1} ) T Yy « Panel Temperature 0.3 cm
= 20.00 o ettt 3
pooo¥tyxxBie
) hisaiaiasseasat » Panel Temperature 0.5 cm
< 10.00
IS 4 « Panel Temperature 1 cm
B 0,00
* I'IIIIII'IIIIII'I|||I|'||||I|'|IlIIlll||I[IIHII,IIIII!IIIII!IIIIII,IIIII'IIIIII.IIIIII‘IIIIII'IIIIII'IIIII'
= = = = = = = = = = = = = = = = =
o o 20 e D e e s s 9 B
Q M Q M Q g Q g Q O Q9 O Q oo Q M <Q
0P B & &8 S @ = —= o o 6B o6 F F 1B 15 O
S (=) (=) o — — — — — — — — — — — — —
Time

U4 gamplivesunigasudieingnAnasuuunua:lailuwiazeuls

U 5 usasmaslwihindaliuazenmplivasusseinddeAnamuboulasma 4 angUwuh
idsliihsesunoigasussnfindnRnasununimasmsnanliiaieedn 56.62 0 uazgmnyi
ABTRILRIRRLAIDINGagT 46.05 °C dMSULHIERRLRIRIIRET ARA LA Tz AUANINAR
1 wufimng axiddsliiiiafegeaanindy 59.46 aA losuIABoIRALWNAD 0.3 ITUAWAS
MmasmAetigonhresuwwAnasuuunlsanatess: 5 uasfigamaiiunonduanaoiofeuiumsang
vuundsznm 13.5 °C

70.00 - B Power B Temperature
60.00 -

50.00
40.00
30.00-
20.00

Average Pawer (W)
&Temperature (°C)

10.00 -

0.00

0.3 cm 0.5 cm
Surface Wave Height

U5 malihuazgungiiwasvesunsgaduase1ing

3UN 6 wanlSawasoulwvhnlanurogasussengnAnasmusenlams 4 919
AnszanunasnulnhndnldanurgasudieingnAnanalaiinsauaudn 1 wuiwng
NANNgenan 0.3 wuAwns nnmaenulwvhnsaalnnnursradudgsoingnannsuuun laen

79
https://ph01.tci-thaijo.org/index.php/rmutijo/index



N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

WHILTRALEIDNNENARAYIANAANNGIARUAIN 0.3 wuAwns dmsnanndsoulniinaennsiy
WAy 475.68 Iaatalus dediaminninaenulWihneanlannuwsgaduaseingnannsuuuN
e Tananla 452.96 InRdalug

480.00 475.68
N 462.16

,;460'00: 452.96 B
£l B
= 440,004 pmmmsy o fmmam
S I e
2242000 o fa i I
&0 N I 1 I
) B I
= - i I 11
F400.00 e [

380001 B B B

Land 0.3 cm 0.5 cm 1 cm
Surface Wave Height

sun 6 wavmlwihndnlaanunsgaduseing

gﬂ‘l‘?‘i 7 wanomuszansmumautasmasnuudsenngiundsnulWvhoesunsgaauseing
fransmudeuloss 9 MamsmumnuisAnsammananliihsesunogasusserindnanag
il geARuANAD 03 wuftns Tmgaiigalaeiilsinsnmalusndu 24.06 wedidun
uazfiAannassAnsnmeesunsgadusseindiannouuunlsana 88 wesdud uwnowad
wagerfindazwannasouluihldidefiAinnuduiefierinduinnnsnuusomntiiumg
TneAnusMARLLRoEaduRseindaindanousasmslunsnanndsnulnihazegludiotsznm
350 - 1,100 wilutuns [14] LA IANNEIAR LA UN T 08NN DLINATIANNEIIARUAIART
Aunsigadugeoringldamsmhluwdnlildudezwfsuiuanuieudsesiligunaiives
WHLERGLIAndgutuuRzy s AnEmMmpesunnigaRuaseindanas uazdinareUSnmmalnih
uwaznasolihindnlfvesunngadusserfindanas donasainmanaaasmsAnsmananliihees
wnaLgaguseindRAnAIlANUIIUS NS M nBosuRTaAuE I g RAAA LA ATgen T
gasumaRAnRoUnLn wennuumasliihindald wammdsoulnihindaldanuneiAna ol
fifgonivesunofiinAIuuLn uwnoadLEInAndRnanlFunUnTuLRoRAuae ARG D LS UA
anadnsaieindaianuindunalifianududulumswdaliih - Joildaamaivosunogad
uwssoindgoiuuazililszansnmmsutaowdsnuiimanas  lusnsiunogadudoeiingfnnng
The:ihdeanduuazazioumanuinsiRenindnninhua:ARUR T feuANA S NUNTUN T RLR e Ting
Fodhumnivilis:ansammsudamasnuzesunsiAansihgonhumeinnaouuiin  masliihoes
wwaiadLETRETRARR lFthTmgenhiaswihoesuwaadua e indiAnRULLN

Tumsvnsmskanlwihnasnuussefindned  §idoezahodeulamsihwelaemsimun
awnzaslsolwihndonuudsaniindodd 1 wnzind Tneldunoeadudsariindauin 100 Jnn
99U 10,000 WY LLE\]:ﬁ?ﬂ’]'ﬁnﬂﬂaﬂlm?lj'ﬂuvl‘il‘ﬁﬁﬁQﬂiuﬂﬁﬂﬂaaﬂd’mﬁ 1 mwemswanlnmhsied
PesuHIRRLRIRIRgARATULUNlUENMSAG) uazinemswanliihneTvesunseaduasefing
ThifissAuanugesosnauani 03 wufiwes Musumsi 6) Tasimudsiddnlumsine
Tananliluasmnnaay

Uil 8 usnswalAanmslisumahmeisuiunammanasssaieumsazauALgNABg
YRIRNMINIATAMEASTINS I IUNIDIWHITAAMIVLUN  WAzURIIAARSIMNTAANEN 1 1ufiuns

80
ISSN 2672-9369 (Online)



msAnmanyuzTaIAALAhNFINaneaNTTausMINAA LT TRILRsaRLEsD NG LA
The Effect of Surface Waves on Power Conversion Efficiency of Underwater Solar Panels

uazfiAAuAATINGY 03 WwuAwAs NnsUnuTraildnnaumsieiimdulsininmsinaula
YRILHITRRURIRTIAEAARAIUULNBET 0.9981 uazduUs:AnSmIAnfulazouHIRALID1ARG
Aanmdlmiegi 0.9992 Mailsumsalilumsinnemsnanliihmasnuuaseriingdanaralimnun
deulslumsldaumsliuwiudunniufe  Aanudusaferingalilumsaiuninazieonanii
300 INARBMITIIUAT

30.00 -
25.00 24106 213
_ 7 !
&\c/ 20.00 4
x5
g 15.00 12778
»
% 10.00 4
5.00 4
0.00
Land 0.3 cm 0.5 cm
Surface Wave Height

N7 YazEndammawdnliihsesunomadudseing

100 100
= =
8 2 2
g 50 é 50
= g
g ‘ 5
< oy
= 0 U>-]< 0 T T T T T T T T T T 1
T T T T T T T T T T 1
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00
Simulation result Simulation result
(M) WHILIRALFIDINAENANAIVUUA (1) WHILDRALFIDINAENARAI AL

N 8 uiszEnsmadnaulalumsliuvvdrmesmondinmans

ynmaulsranamsfnsulaveswuuTiaesmendinean i lagAeiuHaM TNAae 93
iligidednfulalumsiaumsdnaanimsmandnliiwdsnuussoingdAnAsuuunua:
Tminfidaemsanaown 1 wazing wamssiuanumasouliisoieuiindaldanune
wwasugsengnanaulfndannmasouliihinanldanurorasugserindnanmuuun
FougaoliiuinnsinnounsigasudsofinglauiiinannonasorulWiifiniinisinaouny
[IRRUEIITASULUN WRoUSINTNARlARREATTBsLRITaSLEIRAS LAnGm 1,732.27 wnzing
Falus uwazndonuinanlizesunoeaduaseindiAnAsuLUnAReAITRER 1692.15 wnzinddalu
Wevnissmuielaiiainnisiidunandnonurogasusoeringnannolfuinluduaiuoy
Feed-in Tariff #5udelwitlusinmiiear 566 v wuiluszezom 1 7 e:fiseldanmssmne
Uz 9,804,636.84 1/ FoannaunsEasussoRRGRARAsUNUNTTTIElE 9,577,577.10 /1)
naAselaanmsnanliimeseouuuiia 227,059.74 v/ Teasdeamsnannasoulnih
SeLRoURIM TR 3

81
https://ph01.tci-thaijo.org/index.php/rmutijo/index



N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

MIWN 3 1ERDEAMTIATIZAMINRIANRIN U581

wavoulnysed
{Aau VUL T
wnsIaRtlusAoLfou wnnRilusAeLfou
UNFIAY 143.04 146.38
AUMANUS 138.74 143.54
Aupw 155.91 161.74
LUI8U 153.69 159.34
WO HNIAN 134.56 136.87
dguen 151.16 155.04
n3NHIAN 151.78 156.13
FomAu 149.68 153.72
AuENeu 138.13 141.07
AL 120.04 119.75
W AN 119.62 120.43
SUMAN 135.80 138.26
PRI 1692.15 wnz3nRtlusnel 1732.27 winz3nnthlussedl
swlnaamsanuela 9,577,577.10 v 9,804,636.84 U

dsUnatazanUena

PNNMIANHIPRUAINNFINANTNUADFTTAUZ N SHAN LN DDILHIRALE I 1NN L1 NTzAUAINAN
1 wuing wuneauniANNgs 0.3 wufwes Tdmdelumskanlishlinanuwsisadusoenng

1
aa

ARnAsunun  Inefunswasussoniinganaslminmelasenloienaninanlnimag 5946 nn
FonanhursgasuEseRGTARATUUUATNARLATEY 5662 InA  uasiiothramsnaaesilianms
nanagEIuLsn lUhmsmmemssannsenulnvhsetanwuudaesmepdinmans wonwasoulnvh
PosuRILRALE IR RRSNARAslAnuAn I masu T A alAanuRgasLE e AR dunUATiA
1,732.27 wanzinnialug Lm:wﬁﬂmuﬁwﬁmlﬁﬂaﬂu,wamaﬁuﬁamﬁmé‘ﬁ'ﬁﬂﬁzﬂuummaaﬂﬁaﬂaﬁ
1692.15 wanzIadialue  devnmssmhelwihanmsndurarannnurogasuaseingnanas i
luseauuy Feed-in Tariff #isudelwilusiamiies: 5.66 v wuiluszezoa 1 Jasdiseld
amssmielas 9,804,636.84 V/T FouAnuNsRRULEIRRAS T ARAvuRUAT 1A
9,577,577.10 v/ waruseldanmsnanlWihmssesuouiiam 227,059.74 v /3

totuaLusluuIde

diosonlunddeiiiuemAdosrudnisliiiniosielumsinmsssouresmanudusoiening
W lALie 81980013 9eNiiA R I TR AU TE T BUTDIULFILATAIINETIARULE LR D ILITIY
oilAdeumnaduuimilumsnesenanudnfiazaenuidedu sulufsdunulumsinng
sruunanlimasuussoindliiomealg  desmddeiliuiissfunuumennufniiazilumg
iwadusvingluAnasliminienandesilumiiinduiumsnaniiih Folieredsadiusunulumsinem

82
ISSN 2672-9369 (Online)



msAnman¥uzTaIRALAhNNaneaNTTauzMINAA LN TRILRsaRLEsD NG LA
The Effect of Surface Waves on Power Conversion Efficiency of Underwater Solar Panels

Tsolnhomalngld wasludiwsesszozalumsldoudsldamsalsadnldiiosnnangadu
nuddefireuienduazszeznatlumanmsmasssliiiome

dmsviladeduiiferdesiunmsninliisesunoeadusseniindigidalulfiuninazi
ilesnnnfivinglsafuazsounzeosided  wazeadonaremsnaniiihuesuneaduseing
fanadlih A Auguseniluanzuindensds  uaAsdidineadidesmnameiioainiu
UShamThuRsasLEseinemaRnaslmiunay - Jueredinaremssuuguazmsnanliiii
TOIUHILTRRUNIDINIAEL

AnAnIsNsemMeA

ANIde R UANIATIM INRALA TR ANEMNDNAnMIMUNaINUNALNlunguUsA @Y
SMIVUNANE AT AR ANIININRENRINIUNAUNY WRINABuild  lumssivauunuue:
Aldaelunmsfing uazveveuam “Nussud” TulassmanumsAnmszAuiagnfng §inusns
uAsRATIIIMS unTimendoudld aszeTeuAMMEITeMuUNaI LAz AN AReNEaaSe: (SEEU)
Alifmsnmuazanudiomaslunnmu

References

[1]  Wang, M. -H. and Chen, M. -J. (2012). Two-Stage Fault Diagnosis Method Based on the
Extension Theory for PV Power Systems. International Journal of Photoenergy. Vol. 2012,
DOI: 10.1155/2012/892690

[2] Nizetié, S., Coko, D., Yadav, A., and Grubigié-Cabo, F. (2016). Water Spray Cooling
Technique Applied on a Photovoltaic Panel: the PerformanceResponse. Energy Conversion
and Management. Vol. 108, pp. 287-296. DOI: 10.1016/j.enconman.2015.10.079

[3] Moharram, K. A., Abd-Elhady, M. S., Kandil, H. A., and El-Sherif, H. (2013). Enhancing
the Performance of Photovoltaic Panels by Water Cooling. Ain Shams Engineering
Journal. Vol. 4, Issue 4, pp. 869-877. DOI: 10.1016/j.asej.2013.03.005

[4] Abdo, S., Saidani-Scott, H., Borges, B., and Abdelrahman, M. A. (2020). Cooling Solar
Panels Using Saturated Activated Alumina with Aaline Water: Experimental Study.
Solar Energy. Vol. 208, pp. 345-356. DOI: 10.1016/j.solener.2020.07.079

[5] Ayitha, A., Kumar, N. M., Jiang, X. X., Reddy, G. R., Jayakumar, A., Praveen, K., and
Anil Kumar, T. (2019). Underwater Performance of Thin-Film Photovoltaic Module
Immersed in Shallow and Deep Waters Along with Possible Applications. Results in
Physics. Vol. 15, p. 102768. DOI: 10.1016/j.rinp.2019.102768

[6] Rosa-Clot, M., Rosa-Clot, P., Tina, G. M., and Scandura, P. F. (2010). Submerged
Photovoltaic Solar Panel: SP2. Renewable Energy. Vol. 35, Issue 8, pp. 1862-1865.
DOI: 10.1016/j.renene.2009.10.023

[7]  Pelikdan P. and Koutny L. (2016). Hindcast of Wind Driven Wave Heights in Water
Reservoirs. Soil & Water Res. Vol. 11, pp. 205-211. DOI: 10.17221/105/2015-SWR

[8] Fauzi, R. and Wiryanto, L. (2020). The Effects of Wind on the Generation of Surface
Wave in a Shallow Water. IOP Conference Series: Earth and Environmental Science.
Vol. 618, p. 012003. DOI: 10.1088/1755-1315/618/1/012003

83
https://ph01.tci-thaijo.org/index.php/rmutijo/index



[9]

[10]

[11]

[12]

[13]

[14]

N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

TDETIab. (2019). Mathematical Modeling Program for Solar Hot Water Production
System. Access (10 December 2021). Available (http://www.tdetlab.com/publication)
Northern Meteorological Center. (2018). Chiang Mai Climate Statistics. Access (10
December 2021). Available (http://www.cmmet.tmd.go.th)

Chaichana, C., Kiatsiriroat, T., and Nuntaphan, A. (2010). Comparison of Conventional
Flat-Plate Solar Collector and Solar Boosted Heat Pump Using Unglazed Collector for
Hot Water Production in Small Slaughterhouse. Heat Transfer Engineering. Vol. 31,
Issue 5, pp. 419-429. DOI: 10.1080/01457630903375475

Hao, D., Qi, L., Tairab, A. M., Ahmed, A., Azam, A., Luo, D., Pan, Y., Zhang, Z., and
Yan, J. (2022). Solar Energy Harvesting Technologies for PV Self-Powered Applications:
A Comprehensive Review. Renewable Energy. Vol. 188, pp. 678-697. DOI: 10.1016/j.
renene.2022.02.066

Rosa-Clot, M., Rosa-Clot, P., Tina, G. M., and Scandura, P. F. (2010). Submerged Photovoltaic
Solar Panel: SP2. Renewable Energy. Vol. 35, Issue 8, pp. 1862-1865. DOI: 10.1016/;.
renene.2009.10.023

Zanatta, A. R. (2022). The Shockley-Queisser Limit and the Conversion Efficiency of
Silicon-Based Solar Cells. Results in Optics. Vol. 9, p. 100320. DOI: 10.1016/j.rio.
2022.100320

84

ISSN 2672-9369 (Online)



wyAnIINTaIMWInuALdguaen lugsuidn GFRP
Behavior of Nano Block Retaining Walls Reinforced
with GFRP Bars

o YUN' augns AsAsYs Usioel ensAala’' 53vde 1nduns' nans venAs' ua:
WIFINT WIIBNY’

Attaphol Bubpi' Yongyuth Sirisriphet"” Prach Amornpinyo' Tawatchai Tho-In'
Pakaphorn Yodsiri' and Pongsagorn Poungchompu?

Received: October 9, 2022; Revised: December 13, 2022; Accepted: December 13, 2022

UNANLD

UmmmﬁﬁnﬂuaLéaawqﬁﬂssmlaafhLLwaﬁuﬁu’Eguﬁaﬂuﬂum%miﬂa GFRP dimsnadouniatly
91 4 Moty Teeuvseenly 2 JUuuy Ao MeouuullEEuLsg UazMIBEIUUULEINLIINIE TR
GFRP #ifinwmaduriuguinaoounn 6 9 ua: 12 fadwns melausof 30 veus iefnwmgingsy
madeui luuunuzesiuneiuAudguReamn Ty swIAANLgs 1.62 WAT 1319 2.00 WA
N 020 WAs ManARBIwUT MuwsiuAudguiemnTuiigniasuusemedan GFRP fianuaunsa
TumsmumumsndeuiluuisldfnhmunsiuAnilidmseduuse Tusasferiumuniufiu
dguseruluiignasuusoiiedan GFRP lusefonmn 30 voud Afzwin 6 9 ua: 12 fadwns
AR RED0IMIAROUATILIITIUGIRAWNAD 2.43 3.40 Uaz 4.37 Jafmns mMusAu

maAy ;. muwsnuAy; JaanarsAnsueulonnd; dguaenunly

" AzAIMEATONEINTIN NN INEIRENNA LY IRaT19uIAREE 1Y TN UDATOULALY

AZIAINTIUFAIEAT NN INEIRLNA U IR TIINIARDN 1 TN UDADOUUAL

I Faculty of Technical Education, Rajamangala University of Technology Isan, Khonkaen Campus
2 Faculty of Engineering, Rajamangala University of Technology Isan, KhonKaen Campus

* Corresponding Author, Tel. 08 1769 9559, E - mail: yongyuth.si@rmuti.ac.th

2

85
https://ph01.tci-thaijo.org/index.php/rmutijo/index



N385 WN3.o8u atvinenmansuazmalulad 19 15, aUuf 3, (Tuenou - 5uAN 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 3, (September - December 2022)

Abstract

This paper presented the results of 4 types nano block retaining walls. They were divided into
non-reinforced and reinforced GFRP with diameters of 6, 9 and 12 mm with tensile strength
of 30 1b. Nano block retaining walls with dimensions of 1.62 meters high, 2.00 meters wide,
0.20 meters thickness were used to study their horizontal movement behavior. The results of
the experiment showed that nano block retaining walls reinforced with GFRP had better
resistance to horizontal movement than non-reinforced retaining walls. At the same time,
nano block retaining wall reinforced with GFRP with tensile strength of 30 Ib with dimensions
of 6, 9 and 12 mm had average maximum values of horizontal displacement of 2.43, 3.40 and
4.37 mm, respectively.

Keywords: Retaining Wall; GFRP; Nano Block
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Effect of Herbal Species on Antioxidant Activities and Sensory Quality of Cardamom (Amomum krervanh Pierre) Mixed Herb Tea

Abstract

Consumers who prefer to consume herbal tea need medicinal effects and also want to experience
the aroma and good taste of that herbs. This research was aimed to study the effects of herbs on
the antioxidant activities and sensory quality of cardamom mixed herbs tea. In this experiment,
four types of tea were produced namely cardamom tea, lemongrass cardamom tea, pandan
cardamom tea and licorice cardamom tea. Cardamom tea is prepared from the cardamom leaf
powder mixed with cardamom stem powder in a ratio of 1:1, and used as an ingredient in the
production of lemongrass cardamom tea, pandan cardamom tea and licorice cardamom tea in
the ration of each herb is 1:1. When soaked the tea sachet in hot water at 90 °C for 3 min,
then the herbal tea was determined. It was found that, the combination of lemongrass, pandan
and licorice with cardamom has resulted in a decrease of total phenolic and total flavonoid
compounds, and also the antioxidant effects. Interestingly, pandan cardamom tea was found to
have the highest of odor and overall preference rating on the like very much level which was
8.2 and 8.2, respectively. Therefore, pandan is a herb that could be combine with the cardamom
in the production of cardamom tea, however the optimum ratio of the combination which
related to the antioxidant activities should be concern.

Keywords: Cardamom Mixed Herbs Tea; Flavonoids; Phenolic Compounds; Antioxidant Activities
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Fmahuuunmivmumsiuednnomuauazanuasnsalumssmansaesngeiign owiduzes [10]
ANINRY0ITTEZIATIUMSTIAVAMMNNIINSNN (AN AINTINAIUDUNADETT  UAAAINTIY
Uszamduiazastideaguan Tnslithiouiigamail 90 °C wazszezailumaemil 3 5 7 uas
9 wif wud1 mANNEde (L*) maddes (%) mdmdes (0% Usmusesudsiiazaieldlui
aniunsa-mg USnafiuednionun  uazUSiuaselsilaanonuazenhifimiisaumuszezon
msten USmmnsa@ain nsamdn uaznsamim3iadained Aenssumueuyadss: (1C50)
fif 3.01 ppm ielfszezrarlumszen 9 Wi wansnageUMIU T EMEURTDRIN 1T IANGS
Hedonic Scale 1-5 Azuuu fiszaz13a1 9 wiit fifzesfihe saaid nau wazmeensulaesiy fe
4.00 2.18 4.00 umz 4.18 Azuun MUTIAY NAMINUNIWITIUNTIUTNIEUlanaRTnayulng 4 oiin
Ao narnu aclad Tumouasozieuma NasmwaiAuNIzNUlTIMUeYNdssziluesAlsznavey [5]
dmsuAdeiidenlinsmandsessimuseuuacly dsdusduseuiiFnualindussamzaos
AvUgeu q AN hduiedeundamniusiisainus suveslunsfifdeavsie o
nlasunslumeidusulnsiindunemam:zmuazozsenmaiisannudislituae  Tnefiinguszad
TumsAnmnazasaiinayulnsifideusnumshagiinnulumagulng fe ssUsznevueaus:
WalaueATINAIgNEMUOUYABNT:  UWAZNARDUAMMINIMIUSIMAUREYDINARAMTINTNUNEL
ayulns  denailinnmanaesazilimsumamsddpuazgndmueuyadas:oemngzu
defimanaununszumesyulnseiings q wassnsannusiavesaulwsivanzaslumsiani
swdunsuienanayulnsigusTnalinssensureluld

ABANTUUNTIY

1. WAy
n3zu azlas ualuwe 19INduABNEIN FINIATUNYT URIHIYLDNNAING I
eefiunglodn dunotios Janindunys
2. MINANTINTZNU
Tumsnaaosiliimsninn 4 oiin Ao mnszu (binauanulng nnsznunclad
A3z U lUABUAZ N T UYENIA TDunauAl
21 waewsnszmlnoihdnluuasaiueens:y RnANNE:eIN  ARlULRIRIAY
Alafinnuamenn iy lufidwaes suidulsandedifoutantsen nduily (UA 1) musneli
duduawia 2 dafwns dmsvdussuliaonodiudiruudsesnmidiudfiugey (GUAl 1(2))
wiulusuadossun 2 dafwns danadlunsnsiiaangll 50 °C wiu 30 Wi aulAdduua:
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wivnsey ielvniinauven ilesumenisseuwiouuuniaiigunai 60 °C wiw 2 d9lug [8]
auldmanuiulinudesa: 8 Taemmin [11] iluduliduneiamsesilueunlssasd uinimn
SouRIUALLATITWIA 2.36 Aadwns nglindeomginunsesousuuuenown a:ldronszuen
fruluuazarnu

22 wanwopslas uazwsluwme Taelddsmsimernumskannenszuluge 2.1 § 1950
azlpSiuuuuieriuasuseunsz i uadlumeiuuuuiernulunszng

23 dwmslunsznu wesraunszu wenslas wolumesuazwogzeuma 3991
goadonszmy Usuagesa: 2 nsu Tnelisamdiudomsii 1

24 thwanAmTnsuRaiENulng 4 Fmeaes usslugendens:mulueudnase
iiaznidefigamaii 100 °C wiu 10 widt [8] uazfusnmlTlugonaaindufen

M) lunszu (1) MAUDBUNTZIIU

un 1 dulvuazdranvesnszau

MmN 1 onsdiuveoneayulnsnldlumsnanminsznunauayulng

Sovmaas FIUNEN DMIINIU
YINTZNU WOlUATZIU : WORIAUNTZITU 1:1
nsznunzlas WIlUASZIU : WORIAUATZ U : wonslas 05:05:1
nszulune WILUATZIU : WORIANATE U : Woluwae 05:05:1
NTENUTLONNA  WILUATZIIN : HIRIAUNTZIN : HITZLOULNA 05:05:1

3. NMINTNTOUAMNANIINTTNUHENTYULWS
wsssthinsznunanayulnslasauiifougmunadl 90 °C antdumihieu 100 iaddns
a\ﬂuﬁaﬂmﬁﬁﬂamﬁaﬂimmmi@m 1 g9 (2 A5N) UL 3 WN lnswe1gem 10 ASo nn 9
1 w1 LLa:ﬁwqamaaﬂmﬂﬁnm ﬁwﬁmmﬂ?ﬂumimma’auqmmwﬁﬂﬁ
31 MIEAREIIMUeUYABIzIMY
ylaemsanudasizmsses [12] Suantwamedoie 10 faaans u&atun
TuwsnAvenswen 95 % 20 fsaans e 3 Wi Nanuasesfisnszmenseoues 1 huldnn
fafeezgifisuvesiiotilunaseusely
32 GeswilSinassUsneuiiueansmun
mlnsmsanularismszes [12] wA51zameds Folin-Ciocalteu Tngthunsnsanala
ild 0.25 finaans aslunaoAnaaonAutinauy 3 fiaaans wua1s Folin-Ciocaltew's Phenol
025 fisaans uasiussaraelaonmsven 7 % an 2.5 deaans neuliiumesnIeoioe
monaligunaiines 30 Wi usnihldindganiuuasi 760 wiluwes Taeldtensiuen 95 %
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\uuuash (Blank) uaslinsaunadninnanduiiu 50 100 200 300 400 uaz 500 ilAsnudedindans
dumsa:aennsgn imanasesduiReiumssinalet i Tnewdsunnmsainaieti
dumsazmemnnspunsaunadnuasnmililuasonsminsgn. anduhwaildanmsnageu
TuwSeudfisuiuasmnnsgu demuwmmyuSnamstsnevfiveanmun Tneneounaluniiy
yeuiiafnsNToINIALNARNABAIBE0 1 TRAGAS
33 Awnnzismamaluesdnmun

mlaamsnnudasidnisees [13] Teasanala 0.3 dadans ldaadlunasnnaasy
WNesIUea 95 % 1.7 AaRans wndsazaiwesgiilsunaslsn 10 % 0.1 Jafans ANEITAAIY
Tnunadose:@an 1 M 0.1 findans wazsfhnau 2.8 fadans wawliiniumeondoognonol
flgmnaiivion 30 Wi winhluinmannduussd 415 wiluwes Taglfiesiuen 95 % uuuasA
uazldmredniuAnuBuy 20 40 60 80 wua: 100 lulAsniureolinanaldussunnsgIu MMINARDY
EUARIAURISENNAIDE 19T 1A Iﬂﬂtﬂﬁ‘ﬁlumﬂﬁTjﬁiﬁﬂﬁ’mé?ﬂLﬁuﬁ1i@:ﬁnﬂM’lﬂiﬁ1uLﬂ’Jﬂ%ﬁuLLﬂ:
ihaildlafonsminnsgyu nntwhrafildnnmsnaseulilSeudiouiunsinasgu defmuimm
USinamaluseanomun Tnenenuasluniievesiindnsuenmedfiudemetoiin 1 iadans

34 AAsiRgnsimuouyadas: DPPH

lnamsanulasismeves [14] Yuamsadald 1 dadansadlunasannaey
wussazats DPPH (2,2-diphenyl-1-picrylhydrazyl) 0.1 mM U3unas 2 Sadans waulaenu
fandanagnonolTludidin 30 wi wanhluinAmpandusssiuiiianuenaiu 516 wlumuns
dmsunaeamuAmIMIARBsURmITUnsEinf et TnewRsunnmssinmetaduesiues
95 % FIUNRBALUAIALIOEIUER 95 % ALIMINANEMUBUYADNIZNENIAI

qnsMmueuyadas: (Seuas) = [1 - (A sample/A control)] x 100

Asample A AINMIRANAULFIVDINRDARIBEI
Acontrol A AIMIRANAUUNIVDINABAAILAN

35 MInTadouAMMNNIUSIEMANAE  UnhmanmaseuAma MU mAuAE
momud ndu 5@ wazAanuzevlaesan TneldgusTaaldrmumsiinduduan 30 au Me3s 9-Point
Hedonic Scale Taglsi 1 iflupzuuuanulizensnniign ua: 9 iunzuuuanueumniign

4. MPIATIAMNINAA

MIUNUNINARILUURNENYsal (Completely Randomized Design: CRD) nagou
fetoa: 3 11 uaznousuuuugyluuAoaauysal (Randomized Complete Block Design: RCBD)
f§195UNINTIINOUAMNANNIIU ST MTURE  I1AT1RANNLANAIIDEIRTBE AN ADD DO
TawldmaaiAazianuulsisiu (Analysis of Variance: ANOVA) uasii/3auiiisuauunnmig
MuaaAMeI5 Duncan’ s New Multiple Range Test (DMRT)

NRNSNARBILRZ I T

1. ssiszneviluenmnum
s1slsznoviueaumsngudAgdolauianmsmuesndwniu  wuluionainvaiooin
VolAlautANITAINeeNdATugs vITdadENTANMIAIUeRNTIATUAT NIouTlAludanT?A
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mamueendmiuureengnanediinerludmudu q [15] - [16] InMInAReINUT WaAdmeT
nsnuiivSinamnsUsneviiueanomuagegauiy 13520 lulasnsuzesnsnunadnnediadansoed
foes (M3n 2) mwsunonzlas woluweuaznogzieumalngmsnawuRInszuSosa: 50
ilminniivuaasUszneuineanomunanandy 113.01 118.58 uaz 103.65 lulasnsuvas
nsAunNaAnAediaAfnszasAInt musdy  eglsimmbmnnimaassiivinaiiueanomun
wnnniasranulugirhe (82,64 lulasniuvesnsaunadnaeiiaaansvosiiodts) foslagldmaie
3 asuudlutiidenuiu 10 Wi [17]

MmN 2 USmausistscneuiueaninuavesnandmainginszNuNaNayulng

f1sUsznovueansnum

Sovmaas . ot an .
(lulasnsuzesnsnunafnnodananstosmaels)
NI 135.20+1.17°
hnnszueslag 113.0120.45°
hmaszulume 118.58+2.59"
WTINTUTLOUNA 103.65+1.17¢

1

nBwn:  ANafen
(

MAUAIBAIEABINMBISengBiuAnAsiukEAITsANLANAsAuBE 0SB 1Ay
MIsdA (p < 0.05)
2. aluessionun
WahuesAdumstsznevlunduiiuedn dofiauiRlumsimusendniuiin esanlassas
muiafizesnaliuesaansalidimnnseunielalasauudouyadassinliinduouyadas:id
ANUANIINNTY Setiedudenierzasyiisseendmiuld [18] smnmamuSuanailuesanomun
wuhlinsyuesdediumamumamsusznovilueanomun Ao hmnsenuivsnanalussd
sonuagogauniy 24574 lulasniuesimediudediadanssaaiietny (Mswh 3) manauninlag
nolumsuazrsgzeumAlAsMINALURINS:NUSaER: 50 vlmhmivsmanahussdanaoiy
13757 161.73 waz 9644 lulpsnSunenntedfudelindanszoomes mumay noisnmnyndmaae
fivsmamaluesaisaninaissiuminnsnuramnIoomannura luesdgeis 830 lulasasu
nadaaans [19]

MmN 3 UsmanaluesANunuAToInaAAMALITINITIUNENEYULNS

Usuamailiuasaninun

Somaay . am moam o
(lulpsnsuzesmadnu /afanstasmoes)
A e e 245.74+4.09°
Whmnszunslag 137.57+7.63¢
hmasznulume 161.7346.61°
WTINTUTBUNA 96.44+2.50¢

T

nBwn:  ANafen
(

o v

MUAILAIDNBINIBIDINHNUANAIIAUUEAIDIAINLANATINNBE 19 TBEIATY

f
MIsdA (p < 0.05)
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NNAMINAFDINUNMINRATINT T LRENTRUINI InemsanUFnmrensnuaslleea: 50
winsunonsla3 adluwmevsensezesmeadlunauny lAlshmAiSmamsUsneuTiueanmuaua:
Usnamahuesdnomunanas enailosnanayulnsimineasiunsnuiuiivmamsns 2 oia
fonsmtiesninszan  deisnmawnins:nuddona sz nunsaslnsiisnsnosestiinanasiy
Tae [5] wuinsznudimseongnimodanwegnslusiusedly sfu wasnd Teediulunszudl
WanTauesdgefio 130 Aadnsurensusosmsadn uenni [4] wuhndladiimsdAyiesnitlume
Tnenzlasuazluweivianluesn 0.14 ua: 0.78 Tadnsuzesmadiunonsuzasmetnoua:lasys:ney
Tiuem 0.68 ua: 1.80 TNAN3NYDINIALNAANABNSNYDIMBENY MNMAL doronARBIRUNAMINARBIT
fnuithmnsznuiismenzladmaununensznuivsnamsusneuna luesauazluoaiioand
N sz UM ARG LUAEIALIIHINTE U

3. quaMueYYADNI:

mame3osazpasanasuouyadss: DPPH tiu 14 2,2-diphenyl-I-picrylhydrazyl (DPPH)
duSiouidniueyuaiiaies a:moludnie:moemuen nalnmsmueyyadss: DPPH zeg
ssmueuyadssiwinnnmslid@nnseudaszuiouys DPPH vitliiasazais DPPH wasuain
fahodufindosuazazliiiuouyadaszdnnold [20] 2nmeol 4 wuh hnnsznuiimiesazoes
anaMuauyadRsgeRlanAy 87.13 fianuuanmoiueseitusAgmesiaduihansnunclas
henszulume wazignszuzennA doiseuazoosqnaAiueuyadasiniy 80.46
84.80 uaz 74.73 muaAu Mnouidenes 211 Henulihgnslumsmusuyadaszazulaniu
muUSmamsmuouyadssinvluiio demsadnivsmumstsznoviiueauazvalusedgs
gndmusuyadssziasgomeduiy AsiunamsAneluaseildonanlainihnnsudignsmu
aunadagIgnsennfosfulsaAteauavia huesAiwuluUS g Tnemodsulnsihumaun
wonaz i lAlmhmn s unsuaLnsiTgnsmueyLadss:gian Ao luwe yenninamInAnDd
gudullumadendu [22] AmuhassdnanlunsziudomumsnalnesaluSmamnignimu
OUNNDATTFINIBLIUA

MIN 4 GNBMUOUYNDETTDINANAMNMNTINTIIUHENENUINS

Fovaaoy qudmueyyadas: (Foua:)
nTzN 87.1320.05°
ihnszunslag 80.46+0.23¢
ihnszuluwe 84.80+0.20°
TINATILTEUNA 74.73+0.25¢

1

nNEWIA:  ANRREN
(

o

MAuAIBAISnBINMBISengeiiuAnmsiuuanfsALANAIAuBE 0ilT 1Ay
MuanA (p < 0.05)
4. MmIUszEuANMNMIYTEIMTURE
namstszdiugmmwnslsamdudaseninmnsznunauayulnae 4 fonaaes
AeAMANBMIMUT NAL 38 uazANNToLTIINLT HanzuuuilAegluszAuteuthunasiisroumn
Taefthnszuie 4 soneaesiinanzuuumMemuls:EmauRswAnmeiuet it AmmMosan
TunnAmdnsaziTmMmAtey Aams1of 5

102
ISSN 2672-9369 (Online)



wavostiinaulnsRogNaMUBLLAB NI MAzAMN MU MANR a0 S IUNEN NG
Effect of Herbal Species on Antioxidant Activities and Sensory Quality of Cardamom (Amomum krervanh Pierre) Mixed Herb Tea

fudnud mnszilumedifideseuildnnlumeuazianlanlfmnslunedd
AN uanAsmhndmasssduifidimaseuusziianugy Uil 2) duraligusTaalfnzuu
mnsrlumelussavgevann Taedinzuuugodn 8.1 Azuun AANuuAnANUoEudTs AN
sartuhmnsnuuaahmnszuadlad dafuslaalinzuuuanurevssivgeuthuna Tnefinzuuu
74 uaz 72 Ay dwsuihmnsznuszesmaguilaaliauuuanueulusdureuianiien
finzuuuMaAAY 6.8 ADLLY

MIWN 5 AZUBERANINMNTUIUANM AN ST INENAE DR INAAA NN ST NUNTNEYULNS

AMMNINIYTEINTUNS

Sonmaas = S S
Gl nau NAUIH ANNTBUIIN
NPT 7.4+0.8° 7.1+0.9° 7.1+1.1° 7.4+0.9°
ﬁWmﬂ‘i:ﬂuﬂﬂﬂ% 7.2+0.8° 7.3+1.0° 7.1+1.0° 7.3+0.8°
ﬁ”lmﬂs:ﬂusluma 8.1£1.1° 8.2+0.9° 7.8%€1.0° 8.2+0.9*
NTINTIUYLOUNA 6.8£1.0° 6.7£1.0° 6.8+1.2° 7.1+1.1°

WBWR:  ANRRINAIAUAIBAITNBINLANAIIAUAINLLIAILEAITIAINLANATINUB 1IN TBE ATy
Mosan (p < 0.05)

= K H v ¥ H
EU‘VI 2 sy dnasznuazlas m"mﬂi:’nﬂmm LRZWNTINITZNUDELDULNA

mundunuh JusTaalipzuuthonszlumelussiugeumnnTnefinzuuugosn 82 Az
firnuuanmoiueteiitesdgnesiatuimnsznuezladuasinszam deduilaalinzuu
anuzevluszAvgeuthunawlnefinuuy 7.3 uaz 7.1 Azuuy uashoinssuezeumd uilaa
TinzuuiluszAugeniantiosdofinzuuuman 6.7 Azuuy Nnramsnaseuandliiuiiusnagey
nanzenhmnsznuluwadosnainaunenseslumeilanaumnanininnsznunndmased
Fothonszam snszunclad uashmnsznueieonma a:linauseu q sosauulnsmuziindild
Tnefidoamiunisnagauniodszamdudasyiiasdsznevilinauamzeasluinefe
2-acetyl-1-pyrroline (2AP) [23]
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funausanuh fuilaalinzuuuhnns:iluedlussAugeuthunasTpoiinzuuugogn
78 Ay SanuuanmeiuegidedAgmosiituihnnsu ueshnas:nuadlad defuilan
Tiazuuy 7.1 uas 7.1 ALY WRsUITIATIUNYS Laumﬂlé’ﬂ LLuuﬂ;WE\Iﬂ ot luszAvgovantoy
6.8 Ay swinnmaszlumelda LLuuaﬂamawLuaamﬁnﬂmmﬂi ilumeiinaunenzeslume
wasiissrhnzanihgiesnngnsuRmMARe I

AUANINTOUTINNUT  HuTLaalna: SULUNTATY aquULmﬂlui Augeumn  lnedas uu
FUgA 8.2 AUUY finnuunnmeiuegeitissALmMesaRAUITINTT Y ‘Ln“mﬂ‘j ’nuﬂﬂmua mm
AT NUYLLDNINA mwm‘[ﬂﬂlwﬂ wunlussiugeuthunas (7.1 - 7.4 Azuuw) Note1aiieunainiing
na: aquULmaﬂﬂﬂaﬂauiaaau 7 Beuns: Tunsniunauneszeslume uasisnsasladuiioeou
fhnnueameeIninnsT TR

SRILR

ynmaneaesihayulng adled luwe wazgzeumanlddudiunanlumsnanmnsznuludndin
1 deo 1 Tnethmdanudmsnauayulngio 3 ofia ludadiudenaninailivsmassisneu
fluoanovun USinamailussAnonun wazqndmusyyadsssinidleieuivnnszuilid
mawansulng winuhins:ndlueslASuazuuuaNuTeunaY WazANYTETINGITAINMU L
menauiulnamlualbilasumsindudnog 30 au foulumedaiusgulnaiinslidusunemsm
Tumswanminsznulnedsnsiaifisionmus:Tominosns:nuneduilon Wy gndfmusuya
dase WuAu
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mAdeseriiiingusasAiiefnmammwmaaizenisiawesd  Anmuinasisiawesiimanzas
TunAndmaindeafiaeds Usmanmmzasnoynlundadaiiuieasdiawess wamsidonud
Usmnanhsinwedinmnzan A 75 13N uasUSnamoynivanzan Ao Soua: 3 soosILHENINLA
waRAmAuTeaATawe s NNmIyndduNEy Aol iidawedd wmanaie wadu nglaslesy
HIUN NIATA3N JoBR: 41.61 41.50 9.17 3.49 2.91 ua: 1.32 mua1au asAdszneumand laun
Ay m3Tulansn Tushu lesiu loemns @h Soua: 18.75 71.89 6.88 0.30 1.65 ua: 0.53 MWL
WAzWEIIUNINANIAY 31778 Alauanedde 100 Asu USmansavonun (fouauyansndnin)
soum: 0.11 wazAnuiunsamownau 2,97 aumwmemumeamn laud anuuds ) mstnan
ANNBANEY Mamzsamd Anuwied uazAnuenlumsuaRewAy 27738 fiafu -187.23
0.86 0.81 197.64 ua: 277.76 sy UmmvesudsiiazaieuilAmiiay 21.03 ssmuind
USmmiidas: (a,) WAy 076 wandmadamednmuanmamugaunideglunurinnggiu
wAnAaNYY 520/2547 fusTaalinzunuluszAufizounn (8.24 Azuuw)
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Abstract

This research aimed to study effect of konjac powder in mulberry jelly gummy products.
The chemical quality of mulberry juice, the optimum amounts of mulberry juice and konjac
powder in mulberry jelly gummy products, were evaluated. The results showed that the optimum
amounts of mulberry juice and konjac powder were 75 g and 3 %, respectively, of the total
ingredients. Mulberry jelly gummy products fortified with konjac powder consisted of
mulberry juice, sugar, gelatin, glucose syrup, konjac powder, citric acid at 41.61 %, 41.50 %,
9.17 %, 3.49 %, 2.91 % and 1.32 %, respectively. The chemical properties consisted of
moisture, carbohydrates, proteins, fats, fibers, ash at 18.75 %, 71.89 %, 6.88 %, 0.30 %, 1.65 %
and 0.53 % respectively, and total calories were 317.78 kcal/100 g. The total titratable acidity
of citric acid was 0.11 % with the pH of 2.97. The physical properties including hardness (N),
adhesiveness, springiness, cohesiveness, gumminess, chewiness were 277.38 N, -187.23, 0.86,
0.81, 197.64 and 277.76, respectively. The amount of total soluble solids was 21.03 °brix
and water activity (a,) was 0.76. The final product in terms of microorganism properties was
within the Thai community product standard at 520/2547.The consumers accepted the product
at the level of like very much (8.24 scores).

Keywords: Mulberry; Gummy Jelly; Konjac Powder
N

Jowinany3 Taendadsmisturuiiemsnan uazmsulsguudasainmnadesdning 9 thudan 3
fimsUgninduniduaznaiaweissaumnn  dolifimsiannanduaiamnsadisinorsmsiivinm
WunAndagivesdn  uazgeomuay  ayuselalu@omndd  sudsngunenInsianulssan
TumsWaHAARAN I SINEATIesn sz AUATEgAITasNIL  ansandmiusesdinlnegum
wamodld  Tnefugnudunguififnenwlumsnan - Seunsaln3esiieimine  ssnsonanduesld
i thiiaiwess weasiaiwess dui wazkendnaSunelilifungunetodeiios wikaRAmARIna
EMaiUsIwe Smsunansarinfiesaidunanduaimong. Foomanm esnnuiunEni
fiduomnshovdesus  muliinnmenniaiduemsihnendiuls:ney  waznsswumswankidudou
Fofnemmzesnaudsmia snsandnliesdodunandminiys:Tou

nieunsesiawess (Mulberry) fdemenmanii Morus alba Linn. dhwaliifiunseusig
w3ofua doduunasvesmsdiAwas 9 Wun weulnsloeniu nsalvdn Fuduasvszneu
nqunalauesd [1] - [2] wadawess dusmaledu nsaledu lun nsnlalumdniesa:
26.40 - 74.77 uaznsnthaiAnsosas 9.29 - 22.26 [3] ImAud wssw uazarstsznauilue’andnmie
[4] - [5] dwsuiawesalasumAdouazimunsulssidundnimanannae Wy uendawesd
wanAa [6] Wsiawesd [7] igandeumaaeslsd [8] wusiu

Fyna:isnsutlimegluiyniiGent uwiuuuy (Mannan) Weviliuwnnsmezlinglasiuumlua
wsefiGend nglaunuuuy  (Glucomannan) ilumstszneumslulamsniiilaseasomeldnan
Uszneude  mbeteszenhmanglasuszunlugdandn 1:1.6 [9] fausuiRteannsgnduoes
ihmanglasluszuomaduens ssnglausuuuudumsTndusanladly 1 Tuanasesduloyn
a:finaulansend shwihidusmdulaiuuazhmasonnnsemeldnhduledunmenn nglauwsuuu
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’luwaun uﬂmamumLLmﬂmamﬂTwaLL?Iﬂmlsmﬂuﬂaumuwammmwumumﬂﬂmﬂluﬂaﬂﬂmms
doazmuthiigamniivesazwesimuazameild 150 - 200 wh Amauiilaadfindn wazfivs:Tomise
swma [10] sunsailifaaaineinenuiould (Thermoirreversible Gel) lunandasioms
Uiiduomsauamimin Mddummaunilaiulundndadiidedniiioanlodu Wy wdndms
YNRULEINFIININENLEBIAT [11] @Jﬂ??mf:a finlaw (Meat Loaves) 380 LfIE)‘iJmulelig‘iJ
(Surimi) [12] wonanigniliusgnftumsussadmenens [13]

Aot JadedediuuAnlumslimoynlundndmniuioaddawess s waumlamms
finmantidues Srnuiuniauazivilisandmuadaulanguiined  MsiaRanTudlsna
inlupesonlumdomddiasuneldlidunguismisguswienswan wazmsulsgUutaslng
fnlwaResdning 9 thufian 3 WufuovsesAnimuriulsg TndawessnnHananmemsnens
waziluwdndmiiegamnmusuneduzerhnld

AFMIMLIUMTIVY

1. msfinmAmmwnstAiizensialues3
mamssuihiawess TaevimsAndensaiaesininaduasontae thindoiezen
2 -3 s0U Wintheannnka Mntwhradawess niulinadeamenesiuie Sharp u EM-Ice
Power UszwAlnoanmsaves 2 wiu 2 wiii madldndemuisinlar 3 ans iludulidon
N300MIBAZUNTY NENEIUNENNABE I uinilAuBnseugmnaill 65 °C w30 widi 9N
UITIITIANTIDIIA 70 fiadans snsfiusssaamaiisaclimni 60 °C Unrhudwiliduaoiud
aligamailiiviu 5 °C iluifviinamafindiiu 4 °C [14] JAT:RALNINIBINAATUTALAMAN
mamw Tiun USinazesudeiinzaeniildnomun (Total Soluble Solids, TSS) Taglnasauiinawm
wUAdfia (Digital Refractometer) ammwmuoail laua manmdunsadss dmmnsanoman
(Fevsuyansn@nin) muds [15] Usnaueulnleeiiunmun (Total Anthocyanin Content) Tne3s
pH-Differential [16]
2. msfnmUTnandawesinmmzanlumsnnandaniuiesagawess
sunanlumswaRiuEead [17] Aemsiei 1 uasnmunssdsmswan [18] Tnetiamiu
wazawlutidigamad 70 °C suldmsazmsmAuidansasls waniniawess aglaalesy
ihmamnaniy WanuSewsumsazaadudedoriu Jnhlunsenadlufind flilidu fegui 1

axmeaAanmsihngungi 70 °C suldssazaela

inhdawesimmsenliua:nglaalosunanslumou: augungi 70 °C w5 wid

v

WRMans1e Mulnazais ntuAneaAunmsaull

v

Mudvgmngd 100 °C wm 10 win lansndn3n uazdnvieseanaaen

|

veanauun lyuiidungamai 4 °C wiu 30 wii
UAZUNZHANANDBNAINANN

U1 nIsuIdmandaniuileaddaiwess
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M3N 1 USaumsldatwess lUNANAUNNNALERA

Ingredients Formular 1 Formular 2 Formular 3
Mulberry Juice (g) 50 75 100
Gelatin (%) 16.53
Sugar (%) 74.80
Glucose Syrup (%) 6.29
Citric Acid (%) 2.38

mnuamsfnmUimanhiawesslugnsmskan 3 s:du loun grsiiumanhiawess
50 n3u (gnsh 1) grsiivinmhsiawess 75 asy @ash 2) uazgnsiilsmanisiawess 100 5w
(gA37 3) Muay MntuhrEndaRIRanlAAgATIAIA Ammwmemenn WA Usia
hdws: (a,) InelfiadesinUsinanidas: (Aqualab qu Series 4TE) USinaeoudeiinzanei
I¢ivonun (Total Soluble Solids, TSS) Taglfunsauivinmuuuiasia (Digital Refractometer)
My MiofuAs (Texture Profile Analysis) &iie Stable Micro Systems §u TA.TX.plus
ld923n P/50 laun anuude (B9A1) M3Bafn ANNBAREY M3NZIINAT AMUWMTEET ATINYIN
Tumsuafies MaAnima (L* a* b*) TaeliASesindd szuu CIE e Hunter Lab §u Color
Flex EZ Jwnnzinmuamwmond laud anmdunsa-sn (pH) anuiu Usmmnsanomun
(Fevsuyansn@n3n) [15] meAnmuSmanhiawessimanzan TaenunimsnAReoLUURNsLYTal
(Completely Randomized Design; CRD) vimisnaasg 3 41w manATeUIIAIIZNE
moafiAdae Analysis of Variance (ANOVA) amntiu3suifisuanuunnsmozesnzuuumasdiae
Duncan’s New Multiple Range Test fisziuanuideiiuiosa: 95 uazmsnaseumssulssamauns
Tnel#35manasauuuy 9-Point Hedonic Scale [19] Augnasauduiimiumsiaduduau 50 au
LRZIUNUMITNARBILUD Randomized Complete Block Design (RCBD) udiiwanngau
WA IRRaNeEaRfI8 Analysis of Variance (ANOVA) srmin3euifisunnuunniisges
AuNU@ALY Duncan’s New Multiple Range Test fssurnudeiisoua: 95 Lﬁaﬂqmﬁﬁﬁqm
NNHAAFUANTNAMTIATIEAAMNMIATILAZMEAN  uazdAzuuLz@iunmM”NmUssamands
goigaithlUAnmUSaimnzausensynlunanimdsely

3. mafnmUFmaiuen:sunesmynlusAnAuiuileaaiawesa

msfnsSaiunzauzenyn TABusIzAUUSINMRIA 5 T:AUTEIRIUNFLTINLA
TauA ldumeyn (gasi 1) maiuwsyniesn: 3 (gAsh 2) MaANHIunSesas 4 (§AsT 3) MIAURIYN
Souaz 5 (gnsh 3) uazmsANRIUASoER: 6 (FAsN 5 ntuhwAnFuRRERlAIgATINIATIEN
Aaammemeam Wi Usinahdas: @,) Teeliindesinamnaihdas: (Aqualab §u Series 4TE)
Usmawesudsiazaeuil@nanun (Total Soluble Solids, TSS) IneliunnsAziinnmuuuaang
(Digital Refractometer) mylnszransaziioquia (Texture Profile Analysis) &ve Stable Micro
Systems 3u TA.TX.plus 1#3n P/50 laua Anmude (@) msBnfn ANNBAEN MItm:sInm
Anuwiien Anuealumsuahes msdnazamd (L* a* b*) TaeldindesinAmdszuu CIE @ve
Hunter Lab qu Color Flex EZ Jns1zvinanmmatail Anudunsn-mg (pH) USanaunsnnonsn
(FusnyanTAEngn) ANNEu leewns audds (151 msfnwmamammemenn i Tneynmsnaaes
3 Trenouwumsnaasuuuguanysm (Completely Randomized Design; CRD) uaihwanasou
W IATIAHaMIEaRfIe Analysis of Variance (ANOVA) #ntui3auifisuanuuanaiszes
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AzuuuRAnfe Duncan’s New Multiple Range Test fiszAuanudesiuiosa: 95 uazmsnasey
momudszamdnis Tneldisnsmaseuuuy 9-Point Hedonic Scale [19] Audmamouduiiniu
MIANHUIININ 50 AL 1AzUNUNIINARBILUD Randomized Complete Block Design (RCBD)
WS NANANBUINILATIZANAN§ARARI8 Analysis of Variance (ANOVA) amnnui3euiiiay
ANUUANAIZRIALUNAALAIY Duncan’s New Multiple Range Test fezfupnudesiusosa: 95
4. maRnmAMMWRARATIIATETasALTlBaATaUesT

HAnAMTRIRIUMAnUSINahiawe s Amnzan USinamsyniwanzaslaeiansan
AMATIMOAST MEmW uazmanateumMeUssmaNdasmAnFenaulAnAnTuTTIATEA naRAwT
i liud Ysnanidas: ) IneldnIesinuSumiidas: (Aqualab §u Series 4TE)
Usmawesudofiazaeldnenun (Total Soluble Solids, TSS) InelfunsAvilvamuuuasa
(Digital Refractometer) MyIATENEleduRE (Texture Profile Analysis) fiiie Stable Micro
Systems 3u TA.TX.plus 1@in P/50 lawn anuuds (196A1) mMsoann ANNBARELL MILNzIINem
Anuwiiey Anmenalumsumies malnazama (L* a* b*) Tagliedesindd s:uu CIE @ve
Hunter Lab §u Color Flex EZ Jnszvinmmwmoail Wud anudunsa-mg (pH) Anuiu
USinansanonun (feusuyansndain) [15] anutu milulanse Tdsau losiu i leons
wasmunenualasmsaumld Usmansanoun (fevauyansndnin) muds [12] Tz
AUAMMANUIAUN3E lAun 9RunIEnonun Baduazs Aeids [15] wazmsnagoumMemuUsamauAw
Tngl#35memaaounuy 9-Point Hedonic Scale [19] Aufmasauduiiniumstinruiiuig 50 au
LRZIUNUMITNARBILUD Randomized Complete Block Design (RCBD) udiwanngau
WAATIRNaNeEAAIe Analysis of Variance (ANOVA) aaniuiSeuifisuanuunnaiooes
AzuuL@ABAIe Duncan’s New Multiple Range Test iszAuanuidoiuieua: 95

Nﬂﬂ’li?/lﬂ@’ﬂﬂttﬁ]:%ﬁ]’liﬂj

1. wamsAnmAmmWMaAiizessiawess

paAmmoAihTaRwes MU fSinansanoun (Fouduyaiunaa@nin) Seea: 0.06
Aanudunsa-Aowidy 324 dmsAnmamunnmoainenneesiawed I nus AUy
USmmunsavonunzesiiawess (Morus nigra Linn) fmwnivesa: 1.40 dawess (Morus alba
Linn.) fisnduSesa: 0.25 deiimmnndimainsiziuniawess dmsvaanmdunsa-ng
HamIBATIAATINRALIALIRWesS (Morus nigra Linn.) wniu 3.40 wafifmniniawess
(Morus alba Linn.) v 560 [20] luznuzinSmnauesudoimuaiinzmetlioniu 3.14 ssrmund
TuszznainesTaugnausemun  navifunsensodudmssamhmarilinudinueeouds
fazmenlinniign 211 USmaweuTnsloniunmuauniu 3654 Tnansulgeniiu-s-nglaledmonsy
fimsAnmusuaueulnsloaiusesnadawess 12 aenus nudwsmaseulnloeiuimun
QRNTUMUTEANNENYRNR  Vi3egnALTdNLSIUNsABuNIadiansadnsniuiuasignafmuaysa
SaszgutuesaiivdAn uasiSnauoulnsloeniiunngaio 28.61 - 335 Taansuluniu-3-nglalun
fansu [22] - [23] FAama1od 2
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MIN 2 WANMIANIANANNIIANTEITaDSS

Chemical Properties Mulberry Juice
pH 3.24+0.02
Total titrate able acidity (as citric acid) (%) 0.06+0.10
Total anthocyanins (mg Cyanidin-3-O-Glucoside/g) 36.54+0.51
Total soluble solids (°Brix) 3.14+0.05

nnewn: teyauanaluAede + §ubesunIng Iy

2. wamsfinsUSnamngawessnmmnzailumsnrandnriuiieansiawess

anmsAnmUSnanhsiawe3mmzan Tnenounumsnanouuuguaysa (Completely
Randomized Design; CRD) TnemmuamslduSuanhdawess 3 szau 1Aun 50 75 uaz 100 AW
muddu A L* a* b* wud wandmdindwadiawess m L* Smegsmie 2110 - 26.34
AMFlUMeRNA uazunnmiuegsliedAumosa (p<0.05) AME a* AA1BYIIN 10.02 - 17.10
amlumoediume ME b* AmMegszniig 095 - 2.99 AmlUmoedmaesiianuuanmenuesiites Ay
mosaR (p<0.05) esnnluhsiawessimsuweulnsloniuinzmeliilih  bifes  amemldine
fermien eendau uamua dielassasventhideuutasly FresthiawesSewfeuluime [24]
leUSnanhdawessin  sonalimusmansanmuaiaiiady lusasimanudunsase (pH)
finnuunnaAoiues it A osda (p<0.05) saanzanudunsaaoiiaing 3 el
woulnslosniuiidunailuesddned lumsdsneviuoailifunniniy uazii wWasuuasly
wormidunsagoaziliveulnloenfiuitune 241 wazrandmiufiafiawesstmanudunsa-ma
aglutgszniie 2.8 - 3.5 aglunaminnsgiugaannssuimun [25]

USnanhdes: (@) uasUSmnamesudsiinzmeilaiiaiusy lunszuiumswannaniog
Aufleadimsmuaunn uazaamgilumsniuiioniy ifesnninsiawesiluseznadunson
fSnawesudsia:mehlinnndiluseznadau 241 wandaiiufwasnmanuuds Mmsimzsanm
meamuenalumsuaimanas dernuudslulasssovesiufivaianas sHlilfusdlumsunifeatiosas
Tumsiansisnesaiedudadunusiomanuenlumsumeianasie [26] smsumanumien
msBARn ATEAVEY el TrmuanmoiueeiitisAymendn (p<0.05) waAuiG uNELTED
Tumsimihidumsnsnaifosnndasiuzesmsdeliinaaludunanivsnaiiin deysum
isiawesiinlidndiurecaisnonaludiunauanas donaviilindndmaimanumisiniy
MNEIAY [27] - [28]

manaseuMUsamaNdE Fom3on 3 nun lushudnsasdsing & nau setn iedus
anuzeuTrsTIusesRuslaafinzuwintumsSnumslahiawesmgeiuan 50 nsu uaz 75 Asu
wanAAueeitedAmeaia (p<0.05) wazAzuuuANNTaVanaeiUnamslditawess
100 n3u swsvanuzevlpesiuinuuuanureuduiusiuAd (L* a* b* Tagldiadesinmd
nandngnldazdimanuain L5 manumduiumdmi @) wazmanuadufnios b anas
Tugnsmsnanimslihiawesaniniy  uwelunssnismananimsnIuAnae  uazmMninuiu
donarinliansazifiedudaseonininrinas fuilaaliazuuuanugevlulsnaisiawess
75 nsugodn uazinnuuanagnuetaited1Ammesdn (p<0.05) mAzuuuegluszAurauliuaag
(7.53 - 7.83 Azuuw) dudenySmnahdawess 75 asu dutiinafimmzanlundndndiuiiond
fawesd ualignamananlumsnmumaimnzaumunlundnduniuiiesagawesinel
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MIWN 3 WANSNANBUMUYT EMFNNEaUTuandatuassnmuzaulunsinaniunnuil
LWRRNALWBSI M835 9-Point Hedonic Scale (N = 50)

Attribute Mulberry Juice

(Score) 50¢g 5 ¢ 100 g
Appearance 7.3+0.7¢ 7.7+0.6° 7.54+0.5%®
Colors 7.6+0.5%® 7.7£0.7* 7.3+0.7°
Odor 7.3+0.5° 7.54+0.6% 7.7+0.5°
Flavors 7.6+0.6% 7.7+0.5° 7.4+0.5°
Texture 7.0+0.6° 7.7+0.5* 7.0+0.6°
Overall Liking 7.2+0.5° 7.8+0.52 7.3+0.6°

newin:  a, b, ¢ ABNEIN lumdoniuluuuIueNiANNLANAIININA Ao UTIIUAINULANATY
poIANRREAeI5 DMRT nszauiadiAmmuaann (p<0.05)

3. wamsAnwSmnawsynivnzanlunandaniuiiesdawess

nanMsAnsSInahiawe S tusnzanlundnsuriuiiesdiawess bun hiauess
75 3w thinfnmtEmameynisnzadlusdndnsiuiieeiianuess Amed 4 aunmmemeam
seonARAmATLeaRNARIyARldnuA 5 sAU wodh md L* a* b* dumnliumanfeuly
Tufirmaieaiuindumuusmansyniiacly  wandnaidunsuzonglawmuumiussions
fidauswmiueain axdonalindndmadmanuaiodiniy [29] suzivsavooudoomun
fazmoinindumuinaweyaigeiu  ilesenuimamsynlsznoudieiimanglaauas
ihmauuulug [30] smsuUSuanihdasslifinnuuanmoiuegiiiesAunesan (p>0.05)

mMywn 4 MsldnsyndInamyn 5 stAvTeIEIBHENNINUALUNRRANAINNARN WD SS

Konjac Powder Ingredient (g)
(% of Total Konjac  Mulberry ) Glucose Citric
. . Sugar Gelatin .
Ingredients) Powder Juice Syrup Acid
0 (Control) - 75.00 16.53 74.80 6.29 2.38
3 5.25
4 7.00
5 8.75
6 10.50

dnuasmododuds 1iun Anuuds Madafin Anudangy Mamzsma AN
AnueAlumMsuAREIRnIumMNUT N LRIy nLRzANNLANA oA WeEefitEs AMINAR  (p<0.05)
AogUil 2 @enAfeAUDIAUsznoUgAIMIRARTIANRIYN Usznoudes aglawiuuuwiuleaims
dussiilianeaiudousadeldsurnuiou fanamiags sunsailifamaibanguuazaoi
eAuSeuld [31] donarodnsamaieduiamuanuuds Anudangy AnsenlumsuaAeIgedu
Faguii 2(1) - (@), (0) lupasimanmoyniigeu sldmamesmimi arumioveonandusmiin by
ﬁﬂgﬂﬁ 2(M), (3) donAREINUITERiMIAnEIASINLAzU ST UNARA DT AN LIRS IUNEN DD
nplawiuuuunuh mslinglauuuuuiessuiumsliomiy  dedmanuiniuzesnglauiuuuy
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FwiuamAnnnsAviosa: 12 Wiudesa: 18 fnalvinnmuuds Anumien uazANImuRemMIAEIZDd
AufleadiAniniy 28] Wesnnnglawidleldsuanuseusniamanesiiuazindulasoass
MESNANNUT IS ITRIT U ANNLE IR R TANNENTUS W SHARUAUaMAR  Wonmruly
PRITINNTILM AT INGD uazaannianas ATNLEILTITRIARa:E [32] SmsunglauuLLY
TuynlAsumssusesnndiinnuamzassumsamauazeiniuingdetuomsalasumssuseh
nAnulaaniy (Generally Recognized as Safe: GRAS) [33]

Hardness (N)

350
550 299.01 305.15 31145

25 25511 275.83
200
150
100
50
0

Konjac Powder Konjac Powder Konjac Powder Konjac Powder  Konjac Powder

0% 3% 4% 5% 6%

(1) MUANULDY (1IAu) (Hardness)

Springiness
1.2

1

0.8
0.6
0.4
0.2

0

Konjac Powder Konjac Powder Konjac Powder Konjac Powder Konjac Powder

0% 3% 4% 5% 6%

(2) MuANNEANE (Springiness)

Gumminess
300

250 235.68 239.54 244.46

20 174.38 g
150
100
50
0

Konjac Powder Konjac Powder Konjac Powder Konjac Powder Konjac Powder

0% 3% 4% 5% 6%

S

(A) MuANumied (Gumminess)
U2 MR LANATIOINANA NN ARNALUBIINANUTIIMHIYN 5 T2AY
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Chewiness

400

350 346.85
311.54 32279

300 275.45
250

200
150
100
50
0

Konjac Powder Konjac Powder Konjac Powder Konjac Powder Konjac Powder

0% 3% 4% 5% 6%

215.55

(9) MuANusAluMIUALALI (Chewiness)

Cohesiveness

0.95
0.9
0.85
0.8
0.75
0.
0.65

Konjac Powder Konjac Powder Konjac Powder Konjac Powder Konjac Powder
0% 3% 4% 5% 6%

=

() MUANNMINZ3INA (Cohesiveness)
JUN 2 MIIATAHANATIDINANANNNTELAANALUBIINANUTIIMHIYA 5 oA (F0)

Amunan-mo (pH) Tegsznig 2.97 - 298 Fsaglutonasguensmassnems [25]
mainUSmansynlidomaronniy Usnansanoun (fieusuyansa@nsn) yilwlifinnuunnmoriu
agiitedAmosdia (p>0.05) vadluems AugURl 3 wuh W 5 Foveeessdimegiiiosa:
0.88 - 2,01 TAMmuAnmrueeiufALMIaTRA (p<0.05) donAReIRUMIRSIMHIyNUNEAT
iWesnnuoynfinsnglawmuuy  doduduiileownsgoofinazmemnlililimdonu  ualiiusunse
Aasume  wumswaRARAuRRldnoynieiinleesannglawunuiylundndmiemsiasy
nndandeminnonanyndmiggeety [34] uonndwynlunindmnoimstasamanizloiu
Tudengouazlsawna [35] ausuifzesynidulsomsuiindliazaioi (Insoluble Fiber) ua:
\unsluTedn (Prebiotic) duifluemsvesgdunidnivs:Tonilus:uumaiinens deliszuy
FumeAsu fusendensemsivinnmoluszuumoiuermssenainsemeliasu [36]
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fiber (%)

2.5

1.5

1
0.
0
KonJac Powder Konjac Powder Konjac Powder Konjac Powder KonJ ac Powder

0% 3% 4% 5% 6%

W

U 3 YnaleomsvesndndmdiuiieafsiaueSInaNyIinanen 5 soAu

dletSmunsyniinBuduiusiumad (L* a* b*) Taeliindesinmd wanduanlaaziia
awae menuduimios wazmanaiufuaodunniy smsummaseunm MU E MRS
wud deinySmansynlugasmsnin donalinzunuanuteuseciuilnagaduniignsaiuay
athafiadFmedn (p<0.05) TnmmzazuuuAugauBasiU3Inadedomanasd 2 (M3ldnmyn
Sounz 3) HAzuwnuANNTaUgIA (7.77 -7.97 Azwuw) lumusnsalang MuilpduRtAzuULA T
denndeoiumMsinA i edudalaiAseoiiATzianuloduis (Texture Profile Analys1s)
finnauanmoiueofiteddmeain (p<0.05) wuindefimafinUSnmmeyn  KaRdmATNTEeR
firnuuds Anmenlumsuasuiudy dneoumslinyalusdadaigniunuiimsiAnaeayn
Sown: 2 - 4 fAudliuzosmAnuuds uazANNeAlUMIUAREIGIELINGATAIUANLR:T AZLLY
amzeuusTaalimstansuggn [37] MnnaiATzimslinynfianzauinsananmwmemeam
wazmInageuMoUssamdNAs JudenuSiawuniesa: 3 uuSmaimmzanlundndmd
fufliadtawess

4. wamsfinmpmMwHARAuTATNETosANiloaRialUasINARIYN

msfnwSmanidawesitmnzay  ursUSmaweyniimnzan  IdiumsAndengas
finmzanlaennaanMIIATIERRMMNIIMBNN 1Al uazAIATaUM T I MANNET AL
TunAndamiuiieafdaweiinud USnasiawedanuenzay e 75 a3u @unsamonun 175 i)
USnaumounisnzan fio Soua: 3 (FunaNnmun 175 n51) AwmSmadiunEmen missa:
faunadoll hdawess hmanse waAu nglaslesy woun nsnd@n3n Sewa: 41.61 41.50
9.17 3.49 2.91 uaz 1.32 MURIAY

HRIINMTIATERAUMNMIIAT MIMBAN JEUNITURNIUITTNENATBIAMIN
yImeMwEeIHARA ML ERRTRIESINARIUN. WuhmATuETe L* wihdu 2534 Tallumoiia
a* whAav 1450 el lumeduae s b* wau 2.10 il lumeivaes Usanineas: (a,)
WAL 0.76 ALl (Fadu) ANuBaRn ANNBANEY MamzsImi ANuwiles AnuuAREIU
277.38 -187.23 0.86 0.81 197.64 uaz 277.76 muaiy Usmnawesudsnanuaiazmeilfmiy
21.03 aumMu3nd Usinmnsanonun (Fouauyansndnin) Saea: 0.11 Anmidunsa-e (pH) widu
2.97 anwdu Tsiu losiu leewns wh msTulawse Sesa: 18.75 6.88 0.30 1.65 0.53 ua:
71.89 Mudiy uszwRonunenNAwnAY 317.78 AlauAanise 100 A3y Aams1ef 5 dmsuSma
Fugdunisnomuntiosndt 10 Talafidede1s 1 05y uadvinaswoudsn uazsmomun
fiound1 10 Taladl Aoetin 1 asu (LWildudnown) Foeaglunmvinnsunandarguueaiaui
520/2547 [25]
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M7 5 BUAYIZNOUMILANDBINRRAUNNNIERRTAESINNNIYN

Chemical Composition(%) Mulberry Jelly Gummy Products
Moisture 18.75+0.10
Fiber 1.654+0.01
Ash 0.53+0.01
Fat 0.30+0.01
Protein 6.88+0.04
Carbohydrate 71.89+0.11
Energy (kg calorie/100 g) 317.78+0.38

newe:  deyaudnutluARa + §audeouunInIgIu

AUSlaAd ol 50 Au TAACULLANNTEUGAIEAMENRAAMNNNILARIAIIO3S MUaNYMT
U510 & AU I89IA IHORUAE uazAINYaulaesIumidy 8.01 8.04 8.00 8.06 8.02 wua:
8.24 Azuun Mua1AY agluszAugauNIn AvgUn 4

Means hedonic scale of sensory evalution (score)

10

8.02 8.24
8.01 8.04 8.00 8.06
0 I I I I

Appearance Colors Odor Flavors Texture  Overall Linking

oo

[=))

A

[\S]

N4 manemeuMulsMENREgRIgAMBNARANTINNIlaRTae33 1nedd 9-Point Hedonic Scale
dyduazanlsuna

nanAmR TN adtawe S dunAndnaruuuuindnduiedsslonlidom dvdvosiaesd
dmsunguimmfsgumwiiemsnan wazmsuUsglulaslnaininaiesdnd w9 tuiiau 3
mnodanlivina ihdawesinmnzaulunandariuiieafdawesd Ae 75 niusosgnImanan
\dugnsifienuwilsawazanuiandusenadosiuanureuzesiuilan dmsueulnsleefiuifigns
fueuyadas: dwsumslinoyndesa: 3 vesdiunaunoun msldwoynilinandaminseEsu
loomsluie  dodlugaausesnandng  uazmouninlinandnriansuidueainnunius:
udousy donarorARAMAIANLWTEY Mamzsmi wasilianuenhelumsReiisennsesiu
mslinzuuuANUToUIIATAUTaUINN HARAMTANTEaRTawess TesAuszneumandl Aud
Ay Tusiu lesiu Teewns in msTulawnsniesa: 18.75 6.88 0.30 1.65 053 ua: 71.89 muEIAL
uazWEIUNINAIIAY 317.78 Alaunaadra 100 A3y
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