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Executive Summary

“Potential of Freshwater Macroalgae as Food and Medicine”

1. Research Background

Not much attention had been paid to the freshwater macroalgae. This was perhaps due to their
growth as weed in the water resource. The ecologist may consider these macroalgae as producer or
basic food for aquatic animals in the food chain and as oxygen producer from the photosynthetic process
to the aquatic environment. However, they are not neglected by some people. They have been utilized in
many ways, particularly as food by the northern and north-eastern parts of Thailand. A freshwater green
algae, commonly know as “Tao” or “Tao-Nam” or Spirogyra spp., were used in the “Yam” dish with sticky
rice and they are popular up till now. Another algae, called “Kai (Cladophora spp. and Microspora spp.)
which are abundant in Nan River in Nan Province and MeKong River at Chiang Khong District, Chiang
Rai Province during winter and summer. People from both sides of the river also use this algae as food
e.g. making yam similar to yam tao, wrap in banana leaves like Hormok which called “Hor Nueng Kai or
Streamed Kai” and the most popular one is to let it dry in the sun, roast in the pan, ground to fine and
mix with salt, white sesame and fried garlic. The mixture is called “Kai-Yee” which is well known among
the people on both sides of the river. It is really local wisdom.

Some of these algae were used as medical ingredient such as “Lon” or “Dok-Hin” or
Nostochopsis spp. is used as medicine for decreasing high temperature in the body for Nan people.
Some villagers have an experience in consuming “Kai” to calm down “he stomach ulcer. There was also
a report on the anti-oxidant activities and immune promoting substance in many Nostoc species.

In fact, there are many unknown information about aquatic macroalgae including the
biodiversity, ecology, nutritional value, toxicity and medicinal content. Study on bio-extracts and bioactive
substances which will add value to these algae should be done. Additionally, processing of these algae
as various kinds of food will give more chance to the villagers in selling their products more widely which
will improve the local economy. The ability to cultivate these algae throughout the year for the confirming
production of algal products and the collection of their genetic materials are equally important.

The dissemination of knowledge from this research to the local community in the
understandable and applicable forms, is therefore the most important point of this research.

The Thailand Research Fund (TRF) has foreseen the importance of the freshwater macroalgae
in terms of food, medicine and other values. They had asked the Department of Biology, Faculty of
Science, Chiang Mai University to work on this project of “Potential of Freshwater Macroalgae for Food
and Medicine” for 3 years from 2002-2005. The work is now terminated. Our research team have found
out many interesting aspects of freshwater macroalgae. The body of knowledge from this research has
successfully transferred to the local communities who sell the algal products and many national and
international academic groups. All the findings are compiled in this report. It is expected to be useful to

those interested and those working on freshwater macroalgae.

)



2. Propose of Research

2.1 To study the diversity of freshwater macroalgae, their morphology, structure focusing on
those which could be used as food and medicine, ecology, distribution and season of growth in Nan
River.

2.2 To study the potential of these algae as various forms of food to diversity the products, and
to improve the quality of the products from local wisdom in accordance with the market need and
increase the community income.

2.3 To study their nutritional value as an assurance to the consumers including their toxicity
which is important in promoting as food and medicine.

2.4 To study their potential as medical ingredient referred to the local wisdom and
pharmaceutical advancement at the laboratory level and the tendency to develop as future medicine.

2.5 To study the bio-extracts and bioactive substances from these algae and their tendency for
useful development and further research.

2.6 To grow these algae at the laboratory scale for collecting the outside original habitat genetic
trait and to cultivate them in the cultivation pond to get the off-season product leading to the all year
round harvesting of the algae

2.7 To transfer the research knowledge to the community selling the algal products and to the
academic circles in the national and international research journals and conferences as well as in other

media.

3. Methodology

1. Study the information on the use of freshwater macroalgae as food by local wisdoms,
study the processing of various foods from the algae for more diversity including the improvement
and development of food from the algae

1.1 Study the information on the use of freshwater macroalgae as food and medicine
by local wisdoms in the community of Nan River and its tributaries.

1.2 Study their nutritional value and toxicity of these algae as food.

1.3 Study the processing of various foods from the algae for more diversity including
the improvement and development of food from the algae by local wisdom in the past to obtain the
products wanted more by the market.

1.4 Assistance to the community in designing the product label, production the
advertising brochures and posters

1.5 Transfer of knowledge from the research to the community selling the algal
products and to the phycological academics

2. Study on the diversity of the algae in terms of morphology, ecology, distribution,
seasonal growth in the Nan River with the emphasis on the species for food and medicine.

2.1 Study on the ecosystem of Nan River where the freshwater macroalgae are

growing to obtain the growth component for further cultivation



2.2 Examine the diversity of the algae focusing on the species which could be used as
food and medicine.

2.3 Study on the cultivation and collection of genetic trait of the algae used as food
and medicine at the laboratory scale and in the field.

3. Study on the potential of the algae as therapeutic agent and biological substances

3.1 Study on the potential of the algae as therapeutic agent

3.2 Study on the potential of the algae as immune system, bio-extracts and bioactive
substances

3.3 Study on the toxicity of Kai

1. Study the information on the use of freshwater macroalgae as food by local wisdoms,
study the processing of various foods from the algae for more diversity including the improvement
and development of food from the algae

1.1 Study on the information of the use of the use of freshwater macroalgae as food and

medicine by local wisdoms in the community of Nan River and its tributaries.

Contact was made with the community leaders i.e. sub-district head, village head, head of sub-
district administrative organization, school directors, senior monks, groups of housewife selling algal
products, non-governmental organizations and related persons. By interviewing, noting, tape recording,
photographing and VDO taking suggest that there are two popular species of algae used for cooking i.e.
Kai and Lon. However, Kai is more utilized for local food e.g. Yam-Kai, Kai-Yee and Steamed Kai. Lon is
used for Yam only. In the past, each family would cook their own meal. Later there are groups of people
in the community sent these food on sale which could be sold in their community. These products have
been development for more diversity and more concrete sale. Eventually, community production of Kai
was set up at Ta Wang Pa District, Nan Province where Kai is grown most extensively. There are Ban
Nong Bua Agricultural Housewife Group and Ban Nong Buoa Cooperative Women Group. In Chiang
Khong District, Chiang Rai Province, where Kai from Mae Khong River is used, there is Ban Had Khrai
Agricultural Housewife Group. However, at these groups still need more assistance in food processing
from Kai, particularly in nutritional value which has not been investigated.

As for medical or therapeutic value of the algae, the villagers around Nan River, Nan Province
believe that Lon as good for decreasing high temperature in the body. Others believes that Kai is for
good health. There will be no stomach and digestive disorder and the hair will turn shiny black. These
two species of algae could not be found through out the year. They are present in cool dry season and
summer only. They will be disappeared in the rainy season with the running water which flows with the

soil sediment.

1.2 Study on the nutritional value of freshwater macroalgae as food.

Nutritional value of “Kai” and “Lon” in the Nan River is shown in Table 1

Table 1. Nutritional value of “Kai” and “Lon” in the Nan River



Parameter studies Kai Lon

Basic nutrients (gram.100 gram-1 dry weight)

Lipid 3.12 0.64
Protein (Nx6.25) 19.3 191
Fiber 21.9 2.05

Ash 19.6 16.0
Carbohydrate (by calculation) 30.34 31.94

Vitamins (milligram.100 gram_1 dry weight)

Vitamin A Not detectable Not detectable
Vitamin C 6.78 1.07
Vitamin B, 0.16 0.12
Vitamin B, 0.54 0.07
Folic acid 0.14 Not detectable
Panthothenic acid 0.26 0.50
Niacine 4.20 2.48

Minerals (milligram.100 gram_1 dry weight)

Calcium 943.9 12378.9
Sodium 716.9 136.9
Potassium (gram.100 gram_1 dry weight) 4.62 0.5
Chloride (gram.100 gram'1 dry weight) 1.55 0.3
Magnesium 170.5 265.4
Manganese 5.36 45
Iron 162.0 114.9
Copper (microgram.100 gram'1 dry weight) 0.31 0.67
Zinc 0.65 0.65
Selenium (microgram.100 gram'1 dry weight) 460.4 409.8

It is seem that the two types of algae have a very good nutritional value when compared with
the “Tao”, Spirogyra spp. (Peerapornpisal et al, 1997). The protein content is close to that of freshwater
fish. There are a number of vitamins which is high in vitamin B as well as minerals. The amount of

calcium is very high in Lon. Selenium, an antioxidant, is also high in Kai.

1.3 Study on the processing of various food from the algae and testing from consumers
including the improvement and development of food from freshwater macroalgae by

the existing local wisdom to obtain more market product requirement

In processing of various kinds of food from Kai to attain more diversity, there were 4
organizations involved i.e. Department of Product Development, Faculty of Agro-Industry, Department of
Biology, Faculty of Science Chiang Mai University; Rajamonkala University of Technology, Nan campus;

Institute for Food Product Research and Development, Kasetsart University. Twenty four products were



obtained. They are favoring crispy Kai, crispy sticky rice with Kai, sticky rice bread with Kai by
microwave, fresh egg noodle with Kai, dry egg noodle with Kai, Kai sheet, Kai bread, salty crispy Kai, Kai
cheese cake, Kai cracker, Kai cookies, Kai crispy roll, Kai red-eye chili paste, Kai chili paste, crispy pork
skin-chili paste with Kai, pork chili paste with Kai, Narok chili paste with Kai, Kai Kao Tan, Kao Mao Mee
with Kai, Kai rice porridge, Kai Yee cracker, corn cake with Kai Yee, fried crispy with Kai.

Evaluation of the consumers for the like or dislike of these products revealed that they did not
want to put much Kai in. This would cause the bitter taste and more Kai odour which is a distinct
difference with the local consumers who prefer pure algae with slight modification. Therefore, in the
processing of food for scale in other localities, one has to bear in mind the familiarity of taste and odour
of the Kai. It was found that there is a high possibility of processing and scale of fresh and dry egg
noodles with Kai on the industrial scale if direct support is given by the related provincial office or
government sectors.

Improvement and development of food from Kai by the existing local wisdoms to obtain more
market need products were done with two products i.e. Kai Yee and laminated Kai or seasoned Kai.
Metallite bag was used instead of polypropylene bag to avoid the rancid smell during prolonged storage
of Kai Yee and to retain the crispiness of the laminated Kai or seasoned Kai by improving the package.

As that of the Kai Yee as well as lowering the humidity of dry algae before seasoning.

1.4 Assistance to the community in designing the product label, production the

advertising brochures and posters

This project has facilitated three communities which sell the Kai products i.e. Ban Nong Bua
Cooperative Women Group, Ban Nong Bua Agricultural Housewife Group, Paka Sub-distinct, Ta Wang
Pa District, Nan Province and Ban Had Khrai Agricultural Housewife Group, Wiang Sub-district, Chiang
Khong District. Chiang Rai Province. Product label had been designed for 24 products. More nutritional
data of Kai are displayed with better appearance which add more value to the products. The brochures
which include all the academic aspects from this project and local wisdoms were produced providing
more information to the consumer. Nicely designed and readable posters with more details than the
brochure was also made. The research team had been requested by the communities and organizations
dealing with career promotion in each province for these posters to wider more public relation. They were
already done under this research project with the support from TRF and had been distributed to various

communities and organizations.

1.5 Transfer of knowledge from the research to the community selling the algal products

and to the phycological academics

This had been done 4 times. In the first and second instances, workshops on technology
transfer in processing Kai were given to Ban Nong Bua Cooperative Women Group and Ban Nong Bua
Agricultural Women Group, Paka Sub-district, Ta Wang Pa District, Nan Province. The first workshop
was on the 12th June 2004 and the second workshop was on the 10th July 2004 for the Ban Had Khrai



Agricultural Women Group, Wiang Sub-district, Chiang Khong District, Chiang Rai Province. The content
of the workshop was the information on Kai in Nan River and Mekong River, taxonomy, scientific name,
ecology, growth, some nutritional values and processing of 14 kinds of food. The 3rd and 4th workshops
were on the transfer of technology in processing Kai to the Nong Bua Cooperative Women Group and
Ban Nong Bua Agricultural Women Group, Paka Sub-district, Ta Wang Pa District, Nan Province for the
third time. The 3" Workshop was on the 18" June, 2005 and the 4" workshop was on the 19" June,
2005 to the Ban Had Khrai Agricultural Women Group, Wiang Sub-district, Chiang Khong District, Chiang
Rai Province. The content of the workshop was on the nutritional value of Kai over other food. The
tendency of being medicinal agent as well as processing into Kai food needed by community i.e. fresh
and dry egg noodle with Kai, prolongation of shelf-life with no rancid odour and crispiness of laminated
Kai. Discussion on the Kai exhibition in the two provinces was also made. The outcome of the 4
workshops was well. The attendants were content with the workshop and could really be applied.

The results of this project have been published in 4 national journals, 2 international journals,
presented at the 9 national conference and 3 international meeting. Five articles were written and
published in the journal, magazine and newsletter including one newspaper interview and 3 radio
interview. One thousand copies of a pocket book entitled “Kai: General knowledge and food processing”
were published. Two TV programs were on air. One M.S. and B.S. student, were the outcome of the

project.

2. Study on the diversity of the algae in terms of morphology, ecology, distribution,

seasonal growth in the Nan River with the emphasis on the species for food and medicine.
2.1 Study on the ecosystem of Nan River where the freshwater macroalgae are growing

to obtain the growth component for further cultivation

The study was done in the Nan River from the point of water origin at Ban Santisuk, Pua
District, Nan Province to the Nan City, Muang District. The distance between sampling sites is more or
less the same. Many samplings were investigated between 2544-2546, in each sampling site,
macroalgae with dense population were examined including some physical, chemical and biological
properties of water. The macroalgae found belonged to 28 genera 56 species in 4 divisions. There were
30 species of blue green algae in the Division Cyanophyta, 18 species of green algae in the Division
Chlorophyta, 3 species of stoneworts in the Division Charophyta, 5 species of red algae in the Division
Rhodophyta.

“Kai” and “Lon” grow in the water with the stony substrate, either bed rock or cobble. Therefore,
Nan River and Mekong River at Chiang Khong District where the water bed is stony are well suitable for

these two types of algae. These algae grow in the clear running water with the running speed of 2-3

meters/second, the turbidity not more than 20 NTU, day temperature 15-28 OC, pH 6-8, the amount of
nutrient including nitrate, ammonium and soluble reactive phosphorus is low to moderate. They were
then found in the clean to moderate water quality. With these properties of “Kai” and “Lon”, they were
found only in the dry season i.e. the cool dry season and summer from November to April. In rainy

season when the water is running faster and with high turbidity, these species have been disappeared.



The distribution of Kai in Nan River, it was found that, these algae occurred in high amount in 3
districts, Pua, Ta Wang Pa and Muang. However, the amount of Kai in each sampling sites of each
district were similar population. Lon was found in 3 districts, the amount of them showed difference. The
highest amount was at Wat Don Kaew in Pua District. However, the amount of Kai and Lon showed very

difference clearly, Kai showed in very high amount more than Lon significantly.

2.2 Examine the diversity of the algae focusing on the species which could be used as
food and medicine.

From 56 species of freshwater macroalgae which found in this investigation, there were only 3
utilizable genera i.e Cladophora spp. and Microspora spp. which are “Kai”. Another genus, Nostochopsis
spp. is “Lon”. Kai comprises six species of green algae i.e. Cladophora glomerata Kiitzing, Cladophora
sp., Microspora floccosa (Vaucher) Thuret, Microspora pachyderma (Will) Lagerheim, Microspora sp.1
and Microspora sp.2. Lon comprises of 2 species ie. Nostochopsis hansgrig Schmidle and

Nostochopsis lobatus Wood em Guitler.

2.3 Study on the cultivation and collection of genetic trait of the algae used as food and
medicine at the laboratory scale and in the field.

Kai was cultivated in the 5 liter glass jar in the laboratory with various formulae of nutrient,
illumination from artificial light, aeration and water movement using sand beads as in the fish tank. Kai
did not grow well in all types of nutrient. Field cultivation of Kai in the race-way pond with natural light
and many formulated nutrients showed that it grew well in JM and AARL-CMU1 media which had been
diluted 10% from the original medium. It could grow as long as 30 centimeters. AARL-CMU1 medium is
much cheaper than JM. It is therefore suitable for Kai cultivation. Growth of Kai does not come from the
original filaments which usually degrade but from zoospore or zygospore attached to the stone. By using
the decorative garden stones as substratum for zoospore or zygospores, it was found that after one
month, the Kai grew from these stones indicating that there was a production of these spores from the
cultivated filaments of Kai and they attached to the stones and grew as filaments. Culturing in the
cultivated pond has to be taken care of regularly and the culture medium has to be changed once a
week due to the actual rapid growth of phytoplankton. Out season cultivation i.e. in rainy season, in order
to get the Kai throughout the year may be difficult because the output is not worth the investment.
However, it is possible to cultivate this algae to obtain some therapeutic agents, immune promoter
substances or antioxidants including molecular study. A parallel top-up study on the cultivation and the
medical component or bio-extract and bioactive compound will further develop this area of work.

Culturing of Lon, on the other hand, could be done on the solid and in the liquid media but
growth is rather slow. Culture of the Kai for genetic material collection could be kept in the C and JM

solid media, but on BG-11 for Lon.

3. Study on the potential of the algae as therapeutic agent and biological substances

3.1 Study on the potential of the algae as therapeutic agent



The pharmaceutical activity of Kai was investigated in the last duration of this project. It was
found to be anti-gastric ulcer, inhibit the constriction of smooth muscle (antispasmodic), enlarge the
bronchus, anti-inflammation, cessation of pain (analgesic) and decrease blood pressure (hypotensive
activity). The active compounds in Kai have to be further studied and their mechanism of action has to

be elucidated.

3.2 Study on the potential of the algae as immune system, bio-extracts and bioactive

substances

Study on the bio-extract from Kai i.e. chlorophyll, carotenoid, phycocyanin and phycoerythrin, in
addition to the former two pigments, in Lon indicated that all the pigment were moderate. Some were in
the lower level when compared with high pigmented algae such as Spirulina spp., Heamatococcus spp.
or Dunaliella spp. Therefore it is hard to promote pigment extraction for other uses. However, high
content of agar substance in Lon is more interesting. It is polysaccharide consisting of many
monosaccharides. The research in this matter started only 6 months ago. The idea is to convert
monosaccharide into oligosaccharide using enzyme from local materials. Some oligosaccharides may be

human immune promoter. They should be investigated further.

3.3 Study on the toxicity of Kai
As far as toxicity is concerned, Kai was found to be non-toxic. LDs, of Kai is higher than 25

g.kg”, it is safe to eat.
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Abstract
The project “Potential of Freshwater Macroalgae as Food and Medicine”

The purpose of the project “Potential of Freshwater Macroalgae as Food and Medical” was to
study the freshwater macroalgae in Nan River, Nan Province in terms of diversity, taxonomy, ecology,
their uses as food and medicine from the local wisdom, development of food processing from these
algae for move varieties and acceptance to the consumers and widely distribution including their
nutritional, medical, biological extract and bioactive substance values. Cultivation and preservation of
genetics traits from their original habitats and the dissemination of knowledge to the target communities
were also taken. The work was done from July 2002 to June 2005. Twenty eight genera and 56 species
of macroalgae were found. They were 30 species of the blue-green algae in the Division Cyanophyta, 18
species of the green algae in the Division Chlorophyta, 3 species of the stoneworts in the Division
Charophyta, 5 species of the red algae in the Division Rhodophyta. The potential algae as food and
medicines were Kai and Lon. Kai consisted of six species of green algae i.e Cladophora glomerata
Kutzing, Cladophora sp., Microspora floccosa (Vaucher) Thuret, Microspora pachyderma (Will) Lagerheim,
Microspora sp. 1 and Microspora sp. 2. Lon consisted of 2 species of the blue green algae i.e
Nostochopsis hansgrig Schmidle and Nostochopsis lobatus Wood em Guitler. They were found in the
cool dry season and summer from November to April. In rainy season, due to high turbidity and strong

water current, the algae would not grow. The two groups of algae grow in running water at the running

velocity of 2 - 3 m.s'1 , clear water at the turbidity not more than 20 NTU, temperature of 18 — 28 oC,
pH 6 - 8 with little to moderate nutrient. They were found in the clean to moderate water quality and
grow on the stone substrate only.

The local people use to cook Yam Kai, Yam Lon, Kai Yae and Hor Nueng Kai. In this research,
Kai was processed with 24 varieties of food as cake, cookie, crispy Thai sweet, snack and egg noodle.
The nutritional values of these two algae was high protein content comparable to fresh water fish, many
vitamins particularly rather high vitamin B, many important minerals especially calcium in Lon and
selenium in Kai which is antioxidant. No toxicity of Kai. The pharmaceutical properties includes as
medicine was detected. Its anti-gastric ulcer, antispasmodic, anti-inflammatory, analgesic and
hypotensive activity.

Kai could be cultivation in the filed pond with AARL — CMU 1 10 % .The non-habitat origin of
genetics material could be collected from these two algae, Lon is kept in BG-11 agar and Kai in C and
JM media. The information from this research had been transferred to the target community 4 times,
published in the academic journal and presented at many national and international conferences as well

as in various media.
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2 T

Tnuwistuazidoaiuas 4
Tnuwistuazidoaiuas 6
uilsanfdnsurinuuuils (hard wheat flour)
uilsandownyseaed (All purpose wheat flour)
lofauasualua

I'lri(manas)

8% LAWAFIUHINARNLAL

NINaaaIla s TN ITNARBILULEIRNFULNDAALRENITIFDNTBNTWAGEAT L* a* b* Was

Tensile Strength Baduznilaninglngs laguauMINAEY IANILLLEIUNEN D-optimal LLuuﬁuﬁwﬁa

P TITNINNA 10 FINARDY e9da lUd

&9
NARDI

A

N

© 0 N O g A WO DN -

N
o

1niluazidea . SIS TPEGIN uilsana

Wwas 4 "I,nﬂuail,am (bread Flour)  LawnUIeRIA
\wes 6
1.4722 1.4722 3.7685 3.7685
1.4722 1.4722 3.7685 3.7685
1.4722 1.4722 3.7685 3.7685
0.0000 3.0000 0.0000 10.0000
3.0000 0.0000 0.0000 10.0000
0.0000 0.0000 10.0000 0.0000
0.0000 3.0000 0.7500 0.0000
3.0000 0.0000 1.7500 0.0000
3.0000 3.0000 8.7500 0.0000
0.0000 0.0000 10.0000 3.7500
NITUIRNIINER

. \ P o & v v o 9 .
JangwNguNLdwLdininuataunh u’]&l’]NﬁMﬂleﬂﬂu

a 6 ' g’ o
sz lmasnasuawanaz Waslwin i ldmasmaunay

a
JCTCTIEY
ANSUBLUG

0.5000
0.5000
0.5000
0.0000
1.0000
0.0000
1.0000
0.0000
0.0000
1.0000

oA
(whole egg)

3.7685
3.7685
3.7685
1.7500
0.7500
4.7500
10.0000
10.0000
0.0000
0.0000

Nau/uasﬂimﬁl%Lﬂ%aaNauﬁ'sgﬂiuvl,ﬁ AMNUSITEOU 4 wavanaIwNandutduian lufamn 1F

VIR 2 WA

utsuflafunon 9 az 36-38 n3u JaiduududoiaIadia (@nwaes 1,2, 4 auie 6) lsadae

wilsaunaniin laaduiduuwiadszann 1.5 Iadiuas
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5. duznlaen ba lasinan denrinmyadanlwini@asiiluig 2 i vnlwdunuidlsing

qm%gﬁﬁad N lAe il sz iung

R PRI PRI Rt

LRUWULRAN I aANEITUY CIE L* a* waz b*  lasltia3ad Hunter Lab : Color Quest II
wAsIrLiaugs D65, 10° 118814 3 1 &aud" Tensile strength vasuzwil 1Hia3a4 Universal Testing
Machine : Instron 650 AMVLSIVBIRITG 50 VARLNATAOUIT TAG8L19 4 T IdnadeN e k3T

NRLNDARNAIILNTATU

HANIINANDY
wuuzniinlas ldiaddszuy CIE L* a* uaz b* lasldunasinifiauss D65, 10° 1adiatng 3
41 &1ud1 Tensile strength 1a3uzd TR0 50 Radluasdawil 1aa18619 4 61 dduafen

lalUiianeAnaiNamannSinTasy (1399 2)

@310 2 @R L* a* b* uaz Tensile strength vaaiduuznlaninginganainuas

FMAnaIN A L* AR a* ANF b* Tensile strength (mN)
1 48.22 -2.35 12.16 122.66
2 48.80 -2.46 12.45 111.58
3 48.72 -2.15 11.85 119.13
4 50.70 -2.15 11.81 62.45
5 47.59 -2.10 12.66 88.25
6 70.49 0.03 10.97 67.37
7 45.52 -1.37 10.84 110.68
8 52.72 -2.90 12.12 52.69
9 44.52 -2.54 10.89 48.61
10 65.77 -0.20 15.30 149.33

22
a

NN sunaaiililumsfnmaessfl Sanfwadednd L* adnsfidudidnnisaian
P < 0.05 (P = 0.0010) flén adjusted R* = 0.9987 1a8innu U R HEaINaI LA IR TINTRIUG I
AR L* = 9.646 *lniwad 4
+8772 *lnwes e
+6.172  * Bread Flour
+ 2115  * All purpose Flour
- 3.885 * NaCO3
+1.846 * Whole egg
-4150  *'lnwas 4 * lnwes 6
-1.043  *'lniwa¥ 4 * Bread Flour
Tagdi @T’JLLﬂié’dﬂﬁmmmmLmuﬁ’mﬂ%mmﬁiﬂugmwaaLL@ia:muwau o lnudaziuad aoud
0-3 n3u  uilsaunils wilsmPeundszreduazlalisfiaas 0-10 A3 sulmdsuariueiua 0-1 au

¥
4

NIT FIUNFUNIRNAAINE1INIZUNUIUFNAITTIAUABITINAU G 14.75 NN
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= ' =3 7 1 g’ =) A v = 1 Q- ~ o a Q‘ I3

NENNIAINa1 azdnlaiamielnm 2 weslujsunuidenulosdisudszdnmiu -4.15
& 1 va a ' 1 a dl | Qs - U v a
smfﬂm\‘lNal‘via“n‘ﬁwaIﬂﬂiuumadaﬁﬁﬂﬂvlﬂmaa L* mmuzﬂmﬂu‘lﬂluaﬂwmmﬂwu ﬂm’nﬁa ﬂﬂﬂl“ﬁﬂimm

' & o wat o vt Aa ' s 3 v o &
a’mmﬂnu’mmu §]$Y]'11°Viﬁ L* /@3 'Y]']SL'V?ﬁmadu:ﬁu&lﬂ')'\&lﬁ?qdﬂ(ﬂad ‘]j\ﬁmLﬂ%vL@Pﬁ@]L"i]u‘ﬂ%ﬁ]']ﬂﬂ']WﬂlEN
v A 0 a ' P 3 J 0 [ 4 a ' = v '

Lauu:'ﬂ&lﬁqﬁi']Elvlﬂsluﬁﬂ'ﬂ@]ﬂad(ﬂ']\‘lG] (MAn 2) LLNZQZL%%'J']&']WT]UVLT]LUGS 4 TUHINDAR L* vlml’mm’]

was 6

FINARDIN 6 FINAFDIN 7

<"h :ﬂ“*

w V>
\-Me!

FINAF2IN 8 FINAa2IN 9 FNaaadn 10

/

AN 2 vzndansielngans 10 503

aad

fuend a* wunuin sunsuiianinadadnd a* pdIlRpEIANINRAEN P < 0.05

(P =0.0188) {61 adjusted R® = 0.9757 laganusunusasna1iuge e aqun1ssinsatueai
fF a* = 2460 *'lniwes 4

+2.388 *'lniuas 6

+ 0.374 * Bread Flour

- 0.792 * All purpose Flour

-0.974 * NaCO3

-0.782 * Whole egg

-0526 *'lnwa¥ 4 * lnwes 6

-0.594 *'lniwas 4 * Bread Flour

18



I@ﬂﬁéﬁLLﬂiﬁaﬂdnmmmmei”aﬂﬂ%mmﬁ’l‘*ﬁ’lugmmmu@ia:dmwau fa lnudaziuas asus o-
303y uilswunils wilisnfewndszasduazlvlivsiaas 0-10 N3y @aulo@auasuaiue 0-1 NN NI%
RIUNRUNIRNAGINEIINAU NI IIFNNTTIAUADITINNU LG 14.75 DT

= o v A A ' A A 2 Ao A A '
AR ALTINLEIANT a* VoIuznIR IR Anay Tanaadidanumemdan lagwuin
A ' A £ ° vAA A A & o & o A A a &
AINANENA T IR IRI IA R TD o AN NIy Lagaziinladanend a* azfaaunndan

0 A ' 0 Aa a 1 A 1 a o o Qs aa

fINANR b* WU EaulsulENTWasded® b*  adwlnpdAYNNEIan P < 0.05

' . 2 o o o ' o o

(P = 0.0436) §ien adjusted R™ = 0.8556 1aANUFNARTAINEILAAIAIRUATIATRTUAS
AT b* = -5551  *'lniwa¥ 4
-4861 *'lnwase

+ 0.150 * Bread Flour

o
N
&
%)

+2.269 * All purpose Flour
+5.032 * NaCO3
+2.014 * Whole egg
+1.549 *'lniuas 4 * Bread Flour
Taofl GTQLL&JiGTansmmmmLmuﬁwﬂ%mmmﬂugmwauwia:ahuwaw do lnudaziued aoud
0-3 niu  uilsuwnils uilsmfeuwndszasduazlalniofiaas 0-10 nu  awmlmdsuaisuaiua 0-1 N3
vt sunsunanuasansfesunuwlusumsinadudesunuled 14.75 niu
f1Tudn Tensile strength Faugastennumitetvesusmd  wuismlsznaudansnada
Tensile strength at3fivpddN1Iaian P < 0.05 (P = 0.0210) lapfdn adjusted R* = 0.9728 lan
AN AU INENIULEAIGITUNTINTETUNITL
@1 Tensile strength (MN) =
-156.22 * 'lniuas 4
-136.93 * lniuas 6
- 12.58 * Bread Flour
+ 40.21 * All purpose Flour
124.31 * NaCO3
40.66 * Whole egg
39.37 * lnwwa¥ 4 * lniwes 6
+ 26.05 *'lniuas 4 * Bread Flour

+

+

+

Tagd éf:uLLﬂi@‘i’dﬂdnmmmLmuﬁmﬂ%mmﬁlﬂugmmmLL@ia:muwau o lnudaziuad eoud
0-3 n3u  wilsaunils  uilisFewndseaiduazlulnsfiaar 0-10 3y sulodouasuaiue 0-1 NN
it snkaNTInuasInafiazunuluam i udosTunule 14.75 n3y

wuhmslEaroisanniulasianziuad 6 asrlianumioivessniianas vaidoiu

J AI 2 o v v { AI t&/ [l g
WU mnwuﬂsmm‘[mﬁ mmﬁuamm:miv&mwmﬁ,mmauauumﬁmmuamwmﬁm

2. usndamnalnauuis (Mwh 3)
FATNITHAAUALNITLIBAINAR

A A ' o A L aa P’ o \ A o
lumsndauzndannielnuns zlaudsenaunaddITnInGa (T8 1-4) WU INURIUHINVDS
vznlan  lasiRntuaeunsi lovukefgumnd 60 aseuoaFomdunadszanm 6 Tl lunns
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° = ¥ |:’ A > & ~
neagauy QX‘W]‘UﬁﬁlILL%{INWLL‘E%WI%ﬂ%@]?Lﬂ%L?ﬂ’] 30 wIn

= L a o =3 6 a
wnuinanin lieeidsaiueg

ARl sz wia

Aawinluanluin@aadug 2 wif vinl

= a ! %
NIWN 3 u:mmm’mvl,ﬂamma

[

W

AnsnaaadlaslTuannINasaslUURIRKHININaAALRan N T BnTwadadId L* a* b* uay

Tensile Strength wasuznilanninelneuurs iduuzninlaviniaddszuy CIE L* a* uaz b* lagldiaIes

Hunter Lab : Color Quest Il uwsdriLialLas D65 , 10° 1@e18819 3 71 &2 Tensile strength ay

vzwndl 19iaT84 Universal Testing Machine : Instron 650 A218157%84%230 50 JaflNaTdamfl 1aa1ae14

4 5 nanaden lalUIe A NaNanIaNNITILNIRT

AANIINA[BY

LUz R AN b lUadN®3zuu CIE L* a* waz b* lasltunasiiauss D65 , 10°

e

f18end 3 §1 @uen Tensile strength Vaduznil MANNSITR 50 Aadluasdamfl Jaalete 4 40

o 4 4 a ¢ 4' d < =
‘Hﬂﬂ’]L‘DoaEI‘YIvlﬁﬂfL]’JLﬂi?t%NaLW@%Wﬁ&Jﬂ’ﬁiLﬂiﬂ“ﬁ% (913790 3)

a9 3 AT L* a* b* uaz Tensile strength vadtduznlanselnuiefainuad?

Fananoafl AR L AR a* AT b* Tensile strength (mN)
1 50.38 -2.71 14.83 93.48
2 50.95 -2.68 14.37 81.48
3 49.30 -2.32 14.00 91.60
4 49.99 -2.42 12.29 56.43
5 49.84 -2.66 14.79 120.76
6 71.52 0.33 11.32 54.49
7 48.81 -2.55 14.50 89.17
8 52.65 -2.70 13.33 38.87
9 45.41 -2.76 11.57 33.49
10 69.53 -0.68 16.35 133.88

2

2

a a

NNMINATIANDIN Srunaufltlunsdneiaiai Joniwasdadd L* adwivedaunieaia

P < 0.05 (P = 0.0030) {¢n adjusted R* = 0.9408 lagAu uN UG INsIUEAIRIFNNTINTETURIN
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fa L = 0223 *lnwas4
- 0252 *'lnwefe
+5.080 * Bread Flour
+4.255  * All purpose Flour
+ 2.169 * NaCO3
+4.245 * Whole egg
I@]s‘?iéhLLﬁié’aﬂm'smmmLmu@hsﬂ%mmﬁi{i’lugmmam@ia:muwau Ao lnusaziuas eaue o-
3nsu uilswnnils wilimaewntszasduaslaliofiass 0-10 n3y sulmdouasuoine 0-1 nu Nadt
funFINIRUATINa Rzl ua T dRasTINTWlE 14.75 nSu
FnTuUsmT U naInts wudn msduamielnwad 6 asrnliend L aaasdslinanse
drunuiwes 4 eglsiontaseiun 9 liheaduwaiouatls uwisewndszasd lodouasuamauasls
Tndafinysinaduazgelwid L iindude
Fui1d 2t wunudn dunsaiidninadedid a* ednafldpddynesdan P < 0.05
(P = 0.0250) §ién adjusted R* = 0.8230 TagANu FURHEGINEILEAIG IR TINTRTUG I
fda* = -0576 * lnwwa¥ 4
-0492 *'lniwes 6
+ 0.033 * Bread Flour
- 0.078 * All purpose Flour
-0.478 * NaCO3
-0.086 * Whole egg

Tagfl ﬁ'sLLﬂiﬁammmmmLmuéﬁﬂﬂ’%mmﬁlﬂugmﬁlam@ia:muwaw Ao lnudaziued aoud
0-3 n3u  wilswunils uilsandieundszasduazlaliofion: 0-10 S8 sulmdsuarsuaiua 0-1 AN
vaft saunsnanuasInafazunulugumstnedudasnuiwld 14.75 n3u
% a* vosusniasimdmuniwiofulSnmannslnlasanadwued 4 asvlruswi
Ieimdonnin  nuvsuisunilseztinlvmdoivosneni Taniu
fmend b* wudn aunanfiinfwadedd b ednaliuédunesidi P < 005
(P = 0.0120) §ién adjusted R* = 0.9403 TagANu S URHEGINEILEAIGIFUMNTINTRT UG I
fd b* = -5258 * lniwaf 4
-4.484 *lnwese
+ 0.128 * Bread Flour
+2.214 * All purpose Flour
+6.882 * NaCO3
+2.104 * Whole egg

+1.514 *'lniuas 4 * Bread Flour

A o o ] Y a P ' ' A ' ¢ & :
I@]EW] @’3LLﬂiﬂ\iﬂﬂ’]’JaqﬂJ']iﬂLLW%@QUﬂiN’]mﬁlaﬁluqﬂimadLL@]@Z@?%N@N e vLﬂLUﬂa:L‘]Jaj AILLG
0-3 ﬂ%’&' LL{I\‘HJ%M{IG LL‘ﬂ\‘la’laLauﬂﬂi:a\‘iﬂ;LLa:vL"livLﬁ%ﬁ@a: 0-10 ﬂ%’QJ ﬁ’JuI‘ULa UN@’]%‘UE}L%@ 0-1 ﬂ%’&'

¥
(4

NIT FIRNFUNIRNAAINE1INIZUNWIUFNAITT A UABITINAU G 14.75 NN
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o et oA A 3 v a 1 =) Q dl ' = tﬂl AI a2
FINIUAR b* ‘HO%&L%%VL@’J’]NﬂﬂHmu“ﬁ%L@IEl’Jﬂ‘U‘Uz'V\SJﬁ(?’I naIag LNBLWNﬂiNWmVLﬂI@]ﬂLQW’]z

6 o v A A = [T A a a v P
LUa3 6 ‘ﬂ:“/]’]l‘lﬂﬂ’]ﬁ b* aaad Aa AUANULTUFLRADINART @‘Ix‘i‘ﬂtﬁ\‘lm@]vl,(ﬂ‘ﬂ’]ﬂﬂ’]qu 4

DESIGN-EXPERT Plot E: NaCO3
5.741

b* (dried)

@® Design Points

X1 = E: NaCO3
X2 = B: Cladoflora No. 6
X3 = C: Bread Flour

Actual Components

A: Cladoflora No. 4 = 1.472
D: All purpose Flour = 3.769
F: Whole egg = 3.769

0.000 0.000
\{Tﬁho.wﬂ_ﬁ.eszo.w
5.741 0.000 5.741
B: Cladoflora No. 6 C: Bread Flour
b* (dried)

AN 4 fF b* MBsuuaditasandnsnavasenwiglinues 6 loasuansuamauazuilsunwuily

#1Judn Tensile strength Faugastennumitetvesusd  wuismlsznaudnsnada

Tensile strength at3fivuddNIaian P < 0.05 (P = 0.0053) laufidn adjusted R° = 0.9202 lay
AN AU INENIULEAIGIFUNTINTETUNITL
@1 Tensile strength (MN) =

+ 0.606 * lniuas 4

- 1455 * lnwas 6

+ 4.571 * Bread Flour

+ 5.751 * All purpose Flour

+65.911 * NaCO3

+ 2.912 * Whole egg

Tagdi éf'sLLﬂié’dnﬁmmminLmu@hﬂﬂ’%mmﬁiﬁugmwaaLwia:muwau o lnudaziuad aoud
0-3 3N uilsaunils wilsmPeundszreduazlalisfiaas 0-10 n3n  sulmduuariueiua 0-1 AN
Yl sungunInuasInafiazunuluam i udosannule 14.75 n3u

wuhmslEsniofisanniunowe’ 4 sz 6 svinldanumiteivesuzwiianas saurouile
yunils uilsennUszassuaslln agrelsiony nuimafislsmlndsuaiveiuwaazrnlianumiien
Yo FuUATIRNT e E9Taan  G9nWA 5 a9t windasmstndSunassmns lnasluusniiinniu

o v dld = té a t\l 2 = 6
ﬁ]$ﬂ71%ﬂ$%&l&lﬂ’ﬂ&luﬁuﬂ?ﬂ(ﬂax‘l ‘ﬁ\iﬁlﬁLLfﬂ"DI@] EIﬂ']T]JiULWNﬂiN’]MI‘IJL@] JUANIVBLUG

22



DESIGN-EXPERT Plot A: Cladoflora No. 4
3.4444

Tensile(dried)

@® Design Points

X1 = A: Cladoflora No. 4
X2 = B: Cladoflora No. 6
X3 = E: NaCO3
Actual Components
C: Bread Flour = 3.769
D: All purpose Flour = 3.769
F: Whole egg = 3.769
0.0005-21l85,22] 0.0000

104.52]

3.4444 0.0000 3.444
B: Cladoflora No. 6 E: NaCO3

Tensile(dried)

AnA 5 f1 Tensile strength AifsuudasifiasanndSinaanielnuazlmdsuanuama

v 1
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gATNITHAA

winwhaidialnajariu 15 10 NOUUAILAN 7 W2
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s e lnwis
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ialRawumen w.a. 2546
NITUIBNIINAR
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2. laftanzawiflondy dannseutiu neflin lwanlwidnnn
3 ﬂ;aiaﬁ'sm{mm
4. wnannwlauds wanlddnnu
WUHLAG: swnielnfifuierng i hmanuaaliudiudreuluannaugunnd
150 dLwaLTus Wwia1 5 wif mmfuéfﬂﬁ'aﬂn‘ss"l,ﬂﬂﬁl,ﬂul,ﬁuﬁv’u6] Wa234
Tudreadasiiunananslidawaidwanss wiandmsumsldludunas
da'ld
5. nassswvisiwsnauaslasdawiolnuisdusiunanlulsanm 2, 5 uas 8%
anwdey @afsuiusiiwinvesinngn)
nnadauguilaauazienziuandu
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a) ﬁww‘%mmuﬂgmﬂiwvlﬂ 3) hwsnusnswheln

v 1
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gATNIINAR

a 2 =4 1 =1 >
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laanwsnuwisnnea lazidoa lanauuad nsziiuy asluanliidnnm
lafsuraduluanyiniu
lavihduizlunszne asliwedon dnshwinflvan’y asia dyssaean shazanu
ian 1nde snseln dhenaty IlasamGanudainis dalwdan auran 3960
£
Y

o & a A ' I ' a A a A A
nasadriniwen lasdawing lniduarunanludSunm 5% mLﬂuﬂsmm‘nmnﬂq@
fBusoniy (wammasauNmMIhwinauasmngin

nsnadauguilaauazitensiudnnm

INRAN TN LA NINAFOUNIIUTE N FUR RN DRI UT U1 ha 1 ﬂ"lﬂﬁﬁﬂﬂaau%uﬂau%'u

N’Iﬂﬁq@ﬁ I@]Uﬂﬂﬁﬂﬂﬂ?’]&l‘ﬁd?‘lﬂl’iﬂﬂﬂi?&l lf;jmaau%uﬁﬂmu 10 At ﬂ@:uL?\U?ﬁUﬂ@:&mﬂﬁﬂUﬁ’]W‘%ﬂﬁ’]

waszniwln wuunesauZuld Hedonic 9 scale
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3. thaunanaaatin A duduian g auuis 60 °C awurs
@ & o & o < v 1a o A a a
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N Uazinea 8198 1% vadivnnln dutasadas Wdananiauuns '«aﬂmmmngm 1 Y5
5 % 2adUnnnla  LALIIULRY LLﬁ'sﬁWmQULLﬁﬂuﬁauaﬁau 60°C awwid Uszanm 7 Tlug W
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miwamifﬁ”ﬂm%iwsjvlﬂﬁlaﬁu%agﬂmnﬂamﬁnnﬁm warg1nse'ln ausarialéluszay
9ARMNIINIWIAL DY fshuwauLLﬁwaa;gmﬁﬁﬁq@ﬂizﬂauﬁaaJ 917 72.10% ERTIIUEY 10% Liaduwl
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uthda 3.84%
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At 2 unan 1 wn
5. NENHNAANTIE saad3asd Winlny Anaudioszauanuds 2 dunm 1w
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8. thauwnau ldurueiasafiauel 4 LLﬁ'sLiﬁLmauﬁqm%Qﬁ 55 9FLTALTER
uan 10 wfl udvimsnanuazaudaldn 10 wif udrdshesnannianey
9. daurnanelmIuiudnasy e 2x2 [EudLas
10. shduawielUauln microwave fissdn medium e 4 wift
11. ﬁﬂ%um%iwﬂ"l,ﬂl,inmauﬁqm%n“ﬁ 55 avenatoa Wwaa 2 7ol

12. U’S’S?Na(ﬂﬁm‘ﬁﬁﬁﬂi"]ﬂLLN%ﬂSﬂUﬂOlusﬁﬂdﬂtgﬁLﬁEIN

NIEUIUMINGARINIManedet 4 anwi Ao
NMINAADIN 1 LHWNIINAFBIULL CRD (Completely Randomized Design) Yinn1inaaad 2

& oA = 2 a aa . & o A o o
Qﬂqﬂizﬁ\‘iﬂi LwaﬂﬂﬂqﬂﬂmuﬂmaﬂLL‘ﬂ\‘i‘ﬂﬁJNa@]aﬂ?’]“a’]&l']iﬂluﬂ'ﬁmugﬂ LLﬂzﬂﬂHmZLuﬂﬁﬂJNﬁI@ﬂ

LANZAUNTOUVDINA AN U

QWY 3 FINaaasfe 1. wilstmdien
2. wilstn i
3. uilstuddznag

iasnnuiling 3 ziia (uiagduimldie uazndaldnaludszne

WaldmminpunwnIaunmmasasainaua?  shandsaliudndns g Aanasauniedszaim

é’uﬁaiﬂmjmaau%u wazrinMTIaAIaNuNTaulauNIITIMI9IN Peak load 1asn13Iad281a389 Universal

Testing Machine finMitazilaneaialasisiinnzianuudslsiu (ANOVA)

NINAADIN 2 LHWNIINAADY Mixture Design Wiy Extreme vertices

o & o o A ) a v oa o edn oa
’JG]Q‘.L]SZ&GF] D AWNDWIRARIUNLRVUISRUVDINVYIT BIUWNTD LLa:maaﬁ?ﬂia Lwalmwaﬂﬂmmﬂiﬂw

anumInzaudanmsuslaauewszuiaen (@13199 10)

asufidnm sEeUd FZAUFY
A: 919 0 0.4
B: tinsiuii 0 0.4
C: woU39a 0.4 0.6
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1797 10 BaMEIUTAITIUNEN TuAT uszTeslysalufimanasdng 9 MuiLuRuMINasal

WUy Mixture design

éd“{]@]aﬂd Nakialp! ‘Ii’]ﬁ%ﬁ“ﬁ maﬁﬂ?‘liﬁ
1 0.0 0.4 0.6
2 0.2 0.4 0.4
3 0.4 0.0 0.6
4 0.4 0.2 0.4
5 0.4 0.1 0.5
6 0.1 0.4 0.5
7 0.3 0.3 0.4
8 0.2 0.2 0.6

WaldndaA st aninuuNsnIaLNNRINARIAINaNT1GBLEY  handszfiudidneg  @e
maaumaﬂa:mwé’uﬁﬂ@ﬂgmaau%u JAAIANNNTOULATANNAWILUL I ATIZRNANIIFDALA8TT

Linear Regression Waz¥i1n13 Optimize gasiian1d3innne919717 hduis uazsordaranimanzay

N1INAFDIN 3 LHWAIINAADILUY Factorial 2° in CRD
fmqﬂixaaﬁ: Lﬁaﬁﬂmwa‘uaamsﬁuLLa:ﬂ%mzwnaosnaaﬂ'g\‘lial,l,a:ﬁﬁmaﬁﬁ@iam‘m@mm"uuLLaz

NRWAM IUNRAA AN IR TIDULHWATOU

asufidnm 526u6N () FZAUFA (+)
A: MW 0 w1fl 20 Wl

B: wami39IE 3.84% 9.60%

c: ihaanme 2.88% 7.68%

NATAINANNIATNINUG 8 RFINAFDI AIANTIIN 11

A a ' o a . 3.
AN 11 ﬂi&]’]m‘ﬂﬂﬂma:ﬁfﬂ‘ﬂﬂiuﬁﬁ“ﬂﬂa?JGG]’]&JLLN%TT]TY]@&ENLLU‘U Factorial 2" in CRD

éﬂ‘ﬂ@ﬂad ‘izEJZL’Jﬂ’](ﬁN fﬁaaﬂgasa ﬁt']mamm
1 - - -
2 + - R
3 - + -
4 - - +
5 + + -
6 + - +
7 - + +
8 + + +

Wa lda RN BNTAUNNEINARDIAINAILAD  andseiliuddns 9 Aenamauniidszan
ﬁuﬁﬂ@]mjﬂﬂaau%u TAFIANUNTOLLALANMUAMILUYL  AATTARANNRDG  laanTATIzRaNy
w3197 (ANOVA)
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ms‘nmaaﬁ 4 LLNBNNITNAABILUL CRD (Completely Randomized Design)
¥mMInaaes 2 4
f@qﬂszaaﬁ: LﬁaﬁmmnmlumsﬁwﬁmmmaﬂmmmuLLa:ﬂﬁuﬂﬁamaﬁmqau mwe'ln)
salafifmanss fe 1. duduwnm 5 wift
2. autduiian 10 win
3. auduiian 15 win
4. qauidulian 20 win
Weldmnnouiunsauanfmasesaenanuas handszdudieng 9 @9 nasaunI9lIzaN
FUNE I@mjmaau%u LAZYNNNTIAAIANNNTALLATANMNAW LU TATeARaNIaDalasdTaanzi
aaLl3UTI% (ANOVA)

mInageuduilaauaznisdianzdnianmiiganis
Tanuizae : Lﬁaw@aauwamﬁmﬂq@ﬁwmwﬁmmmau%’waa;ﬁu‘ﬂm MINATIEAQUNINN
MM Lﬂﬁuaza}auw‘%ﬁ
nmnadauduilag
TEmsyssfiunamesudssamsuiauuy Hedonic 9 point ladssifiuenens g aoil da nau
18 AN iy ANUAEN ANNRIK ANYRTEY ANNTaulasTIN v‘hmmmauﬁ'u@uﬂmﬁ"zvlﬂ LT
W% wnAanmn %%aqﬂﬂaﬁavl,ﬂ Imli@u’%‘[nﬂﬁﬁu 50 aw lasdwindnmnsudi 4 ATAZEARANTIN
Lnwas 25 A% TUDRA 3 10 A qﬂﬂaﬁ"avlﬂ s'f}aLﬂuwﬁfﬂmuﬂuadﬂqumm%ﬂﬁumwm YAINENRUT o9 lna
10 A% qﬂﬂaﬁ"avlﬂﬁl,ﬂuu&iﬁm 5 QA
nM3anzRkaadmignriig
MFIATIZANIIT UM BAIN
1. fNANNTaY
2. R
3. Psunamindase (Aw)
4, AMURWILUK
MIIATIZRNI WAL
1. AT
2. Proximate Analysis
MYIATIERN I WRRUNTE
1. walsdnuuafise
2. Baduazn

3. laanasy
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mMwh 8 Na@]ﬁm‘ﬁ‘ﬂ’mﬁ’]ﬂi’lﬂiﬂ szinnaImITuAeILaza1r1TINg: ﬁ’]%i"]&lvlﬂLLN'%ﬂiallﬂEdiﬁ

WAN15IY

nNSNAaaIn 1 msﬁnm*ﬁﬁﬂwaouﬂaﬁmmzauiumiﬁugﬂ

NNINARBINLIN ﬂ’ﬁl"ﬁLLﬂd“ﬁnmﬁmlﬁ@hﬂ’numaumaﬁmﬂszmwé’uﬁag&ﬁq@ LaTaNIN
M51FulsT A eI N ULHAd  FIRTUNITIATITHNIGIUMENIN WU HROA MR D ILHY

AV o & A o Aa ' o L oA e o, a aa ' = o

nyaufildanuilons 3 ofia 1Wen Peak load Ndianuuandsnuasnsiivadmannesda adnelstions la
A v 9 2 = :&/ a s 6 d' Y > > d' v A o 1
man%uﬂam’smumiumwugﬂwa@mmmLuaamnl‘v\mmsmaaumdﬂs:mwauNa‘ﬂlnammnm’ﬂ,u
9AUAG (Ideal) NMNIgR (15199 12 uaz 13)

AN 12 NANNFIATITFNIUTTEMAURRVBINEAN i s s nnTaulun1Inaaasi 1

édﬂmad ANNUNIAY
uiladrandien 0.87+0.32"
uwiladaidn 0.71+0.18"
uilasnddenas 0.71+0.25"

* granwIsnnasanadsuazswdosuuwnaspuniisnssuandsnuluuwineauil usasirlinnuuandanu

o

28I NRURIATYNIIRDG (p<0.05)

ANT9N 13 KA TIATEAMIMaMNTRINAAA MR BURwNTaU U ITNAREIN 1

Fananas fAuNIaY (Peak Load; N)
uilsthuniten 7.85+1.46"

wilsznien 6.52+1.40"
uilsdudtlznas 5.76+1.21°

* gronwsunnasaalouazswiasunnasgIuidonsinandrenuluuwinasuid usasitlanuuandeni

agIlnpIANI9EDa (p<0.05)

] ] v
NMINA[DIN 2 NIRITATIRNLANIZENVD IV WIAB Ltaz‘ﬁﬂﬁﬂi\‘iiﬁ

[

NAMIILAINZA WUIENFING NTRBEATY (p<0.05) ENXNIOTIURUNITINIRTUUDULEUATI 69

ANUNTAY = 0.93336A+1.08164B+0.7575C ; R’= 99.72%
MUKW = 0.77307A+0.73859B+0.68917C ; R’= 99.33%
ANNLAL = 0.64858A+0.75892B+0.65375C ; R’= 99.58%

36



o A

Wariin3 optimize aumMItedu telinnauansacniidbidyiidndilng ideal w3a 1 ann

o

P v 6 o ' ' ¥
‘V]qﬂ o Ul@]ﬂdﬂﬂiZﬂaU@\‘lﬂﬂﬁﬁ ‘W'U'Nﬂ'l'ﬂ?j

912717 = 20%
PUUNT = 40%
Gﬁaﬁl]j‘\ﬁa = 40%

[

MnEURENaINaT ldniadusianisudunseufiguansuzdudszanauds aai

ANUNIL = 0.93336X,+1.08164X,+0.7575X, =0.92
AMNRIW = 0.77307X,+0.73859X,+0.68917X, =0.73
ANULAL = 0.64858X,+0.75892X,+0.65375X, = 0.69

andunldinlalinen ddu uszsesUyoss TulSunm 20, 40 uaz 40% enwdey azle
wamﬁmsﬁm%iwsJLLNuniauﬁﬁqmﬁﬂwmzﬁmmﬁumauﬁmmmml,ﬁa WATERULASITFLAN  UAZLUUN

' o o & @ o &
ADUUIAN mmaﬂ‘mﬂ;ammammua:smﬂmavl,iJ

] ] v
nMINaaan 3 ﬁnmwammmsé’uLtazﬂ‘%mmﬁmmmummsﬁaaﬂgosmta:%ﬁma‘mw

(031991 14-18)

7197 14 wavasilads A (Madw) Nlideguninsaniai s mmIuNLNToU

53@TU fANNUNIDY ﬂ']']llvl,&i"llll ANNRINW ﬂ’)’]&lLﬁlJ ﬂ'ﬁlumv\‘iw
¢ 0.91+0.27" 0.43+0.26° 0.79+0.34° 0.81+0.51" 1.39+0.58"
84 0.87+0.15" 0.96+0.21° 0.84+0.17° 0.88+0.19° 0.84+0.40°

* granwsnnasanadsuazswdssuwinaspunisnssuandsnuluuwieeauil usasirlanuuandani

o o a

adINhURATINIIRDG (p<0.05)

7197 15 wavaslads B (vamdyen) Nlldeqmnwsanfaimsisminununsoy

2aU f1nuNTay (Peak load; N) AMUNRIB ANULAN
¢ 6.10+1.20" 0.77+0.43" 0.65+0.33"
8 6.96+0.67" 0.89+0.36 1.04+0.27°

* gaanwnnasatafguazswdssuwnaspunsnssuandsnuluuwieeauil usasitlanuuandani

o a

A8 INRURIATYNIRDG (p<0.05)

A o & Aa a o & . .
AN 16 Nﬂ"lla\‘]‘]jﬁl"ﬂﬂ C (¥191\) Y]Nﬂﬂqm‘ﬂﬁlwmaﬂNﬂ@]ﬂm‘ﬂﬁ'}%i’]ULLNuﬂiaU

‘szé{u fANunNIay ﬂ’J']ZJVL&i‘lJM AURIU ﬂ’J’]SJLﬁlJ @1 Peak ﬂ'ﬁlumm"m
load

¢ 0.85+0.21°  0.67+0.64°  0.65+0.28°  0.86+0.33°  6.21+0.77°  1.14+0.27°

84 0.93+0.18" 0.72+0.36°  0.99+0.57"  0.84+0.28°  6.85+0.43°  1.09+0.34"

* gaanwsnnasanadsuszdwdosuuinaspunsnssuandnuluuwisesuil usasirlanuuanedanu

agINRpEANIIEDE (p<0.05)
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AN HN 17 HANTIATIEANNUTERINFURRUBINRAN AN EIR T UL WATOU

al\'i'ﬂ(ﬂaﬂ\'i ﬂ')']QJLﬁN AIMUNRIU fNAUNIVUY ﬂ']']llvl,lj?.lll ﬂaluﬁj'ﬂ'il']il
1 0.53+0.12" 0.53+0.13' 0.94+0.10" 0.38+0.04° 1.52+0.19°
2 0.68+0.13" 0.69+0.06" 0.75+0.13" 1.00+0.07" 0.74+0.10°
3 1.11+0.26" 0.65+0.15° 0.94+0.11° 0.46+0.10° 1.40+0.16"
4 0.60+0.09° 0.92+0.11° 0.93+0.06" 0.39+0.07° 1.36+0.31°
5 1.11+0.22° 0.71+0.20" 0.78+0.21° 0.84+0.08" 0.91+0.08°
6 0.77+0.06" 0.94+0.04° 0.96+0.04™ 0.98+0.04" 0.84+0.13'
7 1.00+0.14" 1.07+0.27° 0.82+0.14° 0.50+0.05° 1.28+0.23"
8 0.97+0.17" 1.03+0.17" 0.99+0.08° 1.00+0.06° 0.88+0.12°

* gronwsunnasaalouazswasunnasguidonsinandrenuluuwinasuit usasitlianuuandeni
aeINRp A NIIEDE (p<0.05)

AT NN 18 WANNTI Lﬂi’]tﬁﬂ’]{iﬂ’]Elﬂ’]W"IlﬂdNﬁ@ﬁm‘VTﬁ’]ﬁi’]ﬂLLNuﬂiﬂU

FINaRDI f1AuNIaL (Peak load; N) ANAWILUL (glem’)
1 5.70+1.74° 0.21%
2 5.48+0.50' 0.23%
3 6.19+1.09° 0.25"
4 6.94+1.66" 0.27°
5 7.47+1.21° 0.28"
6 6.27+1.01° 0.19°
7 7.38+1.60° 0.19°
8 6.80+1.64° 0.24"

* gronwsunnasaatouazswasuwnasgIuidonsnandrenuluuwinasuid ugasitlanuuandeni

28 INRURIATYNIRDG (p<0.05)

PMNWANINARBINDIT NIFURBNTNaGaIFV ‘iﬁvl,&i‘llll ANANTAL AUWK ANULAN LAY

e

nauEmsy  wiimsduasinlilanaasmeinienanunseurnsan  Ideal  ualddmednuanalaivy
AMUAIL ANUAY  uasnananielndAnsiy  Ideal eavin "3\1L'§aﬂﬁum%iwslvlﬂﬁauﬁwvlﬂﬂ;mﬂu
NAAA AN ENAI BN INTaLAB |1 z%m%’uﬂaa“’maaﬂ‘gamﬁ'ﬁﬂ%wa@iammmmau (N) aURNM% LA
ANULAL wm’wmuﬁanl%maaﬂ;aiaﬁi:ﬁugo (9.60%) 3=lddAnunsay (N) AWK uazanuLEud
IﬂﬁLﬁydﬁumluqﬂmamnﬁqﬂ Ransaniasesinaanse wuinidsniwadennunsey anulivy A
W aEeN  eauntan (N)  UesnNAuEInIIY mﬂ%ﬁwmammﬁszé’uga (7.68%) A le
nAaAMFATAuNToY annliay ananan saunsay (N) LLazﬂauﬁ’mi’lﬂﬁiﬂﬁLﬁﬂdﬁUﬁﬂl%QWJ

Ad LL&TﬁW:ﬁqmé’nwm:mmLﬁmﬁvﬁﬂnﬁ Ideal o8N WaldNszaudinaw
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nInaaasf 4 nsnatnmanzanlsnisanansigln

nnnInasesazinlain nanlumidudaninadequansnizdns 9 vasRadml (@190 19
uaz 20) aadallih fa NARAIINE ANNLAN ANURNL AN liUL ANUNTAL N peak load LWAZAINN
RUILU NI MNNTANN 15 ez 20 Wi wudn lidanuuandenunisadaluiuanylisy way
ANIANNTZAV lﬁwﬁmﬁmﬁﬁﬁqméﬁwmzmwmﬁu AMNAI AN VN NEURINIIY LazANNNTIL 1A
A o o a o v & 8 A o ' A a A o o
nga waztdnlnadn Ideal Bneny aanuIRanIa lwMIFNERTWINT 15 W NeanANNTNLAZINTA
NARAI RN R E AT LR AT

aN319N 19 Wam TRl NIURFURINA AN e nBuKsnsaulwnITNaaaIn 4

%G“ﬂ(ﬂﬂﬂd ﬂ’]']lll,ﬁll AIMUNRIU ﬂ'l’]llvl,lhlll ﬂ'ﬁlumvﬁw AUNIAY
1 0.64+0.28" 0.34+0.15° 0.31+0.25° 0.61+0.23" 0.96+0.18"
2 0.74+0.19° 0.28+0.27° 0.48+0.14° 0.66+0.30° 0.92+0.25"
3 0.94+0.35° 0.86+0.09° 0.94+0.08" 0.93+0.16" 0.98+0.31°
4 1.00+0.24° 0.80+0.22° 0.96+0.12 0.95+0.19" 0.93+0.22°

* gaanwsunnasaalouazdulesuuanasgundonsnandrenuluuwinasnid usasitlianuuandeni

adINhURATNIIRDG (p<0.05)

@1319N 20 Nﬂﬂ’]’ﬁLﬂi’]tﬁﬂ’]\‘]ﬂ’]ﬂﬂﬁwmE]\‘iNa@ﬁmﬁﬁa’]ﬁfﬂULLNuﬂ‘iﬂ‘UluﬂﬁTﬂﬂﬂﬂdﬁ 4

RINARDY A1 Peak load (N) AMAURWILYUU (g/cms)
1 6.04+1.32" 0.19”
2 7.40+1.19" 021"
3 6.54+1.45" 0.29°
4 6.51+1.72° 0.22°

* gaanwnnasanadsuszdwdosuuwinaspunisnwsuandsnuluuwieeauil usasirlianuuandanu

o o aa

a8 INRURIATYNIRDG (p<0.05)

AInAaasi 5 m‘m@\aauqmmwnﬁmﬁwﬁ
1. MINATEEANINMBNN
1.1 d1auUnIay = 7.17 N
1.2 L=233.48 a=0.20 b =237
1.3 Aw = 0.36
1.4 aNIARWILUL = 0.24 g/cm3
2. mMAAenzdmaail
21 AT = 4.21%
2.2 anflulaiase = 56.82%
2.3 luséu = 6.42%
2.4 'luiiu = 8.80%
2.5 1t = 5.43%
2.6 \&wly = 18.32% ; wet basis
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a [ 3 a A 6
3. mMyaNn 31&7]’]0?&%7]'38

a

3.1 walsdnuuefiie = Yszanm 1.1#10° cfulg
3.2 Baduayy = Yz 35 cfu/g
3.3 ladnasn = wawnin 3 Total coliform/g

4. mwmaummau%’waa@u‘ﬂm (13197 21)

AN 21 LFAINANNINARELNIUITZAMINKLABIT Hedonic Scoring Test

TEAUANNTAL AN WU
nangwie  anwliay amanseu ANULAL AR AT
(A) (A) (A) (A) () T (A)
TaUNNTIgR 1 3 3 2 1 :
TavuIn 8 4 20 4 11 13
FaulIuna9 7 8 11 11 15 18
TOULENDY 20 14 6 17 10 8
e 9 10 17 10 11 10 10
ladraulanstas 4 4 - 4 3 1
lsirauthunans - - - 1 - -
lsimauann - - - - - -
"lajmaumn“?‘iq@ - - - - - -
ﬂzLLu%Lﬂaﬁ 6.16 6.00 7.00 6.06 6.48 6.64
S.D. 1.21 1.30 1.25 1.27 1.25 1.13

ANANTIILAU LA Qu’%‘[maiauN'&@ﬁ‘msﬁaglm:ﬁwamgﬂﬁaﬁﬁaﬂmﬂma

10. auailsuiletnamiiaraminslnaunsevlaglfinaluladlalasian (mwi 10)

nnnsanstewrt lumInRatimileneunsauraNaneln wudiadsimswannlueu
yosfladuiauazsamaiinidy 39l68nsdnsnasmInaarnuilenunioanelneunsauiRiudy
Fafmanmivesnaaimeduaaein uamaniniasnaaldazanuazianuainauennnin luninda

muuﬂmﬂaﬁﬂmﬁmmmﬁalvl,ﬂaumauﬁfs'nuﬂ‘i:ﬂawaogmmmﬁ@ﬁmmuﬁdﬁ

gAININAN

Frunauwil wilsdnuniien 550 %

i 450 %

swmawlnwds 50 % (lasiwminvesuilsinmiien)
SuHANIDITaRUTITE (SnTunwaday) Aaidu 5 % pagiminauilsnsaufle

Tagdundes 180 %

(2

gl 73.0 %
ienaua 90 %
FIUNFNVDINIUTITE (FnIuagn) Aendu 10 % yasiminuuulsnseufile
ihanalods 950 %
win'lne 20 %
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HONLAIL) 1 30 %

(CQUIVIE g3 lninu1angintaw Latdaniuiay w.a. 2546

NTTUIBAITHNAR
"y R S
JUnaannInaaldasquaai
wilswaunuiinsan
] U = *
Tneuwnsdumwm 15 i

WIARIWHRUNINN A LFLTN

7

utlsdalanszuan (¥ WRNUIIINTTUBNAT 200 NIW)

7

v S oA <
@]N‘luuﬂ LADAUI 1 %QIQJG

7

naoLdu oo ltiaanuwin 15 wif

7

WNZEBNAINNIZUON WELEWN 5 8IFLTALTUE W% 36 T2 LN

7

wuwiEuilo ¥Rz 2- 3 mm.
i ldaufigunn® 60 asen w1 4 Talus Wnliuu 1 du

*4— muqmtiuuﬂﬂﬁﬁmm%u 20 %

avlulasianfiszauanuian High 1w 1 w1l 10 3w

7

mﬂiﬁmuuﬁmmaaﬂgaia 5% LLa$ﬂ§ﬂ<ﬁ’mN\‘lﬂ§diﬁ 10 %

7

i1l1ay Hot air oven qm‘mgﬁ 60 BIALTALTHR W% 1 T2 la

VA
nanageuduilaa

ﬁwé’aashaﬁmmuvlﬂﬂﬂaaummmaumnﬁuﬁnﬂaﬁwmu 50 A %Mﬂuﬂaq'mamﬁ'umwiwvlmwiu
n3auly93a lawld 9-Points Hedonic Rating

WNaN13398

@

wuin  uslaelwazuuuiadvanusauluniadmaivnuilstwieransie lnaunsauyinny

U

544 1139 fa agizninaay 9 Diveuldnies  WazIINMITNARAY 9-Points Just About Right Rating
;ju‘ﬂnalﬁm’mLﬁu’h%vﬁm*‘naawamﬁmﬁﬁiauﬁwLﬁuLﬁuvlﬂLSmIaﬂ 6.06) lagasuwn 5 fo FTpafidu
wad  wananit Giwud waesmwdelenuudainlyluszeuidnies (6.16) udlismAuuazsann
Aoudnodn (3.46 uaz 4.04) mudey  azduldn muwﬁﬁnmﬁmmm’wleﬂaumauqmﬁ'ﬂwm:ﬁ'ﬁaa
U3uily98n 4 dszmnan e miﬁ'm'ﬁﬂ%'uUgalﬁﬁ?xuazmwm@oﬁa@m LAUSUTRLANULAZTRRINWIA
Wt laoifiguannnaasmsiduuuufivnnsnesayil

ATTLIUNTHRARTNTNARDIANNLGNDN 2 AN ueha
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M3ANENT 1 HAaTBIANNBBIAZNTTUIRMTEULHRIls I AR A NS suBINA AT

PMNFIUHFNLAZITAINEAT 1961 Tugr9nvauusnuile V‘hmimuqumiuuﬂﬂﬁﬁmw%u
Uszanm 22, 20, 16 uaz 14 % lagmstsudsszoznanlumsey Weunuuilidanuguanaudidesnmsuda
Wuruudlsile svinldwasnseulasmisltaudisianlulasnniataulvin  nssudoanlulasian
Flagihuwsuuilianldnnuioudislulasniiszau medium-high Wuian 1 wft TaglduSunmurinuile
T8I 32 - 40 N3U Aanss (Uszanm 10 uriw)  saumskianuioulasrovlwin Tagsuruuils
mmumﬂﬁmm%“auﬁ'sﬂmauﬁqmﬁgﬁ 200 asenialdoa 1waan 25 wif laglduSunaunuwudlsu
as1wan 32 -40 n3u denss (Uvzunns 10 Wew) Iwaasmefldnudazanuduisuduuazmisundas
wwulUSasnanuuds (hardness) Taglfiatasiaansnziiloduia (universal testing machine) 19230

& ] A v ' 6 a
L‘L]‘H:LL'VIGV]?GTI‘K‘]JﬂﬂNLﬁquuﬂuﬂﬂﬂqﬂﬂitwﬂm 0.25 LTUALNAT

= A Aa ) A o ¢
NMIANHIN 2 HaBITadUJ9TELAzNILJITENNAaNITHaNITUVBINR ANLN
ﬁ'm'liﬁml,ﬂiﬂ%mmsnaaﬂgamﬁw%’uw’umﬁauLLa:maJi;ﬁaﬁm%’mqﬂ 1A8NIBHUNITNARD

LUU Central composite Design Lmuvjuﬁwé'wﬁa FINUSV TN UL TAIN

1. woFUNIE  25-5% PDIVUNLIRII TR RIRININ LB UNTALLA

2. mﬂgasa 10 -15 % vasunNtanilsinuniisransisaunsauLa?

' a by A A A S A I
I@umuwawamaaﬂgom AAUSN N AIUTTINATINTS WiNaaaan L TausILNavin L

witd 1ao T INHIN AN

1. soRDANAD 36.00 %
2. 1 46.00 %
3. haaua 18.00 %
mumﬂgdiaﬁl%ﬁmuwawﬁaﬁ

1. ienaleds 95.00 %
2. win'lne 2.00 %
3. auuadtln 3.00 %

ﬂ’%mmsnaaﬂ?ﬁmm:mﬂ;amﬁiﬁﬁs:ﬁuﬂ%mmwaaﬂafﬁ'ﬂﬁﬁaamiﬁﬂmﬁami’mﬁ 22

A3197 22 USanmtfaaunltluudazginaaas

FINAnaIN TORUIIIN (A) HILl3998 (B)
1 25% 10 %
2 5.0 % 10 %
3 25 % 15 %
4 5.0 % 15 %
5 3.75 % 12.5 %
6 3.75 % 125 %

AenzinanstaLuLTInTETuRLULY W aIn iU DI SRS
Y = by+ bX; + byXy + by X1°X2
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nmanageuduilnauaznsiezinaadmad

ia0E19GnILLL vL‘iJ‘V]@]aE]Uﬂ’]iﬂ’J’]N“EE]U?]’]ﬂQ‘U%Iﬂﬂ’*ﬁ’]%’)% 50 A I@EJEL“}}/ 9-Points Hedonic

rating

WaN13INY

MsEnENT 1 MsAnwHaTasANNIULAznsEUIUMSaULHL T Hda AN N s sNANS A

namMIaeanuLlILEessIaseh 23 axfinlain mimuqumm%mauLLNuLL‘ﬂaﬁaumiaulﬁ
flanutudszann 16 % azﬁﬂﬁﬁmmlﬁw‘hﬁqﬂ 27.43 N) dmfienuiuaasuinuily 14% Januuds
33.32 N Soudonifienudn 16 % atnsfituddnmiada (P < 0.05) Fadwdwdsiiumyenlwd
AU UDDILHULTS 20 UaT 22% MIRANNTRTEILHRLIIR 20 uaz 22% & auudedeudnann a1a
Lﬁaamnﬁmw%uga %aﬁma@iaﬂ%mmgan’h lidasnsanusenunnitlunmsilwleinansdule
SafemIszmevesinednst 9 vldUSinassesndasueilidiuriniiaas Fadusungilidanuuds
alalalolel

FWITANTaUE® 9na5eA 24 wud msaudanlulasian i lwlduuailauiledrniien
amelnidanuuds 33.34 N deieuninns sudasdiauauian Aiflanuuds 4028 N wedt msld
Tulasan asvnlwinluunuuilafiansssmeldegemas Wesanaduudmanlnih FNNIONZANLA
1ot uazlwiAnanuanasnssrasanmoluunuudls vnlwinnasduleldsiags neliAanmnesdivas
HAAAMI AR vuefinTeuansan aniamstiamanusousuunsinluuduels vlduduuiliden 9
Fou LLazgtgL%fUmm%uvlﬂarjwﬁm minasdzasnsuuiliiafaldtes USinassini ilidany

R Valala ol

A7 23 ANTNAVAINNNTWIUuENKIIIAawNITOUNRdanNWD 9

USuamaNuTH (%) anuude* (N)
14% 33.32" + 2.54
16% 27.43° + 5.91
20% 45.68° + 6.09
22% 40.83° + 5.08

* dafe + audouuNIaIgI% (WU 2*4 factorial with one replication)

- anwILNRaIRIadY Nuandenwlwiwieasuilaasrinduadslianuuandnuaineiivefmenneaia (P < 0.05)

Adl a a ad 1 9 dld 1 I
A1719N 24 ANTWAVDIITNNTBUUN WL NUGADANNLTDY

A5n1seunsay ANNUDI* (N)
lalasian 33.34°+ 7.85
WrauaNTan 40.28" + 8.42

* dafe + §udouuNIaIgI% (WU 2*4 factorial with one replication)

- fanwILNRRIRadY Nuandenwlwiwinasuilaasinduafslianuuandnuaineiivefmenneaia (P < 0.05)
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=) P Aa [ a o ¢
N1IAN®IN 2 Na?ﬂaﬁ“ﬁaaﬂ‘gﬁiallazﬂﬁﬂiﬁiaﬂ“ﬁaﬂ'\iﬂa“iﬂﬂaﬁﬂaﬂﬂmm

ANEIRRNEIR) aﬂ;a‘saua:mﬂgaaaﬁﬁ@iammau%’m a3 Ngﬁﬁm‘VﬂéfLLﬁﬂﬂu@niqdﬁ 25

AN19N 25 wamiﬂizLﬁumaﬁmﬂszmwﬁuti'ammju’%‘[m

Mote| TeRUyre | WIUTITE | anwTan | AN TRLAY AU TAUR
1 25 % 10 % 50+1.2 39+14 3.0+12 58 +0.9 48 +1.0
2 5.0 % 10 % 50 +15 | 41+17 | 32+10 | 54+08 | 46+ 1.0
3 2.5 % 15 % 51 +13 | 38+11 | 32+12 | 54+10 | 45+ 1.1
4 50 % 15 % 53 +13 | 46+15 | 33+12 | 55+1.0 | 46+10
5 3.75 % 125% | 51 +13 | 42+13 | 33+13 | 59+11 | 51+1.0
6 3.75 % 125% | 49 +14 | 42+13 | 34+12 | 59+11 | 51+1.0

INITIATITHINTRTY WU LAWIZTERINWLYINWNINUBNTWAVITAuNIFDY Aa TOFULATHI

Uyosw TAuRANURNAUTAIFNNITAIh

‘IT\‘]Lmﬁiﬂaiﬁ%"l’]u‘ﬂﬁdﬂiiﬂﬂﬂE'J\'m’ﬁ&ﬂﬂ?.l% NINN 9

IFNIW = 4.81-0.328 *GnamJEﬁa -0.114 * mﬂ?ﬁa +0.0424 * snamJ;aSa * mﬂJ;dia;
Adjusted R© = 0.9697 , P < 0.05

] vy o A, @ B @ oa &
WU ﬂﬂﬂ"na@]a’m‘ﬁaaﬂ*g\‘iiml,a:N\‘lﬂ‘ax‘l‘ialuimﬂuﬁﬂE]W]J’Ngx‘lﬁ\‘lg{d %x“ﬁ’mi%iﬁ%’muﬁﬂ’nwu'ﬂu

15.00

B: Season powder

Sweetness

10.00

2.50

313

: i
375 438 5.00

A: Seasoning sauce

AN 9 aw%wamamamm:mﬂ;asaﬁﬁ@iammmmamﬁ@ﬁmﬂ

FIUAANBTAZEN 9

AV e a & A, a 2 o oa a
V]vl,llwa‘ﬂﬁWﬂuu &Iﬂ’lLQﬂﬂ’ﬂﬂdﬂ?’]&l’ﬁﬂ‘UI@lﬂi’JN 5.06 Fﬁﬂﬂdﬂiiﬂﬂwﬂjqu%au

a @ = ' & o ' A o A9 & v &
LRRYININULRY §  JRLAN 3.21 WU'JW?@L@]NUGQQ%@% (5 ARITAUNGRINIT) ALY 5.66 LLE‘T@]GIV\L%%

A o go A & @ a o Ao d
AMNAANTUNLINAIULLVUIADWUIININ (5 ﬂai:ﬂlﬁ’]@]a\‘]ﬂ’]i) WRER 4.79

A &) 3 dl v A o ldl ¥
TGLU%ﬂﬁﬂlﬂﬂLﬂ gInunaadnig

A o tdl v { ' et J g ¥ <
WamlT (5 ABIEALNABINIT) MINeFUTUATRIINMINanadtiosan a’lﬁ]LﬂuLW‘i’]:ﬂ’liLﬂaBUNdﬂE\ﬁﬁ

tﬂl ada o v l=l 1 a a a 13 ) Y a et tdldél ] I3 a v
BINFVI Y]’]lﬂLW&Jﬂ’J’]Nﬁ’J’Nﬁ“]JENNﬂ@]ﬂm‘VI “H’)ili‘lﬁl.ﬂ@]ﬂ’ﬁilé]&l'iﬂ‘ﬂ(ﬂ‘ﬂ% E]il’]x‘ivlﬁﬂﬁﬂll m‘sﬂ‘mﬂ‘gamu

1 Y a 04 a Q v é/
AMULTILRZIFLAY 2T Ul‘]ﬁ NG m«ﬁm@mm E]&lillvl,@] UNUw
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nnageuduilaauaznisdasizindannat

%

WU Huslnalwazunmaisanureulundanmsiawuilstnmiorsning lnaunsauvinnu

2

544 1 139 A agmwiviay 9 Devauldnioy  UAzaINMINAFAU 9-Points Just about right rating
duilnaldanuduihddovesndanmsideuthaduinliidniden (6.06) lavazuuu 5 fa CETTe IRy
wad  wananil Gawud waasmidelienuudafvlulussdudnitos (6.16) uaimduuazsann
Aaudnadn (3.46 uaz 4.04) ey amdwled muuﬂﬁnmﬁmmm”]le,ﬂaumauqmé'ﬂumxﬁﬁaa
Uiudyedn 4 deznsman Ao ﬂ'Jiﬁwmsﬁuﬂ;alﬁﬁ%uazmw:uL@a'ﬁ'a@m uALSuTEANLATIERINWIA

a & a a o ew P &
LNNVU I(ﬂﬂlﬁ’] HUIMMHAIANTUNAWLUUNNINIINORDU Y

11. TndhgraunsaunaNavsIgln (NwWA 10)

2513298
gAINIIHAR
fnudut Indien  dsanben 1 &%
i 3 "W
n 6 % vasinmind eI
CEVSIERELE la21n 1 &%
ienanoin 1 &
NED) 0.5 &%

RUBLAG: s lnihananginiam adouiiuvay w.a. 2546
NITUIMNIINER
1. dumunelnudsaanaany unan 15 wid
2. e infiduudanyinlvdsuasnses duesiiean
3. shdmmanienauiin awieln uwaznsliandnniiansdn Lﬁ'aﬁnqﬂuﬁa wn L3lu
wiatsn 10 mieliAaesnd luoswagnadud
4. hdrundioagn mu@@i”mm’%"mmﬁﬁgmmm 3 UARLNAT IUIB 2 5BV
5. idndoruaanIaduiauus  wazi luutudauuds  dunaaduisHunanam
iWurugudnas 4 Ludiuas ﬁwvlﬂauslﬁuﬁdﬁqrmqa’? 60 psrwaLbeE 10 ldaumaiaay
lulasian ﬁi:ﬁuwé'amuga Jwaan 1 wifl ielwiAenisnasen
6. LasBNFIBHENLFEIWILNMNTINIWHLEY Togldiedasnauiinznie @lavndls
ANULIITEAL 6 lﬁﬂfuvjl,l,a:ﬁv‘wamvﬁa I 5- 8 wift iwsihamanseluuazinde wawliid
A i ldmundnukuey
7. ﬁwinutiuauﬁm%ﬁﬂﬂauuﬁqﬁaqm%gﬁ 100 29FNLTALTEEWIH 30 W19

8. ﬂiiﬁlwa@]ﬁmsﬁﬁ’]?l,ﬂﬁﬂ’lLLN%@UﬂiaUNﬁ@Jﬁ’]Mi’]UI‘HQJ

NITUIMNIHAARINIINARDIBE 1 aNBME Ad
NMINA[BIN 1 LHWNITNANILLY CRD (Completely Randomized Design) ¥innMinaaasy 2
il

’?@]Qﬂiiﬁdﬁ: L‘ﬁﬂﬁﬂ‘i&k’]ﬁd“ﬁﬁ@mad“ﬂlﬁﬂﬁﬁwﬂ@iBﬂ’.l']&lﬂiau"lladﬁ’]')LLN%B‘UﬂiB‘U
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QAN 3 FINaaaIfe 1. TR 1rien 100 %
2. TRIRHETY 50 % WANTIIFTE31 50 %
3. 177813L371 100 %
a o & A & o a A o Aa o
LAR9NNTNIRIING 2 ThHA Lﬂmmq@uwmvlmm waz WA lanielulszine
wWa'ldusudniay N9l lenninandmassiasnainas duaaInNnIay lagniiia
MuLaTad Texture Analyzer iNMTILATEANAN RN LA TILATIEAANNLUTLUTIN (ANOVA)

NINANDIN 2 v‘i'\m‘mﬂaaumsﬂau%'nmaeé’u‘%fnﬂ

Tanuazasd | iNewImIsanuvesfuTlnanddaturusunsaufinauamisnlugasiudng g
(1371971 26)

ATNN 26 AT IVVDIFIBNANGAI 9

Renaans 21IF1TWRYD (NTN) vinlan (N3N) FNAIILURAI (NFN)
1 300 900 0
2 300 900 9
3 300 900 18
4 300 900 27

W laNAANMNRINARBININENITIINULEY  HNUTHAUAIANUTOL ANUNTOY THLANLAT

sanulaslifuslnaguilng $1uwau 50 au nguidsanunmanasevaminglnniaulyre

{ a o . & .
NN 10 Nﬂ@]ﬂmeﬁﬁ]’]ﬂﬁ’]ﬁiﬂﬂvlﬂ UL lNNaTMITVULAYLAEDINITIN

n) Tunfienaunsaunananineln ) auuilauilednuniisiawniglneaunsay

NAaN13398
a 2 . a ¥ da ' [ '
NMINAaBIN 1 ANBINITRAVDITIINANARDANNNTOUVDITIIURDLNTOY
PNMINAFBINLI MILETIa Tl 100% wazdanden 50 % wauiudasidn 50 %
@ = [ { ' et A o o o A
Tenanuuds (Hardness) wa 9 nw (0157199 27) Aalidranuuds 11.86 uaz 11.73 Srauaudiau o9
anuudetasniimsledniansian 100 % (20.97 dau) & wSUA1 Fracturability (Jadwas) lasnaly
' = A . o ' = AV o ' ' .

windanuudeunn azlen Fracturability §3de ag1alafiany anuanmInanasit ldwudn @1 Fractuability
289F9NanaINg 3 N lddranu (@157199 28)
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dN3197 27 @1 Hardness (N) Ta3fuNaNnltnaadauHwaunsay

a'\‘mﬂaad Hardness (N)

FE1Indi 100 % 11.86+1.05°
T&E1ILA%E2 50 % + T1IFIILI1 50 % 11.73+2.30°
1281791 100 % 20.97+3.97"

* ganwrsnnaseadouazdindasuninasgundanssuandrsnulunwnasuil usasiianuuandronu

asefipdaneaia (p<0.05)

g7 28 @1 Fracturability (mm) Va&IuNaNAlTNEaTLHRaUNTEL

alx‘mﬂam Fracturability (mm)
Fas Tt 100 % 0.401 + 0.108"
TE ka2 50 % + 112819197 50 % 0.497+ 0.144"
3128191971 100 % 0.581+0.243"

*ns Hanuuandanuainedlliisiayneada (p>0.05)

= g ¥ Al Aa ¥ 1 c:' ] o 1 1
N1INA[BDIN 2 ﬂ’liEJEl&li‘]J“ﬂE]\‘lE!‘.IJSTIIG\‘YINGIE]“II’I’JLLN%E]‘U ﬂﬂﬁ&lﬁ’l‘lﬁi’lﬂi%ﬁﬁﬁ?%@ﬂ\‘l )

(@397 29)

AN397 29 LRAINANINARAUNILUTzMNINRELlA83T Hedonic Scoring Test wa4T e ILHKaLNTAL

Aungnannelnluszauans 9

?ﬁmaad ﬂ’J’]ﬁJ”IJEIUI@]EJT]&I1 ﬂ’J']SJﬂiE]UZ smﬁuz iﬁ'ﬁ’ﬂ%z
0% In 577 +146% 217t 082° 157 + 056 ° 197 +062°
3% In 6.26 - 1.44° 208+061° 157 +061° 214 +055°
6% 'In 6.14 = 1.44° 206+ 059° 1.60  0.65° 220+ 058°
9% In 5831+ 165° 171+ 057° 163+ 060" 211+ 072°

* ganwsgnnasenadouazdiudssuninasgundanssuandsnulunwnesul ugasidenuuandsnuagned
WoFAYNIEDa ( p<0.05)
1 v =
AZUUWIN 1-9 (TautaNga-uNga)
2 v a a
azunn 3 azunn 1= dasiAuly 2 = wal uss 3 = wniinly

] @

nae 29 amduldi enuvewvesfuilnaniidediwiliieunseuns 4 uuulidneiu
TasFuwalitufian winuswsmsslnanniu anusauazanss sgnelsiiany msnavamssinlusamsin
3-9 % vasiminda i livlduslnafienuzeudiu  dwanwnsey wud nald
swielnusululsanm 9% ssvihlfanunsautesninfiasenin duanuniauvastmiesunsoy
linsuaniiglnwisnsuanielnlulsunm 3 uss 6% asiianunsaufined mmzﬁimﬁmamﬂgm

dontnsdanluianitay d’;mammayﬂm:ﬁuﬁw AALA?

a§ﬂman1snmaaq
lumInaasInsuuunIauaInbn azvitnsduansetn iWua 15 wif NaaanINTY Las

Do

v a - \ ' a o ! \ 1% g % @ 4«
TIANK/UATT ma:mNaﬂaqmmwmawammﬁmmwmmuﬂiauvl,@ uanmnﬁaﬂmﬁwnmﬁm RSN

e

a d‘ Y a v & ' s J ' ' ‘l/ ﬁiv o o
GIQ@]'UVI‘W]VL@ 18 LLﬂZNﬂ@]vLﬂﬂﬁilsL%ﬂizLﬂﬂ Lﬂumuwawanlumwugﬂ BRCRINNADRN UL UDRUNET
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I@maww:mmmamaawﬁmﬁméﬁ ‘ﬂﬁﬂﬂ?‘iﬁ@“uﬂwa@ﬁm‘ﬁﬁ’]%i"]F_ILLN'uﬂ'iE]U"D’]ﬂVLﬂ Vl,ﬁgmmwamﬁ

VANITRN Q9%

Tnuds 9.60%
uilstandien 19.20%
ORI 9.60%
ieanse 7.68%
i 47.99%
W3n lnedu 0.17%
NN 1.92%
ihsulndy 3.84%

NRAN I ENAINDUEWATELINEN Vlﬁ%'umwmaumn;ju‘ﬂnﬂaglmzﬁumwmamﬁﬂﬁfamﬁaﬂm
&N
lumsudadeaunsounauanigln  azviinsduanunsln ua 15 wii iWesaaNaw
WREFAANARAY  waztdanltimannioilumsnda  witnazldnaud s wiunslEia s swien
50% WANALT1IE1IEN 50% uansih msldtmantioniissainades ildazainlunsudsgduinni
Tumslgauie lnuanlutriniisiusinaunsou sanTabinaylabusd 3-9 % va3innndIaTnied
1 = U L% 1 a A' J o & 2 o = ' 1A v 1
agdlaiany wandasmslazinsielnlulSuondnan dnlludasvinnisanuisaly ualuwilindn ns
Lﬁwﬂ%mmmm’wﬂn’lugma:ﬁﬂﬁmmmwaawamﬁmﬁﬁa@m FI019NANMNVIFNAUTAUANNNTOUVDI
NEAADMN  &IRTU mmmau*‘naa@u‘ﬂnﬂﬁﬁ@iaﬁnmﬁmLLw'uaumauagiuizﬁuﬁauﬁﬂﬁaﬂ ag9lsn
Ay LINNIRLANBINEAN IR auT B lANYRY  MTRNIRIANeNaTin A NTa U INEAN DU
A’ &/ v
VAN e
A o x> a ' 2 A | Aa A o A o A Al & AL o
NRAA NI NRROILHBELNTOUR uqﬂmumﬂimm"l,wuwmmn #0013 bty NIRUUAY

Psunnsluiuwinuluswneln desandiunandug Al azldd lvduwinesdlsznauian

12. @wanglnuwn

gATNITHAA
g nseln #ea e Lﬂ%aoﬂgaia
#dan FB21 win'lnatn AUNTINLAKA

(2
o '

winowg: mnhglnihannnduiiim adaudwian w.a. 2546
NITUIRNIINAR
1. ieRpuansazmununMuauiEudu 0.5% wi lagldindusriazans  auasaanailay
14 magnetic stirrer augnsazapianTmMuaniazanonaoiduwaala IFslumsautszanm 2 $lu
2. WIEIUNFNUANZFAS (@mwﬁ 30) inssnaNnLafiawldl W TRaug I U ENRTAL AN
dovg wamelnaslludaulfidnin - evamielnfinsusSaudilSnm 50 Iadaas wadlune

a & A = a ] a @ . = °
WATRANUUIANUN 16X22 LTUALNAT ADE 9 Lﬂﬁdﬂﬂ(ﬂl%a’]%i’]EleﬂLLNuﬁJﬂ’J’lﬁJa&J’leJa
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ANT19N 30 EIUNFNRININ U"lmmmwia:gm

AU wwmiin (n$w)

507 1 503 2 §93 3
n 18 18 18
Lﬂ%‘aaﬂgﬁa 3 2.5 2.1
ieanse 3 3 3
F522m - 3 -
win'lnatu - 0.4 0.4
i - - 3
RIRSAANNTINUABY 0.5% (Wiv) 500 mL 500 mL 500 mL

3. ‘11’1ﬁ’l%i’l&lvlﬂﬁlﬁn’mLLS’f’JL"iT’](ngaUﬁqm%Qﬁ 50°C 1Iwan 19 1ol
4. sanawe bnaanmanaeanaadn aandsvauliiSuuies daswelnesn unHuze
1379 3 L EUELNAT 817 13 LTUALUAT ﬁﬂmmsﬂqluwamaﬂ‘ﬁﬁ@ PE #38 Polyethylene qm:wﬁumu fa
Nﬁﬂqdﬁaﬁmm%”auvqmﬁmmadqd
5. dhamelnusnaniensimenuiulesnseulasase Fovzutisaeniin 10 dr08n9
5.1 snelnfiviasaln
5.2 mm’wsJVLmLcJuﬁmsqVL’S’luqawmaaﬂ PE Jwan 1 sandk
5.3 mm’wsJVLnLLNuﬁVLﬁVL@Tmi@Iqawmaaﬂﬁavﬁ1 fUanR
6. ihamilnuduaiaanunnlaslilulasfimeslunisiasziannduvauniulasnisia
wisdn 3 A%y udrmndeasieiouifisuanununassnig inuruiile

v '
msnadauduilag
laglfununasay Hedonic (ine scale) lfinasaududuin 50 au niudsanungunasay

mm’w‘lmmuﬂsauﬂysa FATIERANNLANAIVDIANRFENIREA Lo 1T ANOVA

NAaN1538

a \ v & a o ¢ \ | a o v & W vo = &

LwaLmsgﬂmmwsvl,nlﬁLﬂuwa@nmsmmmﬁmmumauLsﬂmtasJLLa'm"Lﬂmmﬂﬂmmwmmm:
AMVAWIUUBTRITWIY INUHY (ANT197 31) WAzALARENNTANTURINTIE UK (@157199 32)

A9 31 FALRRUANNTHLAZANNAWIVEIF1AIE TNwE

ANBUTRIRTIY LK USinmenudn (%) Aaduanuru” (Hasias)
auLasalnal 5.74 0.77
U390 (PE) AUl 7 T 9.90 0.81
laldummlugewana@niivli 7 24.25 0.76

o)

* Grunianinne nmal,l,r:iul,l,a:ﬁﬂﬁmmamtiumm'm‘ln
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A9 32 FNAZLWLARENTHANTUENWTI IR A nnInagaunstszanaunalaslfuuunagay

Hedonic (line scale T9AzL4% 0-10) LLaﬂ“ﬁ/ﬁﬂ/ﬂ@ﬁaU%&l 50 A

SNBUNNAFOLU gmmsﬁwmm’mvl,mtm
qA7 1 qAT 2 qa5 3
U U U
& 5.80" 6.02 5.56
IRTG 5.63° 6.47° 5.19°
mivaNTulasIIn 6.54" 6.60 6.22

- ns Wi liflanuuandramesda
- §18NMI a, b, ¢ NUNNUUABRBLRAIANNLANAINIRTIRaEIszaUlBRmAYNTTAUaNLTa 0.5

wudwm%iwvlmwiugm 2 VL@T%’UﬂzLLuummau%‘uIﬂm’mg&qﬂ A0 6.60 70IAIABFAT 1 ATUUY
6.54 ULATEAT 3 AzUUL 6.22 AUEIAU WAL baU LA N ULANFAIINWNIRDG LEWAEINUAZLL
MSYONTUAURUDINAAN AT 8T8 LNtk

o

srumIsaniuTamavess i lnudu gat 2 SeaslaTuazuuugign uazuanedsataliadey
NILAUANULTOA 0.5 NUAZULUUYDIFAT 2 Uas 3

faihaniglngasn 2 azldiuazunmaioudszansnzinaseuanniigatdu 9 faw ud
' ' A ' ' Aa o A A4 o A AN o o
fulng azuuuilalivandrinainugasau 9 Mihdunada azuuuildagluzay 6-7 azuun an
' A A ) o L e o & . ' A
Fazuus 0-10 Tanusanuiduilnalianuwalaluszauihunanasuiu dausmnielnudiugai 2
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Fuawsriedaly  milazuuulinued 9 inowt las seuannfiga 9 azuuu uazldreuaniiga 1
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ATUUL WIALARD (mean) uazdmiBaluuANaIL (standard derivation) wonansmdsliaaudanu
UsnailaEemassama anusey wasldnoy wazanufaduiudy

mwmﬁumaa@%mﬁﬁaﬁ

ANNTOU TOUWTE aNNesay ssamiandnnen Snaunouaasuiliuazaning nauaILNY
lifiiae Auudr3inildfunianusisrsamannnit 2 iiadmaiun

arwlizey limouwsz sutidiuly erssuihduinnnit wlediuly smnodeudromiion
1 Aalaivne iwulonn’y

A a o & ] & ]
NIwn 13 Na@]ﬂmm‘ﬂ']ﬂﬁ']ﬁs’]ﬂvlﬂ YILLANVBNVULALILREBIAITIN

n) wasnLnaswuin bng 2) Inyuuilinan @) naasiudlnanau|ng

AN319N 46 LLa@mNamiﬂ@aaumm‘nawaaQ%miaw’ﬁmﬁmeﬁmaomﬂ%‘m%ﬁﬂm AIAINENAFENT

URIANERLT 9 lnal
anud
AZUUL uasninasninlng naauud Iwananln Inguuilanan
(A1) () (A1)
waumﬂﬁqm - 1 3
TaUNN 3 7 6
BaulINa 12 7 7
TauLanas 4 3 6
a8 9 2 2 2
ldrauidnitas 4 2 1
lsdrautunans - - -
ladavann - - -
"l&i“ﬁaumﬂﬁq@ - - -
Y 25 25 25
AZLUWARY 6.32 6.82 6.96
S.D. 3.86 2.78 2.82
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4.1.3.2 n3U3udlssuaziamiarns anamse lnenpddaaiznidie
msﬂ%"uﬂgaLLa:memmsmnmvﬁﬂﬂvl,ﬂmnn“ﬁﬂnujmuwnﬁmﬁa%i 3 1Ja38Na379z1% NN
= =1
fnwn Ao
4.1.3.2.1 midnwnszwwmsiuisannie inliliguaw
4.1.3.2.2 muliudynamdasinduszmitiaany Intléfiqunmduazlifianauiu
4.1.3.2.3 mibaany nwsiulifigunwduazasanunsaulilauwm
o ¥ 1 Y =)
4.1.3.21 msdnmnszuawnisiwissunelnlidamning
weR d' o v 1 val a A A wva :ﬁ’ v
ldfnw3asasnszuiumsruiiawieinlilgunng & 2 daznisfe Tillanuzuden
A [ A A o A A v a o & . o A A A
fga wazanansndnmEde 1ilduniga ieldndadmsisnielnaaunsaltldaseal luggmanlaid
snipaiyluduh lashamielnaaunaniaivdedisludiihim ssnuwaslssiouianue i
%Mi’flug@ﬁm%iwﬂmﬁ@mﬂ Tagiunane ludawusnon 2547 laganwdIouiounisyinlwurseay
waIana s ddwIsn1IasannaIt s LLa:msﬁﬂﬁLLﬁaI@Ul‘*ﬁﬁauwéﬁmmmamﬁ@ﬁ%aﬁ'@umi@ﬂ
AMIIITNIAITUNA LWL NITWAIWI N E A D Dher] AMLZABIRNTININLAT YuIneaegslug laad
ARG HGIER
a s
35n1sAn
MErenge 91 100 N3N vvwEslasldrn1zmIvinus 2 wuu fe
o [ ) a . I3 % a A = {
1. wuuvnlAuksdioussafiad (sun dried) Wumsanuislasasswuuile saduanizn
gt ulsnuna
v v a a 6 . & v tv a 6 a ¥
2. wuvauwiIdsgaundiuaianfiad (solar dried) ugauwdsnuuaiarfiad lansinnsls
ﬁﬂamﬁa‘*ﬁaUl%ﬂﬁimulﬁﬂuaﬁﬂﬂﬂ
lgsrazia lunsvinuis 6 2189 1SUAINE 10.00 1. — 16.00 W.

qmwgﬁmadﬁauﬂizmm 47 °C aNUTHRUNNT 32.7 %

punnivasa ATz 37.4 °C ANMUTUTUNNT 32.7 %

NaN1938

4.1.3.2.1. ma@nsnszuanmsiiuisawsg inliiamnng

HansAnmnIznumMuissniginldliouangd  annsinswudn mauiiawieln
wwuvhukelasldussanfiaduazuuulideundsnuuasanfiadg nlwawielnutsdanuduliwandrans
Aafnuan 4.38 UWaz 3.61 % ANNAIGL

fauenafild wuin anwaine (L) sssmsrusieris 2 3306 luandnenutin sane@den @ ;
Greenness) wm’wmsﬁwLLﬁoLLuul%gTauwé'adwuLLaumﬁmﬁ MR ovessw e lnunninmsannuis
(P < 0.05) ﬁafﬁﬁaamﬂmﬂ%ﬁauwé’ammmmﬁ@ET oW ldsuuasuaalasass viliaanisifia
sandiatuanuasans blawafiesifianuasaliiladluaminy o ldmwiednldidoini lagd
F a 1w —4.17 Smiunavhuisuuulddoundsnuumaiiad wer -3.72 dmIumahukauuuann
LAR  EIUANFLAREY (Yellowness) WU IRIARSLTWALINUALANT a lasiled b ¥iny 12.46 uae
14.04  dwiunmavhudsuuuenuasauazlideuausiau HAMSANELEAIUAITN 47 AWT 14 uas
15

72



dl g A 1 a A a A ' -dl o v v v
ANTNN 47 NRVDIAMUTUUIEATR AITURINT FLUVLILAERLARNDI 1%&’]1&5’1EIVLﬂY]Y]’]LLﬁ\‘]@’JUﬂTﬂ‘Eﬂ’TNﬂﬂ

MBuFIANNAL Lmﬂ%ﬁauwé'amuummﬁﬂﬁ

AN (%) §L Fa &b
Mukswuuamndioussariiag 4.38* £ 0.41 4879+ 1.84 -372at 0.13 | 12.46a* 087

Mudsupulddoundanuussanfiad | 3614 025 | 48581318 | -417b+ 006 | 14.04b + 2.04

a

Aady £ emudosuuinasgu adnwinssauaisiuandranuluuwinesuiuaasirlanuuandrsnuagrfino sy

'
aad

NINRDON P < 0.05
= o v 1 v Y 1 v v U a 1 v v
ﬁ]’mNaﬂ’]iﬁﬂ‘iﬂ’mﬂ%ﬂi'm’nﬂ’]ﬂ’ﬁ@El‘.LIE]‘]Ja’I‘MS’IEJI‘VELL%GEJZVL@Nﬂ@lﬂ’J’lﬂ’lS@l’lﬂLL%dI@ﬂl‘lﬁ
A & A & @ ad a « 4 > ° o oA A o a o &
WRIDNNATIADATI NITBIVDIANNTULRZNNIINENF TatardwFesdguindmivglarIwiuaadiuei
naunelndiniie lasawzifiedasfvaniglnliuiug nansden Sawnouisliliaaasua
w3NWa tanaHIwlydRazansasllan mﬂ%ﬁauwé’amuuaamﬁm5‘*11mmﬂ?“mmﬂiuiaﬁmsﬁwm
NRAN T AMLAFIANTINLNEAT YAINe1a B9 ln ﬁﬁaﬁamﬂﬁaumsmm’%ﬂﬁqmuﬁﬁm%w
éwwmﬂwamﬁmﬂmﬂmmwu‘lnﬁﬁaﬁﬁmgﬂmﬂ Tauisna N 8,000-9,000 Undag Wiasnduns

o a a @ a o e A e o AaN v o

WAUIIINAUIINTT N0 TUNA L AT NI TNAIUINRA N K 3L Sﬁamaﬂmzﬁdwﬂl%IﬂidﬂﬁiuﬂvL@]m
Namﬁﬁ'mmzﬁauwé’amuuaamﬁ@]ﬁﬁa%amnmﬂ’immﬂ‘[u‘[aﬁmiﬁwmw'ﬁmﬁ'msm“lﬂrhma@aaﬁ
ANNIFTUTH Ta ﬂﬁﬁ;m;iwmﬂéfaamﬂﬁmmmnw%;&”ﬁ ITWNIATUNNTOUWAINRAN U RINITDDOTAN

Talusranlaiuns

P g g a 6
NIWN 14 QQUWQGGW%LLKGQWYWIU
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w15 e lnauuis
(o) avursnmslduzianfiad (sun dried)

(1) auLLﬁamnmﬂ"Eﬁauwé’amuummﬁ@lﬁ (solar dried)

4.1.3.2.2 m3diuilysam@vasinduaznisiinarglndlviiquamduazlsiiananiin
1. msﬂ%’uﬂ;asamﬁ‘maﬂnﬁ

= a a dl' 1 wal o 1 v :’ 1 1
nnmdnsgannda indiie lilviisesn  lasmuhawiglnanduluwiia rew
ildudthdulng  wnldiduwsiung shldevauuislasldammad 105 ssruoaiGumbunaiuwiu 90

=) ) v o v &) =3 =3 " a a v a o a :‘ e o v
wfnseauuins  shaualiiduwndadn 9 dwnsfsudsn Idnsefisugaue i ldidoalwihiundn
AAFEINNILNINUAGDININUI1TIA. 1 da 3 Iﬂﬂifqm%ﬁﬁ 170 DIFLTRLTOR WK 1 wf %1917
"lﬂauﬁqmmgﬁ 150 9ALTALTOR WK 5 W7 YinsRwslsUSunanssineuaen NIUAZHIUTITR a9

{ o a Qs A’ v
@139 48 LLﬂK%’]vLﬂﬂitLlluﬂ’]'iﬂawill'i’l&l LIt

P =2 a a ' @ a
AT NN 48 FANWINRVBINTLLNYNLILD \‘l'T°l|”I'JLLﬂZNGﬂE\?iﬁ@]aﬂqiﬂauiﬂ‘lﬂﬂ

Fananadh nyziisNRen* N HILlyove
1 40 40 20
2 70 20 10
3 50 20 30
4 40 30 30
5 50 40 10
6 55 25 20

* SapazuaIEIuNad ( 50 n3N) danuiwrinaniinlnuis 100 n3u
* Tasyngasldinduind 10 niudusdunaw

* mﬂgq'sﬁﬁ‘lﬁﬁ fwassd (3a'ln)
AN

PMNHANTILATIZRANNFUN BTV INIEI A BT G']“ll']’)LLﬂtNGﬂEGi&@iaﬂﬂiﬂaN§u1ﬂ§

NUINITUANTUTINAANMNRNARTNUY Tz SN oI e mm’mm:mﬂ;oiaﬁmums
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MIVBNTUITIN = +6.51 * A+4.53 *B+1.10 * C+5.93 *A*C+9.18 *B*C
(P < 0.05 : adjusted R’ = 0.9972)

lasfl A = n3ziedidgn B = 97117 C= HILl39TE

WU sanTaltnssifsudoalusie 335 — 35 AN 91217 10 N LLE\]ZNG']J?(]?@

5-6.5 N3N WNUNT12 10 NTY WAz bnuEs 100 NN Lﬁalﬁﬁmmmau%'ugaﬁqﬂ

41322 msﬁmmaﬂnmﬁ'ﬁqmmwﬁuaﬂsjtﬁﬂnﬁ'uﬁu
1. anznshulng
inlndfnaale vinluneagiiiiounand  lassgadusandian  handulu

gauguamnyil # 0, 35 uaz 45 svenTAlTos Wuom 2 war 4 §end i hldnesouany
Lmﬂ@m‘uaa‘szmwaﬁmmﬂ@Ug’maw%u yoadrageiulsn o (Lﬂuﬁmmamuqu) ez 35 ade
WralTeE uaz 45 adeioaldus las3T Difference from control LU categories (0 = luuanendgias 1 =
Lmﬂ@i’mﬁﬂﬁaymﬂﬁq@ 5 = LANGNIWAAIT 9 = LL@m@hamﬂﬁq@)
WULLAG

WNAaN15I8

ANNANINARBINLIN qmﬁgﬁﬁlﬁﬁ’lumﬂﬁuﬁ' 35 uay 45 svaLraidos v lwiAananiiuaneans
INABEIAILANB IR NIFDE IﬂUﬁvl,ajwumwLmn@haizijmuﬁuﬁqmﬁgﬁﬁaaaa
agnslsfiany szozafildlunafuilung 2 uss 4 sl wnliiAannuwandrssasnawlndan
A0E19AILAN Tagfinsfiusnsnfiszeziaan 4 é{'ﬂmﬁddNalﬁﬁ@n'@iuﬁumn@hamné’aasmmuqu

WNNINNTZEZAT 2 FUAY (AN719N 49 — 52)

a a Aa

TN 49 QYI'.E‘IN@“UK’NQWMQ3JLLR$§$EI$L’JG']ﬁ1°ﬁLﬁUﬂ'J"I§JLL@]ﬂ@i’N“Hadﬂﬁuvlﬂﬁﬁ]’m(;f'.]aﬂﬁdﬂ'lqu

qm%gﬁﬁiﬁﬁu sepzna iy (§Ua¥)
2 4
35C 0.70° + 0.48 1.10° £ 0.56
45C 0.80" £ 0.42 0.90" £ 0.56

* dady + aaudoiuuinasu

FanwIsnuaIAIese Nuandinuusasduaisianuuandrinuagaliiedaynisia (P < 0.05)

@AN3197 50 aﬂ%‘wa*‘nadqﬂmgﬁ@iamwLmﬂ@iw’uaaﬂauvlﬂﬁmnﬁaazhdm‘uqu

qm%gﬁﬁiﬁﬁu nA%
35C 0.90" £ 0.55
45 C 0.85" +0.49

@139 51 ﬁﬂ%wamaaswznm@iammu@m@hwaaﬂau"Lﬂﬁmﬂﬁaamaﬂ’mqu

sz AR nAw*
2 glonwk 0.75" + 0.44
4 §lonw 1.00° + 0.56

* dade + §audoauunaIgIn

FranwIsnuaIAIaay Nuandrinuusadnduadsianuuandrinuagaidedayniaia (P < 0.05)
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aefl 52 anwuandvasnaulngluanizdne 9 Wafisunudiatnugu

qmmﬁﬁlﬁﬁu sezm Al iy P
35C 2 glonwt < 0.01
45C 2 glonwt < 0.01
35C 4 glonw < 0.01
45 C 4 gulonw < 0.01

(5 6 o [ a
2. ussnmaidmsulng
a o A A = % a a A - Vom A o
Jgwivasudanmaiindde Waiivliuinaziienduiin sldidunssuivvas
Huslne anwiinasnaieainmsneandansaisoriwd ) lundenwsd udniedjisonaendiatn

2

Auludulundadmaidinan asuunmvziaaylndniaiulnglilduulaslifanduiuifedaivimn

eda a o

AmNNalsznauad wﬁwaoqamfuﬁq am's:mima‘qLLazqm%{]um%LﬁmnmNamﬁmsﬁ laad

v
a v A

NuUALBEA A9
1. ﬁﬁ@“ﬂmqaﬁlimmﬁ 3 uuy fe
PP
PET
Al-Foil = niagiiituanand

Polypropylene = demaaﬂﬁﬁum

Polyethylene terephthalate = qdwmaaﬂwm

2. 8Nz IUTT 3 LU fa
Normal = UT3UULFITNAN
Vacuum = UTTUULEANMNA

O,-absorber = UITUULlENIgATUaENTIAU

3. qmﬂgﬁﬁlﬁﬁu‘{ﬂmwﬁmﬁmﬁﬁa 35 °C waz 45 °C

4 ad . o
1A8UNBININARBILLY 2*3*3 Factorial with one replication TINFINARDIAN9 9 a3

A7197 53 INRINARBINIIATIERN NN NTLAT U N UIALN1TIAF1 Thiobarbituric acid; TBA

@AN39N 53 %amamz%w%’umiﬂsnﬁumqmil,ﬁuLﬁaaﬁumaavlﬂﬁiuLL@ia:é'ﬂﬂwﬁ

35°C 45°C
PP PET Al-Foil PP PET Al-Foil
Normal PPN35* PETN35 ALN35 PPN45 PETN45 ALN45
Vacuum PPV35 PETV35 ALV35 PPV45 PETV45 ALV45
O,-absorber PPA35 PETA35 ALA35 PPA45 PETA45 ALA45

T
A& o

* INMLFUMANLALINEN: 1,3,5 ez 7
WAN15I28

ﬁnﬂwamﬁLmﬂzﬁﬁwﬁwaaqa §N1IZNTUITY LLazqm%QﬁﬁlfLﬁu§nﬁﬂﬂﬁ@ia TBA $99214

vaniIM AN IAn (a135199 54 -65)
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a7l 54 UTuo TBA lulnBigdendidng 9 vasnaifiniamn

Aa

U

N3 35 pIFLTALTER

Week3 Week5 Week7

PP PET | Al-Foil PP PET Al-Foil PP PET Al-Foil
Normal 3.35 | 3.03 2.97 3.05 3.45 3.00 4.04 3.55 2.88
Vacuum 3.57 | 3.85 3.28 3.80 3.97 3.22 4.03 4.01 2.46
O,-absorber 3.34 | 3.16 2.89 3.27 2.92 2.96 3.94 244 1.95

anafi 55 USwo TBA lwlnBigdeniana o maamilﬁuﬁqmm{]ﬁ 45 asenLaaLdos
Week3 Week5 Week7

PP PET Al-Foil PP PET Al-Foil PP PET Al-Foil
Normal 2.41 2.54 2.55 4.30 4.52 3.20 4.38 412 3.90
Vacuum 3.08 2.39 2.1 4.41 4.58 3.68 4.15 412 2.70
O,-absorber 3.01 247 1.65 5.51 3.47 2.54 4.18 3.48 2.25

aafi 56 A L vadlndfidanieng maamnﬁuﬁqm%gﬁ 35 A4ALTALTYUR
Week1 Week3

PP PET Al-Foil PP PET Al-Foil
Normal 38.63 37.61 37.86 37.02 37.43 36.73
Vacuum 38.67 38.68 38.02 37.48 37.69 36.59
O,-absorber 39.12 38.11 38.38 37.30 36.67 36.46

Week5 Week?7

Normal 36.14 37.05 36.36 38.84 36.64 36.31
Vacuum 37.26 36.81 37.24 39.36 39.15 37.52
O,-absorber 37.75 37.27 37.05 38.99 36.87 38.56

017199 57 fd L vesindndendiens 9 vasmuiunamngd 45 asrioadus

Week1 Week3
PP PET Al-Foil PP PET Al-Foil
Normal 37.98 38.70 38.20 36.82 36.44 37.16
Vacuum 37.93 37.26 37.61 37.86 36.80 36.23
O,-absorber | 37.99 38.20 37.82 37.45 36.55 36.70
Week5 Week?7
Normal 37.39 36.04 36.83 39.01 37.85 37.73
Vacuum 37.09 37.03 35.92 38.84 38.49 37.28
O,-absorber | 38.38 36.21 36.49 40.03 36.65 36.25
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A A Ad o &1 = A a a
AN 58 AR a mﬂﬂiﬂﬂ'ﬂﬁﬂﬂqﬂ@nﬂ ) mﬂﬂﬂ’]iLﬂU'ﬂqmﬁﬂu 35 2IALTRLDUR

Week1 Week3
PP PET Al-Foil PP PET Al-Foil

Normal -1.57 -1.88 -2.34 -1.05 -1.23 -1.60
Vacuum -1.62 -1.66 -1.56 -0.90 -1.27 -1.35
O,-absorber -1.52 -1.42 -1.51 -0.95 -0.82 -0.79

Week5 Week?7
Normal -0.77 -0.84 -1.04 0.24 0.00 0.01
Vacuum -0.67 -0.84 -0.85 -0.19 -0.13 0.08
O,-absorber -0.17 -0.06 0.24 0.15 0.47 0.51

A A Aa o & = A a a
AT WN 59 AR a mﬂﬂiﬂﬂ'ﬂﬁﬂ@’]ﬂ(ﬂqﬂ 9 TaﬂﬂqiLﬂU'ﬂqmﬂQN 45 IALTRLTYUR

Week1 Week3
PP PET Al-Foil PP PET Al-Foil
Normal -1.33 -0.95 -1.83 -1.00 -1.12 -1.30
Vacuum -1.34 -1.28 -1.40 -0.95 -1.12 -1.09
O,-absorber | -1.24 -0.91 -0.69 -0.44 -0.66 0.09
WeekS5 Week7
Normal -0.94 -1.15 -1.10 0.16 0.05 -0.62
Vacuum -0.80 -0.77 -1.31 -0.07 -0.04 -0.48
O,-absorber | -0.27 -0.73 -0.30 0.01 0.05 0.08

P A Ado &1 = A a a
AN 60 AR b waﬂiﬂﬁl'ﬂﬁﬂﬂ’]ﬂ@nﬂ 9 maﬂﬂqilaﬂuﬂaqmﬂﬂu 35 2IALTRLDUR

Week1 Week3

PP PET | Al-Foil PP PET Al-Foil

Normal 8.70 7.88 8.32 8.20 9.21 8.64
Vacuum 8.51 8.13 8.24 8.90 8.94 8.38
O,-absorber 9.00 8.37 8.75 9.01 8.67 8.52

Week5 Week7
Normal 8.38 8.63 8.72 9.77 8.11 8.93
Vacuum 8.82 8.73 9.16 8.84 9.11 7.97

O,-absorber 9.33 9.04 9.04 9.85 8.54 8.59
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P A Ad o &1 = A a a
AN 61 AR b Tﬂﬂvlﬂﬂﬂﬁﬂﬂ']ﬂ@nﬂ ) mﬂﬂﬂ’]iLﬂU'ﬂqmﬁﬂu 45 IALTRLTYR

Week1 Week3
PP PET | Al-Foil PP PET Al-Foil

Normal 8.14 8.40 8.27 8.33 8.31 8.85
Vacuum 8.54 7.68 7.85 9.17 8.72 8.01
O,-absorber 8.56 8.57 8.30 8.91 8.13 8.25

Week5 Week?7
Normal 8.77 8.11 8.93 8.60 7.80 8.33
Vacuum 8.84 9.1 7.97 8.32 8.55 7.96
O,-absorber 9.85 8.54 8.59 8.84 7.26 6.88

AN 62 aﬂ‘ﬁwamaqam's:mimsq@ia@h TBA,Lab “Ua\‘lvl,ﬂil

AN1IEMIUITY ARRy TBA | @ads L Aade a Aade b
wuudné 3.40° 37.36™ -0.97° 8.51"™
LU 3.52" 37.62" -0.90° 8.52"
LULIANENIRaTUaaN T 3.08" 37.55" -0.45" 8.64"

- fanwIsnRaIRady Nuandanwluiweasuilsasinauafsiianuuandinuwadwlvefmanneaia (P < 0.05)

AN319N 63 Sﬂ%waﬂuawﬁ@miqﬁmﬁ@ia@h TBA, L a b vadlnd

ﬁﬁmmsqffmsﬁ Aada TBA | auads L Anade a Anade b
PP 3.76° 38.06° -0.72" 8.84°
PET 3.45° 37.34° 076" 8.44"
Aluminum foil 2.79° 37.14° -0.84" 8.39"

- MonwsanuaIALafy Nuandsnuluuwaesuiugasindiaisdnnuuandsnuedielitdaynmeaiia (P < 0.05)

AN99N 64 andwavadgmnnisas TBA, Lab a9t

qmwgﬁﬁiﬁﬁu Aaas TBA ARaY L ARAY a ANRAY b
35 9IFLTALT L& 3.27" 37.60" 0.80" 8.72°
45 IALTALTOR 3.40" 37.42" 074" 8.40°

- fanwILNRRIRadY Nuandenwlsiwsasuilsasinduafsiianuuandnuadlvefmanneaia (P < 0.05)

AN3197 65 BNTWAVBIRNIZNNIALG TBA, L a b 2898

SEazIanY Anads TBA Anade L Auadg a Auadg b
1 §Uans Missing 38.15° -1.45° 8.34°
3 #aw 2.87° 36.97" -0.98" 8.62"
5 §aw 3.66" 36.91° -0.69° 8.81°
7 &awk 3.48° 38.02° 0.02° 8.46"

- ManwIoNRaIRIaRY Nuandvnuluumeesuiuaasitdiaisinnuuandrsnuegeingfagnesda (P < 0.05)
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WU 8012 IV TiaveIUITIIAM szuznIiudnadadn TBA adnilindAyneaia (P
< 0.05) annzm‘nﬁuﬁl’*ﬁmi@@sﬁuaaﬂ%mu(oz-absorber) fIKAlAAT TBA @‘iwﬁq@ (@997 62) Uwaze
NNBNEBIANIENITUITY Ao LULUNG UASULULEYQINA (F1 TBA = 340 Waz  3.52 awde)
wananisInuin mainlasldgeesfiiiounend fipzzaamufia TBA lddniuuy PET uaz PP
ausey duszszmfiliiAy woihmaiulidunswin 3 §andd S TBA dndmafulii 5.7
§an¥ ( P< 0.05) Tapfimaiiinluszes 5 uas 7 sansilina liuandromi

MYTAE L a usz b lagawizard a wod dafivliduszoznawindu aan 1-7 §denw
A1 a (Redness N3AALIULIN LA Greenness NIMHAAAAAL) A2ADE 9 AARIMUAAL LEAIIALAWIN
FTurvoINinsazday 9 ansd Tegeandasnuen b (Yellowness)AZuma lafutindn

anmadsadwdesduil  inlimsuin aldaniznmIvIruuuldmsgaduaandian wazms

02 a A 6 ) v & o a o AN v
IﬁQGQQNLuUMWQU@ "i]$°ﬁ'.1ﬂlﬂLﬂUiﬂN’]Nﬂ@]ﬂm‘VﬂﬂUvL@WWH

41.3.2.3 msﬁmmqv[mui%‘lﬁ'ﬁqmmwﬁLm:mmwnsaﬂ'ﬂﬁm%
lunsansanzmsinldawnousuasaunIay mn“iTa;&aLﬁyaa@Tu wudlunsudsgy
smousesrte vlasmshaniglnuds angrelasldianwin deurinisene wssinduies
aIUBUAREIMI ewalzunm antwinlgrsaunsau LL&:U‘Siﬁ;luq\iwa’lﬁaﬂ anelianuti wudn
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2544 — AN 2545 LRUG0EN9A5IN 1 T 26 TuInAN 2544

wwswﬁmas‘ i]l@]ﬁ 1 i]]@]ﬁ 2 i]‘@]ﬁ 3 "ﬂ‘@]“?] 4 'ﬂ@]ﬁ 5 'i]‘(ﬂﬁ 6
ANNANVRILREIN (m.) 030 045 050 055 0.6 0.8
ANNSITBINTZUEN (m.s ) 089 075 050 105 044  0.88
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a31971 68 (dia)

wnlaes @@“?'i 1 'g@ﬁ 2 'cg@‘?'i 3 ag‘@ﬁ 4 ag@‘ﬁ' 5 Q@ﬁ' 6
AN (NTU) 28 32 40 43 23 10
gaangdl (°C) 22.0 22,5 24 22.3 22.4 25.4
5ﬂ1&mz°ﬂﬂd§d§mm: gravel gravel gravel gravel gravel gravel
& 1387 1387 D87 13e7 den e
naw JPTE TR PUE R PUE I U R 1 VI Fiiv
anula & & & & & &
pH 8.2 8.3 8.7 8.7 8.5 8.8
DO (mg.L™") 9.1 8.9 8.7 9.3 9.0 9.3
BOD (mg.L") 0.5 0.7 0.8 0.3 1.2 1.0
A i (us.cm™) 150 165 109 103 197 197
fanaLdueng (mg.L'1 as CaCO,) 85 76 90 94 88 89
NO ;-N (mg.L'1) 1.2 1.6 1.8 1.9 1.4 1.8
NH',-N (mg.L™") 0.06 0.05 0.03 0.02 0.04 ND
SRP (mg.L™) 0.25 0.22 0.35 0.38 0.12 0.38

TN 69 am‘ﬂs:ﬂmwmmmmwLLa:mﬁim:uuﬁnﬂLm:qmmwﬁﬂuﬁmwmu’[wﬁaaLﬁaqucﬁm B

2544 — SWNAN 2545 LALG0EN905I7 2 T 9 qumﬁuﬁ 2545

wnlaes fg@ﬁ 1 a;@‘?i 2 ﬁ;mﬁ 3 ﬁ;@ﬁ 4 gﬂﬁ 5 fg@ﬁ 6
ANUANvBIURAII (M) 0.54 0.48 0.65 0.60 0.90 1.10
ANULEIVBINTZUAIN (ms’) 0.87 0.65 0.74 1.07 0.32 0.78
ANYW (NTU) 15 20 18 16 4 6
gDl ( °c) 24 23 25 25.4 26.2 25
5ﬂ1&mz°ﬂﬂd§d§mm: gravel gravel gravel gravel gravel gravel
& e e e e @en s
naw JPTE TR PUE R PUE I PV R 1 VIR Fiv
anula & & & & & &
pH 7.9 7.5 8.0 7.8 7.8 8.4
DO (mg.L™") 9.5 8.9 9.0 10.6 9.6 10.4
BOD (mg.L") 0.6 0.3 0.7 1.1 0.5 1.2
A (us.cm™) 189 192 201 218 213 219
fa L ueng (mg.L'1 as CaCO,) 78 65 85 70 91.5 92.5
NO ;-N (mg.L'1) 1.0 0.9 1.2 1.2 0.9 0.9
NH N (mg.L") 002 004  0.09 ND 026  0.05
SRP (mg.L™) 0.20 0.25 0.30 0.26 0.03 0.27
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TN 70 aaﬁﬂs:ﬂaumammmwLLa:Lﬂﬁlm:uuﬁnﬂLLaxqmmwﬁﬂuéwﬁwmmm: LADUND AN

2544 — FwNAN 2545 LAUG0EN9A5IN 3 T 10 Hunay 2545

Mieas 309 1 q@'ﬁ 2 fgﬂﬁ 3 fgw’?i 4 ﬁgwﬁ' 5 q@‘ﬁ' 6
ANuANBILREIIn (M) 0.4 0.55 0.50 0.30 0.60 0.30
AMUEIV0INTUFYN (ms) 1.2 0.45 0.33 1 0.20 0.15
AMNYU (NTU) Tildta  lldde llate  Tldda lléada  ladlédia
goanndl ( °C) 24 25.0 25.6 24.3 25.6 26.9
5ﬂﬂmzmﬂd§d§mm: gravel gravel gravel gravel gravel gravel
& e e SR S Fer e
nawu JPTETR PYE R PUE A FUE R 1 VI Fiiv
anula & & & & & &
pH 7.2 7.8 7.5 7.5 7.4 7.8
DO (mg.L™") 9.1 9.2 8.9 9.5 9.6 8.5
BOD(mg.L") 0.5 0.4 0.7 1.0 0.8 1.2
A (us.cm™) 102 106 110 120 187 201
Aranudueng (mg.L” as CaCo,) 78 87 74 68 90 96
NO ;N (mg.L'1) 0.6 1.0 1.3 1.4 1.6 1.2
NH',-N (mg.L™") 0.02 0.05 0.07 0.04 0.08 0.08
SRP (mg.L™) 0.23 0.12 0.42 0.38 0.28 1.00

319N 71 a9sUIznaunIemM mmwLLa:Lﬂﬁlm:uuﬁnﬂLLa:Qmmwﬁﬂuéwﬁ,’]mu’lumaLﬁauwm?ﬁm B

2544 — FwNAN 2545 LRUG0ENIA5IN 4 YA 27 Sunay 2545

wniaas fg@ﬁ 1 fg@ﬁ 2 fgﬂ‘?'i 3 fgﬂ‘ﬁ 4 fgﬂﬁ 5 fgﬂﬁ 6
ANuANvaILrEn (M) 045 039 050 035 060  1.00
ANNIEITINTLEIN (m.s”) 0.86 0.92 1.00 1.12 0.25 1.10
ANLW (NTU) 0.8 0.5 3.0 ND ND 1.0
Qmﬁﬁﬁ ( OC) 27.5 28.0 29.0 29.0 28.6 27.0
é’m:;m:maa?aﬁmm: gravel gravel gravel gravel gravel gravel
& e SR e e @en e
nau Tag g g g g g
anula & & & & & la
pH 7.8 8.1 8.0 8.2 8.1 8.4
DO (mg.L”) 9.3 96 9.4 9.8 958 9.8
BOD(mg.L") 08 1.0 1.1 1.4 1.4 06
A (us.cm™) 156 190 201 218 218 205
dranudueng (mg.L” as CaCo,) 78 89 08 90 90 89
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a13797 71 (69)

wwswﬁma‘? @@1“7] 1 @@1“7] 2 ‘g(ﬂﬁ 3 ‘-g(ﬂ“?] 4 ’g@]ﬁ 5 ’g@ﬁ 6
NO ,-N (mg.L”) 1.01.2 1.2 1.5 1.8 1.8 1.3
NH N (mg.L") 0.03 0.05 0.09 ND ND ND
SRP (mg.L”) 0.22 0.29 0.48 0.46 0.46 0.3

TN 72 a9fUTznauNIIM mmwLLa:mﬁlus:uuﬁnﬁLLaxQmmwﬁﬂua"wﬁwﬂm’lwﬁaaLﬁaqucﬁm B

2544 — SWNAN 2545 LALGI0ENIA5IT 5 Ti 4 L8 2545

wnlaes ﬁl@]‘ﬁ 1 'gw?i 2 ﬁ;@ﬁ 3 q@‘ﬁ' 4 fg@'ﬁl 5 Q@rﬁ' 6
ANVANTEILRES (M) 0.25 0.3 0.9 0.4 1.0 1.2
ANNIZIVBINTLURIN (m.s’1) 0.9 0.85 0.76 1.1 0.25 1.1
AN (NTU) 10 12 20 15 8 3
gy (°C) 25 28 29 26.7 29.2 29.5
5ﬂﬁm:mad'§0§mm: gravel gravel  gravel gravel  gravel gravel
& aid 4% aid aid Taidl aid
nau la la la & & la
anula 1387 1387 38 13e7 @en e
pH 7.9 8.2 71 8.0 7.0 6.9
DO (mg.L™") 9.8 9.7 9.0 9.5 9.5 8.0
BOD (mg.L") 0.5 0.7 0.6 1.1 1.1 1.2
drmsin Wi (us.cm™) 150 180 199 197 197 189
dranuidueng (mg.L” as CaCo,) 89 95 98 100 100 87
NO ,-N (mg.L”) 1.2 1.0 15 1.6 1.6 1.4
NH,-N (mg.L™") 0.01 0.01 0.02 ND ND 0.02
SRP (mg.L_1) 0.03 0.05 0.10 0.08 0.08 0.17

TN 73 a9RUIznaunIem nm‘wLLa:mﬁlm:uuﬁnﬂu,azqmmwﬁﬂuémwmuluﬁaaLaaqua’%m Bk

2544 — Funau 2545 (Fudaatniasifi 6 Tufl 12 nangiau 2545

wnlaes fg@ﬁ 1 fg@ﬁ 2 fg@ﬁ 3 fgmﬁ' 4 qwﬁl 5 q@‘ﬁ' 6
AMNANToILRESI (M) 090  0.87 1.2 1.0 15 1.4
ANMUFIVINTLUFTN (M.s ) 078 103 083 113 048 066
AN (NTU) 19 21 36 16 4 6
qmmﬁﬁ ( OC) 17.0 17.8 18.2 18.5 28.6 30.5
5ﬂﬁm:mad'§0§mm: gravel gravel  gravel gravel  gravel gravel
& aid 1aid aigl aig 1aid 1aid
nau & la la & & &
anula e e e e @en e
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o397 73 (dia)

wnlaes agw?'i 1 ag@r?'i 2 'cgw’?i 3 agw‘?i 4 @@ﬁ' 5 'g@“?'i 6
pH 7.8 7.4 7.8 7.36 7.26 7.01
DO (mg.L™") 8.3 8.2 8.0 8.1 7.1 5.6
BOD(mg.L”) 0.5 0.6 0.7 0.9 1.1 1.2
drmin i (us.cm™) 152 190 210 223 187 208
dranudueng (mg.L as CaCO,) 103 91 98 110 98 105
NO;-N (mg.L”) 1.0 0.9 2.1 1.8 2.3 1.2
NH,-N (mg.L™") 0.02 0.03 0.05 0.05 0.08 0.1
SRP (mg.L”) 0.25 0.21 0.22 0.18 0.20 0.38

N9 74 838UzNELNIIM ymwLLazLﬂﬁluizuuﬁnﬂLLazqmmwﬁﬂua"wﬁwﬂmiuﬁmLﬁauwmfﬁm i)

2544 — FuaY 2545 LFUMBLIATIN 7 TUAl 30 woeRnu 2545

wndaes aaq@‘*?'i 1 fgﬂﬁ 2 fg@"?'i 3 aqw?'i 4 fgw'?i 5 qw?'i 6
ANUANB IS (m.) 1.1 0.8 1.0 0.8 1.4 1.9
ANNLEIVBINTZUEIN (m.s'1) 2.1 15 1.8 1.9 3.2 2.8
ANYW (NTU) 58 39 62 16 46 41
qmﬁﬂﬁ ( OC) 22.0 23.0 23.8 23.5 24.9 23.2
é’m&mmad?aﬁmm: gravel gravel gravel gravel gravel gravel
G aidl aidl gl aidl il gl
nau la & & & & &
anula 1387 1387 D87 1387 den e
pH 7.9 7.6 7.8 7.99 7.89 7.8
DO (mg.L™") 8.1 8.0 7.8 7.9 7.2 7.6
BOD (mg.L") 0.8 0.9 15 1.8 1.7 1.1
A i (us.cm™) 167 185 196 193 178 180
AL ueng (mg.L'1 as CaCO,) 78 83 89 90 69 81
NO ;-N (mg.L'1) 1.0 1.2 1.3 1.4 1.7 1.9
NH',-N (mg.L™") 0.02 0.03 0.04 0.01 0.07 0.06
SRP (mg.L™) 0.42 0.35 1.05 1.01 0.27 0.17
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aN39N 75 a9fdIznaun1Im mmwLLa:Lﬂﬁlm:uuﬁnﬂLLa:Qmmwﬁﬂuéwﬁwmu’lwﬁaaLﬁaqucﬁm B

2544 — FWNAN 2545 LRUG0EN9A5IN 8 T 29 FuINAN 2545

@1 N2 A3 qafi4  9afi5  3aM6
AMUANTRIURAIIN (m.) 0.36 0.56 0.69 0.5 1.4 1.8
ANNEITEINTZLEIN 1.8 2.3 2.5 2.9 2.1 2.76
mm"}aiu (NTU) 198 251 298 273 759 940
gDl ( °c) 21.0 21.1 21.7 21.6 21.2 21.3
5ﬂ1&mzmﬂd§dﬁﬂm’1: gravel gravel gravel gravel gravel gravel
& 148 148 148 148 g 148
nau la & & & & &
anula 1387 1387 D87 1387 den e
pH 7.20 7.38 712 7.28 6.76 6.96
DO (mg.L™") 8.1 8.5 8.0 8.4 7.4 8.4
BOD(mg.L") 0.3 0.5 0.6 0.5 1.3 15
A (us.cm™) 156 124 189 174 151 147
dranudueng (mg.L” as CaCO,) 89 69 81 73 84 69
NO ;N (mg.L'1) 0.10 0.5 0.6 0.8 ND 0.6
NH',-N (mg.L'1) 0.19 0.21 0.15 0.24 0.16 0.06
SRP (mg.L™) 0.13 0.11 0.21 0.15 0.18 0.13

WNBLWe: gravel ABMBUALIMIANATY BIINANWIBLLL ARTHY

mnmsﬁn‘maaﬁﬂi:ﬂaumamUmwLmzmﬁluizuuﬁnﬂﬁuﬁaqmmwﬁﬂuéwﬁwmuuazﬁwﬁﬁ
mmiwﬁumsﬁnmmmv\mmamsmaamm‘wmm@i%@jﬁu mlAzusadlatsrzuuinaludiuves
Qmmwm{wﬁﬁwa@ia@w'&mﬁmﬁuﬁa s fans é’:w%’uludmﬁa:nénﬁmmmwmmﬁﬂuqmﬁu
fatnens 6 79 wuiwqmmwﬁﬂugmﬁuéﬁasm"?'iﬁw*gu*’nmﬁaamn ﬁwzﬁqmmwﬁﬂiﬂgmﬁuﬁaasm
ﬁag’iﬂﬁﬁmmﬁm Iﬂuﬁaiﬂqmnﬁwmfwﬁtﬂ 6 @@Lﬁué’aaahaa%isl,m:ﬁuﬂ'mﬂma 110ANUITAURITONRT
(trophic level) (Wetzel, 2001) a:a%ﬂui:ﬁumimwﬁﬂ’mﬂmd (mesotrophic status) UaztNIAAY
mmgmqmmwﬁﬁ@ﬁaau (ATAZNITUMTTINIAGONURITE, 2537) azagluszay 3 Faduunasiai
vl,éﬁmfwL%Umnﬂmﬁau’gwuwaﬂs:mm mmmsl"ﬁm{']ﬁandnLﬁaﬂﬁiqﬂinﬂu‘%Iﬂﬂ laudadrin
ns:mumiﬂ'}ﬁ@]Lm:ﬂ%'uﬂ;aqmmwmfwﬁaﬂ’i'ﬁmiﬁmmmmﬁau a:i’mvl,iﬁ@rmﬁmﬁa:agﬂm:ﬁmﬁmﬁu
Lwiqmmwﬁﬂw,wiazqﬂLﬁ‘uéhasmﬁ{l‘aﬁﬂ'nmmmhaﬁu fnnlatade qmﬁuﬁ’saﬂ’mﬁ 6 %uﬂuﬁ;mﬁu
faL19garng L{w:ﬁqmmwvl&iﬁgaﬂ'j'ﬁ;@Lﬁuﬁaaﬂwaﬁu 9 Lﬁaamnﬁn’nﬂmﬁam’m"gmmﬁaamg&

whadtinagdaLite ﬁﬂﬁqmmwﬁﬂzjﬁﬁfﬂ
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Lﬁaﬁnﬂ%mmmﬁumﬂﬁaﬂ'ﬂaam‘mﬁﬂvl,ﬂLLa:aaumé’uﬁ'uﬁﬁ'uqmmwﬁw:wuh FARINBNIEN

A o a S Ada & ' & o . oA 2 s oA = & o . oA A

ﬁluammmLaszyvlﬁ'Lummqmmwﬂmnma AIuALALAaLN 1 09 5 udllafiaiu@edan 6 T4

ﬁwﬁqmmw‘lajﬁﬁﬂ WNURIMIUNIFNNIBRUDLNIN  UONIINUUIINAINNFNAUSNUFIDANZBneY

Iﬂﬂwuiwqmﬁué‘aamaﬁ 1 duausnn a;mﬁué”samaﬁ 4 Fuuwen Lm:@mﬁuﬁ'samaﬁ 5 fuUmIaK
' ' o ' { { o a & = &

WU wummwvlml,a:aaumnquﬂLﬁumamqﬁue] Wasnnfitaufunsumealdnuszswialngdsaziin

a = ' & a_ & o oA P
ﬁdﬂﬂmﬂ:’ﬂadm‘ﬁﬁﬂﬂdﬁi)dﬂﬂ’nﬁg@mu%’lamdau“] (n’]‘W‘n 25)

MW 25 a’ms”mvlﬂ’luamWﬁﬁumaLm:agﬁ‘uﬁ’auﬁﬂuﬁﬁ

2 o & =1 a B o {
2. 12546 H9vinnsdnsn 1 avalu 8 AaLAUAIBENS NYUALBUAAILIAIIUANTIN 76
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dafilenanuuda mﬂn_uﬁﬂzytywnﬁmﬁﬁﬂﬁmmiwmm"mvl,mmmau wsludinniu
L%Wﬂ”luqonLLﬁa ﬁaqwmuquﬁau LL@i‘ﬂ”VLﬂWUSLuf]ﬂNu ’lum’sﬁ?ﬂmﬁ%’mvlﬁﬁ’m'ﬁé’m‘nm”uuﬁnﬂluﬁw
mmuiqululuﬂ 2544 AaL@oUNING AN 2544 Aauflazifinmminons 2 ﬂswmwlqumuqumau
1l 2544 uaz 2545 (muamiumiww 68-76) Lmﬁlutmcluﬂ 2545 1AaUNINGIAY Falluszoziawiions 2
Uszian Vlwﬁiﬁﬂgﬂummmu dauaatluaseil 77 uaz 78 TwmimseuansSuaihduludn et
T 2544 uay 2545 luan1991 79 uae 80 wuUSIaHuluTIWI AL G;uqﬂlmaaquwmﬂw et i
lw@auningian fudeufeman uazdalidfanaruaniofaunganan a1 2544 unz 2545 waziile
ﬁmm}nmwmjm:wuiﬂwﬁaaqg}Numaaﬁy’a 2 1 azﬁmwwﬁugandwﬁamg%maLLﬂ:ﬂ@%ﬂ%ﬂﬂN"ﬁ'@LW
(@159 76 waz 77 WisuAwuRUMTISR 68-75) nanNLHANUEIeINTLEING 2 a9 w29 A
i Aalungnu m:Lmew:Lmndﬂuqg}ﬁmaLLam@%au Feilasumemaniniis 2 dsematt ez
ﬁmaﬁummﬁzymaqmﬂimﬁga 2 dsmanil I@]ummﬁuﬁgﬁmzﬁﬂﬁmié’aLﬂﬁ:ﬁuamﬂaoﬁmﬁd"l&i
munsarmsfensuasls Seilimmnglnusssenlimunsaeiyldlungiu Ssmeansasiudoys
294 Ajisaka (2005; GadaszIua) Fagnmamielnluwwii lssuiriulssmean §maues
nrzusthfinssluaznadenasauaziduaurasamingi 2 Uszian I@ﬂﬁmalﬁﬁqﬂaaﬂmn%aﬁmm: Gh
faufinluiurosisailtlomavasmasSyossmunoduwlyidondu snsvesdsznoumemonin
Lm:mﬁéue] 1w pH arm s Wil wazasemisans g lduanasnuwannin %aaw"l&iﬁwmiamnﬁnﬂma

N 2 dszianlungnmiafiuandanu

@N3NN 77 adﬁﬂszﬂaumamUmwLLazLﬂﬁluizuuﬁL’Jmmzqmmwﬁﬂué’wﬁwﬂwuiuﬁaoLﬁaumﬂgmu
2545 (Kunpradid, 2005)

wndaes W@N 1 90N 2 'cg@"?'i 3 a4 qans
AMuAnuaILrEin (m)
ANULEIVEINTZLEIN (m.s ) 1.3 0.67 1.15 0.5 0.7
A% (NTU) 10 18 25 30 30
gamnd ( °C) 18 23 24 23 27
é’ﬂwmzmaaéaﬁmmz gravel gravel gravel gravel gravel
& (R (R aigd g 1aig)
namn & & & & &
anula 1387 1387 D87 1387 1387
pH 6.8 7.2 7.3 7.2 7.0
DO (mg.L™") 7.2 6.8 8.0 7.0 55
BOD(mg.L”) 1.3 1.0 08 1.3 1.4
Ayt Wi (us.cm™) 430 215 230 185 202
L ueng (mg.L'1 as CaCO,) 230 125 112 90 100
NO,-N (mg.L”) 212 2.0 1.8 23 22
NH',-N (mg.L") 003 001 005 008 0.1
SRP (mg.L™) 012 027  0.18 0.4 0.12

WINBLWG: gravel ABMBUALIIIANATY B1INANWIBLLL ARIITHY
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797 78 asddiznaumimenwuaziadluszuufinauazguniwihlussinihulutafieunsngras

2546 (Kunpradid, 2005)

wiaas fg(ﬂﬁ 1 gw‘?‘i 2 ﬁgﬂ‘ﬁ' 3 a4 qans
anuBnuasunsin (m.)
ANuEITeINILETN(M.S ) 1.6 1.4 1.8 1.9 1.3
ANYW (NTU) 15 20 25 30 50
gamadl ( °C) 18 23 22 27 25
5ﬂ1&mzmﬂd§d§ﬂm’1: gravel gravel gravel gravel gravel
& g 1aid gl gl 1aigl
nau & & & & &
anula 1387 1387 D87 1387 1387
pH 7.2 7.0 7.1 7.2 7.2
DO (mg.L™") 7.2 6.8 8.0 7.0 57
BOD(mg.L") 1.1 1.5 1.2 1.6 1.8
A (us.cm™) 430 225 218 180 175
Aranudueng (mg.L” as CaCo,) 210 100 97 98 96
NO ;N (mg.L'1) 1.8 1.6 1.75 1.65 2.0
NH',-N (mg.L™") 0.1 018 018  0.15 0.2
SRP (mg.L™) 012 028 03 0.18 05
WNBLWe: gravel ABMBUALIMIANATY BIINANWIBLLL ARTHY
'g@‘ﬁ' 1 TuEwII gLnaniom
Q@ﬁ' 2 szw w1 gLNavin K
g@‘ﬁl 3 tuuwen gLNaviN K
g@ﬁ' 4 TUMARITY dunallad
fg@ﬁ 5 ®zWIuWIzeni dunallad
anf 79 anasinulugsinim Tull 2544
Wew | wa. | nw | e [ we | we | Je | ne | sa | ne | e | we | 5.e.
UaaLuay | 0.6 0.0 100.0 | 604 | 147.4 | 194.2 | 377.7 | 413.3 | 330.9 | 115.7 1.9 t
a7 80 Usanamiduluginving Tull 2545
WWow | wa. [ nw | U | we | we. | T8 | e | &a. | ne. | e | we | 5.
aflue@s | 120 | 0.2 | 42 | 388 | 365 | 129.7 | 343.3 | 320.9 | 138.3 | 116.8 | 55.5 | 49.3
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Lﬁaﬁwww*mﬁma%ﬁﬁwﬁty léun d1 DO @1 BOD  dnmath i dSunmansanms deluiase-
Tulasiau wanluifionlulasian soluble reactive phosphorus (SRP) mﬁwmmqmmwﬁfwmn Lorraine
and Vollenweider (1981); Wetzel (2001) Gﬁaﬂszqﬂ@ﬂ@yﬁaaﬂﬁﬁ'@mﬁ%’am%i'\mh:qﬂ@? MAITI1TIINeN
AeINeNeEns NInenaugaalna (Peerapompisal et al., 2002) TagmsindmHiaeinantiuan

AW URITATU) AW AUENAL AU A901319N 81

@A37197 81 éwé’umuumaa%’uqmmwﬁwﬁ"ﬂﬂLLa:qmmwﬁwmﬂmigﬂ%mmmimwri aawlagann
Lorraine and Vollenweider (1981); Wetzel (2001) I(ﬂuﬁaoﬂﬁﬁ'@mﬁ%’mwiwmhwqmﬁ
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wanaan uSnendastine Formalin 4% w30 Glutaraldehyde 2% LLé”aﬁnmﬁnmmuﬁmm&mu%muﬁ
wasdfudmadaly mafsuslfduessmisindaswalngnail ldwiieuszianasi
\gTasmansiaudioiu @a08191T% Desikachary (1959), Prescott (1970), Huber-Pestalozzi (1983),
Hoffmann (1988), Komarek and Anagnostidis (1989), Entwisle (1989) LLae John et al. (2002)
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— 2546 wumm’mmm@lmgﬁgﬁmm $1uau 28 Iviw 56 allFd daatlu 4 37U fa Division Cyanophyta
(Eweddeaunuinu) 1w 30 UEF Division Chlorophyta (EWNERT D) 1w 18 aUTH
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Division Cyanophyta

Order Chroococcales
Chamaesiphon polonicus (Rostafinski) Hansgirg
Chamaesiphon subglobosus (Rostafinski) Lemmermann
Xenococcus sp.

Order Oscillatoriales
Blennothrix ganeshii M. Watanabe
Homoeothrix sp. 1
Homoeothrix sp. 2
Homoeothrix sp. 3

Leibleinia sp.
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Lyngbya martensiana Meneghini

Oscillatoria limosa Agardh

Oscillatoria slpendida Greville
Oscillatoria sp.
Oscillatoria sp. 2
Phormidium cf. favosum Gomont
Phormidium retzii Gomont
Phormidium sp. 1
Phormidium sp. 2
Phormidium sp. 3
Order Nostocales
Anabaena sp.
Calothrix castellii (Massal) Bornet et Flah
Calothrix marchica Lemmermann
Calothrix sp. 1
Calothrix sp. 2
Cylindrospermum majus Kuitzing
Nostoc commune Vaucher
Nostoc verrucosum Vaucher
Nostoc sp. 1
Order Stigonematales
Hapalosiphon intricatus West and West
Nostochopsis hansgirg Schmidle*
Nostochopsis lobatus Wood em Guitler*
Division Chlorophyta
Order Chaetophorles
Chaetophora elegan C. Agardh
Stigeoclonium subsecundum Kiitzing

Stigeoclonium sp. 1
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Order Oedogoniales
Oedogonium inclusum Wittrock
Oedogonium sp. 1
Oedogonium sp. 2
Order Siphonocladales
Cladophora glomerata Kiitzing**
Cladophora sp. 1**
Spirogyra sp. 1
Spirogyra sp. 2
Spirogyra sp. 3
Order Tetrasporaceae
Tetraspora cylindrica C. Agardh
Order Tetrasporaceae
Tetraspora cylindrica C. Agardh
Order Ulotrichales
Microspora floccosa (Vaucher) Thuret**
Microspora pachyderma (Will) Lagerheim**
Microspora sp. 1**
Microspora sp. 2**
Ulothrix sp.
Order Zygnematales
Mougeotia scalaris Hassall
Division Charophyta
Order Charales
Chara sp.
Nitella sp.

Nitellopsis sp.
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Division Rhodophyta
Order Acrochaetiales
Audouniella cylindrica Jao
Audouniella glomerata Jao
Audouniella sp. 1
Audouniella sp. 2
Order Compsopogonales

Comsopogon coeruleus (Balbis) Montagne

wingwe:- - BUNUDI RIRIUROU 2 RUDH

= pynefeaningln 6 sl

1u°ﬁaa°7i$im:nmwwa'mﬂmmla\‘immﬁm{ﬁ@m‘m@fl,v\rgluﬁﬂﬁﬂuﬂuifuﬁmiﬁnmmwwmLLu',u
pasgmefinulasnsdanasdinala (daummws’m:mwaamv&iwm‘fﬁﬂmmﬂlmﬁﬁﬂaaﬂmﬂu
dwinutasnsnafaluda 4.2.1.3 dely) nuhenunwuisesssminoiiaswmelngludihviuuas
ziw{ﬁmmﬂwﬁaanmé’ma’nﬁmmLmﬂ@haﬁ'umﬂ’lmwiazqgma I@Uwu:img]ﬂu FhalazlIN1 U0
s linansdranuuniinuazwulaunn maa%nnﬂmwsw:lquNuﬁﬂ%mm WRSTUNIN IINAZNDOUGY o
Mmldmnieldaansaesudulalduinsin lummzﬁlqu}ﬁmmazqgﬁau ilud s wazdrsinanan
Aaudnsla uaznszuainlinsein Sanuamrienanooie %aaa@ﬂﬁaaﬁmmﬁfﬁwaaﬁm@ (2545) @9le
nsamhofdounanhdvmnalnafluguinim lull 2544 - 2545 wazwuhlungruazwuiuan
mﬁwammimﬁaﬂn'jﬂquﬁu LLa:ﬁmmwmjugdn'jm@’é"uﬂ DENITALIW LTULAINLINWITL DS
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&%3IN8 Cladophora spp. WA Microspora spp aa@ﬂﬁaaﬁumuﬁ%ﬁﬁﬁwui’]ﬂ%mm%%aﬂ’nu‘mumﬂwnad
MuNsfdanuuandanwatninladte laawuinanniulsia Cladophora spp. Was Microspora spp.
Fofidasningln wiviurmnindusfiadududnin smsiodndszinnwils Aeswsioiie
Nostochopsis spp. #3808 %31880% TWUIBIRININENHetn 1a mm‘%zyaEiuuﬁauﬁuluﬁ’nﬁmﬁmﬁ'u
gneln foUsinmuazanunmnuiuisnungvaseniiens 3 3 %dmnn'jwﬁ@%‘uq AR
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1. Cladophora glomerata Kiitzing

2. Cladophora sp.

3. Microspora floccosa (Vaucher) Thuret

4. Microspora pachyderma (Will) Lagerheim
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