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Editorial

The present volume of Thaksin University Journal (TSUJ) Vol. 24 No. 2 (May—August 2021) is
the second issue of three issues published in 202 1. This issue is published 12 worth reading research articles.
All of these interesting research articles were reviewed and answered by the experts from various universities
and institutions in Thailand. All of these 12 interesting articles are multidisciplinary of science and technology
of research articles in aquatic science, animal science, science and technology, applied nuclear physics,
applied biology, fishery science and aquatic resources, industrial engineering, agriculture and technology,
applied chemistry, fishery and natural resources, computer engineering, and civil engineering. We sincerely
hope that some of the research papers will help guide and motivate active researchers to produce and create
more valuable research shortly.

We would like to inform our valuable customers again that the (TSUJ) Vol. 24 No. 2 would be
the last volume of TSUJ as announced in the (TSUJ) Vol. 24 No. 1. The new international platform of the
Asian Journal of Scientific and Technological Reports (AJSTR) would be organized and replaced at the
end of this year 2021 with the first complete volume (AJSTR Vol. 24 No. 3 (September — December
2021)). The new international platform of AJSTR has already been organized and ready to serve energetic
readers and customers with the international rules . For this reason, all selected and accepted research articles
will be only written and organized in English. Furthermore, the new international editorial board of AJSTR
has been simultaneously also set up and started to administrate and manage all business of the journal. From
now on, the AJSTR and a new editorial team are ready to organize, manage, publish, and deliver all good
quality articles which were written in well- organized English to the world of academic society.

As editor of the TSUJ since 2017, the TUSJ editorial team and I are delighted and honored to be
in part of a wonderful service to all customers and those interested in academic work. During this duty, we
have been through the difficulties of creating qualitaty work with great assistance and support from Thaksin
University through the Research and Development Institute Thaksin University (RDITSU) and all valuable
researchers, our great reviewers and loyal regular customers. We would like to thank everyone for their
kind helps and supports for making our mission be accomplished and successful. Now it is a good time to
adjust and change the responsibilities of this great work.The new editor and editorial board have already
started to take care of the journal business. We again would like to say goodbye and hope to work with you
again in some academic events and activities.

Finally, I would like to encourage the new international platform of AJSTR to carry out successful
academic affairs and be recognized by the academic community as everyone expected. Hence, the present
and last volume of TSUJ, that is, the TSUJ Vol. 24 No. 2 (May—August 2021), has been already issued to
serve and uploaded on the ThaiJo platform of management within August 2021. This last document will be
a memory and remembrance for all eternity. In the end, we expect our academic networks to help improve
and upgrade the AJSTR quality up to the international level in 2023, as already announced. Thank you very
much in advance for kindly helping AJSTR (former TSUJ) improve and index at the international level soon.

Besides, we would like to thank Asst. Prof. Pachoenchoke Jintasaeranee and Asst. Prof. Dr.

Chantima Piyapong for the wonderful cover page.

Asst. Prof. Dr. Prasong Kessaratikoon

Journal Editor



a3vey

UNANI1HIVY (Research Articles)

1.

a J a v = a \J
m5:1mﬂa:ﬁﬂ31uazmﬂﬂmayammanmnmmﬂm
Bathymetric Resolution Analysis of the Gulf of Thailand

a a v a A 7 . .
!,Wh‘ﬂﬂﬁb'ﬂ JuAIATl Pachoenchoke Jintasaeranee 9111 Yoz W Chantima Piyapong........ccccceueuee. 1

ANMAAANEINUMIIBEgNIYHVRUNHAINI S 18808 HE UNBINBIUASASEIINT Y

v U =

I IAUAIAIZIINIY

Opinions on Raising Finishing Pigs of Smallholder Farmers at Mueang Nakhon Si Thammarat
District in Nakhon Si Thammarat Province

AUNT UWND Somphon Noppakeua Buda 99304 Yenying Chongchit........cccoeovvinecininennincinnne. 10

a d &’ d' o (%] a s a d AR o v
NMIUAINCHWHNHRNSANAIHIUNIIIVIINVYSBANNIDUNE: NIUADH] AUaUIUNDN
I3 d‘ v U =
mmawm‘lu WHINQUVAIITHIU
Site Suitability Analysis for Electronic Waste Collection: A Case Study in Ban Kok Sub-district,
Khueang Nai District, Ubon Ratchathani Province
a ¢ X a .
NOAIYY] VD Krittawit Suk-ueng INF131 (309090101 Ketsara Ruangkitchaya
o @ da .
1093558 18399 Kunlawan Sorach 8143@11 8UATY Anuwat Yindesuk

FERERL] ynﬂmm Teerawan BOONTOSCANG.......c.coveveviruiiriiiiiricirei ettt 18

i laaamuiuassdsssumnalumivayulns vaziivennsdaiunaganiunsiia mens iy
Saningsugssil

Natural Radionuclides in Medicinal Plants and Forages from a Granite Mountain area,
Phangan Island, Surathani Province.

Waaing 1AL Pungtip Kaewtubtim 995 §4%28 Udorn Youngchuay

Y
YUSA LANINAGE MUDATAK LAKKIANG. ...ttt 31

= U d‘d A b4 a A a d‘ t&’ :’ 4
fn‘i!mﬂ!!a%ﬂ'liﬁﬂH]ﬂﬂﬁ]ﬂﬂNNﬂﬂﬂﬂ'lﬁﬁiN!E]u"!‘-‘limﬁ!ﬂﬁiﬂmmﬂﬂﬁﬂ%1ﬂﬂuﬂﬂu!ﬂﬂuu13~lu
Isolation and Factors Affecting Lipase Production by Bacteria from Oil-Contaminated Soils

Iﬁffﬂw}f T]ENQ' Preeyanuch TRONZPOO......cc.iiiiiiiiiieieeee e 38

v ANl d Y a2 a [
Nammwnﬂmﬂﬂmunwﬁuuuﬂunmcﬂu’gmamnmmﬂmua“lunszm
Effect of Fermented Napier Grass Mixed with Acid Fermented Milk Diet on Nile Tilapia
in Cage Culture

) o

an 14 .
FUINT 1MULEDA Tanakorn Haemasaton UHUUN WU Nithinun Mungmee.........cccoeeeeeveenencnennnne. 49



10.

11.

m3damsnsndansSanidsaaminndediumaiinmssiaesamumsel

Saline Inventory Management with Simulation Techniques

m;wm' U390 Jarupong Banthao 27 un,;ﬂpu?m% Wijai Boonyanusith

UIANTTY 1.ql§'1mﬁd§ Nuanpan Buransri U1iaan Taa1d Panadda Sophatai

WAL NIUNTE TNN POJIANa THANKIAROK......ooeeveeeeeeeeeeeeeee oo esseeeeeeeeeeeeeeeeeeseeseessseseessesseeeseseeeesseen 58

mslinumailurasnsaluomsdana

Utilization of Sweet Potato as Pigment Source in Siamese Fighting Fish (Betta splendens) Feed
ﬁ{ﬂﬁﬂmﬁ INAANLARA Supalug Kattakdad ﬂi]alﬂ 1e1fa Krittima Saowakoon

’cﬁfﬂ Qﬂﬁ}N SULTYA UdQUANG. ...ttt ettt sttt 70

auﬁ’ﬁmaaznaﬁisuﬂmﬁﬁﬁmm%mumﬂmmimmﬁw'mmsnizéjuiﬂﬂwé’wmmn"luiﬂmvxl
Wuansauan

Properties of Natural Rubber with Molasses Carbon Powder Activated Using Microwave
Radiation as a Filler

151930 Iﬁﬂixa‘ﬂﬁ Waraporn Sopradit 89 ﬁlﬂa Q| 5136 Adisak Jaturapiree

19nT15u8 %% Ekrachan Chaichana 5 w'f,‘lJuﬂ'Jj @nnag Thanunya Saowapark.............cccceueee 80

voriadloostin 1-Dafia-3-unadna las@enlusue ((Bmim][Br]) wnthidhstsdhazas
sazausalfnsendmivlfisenmdervesmsnrusuuunlsdunuuas UGN

Tonic Liquid 1-Butyl-3-methylimidazolium Bromide ([Bmim][Br]) Acted as Both Solvent and
Catalyst for a Green Reaction of Cross Benzoin Condensation

V153 WISNA Baramee Phungpis ﬂuﬂmmﬁﬂ’ ﬁi’géﬁ Kanokkan Worawut

WG A I IUAU POtchanee KEaWKUMSANL ... .....eovererooeeeeeseesooeeeeeseeeeeeeeeessesseeeesseseseesee e sseeeeeneee 91

n151J%’U1J§aﬂ:1ms%’sms@mm‘n’%m?ﬁamun’%mﬁﬂﬂ“l%'mﬂﬁﬂmsﬂnﬁseﬁmnmu 23i@ uam;ﬂﬁfa"a
AVX512 dmSvaadaenssuiannes

An Improvement of the Matrix-Matrix Multiplication Speed using 2D-Tiling and AVX512
Intrinsics for Multi-Core Architectures

mj-c‘fsu 8 Nwe Zin Oo ﬂtyiyﬂﬁ lyonw Panyayot Chaikan.............ccccoviiiiiiiinniiiiiccces 104

UNANINIFING (Academic Articles)

12.

o v d‘ A I tﬁ' A 0% Y % % :’J
mimmgmmmmwwwaﬂumsaam‘lumiﬂszmmsmmuwmmawmwnmﬂﬂ 2 ¥U
Develop an Estimating Factor to Help Estimating Masonry Wall Area of Two Stories Houses

qﬂ’uﬁ nu@ﬁﬁ’; Sunun Monkaew "y!ﬁﬂia gerfa Chookiat Choosakul..........c.coevvviiiinieiiiiiiieicinne, 115






VNANNIVEY

a 4 a
M3IAATIZHANNAZIBEAYRYANNNANUI MBI N
Bathymetric Resolution Analysis of the Gulf of Thailand

a a IS v A 2 o
LN“BEIJI“B?’I ATl tazdunu Yoeway

Pachoenchoke Jintasaeranee' and Chantima Piyapongz*

unAnge

a’f@yammﬁﬂﬁummjﬁﬂ GEBCO30 Awazidea 0.5 Tuanzia usnme1 Ine gnilSund
agadeaouiisududeyaiion Idnnmmuiiduie Siuausaw 47 sza figndsauazimouns
sEre WAL 2534-2548 msUSuudnaugndesteyanimdniumzanazmsdsulisnmaziden
urufien 926 a3 1§ 200 AT 1AZ 50 AT ¥ lneldgamdalulsunsu The Generic Mapping
Tools (GMT) Hamsfnuaasteya GEBCO30 Tuslne fignilsundanugndoandaid
AWAzIBEA 50 AT ITIU 27,704,202 Yeya tazlinuaneg luaas (97.99) - (2.51) was Yeyaiooaz
99.07 aRsAIARIAMABUT I LR TSz UA I 0 Feaz 95 ag U179 £10 1wAs Joya
WA IAIARAD NS MR IENTSEAUAI I E e Yosaz 95 aylugs 413685 WAT
wazAuouuuATgIL 0.1945 Jesazvesanuini Fagenhdeyafignifuudaugndeada
fifinuazidun 926 uaz 200 was Ay FeyanmAniumzin GEBCO30 A IdUuudaaugndes
wazgnuFulyammazdeaiiu 50 was ifiaunindedenunnasgnamanimnauazfeya
ﬁ'wuﬂiﬂ'uﬁ'ﬂqmummgmﬁmﬁﬁ'aaaz 1 vesnwanh

vy

o o w ' o = Aa A = A
AaIALY: @1311/]8 NITUYINNUAN UNUNAULTD ANUASIDYALLNUNNUNS LA

Abstract
The GEBCO30 bathymetric data resolution 0.5 nautical miles in the Gulf of Thailand were
corrected by comparison with the digitized Navigation Charts data from 47 charts in total that were surveyed
and published between 1991 and 2005. The correction of bathymetric data and modification of map
resolution from 926 meters to 200 and 50 meters were done by using scripts of the Generic Mapping Tools
(GMT) programming. The result showed that the corrected GEBCO30 data in the Gulf of Thailand resolution
50 meters had 27,704,202 data and depth ranges (-97.99) — (2.51) meters. 99.07% of the data showed the

discrepant depths with total horizontal uncertainty within 95% confidence level of +10 meters. All of the
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data showed the discrepant depths with total vertical uncertainty within 95% confidence level of +1.3685
meters and the value of Standard Deviation (SD) of 0.1945 that was better than the resolution 926 and 200
meters, respectively. The corrected GEBCO30 bathymetric data and adjusted resolution to 50 meters had
the confidence following the standard of the International Hydrographic Organization, and all data also

showed SD less than 1% of water depth.

Keywords: The Gulf of Thailand, Depth Sounding, Navigation Charts, Bathymetric Resolution
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Abstract

The research aimed to study: 1) general information of smallholder farmers and finishing pig
raising conditions, 2) opinions of the farmers on raising finishing pigs at Mueang District, Nakhon Si
Thammarat Province. The research population was a group of 172 finishing pig farmers at Mueang District,
Nakhon Si Thammarat Province. The sample of 120 were selected using a multistage sampling formula
in which reliability and validity assessed questionnaires were used. The results showed that 55% of the
samples are female farmers approximately aged 58 years old, with primary education, raising pigs as the
main career with an average monthly income at 23,588 Baht and average monthly farming expense
at 11,599 Baht. The opinions in descending order were farming area (X = 4.67), distribution and returns
(X =4.35), current raising conditions (X =4.17), sustainability (X =3.71), feed management and sanitation
(X =3.08), farming equipment (X = 2.87), funding (X = 2.09), and government service (X = 1.42). These
indicate that farming areas have highly positive opinion because of adequate utility and good quality of
drinking water resources and relatively high on the distribution and returns as it is a major household
income. The funding has a low score because of inadequate funding and the government service needs an
improvement. In conclusion, this research will be used as a further guideline for government and private

sectors to promote the raised of finishing pigs.

Keywords: Opinions, Raising Finishing Pigs, Smallholder Farmers
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Abstract
The study aimed to study selection of electronic waste collection site based on 6 environmental
factors including distance from community, slope, digital elevation model, distance from water resources,

distance from road and land use integrated with analytic hierarchy process (AHP) model in QGIS Version
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2.18.5. AHP model was designed based on questionnaire, made by 7 experts, to examine important
environmental criteria and assign importance values of each criteria for selecting suitable electronic waste
collection site. In addition, suitable electronic waste collection sites derived from AHP were verified by
field survey. The results showed that percentage of very suitable, moderate suitable, less suitable and

unsuitable sites for electronic waste collection were 13.26 %, 58.10 %, 21.77% and 6.87 %, respectively.

Keywords: AHP, Electronic Wasre, GIS
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Abstract
The radioactive nuclides were a cancer causing agent. They have a source of origin from nature
and man-made. The natural radioactive elements were found in granite rock. The purpose of this research
were analyze the activity of radioactive nuclides (***Ra, **Th and *’K) in herbs and forage plant samples

from Koh Phangan District, Surat Thani Province and to analyze the Annual external effective dose rate (E).
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A total of 20 species of plants, including medicinal plants and food chains plant were randomly sampled.
The plant samples were analyzed by the gamma spectrometry system with high-purity germanium (HPGe)

detector. It was found that the radioactive nuclides of **Ra, **

Th and *K were ranged from 6.75 = 0.16
to 61.55+0.48, 1.76 £ 0.15 to 34.24 = 0.25 and 330.74 £ 0.37 to 1337.54 + 0.64 Bq/kg, respectively.

In addition, the Annual external effective dose rate (E) in all plants were lower than required (UNSCEAR, 2000).

Keywords: Radioactive Nuclides, Medicinal Plants, Phangan District, Suratthani Province
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Abstract
This research aimed to isolate lipase-producing bacteria from soil samples contaminated with
vegetable oil or petrol, and study factors affecting its lipase production. The bacteria that could be grown
on tributyrin agar supplemented with 1% palm oil and produced a wide clear zone were selected. These
selected bacterial isolates were tested for lipase activity; among them, the isolate PKRU-9 had the highest

lipase activity. The maximum lipase production was obtained when PKRU-9 was cultured in a basal
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medium containing 0.5% yeast extract as a nitrogen source and 0.5% soybean oil as a carbon source at
35°C, 200 rpm. The highest lipase production was obtained at 54h of incubation. Treatment of wastewater
contaminated with the lipid of PKRU-9 was studied by culturing the bacterium in a synthetic wastewater
medium containing 1% palm oil, and in wastewater contaminated with fat. The PKRU-9 was able to
decrease the value of BOD5 by 74% and 90%, respectively. The highest reduction of BOD, was found on
day 3 of cultivation. These results suggested that the PKRU-9 has the potential to be used for treating

municipal wastewater contaminated with fat.

Keywords: Lipase Producing Bacteria, Lipase Activity, Municipal Wastewater Treatment

Introduction

Lipases (triacylglycerol acylhydrolase, E.C. 3.1.1.3) are a group of hydrolase enzymes that
catalyze the hydrolysis of ester bonds in triacylglycerols to release fatty acids and glycerol. Hydrolytic
reactions of lipase occurred at the lipid-water interface due to the poor solubility of its natural substrates
in water [1]. Lipases are found universally in plants, animals, and microorganisms. Among these, bacterial
lipases are commercially significant due to the simplicity of their cultivation and advancement in bulk
production. Lipases have diverse potentials applications in the detergent, food, and pharmaceutical industry,
and the production of biodiesel [2-3]. Lipase-producing microorganisms have been discovered in various
sources such as agro-industrial wastes, vegetable oil processing wastes, dairy product industries, and oil-
contaminated soils [2,4-5]. Bacterial lipases are mainly inducible enzymes, typically produced in the
presence of a lipid source such as oils, triacylglycerols, fatty acids, tweens, bile salts, and glycerol [1].
Some natural oils reported improving the production of lipase are olive oil, coconut oil, vegetable oil, and
petroleum oil [2].

Wastewater is one of the major environmental problems in Thailand, primarily due to the disposal
of untreated wastewater from cities and industrial plants to water sources. Lipid is an important component
in household waste that causes significant environmental contamination. It can form oil films on water
surfaces, prevents the absorption of oxygen into water, and contributes to the death of many aquatic lives
[6]. Moreover, fat in lipid-rich wastewater will decrease the performance of the wastewater treatment
system by interrupting the activity of acrobic bacteria in the wastewater treatment process. Hydrolysis of
fat-contaminated wastewater using bacteria is one of the alternative strategies for treating lipid-rich
wastewater before being discharged into freshwater. Therefore, in this study, the production of lipase from
bacterial isolate PKRU-9, which was isolated from oil-contaminated soil was reported. Then, factors
affecting lipase production were demonstrated and the treatment of lipid-containing wastewater was also

evaluated.
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Research Methodology

1. Soil Samples

Soil samples contaminated with cooking oil or petrol were collected from 11 different sites.
These samples were collected from dishwashing areas at Phuket Rajabhat University and a restaurant in
Phuket (2 samples, S1-S2), mangrove sediment soils contaminated with cooking oil and petrol-spilled in
Phuket (4 samples, S3-S6), and soil samples contaminated with petrol-spilled from garages located in
Phuket and Surat Thani provinces (5 samples, S7-S11). These soil samples were collected at 10 cm-depth
and stored at 4 °C for further screening of lipolytic bacteria.
2. Screening of Lipase Producing Bacteria

Five grams of each soil sample was enriched twice in 50 mL of screening medium (1.5%
(NH4)ZSO4, 1% peptone, and 0.5% NaCl) [7] supplemented with 1% palm oil as a sole carbon source and
cultured at 35°C, 220 rpm for 3 days. The appropriate dilution of enrichment culture from each soil sample
was plated on tributyrin agar (0.5% peptic digest of animal tissue, 0.3% yeast extract, and 1.5% agar)
supplemented with 1% palm oil, and then incubated at 35°C for 2 days. Lipase production isolates were
detected by the presence of clear zones around colonies. The diameters of the clear zone and the colony
were measured by Vernier caliper. The enzyme activity index was calculated based on a diameter ratio of
the clear zone to the colony. Bacterial isolates showing high enzyme activity index were chosen for lipase
activity assay.
3. Lipase Activity Assay

The chosen bacterial isolates were cultured in liquid medium (0.5% peptone, 0.3% beef extract,
0.1% CaClz, 1% gum arabic, and 2% palm oil, pH 7.0) at 35°C and 220 rpm for 2 days. The culture
supernatants were harvested by centrifugation at 4,724 g, 4 °C, 15 min for further use as crude lipase. The
appropriate amount of crude lipase was assayed for lipase activity against 0.4 mM p-nitrophenyl palmitate
(pNPP) (dissolved in propanol-2-ol) in 50 mM Tris-HCL buffer, pH 8.0 at 37°C, 15 min (adapted from
Dheeman et al. (2011) [8]). The reaction was terminated by adding 1.0 M Na2C03. The absorbance of
p-nitrophenol (pNP) released from the reaction was measured at 410 nm by using a Spectrophotometer
(Thermo Scientific, USA), and compared with a standard curve of pNP. One unit of lipase activity is
defined as the amount of enzyme which released 1 pmol of pNP per min under the assay conditions. All
enzyme assays were carried out in triplicate. Protein concentration was determined by the dye-binding
assay (Protein Assay Reagent Kit; Bio-Rad, USA) [9] and compared with a standard curve of bovine serum
albumin. Specific activity was calculated based on the ratio of lipase activity to protein concentration.
4. Factors Affecting Lipase Production

The starter culture of the selected bacterial isolate was prepared in Luria-Bertani medium
(1% tryptone, 0.5% yeast extract, and 0.5% NaCl) at 35°C, 200 rpm, for 16 h. Effect of culture conditions
on lipase production was studied in a basal medium (0.2% glucose, 0.5% tryptone, 0.01% MgSO4.7H20,
and 0.1% KzHPOA) and cultured at 35°C, 200 rpm for 48 h. Seven vegetable oils including palm oil, olive
oil, sunflower seed oil, soybean oil, coconut oil, sesame oil, and canola oil, were chosen to study the effect

of carbon source at a 2% concentration. Then, 7 nitrogen sources including peptone, tryptone, yeast extract,
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glycine, urea, ammonium sulfate, and ammonium chloride were chosen to study the effect of nitrogen
source at a 0.5% concentration. Afterward, the optimal concentrations of the selected carbon and nitrogen
sources were studied. These optimal conditions were used to study the optimum rotational speed for lipase
production. Finally, cell dry weight and lipase activity were determined periodically up to 96 h for evaluating
the effect of the cultivation time. All of the above experiments were performed in triplicate.
5. Wastewater Treatment

Two types of lipid-containing wastewaters, which were synthetic wastewater medium (1% palm
oil, 0.06% peptone, 0.04% beef extract, 0.01% urea, 0.01% NaZHPO4, 0.003% NaCl, 0.0014% CaClz,
0.0014% KCI, and 0.001% MgSO4), and wastewater contaminated with fat from a wastewater treatment
system in Phuket, were used to study bacterial ability in hydrolyzing lipid-rich wastewater. One percent
of the starter culture was inoculated into these wastewaters and cultured at 35°C and 150 rpm for 120 h,
adapted from Matsumiya et al. (2007) and Rungreang & Pattanapipitpaisal (2011) [10-11]. The culture
medium was taken at 0, 24,48, 72, 96, and 120 h for the estimation of biochemical oxygen demand (BODS)
as described by Mongkolthanaruk and Dharmsthiti (2002) [6]. Each experiment was carried out in triplicate.

Results and Discussion
1. Selection of Lipase Producing Bacteria
Enrichment culture of 11 soil samples (S1-S11) were screened for lipase producing bacteria on
tributyrin agar supplemented with 1% palm oil. Based on clear zone production, 47 bacterial isolates were
considered as lipase producing bacteria (data not shown). Among them, 9 bacterial isolates with a high

enzyme activity index were chosen for lipase activity assay (Table 1).

Table 1 The chosen lipase producing bacteria from soil samples contaminated with oil or petrol-spilled

Zone of Zone of the Enzyme activity
Isolate Number Sampling site
hydrolysis (mm) colony (mm) index
PKRU-3 S1 3.10 1.2 2.58
PKRU-9 S1 3.20 1.3 2.46
PKRU-17 S3 3.40 1.78 1.91
PKRU-19 S4 7.10 2.01 3.53
PKRU-24 S6 3.20 1.58 2.03
PKRU-31 S8 3.78 0.9 4.20
PKRU-34 S9 7.58 2.4 3.16
PKRU-40 S10 5.60 2.1 2.67

PKRU-44 S11 2.60 0.9 2.89
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Lipase producing bacteria were found in soil samples of all sampling sites with different enzyme activity
index. Therefore, cooking oil and petrol-contaminated soils provide a suitable environment for inducing
lipase production. The low value of the enzyme activity index obtained in this study is due to the complex
fatty acid compositions of palm oil.
2. Lipase Activity Screening

Crude lipases from 9 chosen bacterial isolates were tested for lipase activity against the pNPP
substrate. Among them, PKRU-9 showed the highest lipase activity (Fig. 1). Therefore, PKRU-9 was
selected to study its optimal conditions for lipase production and its ability to hydrolyze wastewater
containing lipid. The PKRU-9 was a gram-positive bacterium with a short rod shape. It exhibited circular
form, entire margin, convex elevation, yellow color, and small size when grown on a nutrient agar plate

(data not shown).
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Figure 1 Lipase activity of 9 chosen bacterial isolates after cultivated for 2 days at 35°C, 200 rpm in a

liquid medium. Values are means (n = 3) and the error bars represent + standard deviation of the mean.

3. Effect of Culture Condition for Lipase Production
3.1 Effect of Carbon and Nitrogen Sources

Seven vegetable oils were used as carbon sources in basal medium to determine the maximum
lipase activity from PKRU-9 isolate. The specific activity values revealed soybean oil as the best carbon
source for lipase production from PKRU-9 (Fig.2a). Olive oil has been reported as one of the best inducers
for bacterial lipase production [2]. In this study, olive oil induced lipase production during the first 24h
as a high amount as soybean oil. However, after 24h, lipase production in culture medium supplemented
with olive oil decreased, while it increased in the medium supplemented with soybean oil. As a result,
soybean oil was selected to study the effect of nitrogen source. Among the 7 nitrogen sources tested,
PKRU-9 utilized 0.5% yeast extract as the best nitrogen source for lipase production (Fig. 2b). The organic
nitrogen sources such as yeast extract, tryptone, and peptone were better used to induce lipase production
than the inorganic nitrogen sources. Moreover, yeast extract and peptone have generally been used for

lipase production. Consequently, yeast extract was selected as a nitrogen source for the following experiments.
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3.2 Effect of Carbon and Nitrogen Source Concentration

The concentration of yeast extract was varied from 0.2 to 0.6% in a basal medium containing
2% soybean oil. It was found that 0.5% yeast extract was the optimal concentration for lipase production
(Fig. 3a). Therefore, 0.5% yeast extract was selected to examine the optimal concentration of soybean oil
between 0.5 and 2.5%. There was almost no difference in specific activity when 1.0% to 2.0% soybean
oil were used (Fig. 3b). However, the value seemed to decrease when the concentrations of soybean oil
were 2.0% and 2.5%. As a result, 1.0% soybean oil was selected as the optimal concentration for lipase
production of PKRU-9. Previously, the optimal condition of lipase production by Pseudomonas sp. HCU2-1
was reported as the basal medium containing 2% wastewater from palm oil and 0.5% peptone [3]. However,

in this study, yeast extract induced lipase production from PKRU-9 better than peptone.
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Figure 2 Effect of carbon (a) and nitrogen (b) sources on lipase production by PKRU-9
in a basal medium at 35°C, 200 rpm for 24 and 48h. Values are means (n = 3) and the error bars

represent + standard deviation of the mean.



Isolation and Factors Affecting Lipase Production... ASEAN Journal of Scientific and Technological Reports
Thongpoo. P., 44 Vol.24(2) May - August 2021

60 ~

(a)

20 H

Specific activity (Unit/mg)

100 + W 24h
[ 48 h

50 H

Specific activity (Unit/mg)

0.5 1.0 1.5 2.0 2.5
% Soybean oil
Figure 3 Effect of yeast extract (a) and soybean oil (b) concentrations on lipase production by PKRU-9
in a basal medium at 35°C, 200 rpm for 24 and 48h. Values are means (n = 3) and the error bars

represent + standard deviation of the mean.

3.3 Effect of Rotational Speed
PKRU-9 was cultured in a basal medium containing 0.5% yeast extract and 1.0% soybean oil
at 35°C with varying rotational speed from 100 to 250 rpm. The optimal rotational speed for lipase
production was 200 rpm (Fig. 4). Speed higher than 200 rpm resulted in a decrease production of lipase
since higher rotational speed increases shear forces leading to a negative impact on cell growth and lipase

production [12].
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Figure 4 Effect of rotational speed on lipase production by PKRU-9 in a basal medium containing
0.5% yeast extract and 1.0% soybean oil at 35°C, 200 rpm for 24 and 48h. Values are means (n = 3)

and the error bars represent + standard deviation of the mean.

3.4 Effect of Cultivation Period
PKRU-9 was cultured in its optimal conditions for 96 h. Lipase production increased
simultaneously as cell growth, and still increasing until the cell was in the stationary phase (Fig. 5). The
highest lipase production was at 54h of cultivation, in which the cell was in the late stationary phase. Then,
the rate of lipase production gradually decreased when the cell entering the dead phase. The results are in
agreement with previous studies of bacterial lipase, which revealed maximum lipase production during

the stationary phase [13-15]
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Figure 5 Effect of cultivation period on the growth (line graph) and lipase activity (bar graph) of
PKRU-9 in a basal medium containing 0.5% yeast extract and 1.0% soybean oil at 35°C, 200 rpm.

Values are means (n = 3) and the error bars represent + standard deviation of the mean.
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3.5 Wastewater Treatment

The ability of PKRU-9 in the hydrolysis of lipid-containing wastewaters was estimated by the
BOD, values. PKRU-9 was able to decrease the BOD, values to 74% and 90% of its starting BOD, in
synthetic wastewater medium, and wastewater contaminated with fat, respectively (Fig. 6). The lowest
BOD, value was obtained on day 3 of treatment in both types of wastewaters. The BOD, value slightly
increased in the synthetic wastewater medium after 3 days however, remained constant in wastewater
contaminated with fat. This might be because PKRU-9 entered the death phase during days 4 and 5 of
cultivation. The rate of BOD, decreasing in wastewater contaminated with fat was higher than that of
synthetic wastewater due to the higher value of starting BOD, in synthetic wastewater. The application of
lipase in wastewater treatment was also done with the immobilized bacterial lipases [11]. They found that
the BOD, values of the immobilized lipase in synthetic wastewater and wastewater from the meat factory
were decreased around 51 to 64%. However, in this study, PKRU-9 was used directly to treat the wastewater.

Therefore, it can decrease the BOD, value higher than the immobilized lipase.
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Figure 6 Relative BOD, values after cultivated the PKRU-9 in synthetic wastewater medium, and
wastewater for 5 days at 35°C, 200 rpm. Values are means (n = 3) and

the error bars represent + standard deviation of the mean.

Conclusion
A lipase-producing bacterium, PKRU-9, isolated from oil-contaminated soil showed the highest
lipase activity among the other selected isolates. The maximum lipase production from PKRU-9 was
obtained in a basal medium containing 0.5% yeast extract and 0.5% soybean oil, and cultured at 35°C,
200 rpm. The PKRU-9 can be used to treat lipid-rich wastewater as a whole cell, which is more convenient
than using its enzyme. Further studies such as engineering the lipase gene for improved enzyme function,

are important to enhance the effectiveness of PKRU-9 in municipal wastewater treatment.
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Effect of Fermented Napier Grass Mixed with Acid Fermented Milk
Diet on Nile Tilapia in Cage Culture
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Abstract

Aquatic animal feed is a key to the growth of aquatic animals, and the raw materials affect
production costs. The use of fermented Napier grass mixed with acid fermented milk for Nile tilapia
(Oreochromis niloticus). After it was found that the weights of the fishes were increased. ,the daily weight
gain and specific growth rates were significantly different (p < 0.05). Among treatments the fish fed with
the fermented napier grass at the level of 10 percent had the highest body weight of 55.12 + 3.90 grams.
The survival rates and feed conversion rate were non-significantly different (p > 0.05). Therefore, it could
be concluded that the acid fermented milk diet mixed with fermented napier grass at the level of 10 percent

could be used for producing the feeds for Nile tilapia.
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Abstract

This research aims to study an inventory system for managing saline in four categories at a
community hospital. The objective is to conduct an Economic Order Quantity (EOQ) and Reorder Point
(ROP) to improve the saline inventory management system. Monte Carlo Simulation technique was applied
to analyze saline inventory management policies under uncertain demands, namely; s, Qmax(l), S, Qavg(Z),
S, Qmi“(3), T, Qmax(4), T, Qavg(S), T, Qmi“(6), T, S (7), and s, S(8). An optimization technique was used to
conduct the suitable policy of saline inventory management. The simulation results stated that the most
appropriate policy without affecting shortage and overstocking was s,Qmax policy. Moreover, the comparison
of each demand quantity (bottle) in each type of saline (A, B, C, and D) among the proposed policies
indicated that the s,Qmax policy yielded the lowest overstocking value compared to each demand in each
saline type equal to 0.20, 0.38, 0.32, and 0.37, respectively. This study can be applied to support the saline

inventory management at the community hospital more appropriately.

Keywords: Inventory Management System, Saline, Monte Carlo Simulation
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Abstract

This study investigated the effect of different sweet potato varieties as dietary pigment sources
on the coloration of Siamese Fighting Fish (Betta splendens). The experiment was conducted as a completely
randomized design (CRD) with four treatments and three replicates. The experimental feed consisted of;
control feed, 5% orange sweet potato (OrSP), 5% yellow sweet potato (YeSP) and 5% purple sweet potato
(PuSP). The experimental feeds were formulated with 31.18-32.01 % crude protein, 6.73 - 7.04 % crude fat
and total carotenoids in control, OrSP, YeSP and PuSP were 15.63, 42.61, 38.79 and 32.32 mg/kg, respectively.
Two-month male fishes were obtained from a reliable commercial farm and acclimated to the rearing
environment. After the 8 weeks rearing period, the results showed that the final average weight, final
average length, average daily gain, weight gain, specific growth rate and feed conversion ratio (FCR) were
not significantly different between treatment groups (p > 0.05). However, dietary supplementation with
sweet potato affected the color expression and carotenoid accumulation by Betta splendens. The lightness
(L*) of fish fed with the control feed showed the highest value (p < 0.05). The redness (a*) of fish fed with
5% OrSP and 5% YeSP was higher than in the other treatments (p < 0.05) and the yellowness (b*) of fish
fed with 5% OrSP showed higher values than in the other groups (p < 0.05). The results of carotenoid
accumulation in each organ increased in all treatment groups. After 8 weeks, the fish fed with 5% OrSP
showed the highest carotenoid accumulation in skin and scale, dorsal fin, anal fin and caudal fin as

compared to the other groups (p < 0.05).

Keywords: Betta splendens, Sweet Potato, Pigment, Growth Performance, Color Expression

Introduction

Ornamental fish culture generates huge income for Thailand and in April 2018, the export value
of ornamental aquatic animals via Suvarnabhumi airport was approximately 55 million baht. The Siamese
fighting fish has the highest export volume of 1,654,577 units worth 14,629,993.24 baht [1]. The Siamese
fighting fish (Betta splendens Regan, 1910) is a freshwater fish that is distributed in all regions of Thailand
and is especially heavily cultured in the Nakhon Pathom province. The fish are easy to raise, can tolerate
rapid diurnal temperature changes and live in habitats with low oxygen availability [2]. Therefore, it has
continued to gain popularity. Siamese fighting fish are sexually dimorphic in both weight and size with
males being heavier and bigger than females. Male’ fins are long and colorful, while the female fish are
usually smaller, shorter and the color is fierce than males [2, 3]. The size of the fish and their color expression
are important factors in determining the purchase price of ornamental fish. Color expression in the skin,
scales and fins, especially red coloration is caused by carotenoids and depends on many factors such as
age, phenotype and interaction between age and phenotype [3] Nowadays, dietary pigments are added as

a source of pigment stimulation in ornamental fish. Amongst the dietary additives are synthetic and natural
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raw materials such as Spirulina sp. and Chorococcum sp. in Siamese fighting fish feed, synthetic astaxanthin
in blood parrot cichlid feed, synthetic carotenoids in Spine-cheek anemone fish feed and ripe papaya,
carrot, sweet potato and tomato in Goldfish feed [3 - 8].

Sweet potato (I[pomoea batatas L.) is the seventh most important crop in the world. It has been
consumed as a secondary plant food after rice, corn, potatoes and cassava and was found to have high
nutritional value such as protein, carbohydrates, fiber, as well as iron and potassium, vitamins A and C.
Later, it has been used in the animal feed industry [9] In addition to the above nutrients, sweet potatoes
are a source of pigments which vary depending on the type of sweet potato such as carotenoid, flavonoid
and chlorophyll. Carotenoids consist of carotene and xanthophyll derivatives. The flavonoids contain many
types of pigments such as anthocyanin, flavone, catechin and flavonols. Yellow and orange sweet potato
varieties are found to contain large amounts of carotene. While, red and purple sweet potatoes are found
to be high in anthocyanin [10] Therefore, the objective of this study was to investigate the effect of different
sweet potato varieties that may be suitable for stimulating color expression, carotenoids accumulation,

growth performance, feed efficiency and survival rate of Betta splendens.

Materials and Methodology

Experimental Design and Treatments

Two-month old male fish were obtained from a reliable commercial farm and acclimatized to
the rearing environment for a week prior to feeding the experimental feeds. Fish were randomly distributed,
1 fish to each clear plastic bottle. The experiment was designed as a Completely randomized design (CRD)
with 4 treatments and 3 replicates (25 fishes per replication). The 4 treatments were T1: commercial feed
(32.01 %protein, control), T2: commercial feed with 5% orange sweet potato (OrSP), T3: commercial feed
with 5% yellow sweet potato (YeSP) and T4: commercial feed with 5% purple sweet potato (PuSP). The
fish were fed until full 3 times/day and the duration of this experiment was 8 weeks.
Experimental Feed Preparation

Sweet potatoes were washed, cleaned and cut into small pieces measuring 0.3-0.5 cm, then dried
in a hot air oven at 65 °C for 12 hr. After cooling, sweet potatoes were ground and keep at 4 °C until use
in feed production. The commercial feed (30 % protein) was ground and mixed with sweet potatoes according
to the experimental design. The experimental feeds were pelleted and dried in a hot air oven at 65 °C for
12 hr. The feeds were analyzed for chemical composition using proximate analysis [11]and total carotenoids

(mg/kg) [13] with the results presented in Table 1.
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Table 1 Proximate composition (%) and total carotenoid (mg/kg) of experimental feeds (as dry basis)

Composition (%) Control Feed OrSP 5% YeSP 5% PuSP 5%
Crude Protein 32.01 £0.08 3125+0.14 31.18 £0.02 31.30 £ 0.04
Fat 7.04 +£0.03 6.73 £0.02 6.81 £0.02 6.85+0.02
Ash 9.51+0.02 9.68 +0.04 9.62+0.02 9.54+0.03
Fiber 447 +0.04 454 +0.01 458 +0.01 458 +0.03
Moisture 6.65+0.02 6.60 +=0.03 6.57+0.01 6.58 £0.02
Total Carotenoid (mg/kg) 15.63 £0.03 42.61 £0.05 38.79 £0.04 3232+0.03

Data represent as mean = SD.
Data Collection

Growth performance parameters were recorded and calculated according to the method of Goddard
[12]. The experimental fish were weighed every two weeks until the end of experiment to determine growth
performance, survival rate and feed utilization following: weight gain, average daily gain, specific growth
rate, and feed conversion ratio. Color expression of fishes were assessed with the Color Reader Model,
CR10 by CIE system (to measure values for lightness (L*), redness (a*) and yellowness (b*)). Carotenoid
accumulation in scale and skin, dorsal fin, anal fin and caudal fin were conducted follow the method of
Britton et al. [13]
Statistical Analysis

Mean values and standard deviations (S.D.) were calculated from the results. One-way analysis
of variance (ANOVA) was applied for comparison of the mean values. Duncan’s New Multiple Range
Test (DMRT) was used to compare means. Differences between means were considered to be significant

at a level of p < 0.05, indicated by different indices in the results’ table.

Results and Discussion

Growth Performance

Growth performance of Betta splendens fed with experimental feeds consisting of; control feed,
5% orange sweet potato (OrSP), 5% yellow sweet potato (YeSP) and 5% purple sweet potato (PuSP) for 8
weeks are shown in Table 2. The results show that final weight, final length, weight grain, average daily
gain and specific growth rate were not significantly different between treatments (p > 0.05). Feed utilization
in term of feed conversion ratio (FCR) were not significantly different between treatments (p > 0.05). Excellent
survival, at 100 %, was observed in all dietary treatments. This may be due to the enhancement of colorants
for the purpose of accelerating the skin color of fishes not significantly affecting the nutritional level of

the feed. Therefore, all experimental feed formulae have the same nutritional levels. This is consistent with
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the enhancement of colorants from other pigment sources in aquaculture feeds such as ripe papaya, carrot,
orange sweet potato, purple sweet potato and beetroot in goldfish (Carassius auratus) feed [5, 8], astaxanthin
in blood parrot cichlid feed [6], supplementation of Phafia rhodozyma, Paracoccus sp. and Haematococcus
pluviallis in fancy carp [14] and supplementation with synthetic carotenoids in spine-cheek anemone fish

(Premnas biaculeatus) and clownfish (Amphiprion ocellaris) [7, 15].

Table 2 Growth performance of Betta splendens fed with experimental feeds for 8 weeks

Control Feed 5%OrSP 5%YeSP 5%PuSP
Performance p-value
(T1) (T2) (T3) (T4)

Initial Weight (g/fish) 0.68+0.02 0.70+0.01 0.68+0.01 0.66+0.04 0.366
Initial Length (cm/fish) 5.68+0.07 5.70+0.08 5.66+0.03 5.61+0.03 0.336
Final Weight (g/fish) 1.25+£0.02 1.27£0.01 1.26+0.02 1.26+0.03 0.604
Final Length (cm/fish) 637+0.20 6.08+0.27 637+0.20 6.11+0.29 0.351
Average Daily Gain (g/fish/day) 0.01£0.00 0.01 £0.00 0.01 £0.00 0.01 +0.00 0.751
Weight Gain (g/fish) 1.52+£0.13 1.46+0.08 1.52+0.02 1.61+0.17 0.503
Specific Growth Rate (%/day) 1.10£0.07 1.07+0.04 1.10£0.01 1.14+0.09 0.516
Feed Conversion Ratio (FCR) 1.94+0.08 2.15+0.16 2.09+0.12 2.10+0.09 0.205

Survival Rate (%) 100.00 +£0.0 100.00+0.0 100.00+0.0 100.00 £ 0.0

Data represent as mean + SD. Different superscripts in the same row indicate significant differences

atp < 0.05.

Color Expression

The result of color expression of fish is shown in Table 3. The initial of lightness (L*), redness
(a*) and yellowness (b*) were not significantly different between treatment groups (p > 0.05). However,
variation in the color expression was detected in week 4 of the experiment and increased during the rearing
period. By 8 weeks of the experiment, the fish fed with control feed had higher L* than the other groups
(p < 0.05). While, the fish fed with 5% OrSP and 5% Y eSP showed a higher a* than the other groups (p < 0.05).
Further, the b* of fishes fed 5% OrSP was higher than all treatment groups (p < 0.05). These results are in
accordance with previous studies carried out with supplementation of ripe papaya in goldfish (Carassius
auratus) feed. Ponza et al. (2018) [5] reported that the a* and b* of goldfish fed with ripe papaya was increased
after 6 weeks of experiment diets and it was higher than the control group (p < 0.05), while the control
group showed a higher L* than the treatment group supplemented with ripe papaya (p < 0.05). According
to the study of Sornsupharp (2018) [8], goldfish fed with pumpkin and purple sweet potato had chroma in
goldfish skin higher than goldfish fed with a control feed (p < 0.05).
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Table 3 Lightness, redness and yellowness on skin of Betta splendens fed with different experimental feeds

Rearing
. Control Feed 5% OrSP 5% YeSP 5% PuSP
Period Parameters p-value
(weeks) (T1) (T2) (T3) (T4)
0 Lightness (L*)  24.41+0.30 24.52+0.22 24.74+0.42 2446+046 0.714
Redness (a*) 9.48 £0.16 932+0.34 935+0.12 9.42+0.25 0.858
Yellowness (b*)  3.60 +0.39 3.61£0.17 3.65+0.18 3.43+0.30 0.778
4 Lightness (L*)  25.46+0.42° 25.75+0.34" 25.84+0.28" 24.23+0.28"  0.001
Redness (a*) 1020+ 0.10°  11.63£0.27° 11.13£0.05° 10.05+0.10° <0.001
Yellowness (b*)  3.56+£0.27° 4.72+0.14° 4.89+0.05° 3.17+0.15° <0.001
8 Lightness (L*)  25.95+0.26" 24.86+0.20" 24.76 £ 0.20° 24.42+0.48" <0.001

Redness (a*)  11.15+0.07° 12.96+0.45" 12.50+0.17° 11.24+0.06° <0.001

Yellowness (b*)  4.32+0.20"  7.55+047° 541+040" 457027 <0.001

Data represent as mean + SD. Different superscripts in the same row indicate significant differences

atp < 0.05.

Carotenoid Accumulation

The results of carotenoid accumulation show that total carotenoid (mg/kg) of fish at the start of
the trial was not significantly different between treatments (p > 0.05). After 4 weeks of the rearing period,
carotenoid accumulation in each organ was increased in all treatment groups. The fish fed with 5% OrSP
showed the higher carotenoid accumulation in skin and scale, dorsal fin, anal fin and caudal fin than
the other groups (p < 0.05). Carotenoid accumulation in skin and scale showed the highest value of
25.97 £ 0.22 mg/kg. After 8 weeks of experiments, the results for carotenoid accumulation in each organ
increased in all treatment groups. The fish fed with 5% OrSP showed the higher carotenoid accumulation
in skin and scale, dorsal fin, anal fin and caudal fin compared to the other groups (p < 0.05). The results showed
highest values in skin and scale followed by anal fin, caudal fin and dorsal fin with values of 34.93 £ 0.29,
29.95+0.43,29.87 +0.39 and 26.53 £+ 0.55 mg/kg respectively (Table 4). A similar result to this study has
been reported by Thongprajukaew et al. (2012) [4], who observed that Betta splendens had the highest
carotenoid accumulation in muscle (44-51%) followed by skin, caudal fin, anal fin, dorsal fin, pelvic fins
and pectoral fins, respectively. The present results show that Betta splendens can use and accumulate the
carotenoids in orange and yellow sweet potatoes. The carotenoids found in fruits and vegetables have
orange, yellow, red and green pigments. This includes algae and photosynthetic microorganisms [16, 17].
While the purple sweet potato is high in anthocyanin pigment which gives red, purple and blue colors and

the expression of red, violet or blue varies with pH and temperature. It is unstable and easy to change in
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structure [10]. According to Clotfelter et al. (2007) [18], who reported that the red coloration of Betta splendens
is due to carotenoids and the color concentration in the fins has a higher red phenotype than the blue
phenotype. Additionally, fish color expression from exposure to carotenoids is often associated with
other factors such as genetics, age (reproductive age) and sex. These factors control the color expression,
color distribution and pigment density of fish [19, 4]. Wallbrunn (1957) [20] reported that the color on skin
and scale of Betta splendens was controlled by an iridescence pigment gene, pigment density gene and
the genes that define the melanin. However, each fish species is unique and has the ability to utilize carotenoids

as well as accumulate in organs depending on the species digestion and absorption capacity [21]

Table 4 Carotenoid accumulation (mg/kg) in each organ of Betta splendens fed with different experimental feeds

Rearing
Control Feed 5% OrSP 5% YeSP 5% PuSP
Period Organs p-value
(T1) (T2) (T3) (T4
(weeks)
0 Skin and Scale 13.41+0.18 1353+0.13 13.41+0.12 1345+0.27 0.851
Dorsal Fin ~ 11.50+023 11.44+0.18 11.57+0.04 11.49+0.18 0.847
Anal Fin 1037+020 1036+023 1043+020 1038+0.13 0.968
Caudal Fin 9.02+0.06 920+0.06 929+0.11 9.19+0.05 0.367
4 Skin and Scale 15.78 +0.30* 25.97 £0.22° 2127 £0.35° 17.02+£029" <0.001
Dorsal Fin ~ 14.05 +0.33" 20.60 £ 0.44° 16.90 £ 0.66° 16.00+0.19" <0.001
Anal Fin 12.59 +0.42° 22.18 £0.38° 16.60 £0.16" 12.81 £0.17° <0.001
Caudal Fin ~ 11.37 £0.05* 21.93 +£0.32° 18.46 +045° 1247+0.13"° <0.001
8 Skin and Scale 22.64 +0.68" 34.93 +0.29° 29.63 =£0.96° 24.71 £0.36° <0.001

Dorsal Fin ~ 14.60 +£0.32" 26.53 +£0.55° 23.01 £0.70° 22.37+030° <0.001
Anal Fin ~ 14.61 £0.27" 29.95+043% 2542 +047° 1941+095° <0.001

Caudal Fin ~ 13.52+0.27" 29.87 +0.39° 2543 +1.26° 19.03+043" <0.001

Data represent as mean + SD. Different superscripts in the same row indicate significant differences

atp < 0.05.

Supplementation with sweet potato in ornamental fish feed can stimulate color expression and
total carotenoids accumulation in fish. It also has antioxidant properties, is a source of vitamin A, iron,
calcium and phosphorus, and can improve the immune system and resist bacteria which can cause disease
[22]. In addition, the color enhancer for ornamental fish can also be used for living feed and other raw
materials such as Spirulina sp., Chlorella vulgaris, Haematococcus pluvialis, fairy shrimp (Beanchinella

thandensis) [23, 24] and synthetic pigments such as chlorophyll, carotenoid and astaxanthin [25, 7, 26].



ASEAN Journal of Scientific and Technological Reports Utilization of Sweet Potato as Pigment Source ...
Vol.24(2) May - August 2021 77 Kattakdad. S., et al.

Conclusion
Supplementation with orange, yellow and purple sweet potato in Betta splendens diets showed
non-significant differences in growth performance, feed conversion ratio and survival rate but affected
color expression and carotenoid accumulation. The fish fed with orange sweet potato had the highest
yellowness and fish fed orange and yellow sweet potato had highest redness, while the fish fed with control
feed, without sweet potato supplementation had higher lightness than the treatment groups. Regarding
carotenoid accumulation, the fish fed with orange sweet potato showed the highest carotenoid accumulation

in skin and scale, dorsal fin, anal fin and caudal fin.
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Abstract
In this research, the preparation of carbon powder from molasses, a by-product of the sugar
production process or agricultural wastes, was studied as filler in natural rubber. The carbon powder from
molasses or molasses black (MB) was subsequently activated using 1:4 by weight (MB: KOH) using
heating energy from microwave radiation and comparing with the electrically heating furnace. The result

showed the surface area and total pore volume of MB activated by microwave radiation (MB KOH Wave)
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are clearly enhanced comparable with those activated using an electrically heating furnace. All of KOH-
activated MB were used as filler in NR in the amount of 10 phr. It was found that MB KOH Wave filled
NR obviously shows the improvement in cure characteristic, tensile properties, tear strength and swelling

resistance of NR vulcanizate and is close with that of filled with carbon black (CB).

Keywords: Molasses, Carbon Powder, Microwave, Filler, Natural Rubber
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Total Pore Volume (cm3/g) 0.0060 23.55 0.39
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Abstract
Cross benzoin condensation using room temperature ionic liquids, namely 1-butyl-3-
methylimidazolium bromide ([Bmim][Br]), acted as catalyzed and a solvent under NaOH base condition
to afford desired cross-benzoin products 4a-i in satistactory yields (60-70%.) Homo-benzoin condensation

5a-d and 6a also were occurred as side reactions in 9-18% yields.
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Introduction
Reactions catalyzed by N-heterocyclic carbenes (NHCs) were known long before the first isolation
and characterization of a stabilized carbene [1]. Thiamine, or vitamin B1, shown as its chloride salt, has
been known as a catalyst for the benzoin reaction for over 50 years and was the first known NHC
organocatalyst. The mode of action for thiamine in the benzoin reaction was elucidated by Breslow in
1958 that the thiazol-2-ylidene, presented after deprotonation of the precursor thiazolium salt, was the
active catalyst [1]. The postulated catalytic cycle analogous to the previously known cyanide-catalyzed

synthesis of benzoins is shown in Figure 1 [2].

Thiamine

base

7} 1
H Ph
benzoin A'\/
Me X \
" Thiazol-2-ylidene H
Ar.
~ ®\
Q ron H
Ph @

g T /

0
H)k}’h
\/ I
HO Ph

Breslow intermediate

Figure 1. Catalytic cycle of the benzoin condensation proposed by R. Breslow

Cross benzoin condensation is one of the oldest C-C bond forming reactions between aldehydes
and aldehydes in organic chemistry and has been developed for classical organic synthesis using cyanide

ion including thaiazolium and imidazolium catalyst as show in Figure 2.
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Figure 2. Structure of catalyzed thiazolium and imidazolium salts for the cross benzoin condensation

Recently, room temperature ionic liquids [RTILs], namely 1-butyl-3-methylimidazolium bromide
[Bmim][Br] has attracted growing attention because of their unique features such as nonvolatility, thermal
stability and variability with respect to the choice of organic cations, anions and side-chain attached to the
organic cation. As neoteric solvents instead of conventional organic solvents. [Bmim][Br] has been used
in many organic reactions to synthesis various important compounds such as 3-methyl-1,4-diphenyl-
1,4,5,7-tetrahydro-pyrazolo[3,4-d]pyrimidine-6-ones/thiones [3], aryl nitrile [4], 0i-aminonitriles [5], of
2-methyl-4-phenylpyrano[3, 2-c] chromen-5(4H)-one and warfarin [6] and Stetter reaction as illustrated
in Scheme 1-5 [7].

Ar
) Me NH
X o] [Bmim][Br]
S G I~
—ph * HNT SNH, T A H ~
Me” SN 2 2 g Phthalimide-N-sulfonic acid N H
Ly
X=0,8
86-95%

Ar= CgH,, 4CIC H,, 4FCH, 4NO,CH,
4BrCH,, 3NO,CH,, 3BrCH,,
4MeCgH,, 4-MeOC H,

Scheme 1 Synthesis of 3-methyl-1,4-diphenyl-1,4,5,7-tetrahydro-pyrazolo[3,4-d]pyrimidine-6-ones/thiones

OH
N7 ~
[Bmim][Br]
| 80 °C
Ar H Ar—C=N
TiCl;0Tf
Ar = aromatic hydrocarbon 83-96%

Scheme 2 Synthesis of aryl nitriles

CN
) [Bmim]Br, r.t. IJ\ R2
R!COH + (CH;3);SiCN+R?*—NH, ———————» R N~
Sonication, H
5-30 min
Rland R? = aliphatic or aromatic hydrocarbon 80-93%

Scheme 3 Synthesis of a-aminonitriles
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Scheme 4 Synthesis of warfarin

Z O
Bmim]Br
ArCOH + ’ % )k/\
NaOH, 80°C Ar Z
Ar = CgHs, 4-MeCgHy Z=CN; 60-76%
4-CICHs, 4-CH,N Z=CO,Et; 51-64%

Scheme 5 Stetter reaction [Bmim]Br as solvent and precatalyst

In our group, much attention has been paid for the synthesis and applications of 1-butyl-3-
methylimidazolium bromide [Bmim]Br in organic synthesis. In our previous reports, Benzoin condensation
[8] and Stetter reaction catalysed by N,N-dimethylbenzimidazolium iodide and NaOH were successfully
performed in neutral ionic liquid [bmim][PFé] [9] including Stetter reaction catalysed by N,N-
dimethylbenzimidazolium iodide in [Bmim][OH] [10] and Stetter reaction catalysed and reaction medium
by 1-Butyl-3-methylimidazolium bromide [7]. As part of our continuing interest in carrying out reaction
in [Bmim]Br as green solvent and catalyst, our new approach reported herein involved the use of [Bmim]

Br as reaction medium for Cross benzoin condensation.

Materials and Methodology
Materials were used as received from commercial sources. Melting points were determined with
a Sanyo Gallenkamp apparatus and compared with those of known samples. IR spectra were recorded on
a Shimadzu spectrometer. The 'H and C NMR spectra were recorded in CDCl3 and obtained using a

VARIAN MERCURY plus (400 MHz FT-NMR).

General Procedure for the Cross Benzoin Condensation

A mixture of [Bmim][Br] (3) (1.0 mmol) and NaOH (0.2 mmol) were added different of aromatic
aldehydes in ratio 1:1 (1.0 mmol) at room temperature. The temperature was raised to 80 °C and the
resulting mixture was stirred for 2.5-5.0 h. After completion of the reaction, as indicated by TLC (100%
dichloromethane), the reaction mixture was extracted with EtOAc (3 x 80 mL). The combined organic
extract was dried (anh. NaZSO4) and the solvent was removed under reduced pressure. The residue was
purified using preparative thin layer chromatography on silica gel with dichloromethane as eluant. The

purified cross-benzoin condensation products 4a-i, homo-benzoin condensation products 5a-d and 6a with
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their physical data were listed below.

4-Chloro-4'-methylbenzoin (4a) was obtained as a yellow liquid; IR A\ 3440, 3024, 2985,
2943, 1668, 1609, 1584, 1451, 1238, 1165 and 1098 cm’; 'HNMR 8 7.85 (2H, d, J = 8.0 Hz, 2-H and 6-H),
7.28-7.34 (4H, m, 3-H, 5-H, 2'-H and 6'-H), 6.84 (2H, d, J = 8.0 Hz, 3'-H and 5'-H), 5.76 (1H, s, CH)

and 2.43 (3H, s, CH}); "CNMR & 21.4,75.9, 114.1, 126.2, 129.1, 129.5, 132.5, 135.3, 138.4, 164.6
and 196.4.

4-Chloro-4'-methoxybenzoin (4b) was obtained as a yellow liquid; IR V  : 3432, 3030, 2980,
2923, 1663, 1602, 1574, 1423, 1258, 1173 and 1082 cm™; '"H NMR & 7.88 (2H, d, J = 8.8 Hz, 2-H and 6-H),
7.25-7.30 (4H, m, 3-H, 5-H, 2'-H and 6'-H), 6.87 (2H, d, J = 8.8 Hz, 3'-H and 5'-H), 5.86 (1H, s, CH)

and 3.83 (3H, s, OCH}); BC NMR § 55.5, 74.9, 114.0, 126.0, 129.0, 129.3, 131.5, 134.4, 138.1, 164.2
and 196.8.

4-Methyl-4'-methoxybenzoin (4¢) was obtained as a yellow liquid; IR v 3424, 3053, 2959,
2929, 1678, 1612, 1594, 1450, 1222, 1140 and 1053 cm™; '"H NMR & 7.80 (2H, d, J = 7.8 Hz, 3-H and 5-H),
7.35(2H, d,J=8.0 Hz, 2'-H and 6'-H), 7.29 (2H, d, J = 8.0 Hz, 3'-H and 5'-H), 6.78 (2H, d, /= 7.8 Hz,
J=8.4Hz, 2-H and 6-H), 5.79 (1H, s, CH), 3.83 (3H, s, OCH ) and 2.4 (3H, s, CH ); "C NMR 3 21.1,
55.2,74.3,114.3,125.2,129.1, 129.2, 133.1, 134.9, 138.1, 164.7 and 196.5.



Tonic Liquid 1-Butyl-3-methylimidazolium Bromide... ASEAN Journal of Scientific and Technological Reports
Phungpis. B., et al. 96 Vol.24(2) May - August 2021

4-Methoxybenzoin (4d) was obtained as a yellow liquid; IR Vmaxz 3428,3013,2991, 2839, 1673,
1597, 1411, 1233, 1173 and 1065 cm™; '"H NMR § 7.89 (2H, d, J = 8.4 Hz, 2-H and 6-H), 7.28-7.33
(4H, m, 2"-H, 3'-H,4'-H , 5'-H, and 6'-H), 7.08 (2H, d, J = 8.4 Hz, 3-H and 5-H), 6.24 (1H, s, CH) and
3.81 (3H,s,0CH); “CNMR § 55.8,85.2, 114.2,127.6, 129.0, 129.2, 129.6, 129.8, 136.6, 158.1 and 192.8.

4-Methylbenzoin (4e) was obtained as a yellow liquid; IR Vmaxz 3398, 3043, 2976, 2844, 1667,
1577, 1431, 1230, 1143 and 1085 cm™; '"H NMR & 7.49 (2H, d, J = 8.8 Hz, 3-H and 5-H), 7.25-7.31 (4H,
m, 2"-H, 3'-H, 4'-H , 5'-H, and 6'-H), 6.98 (2H, d, J = 8.8 Hz, 3-H and 5-H), 6.34 (1H, s, CH) and 2.24
(3H, s, CH}); “CNMR §21.3, 87.6, 127.6, 128.7, 128.8, 129.2, 129.6, 133.6, 136.7, 146.5 and 194.2.

4-Chlorobenzoin (4f) was obtained as a yellow liquid; IR v 3335, 3039, 2969, 2875, 1661,
1587, 1447, 1260, 1163 and 1029 cm™; '"H NMR & 8.04 (2H, d, J = 8.4 Hz, 2-H and 6-H), 7.68 (2H, d, J
= 8.8 Hz, 3-H and 5-H), 7.24-7.33 (4H, m, 2'-H, 3'-H, 4'-H , 5'-H, and 6'-H) and 6.37 (1H, s, CH); "C
NMR & 87.4, 127.6, 128.6, 129.1, 129.5, 130.1, 134.7, 136.7, 138.9 and 194.4.
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4-Nitro-4'-methylbenzoin (4g) was obtained as a yellow liquid; IR Vmax: 3415,3070,2957,2842,
1663, 1577, 1461, 1257, 1163 and 1041 cm™; '"H NMR & 8.54 (2H, d, J = 8.4 Hz, 3-H and 5-H), 8.32 (2H,
d,J=8.8 Hz, 2-H and 6-H), 7.25 (2H, d, J = 8.8 Hz, 2'-H, and 6'-H), 7.11 (2H, d, J = 8.4 Hz, 3'-H, and
5'-H), 6.39 (1H, s, CH) and 2.19 (3H, s, CH ); "C NMR § 21.3, 87.6, 123.8, 126.5, 129.4, 129.6, 133.4,
137.5, 140.9, 151.9 and 194.7.

4-Nitro-4'-methyoxybenzoin (4h) was obtained as a yellow liquid; IR A 3401, 3013, 2942,
2848, 1665, 1577, 1452, 1261, 1173 and 1030 cm™; 'H NMR § 8.57 (2H, d, J = 8.8 Hz, 3-H and 5-H),
8.36 (2H, d, J= 8.8 Hz, 2-H and 6-H), 7.29 (2H, d, J= 8.8 Hz, 2'-H, and 6'-H), 7.08 (2H, d, J = 8.4 Hz,
3'-H, and 5'-H), 6.38 (1H, s, CH) and 3.89 (3H, s, OCH3); “C NMR & 55.8, 87.9, 114.6, 123.7, 129.0,
129.8, 132.0, 141.7, 153.1, 159.2 and 195.1.

4-Nitro-4'-chlorobenzoin (4i) was obtained as a yellow liquid; IR Vo 3379, 3045, 2980, 2848,
1668, 1568, 1435, 1273, 1144 and 1052 cm™; '"H NMR & 8.52 (2H, d, J = 8.8 Hz, 3-H and 5-H), 8.34
(2H, d, J=8.8 Hz, 2-H and 6-H), 7.31 (2H, d, J= 8.8 Hz, 2'-H, and 6'-H), 7.12 (2H, d, J= 8.4 Hz, 3'-H,
and 5'-H) and 6.36 (1H, s, CH); "C NMR § 87.6, 124.2, 129.1, 129.7, 129.9, 133.4, 134.0, 142.7, 152.9
and 194.9

4,4'-Dichlorobenzoin (5a) was obtained as a white crystals; mp 87-88 °C (lit. 88 °C) [11]; IR
(KBr) v :3425,3091, 3072, 1689, 1674, 1590, 1488, 1401, 1252, 1093, 979 and 812 Cm-l; "H NMR
(CDCI}, 400 MHz) 6 7.75 2H, d, J = 8.4 Hz, 2-H and 6-H), 7.32 (2H, d, J = 8.4 Hz, 3-H and 5-H), 7.24
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(2H,d,J=8.4Hz,3'-Hand 5'-H), 7.18 (2H, d,J=8.4 Hz, 2'-H and 6'-H) and 5.81 (1H, s, CH); "C NMR
(CDC1) 8 75.5,129.0, 129.2, 129.4, 130.4, 131.5, 134.8, 137.1, 140.7 and 197.4.

OMe

4,4'-Dimethoxybenzoin (5b) was obtained as white crystals; mp 104-106 °C (lit. 105-108 °C)
[12]; IR (KBr) V_ :3464,3075,2919, 2842, 1666, 1598, 1465, 1314, 1267, 1170, 1022 and 828 cm™; 'H
NMR & 7.89 (2H, d, J= 8.8 Hz, 2-H and 6-H), 7.24 (2H, d, J = 8.8 Hz, 3-H and 5-H), 6.85 (2H, d, J=6.0
Hz, 2'-H and 6"-H), 6.83 (2H, d, J = 6.0 Hz, 3"-H and 5"-H), 5.85 (1H, s, CH), 3.81 (3H, s, OCH) and
3.74 (3H, s, OCH}); BCNMR § 55.2, 55.5, 75.2, 113.9, 114.5, 126.3, 129.0, 131.6, 131.8, 159.6, 164.0
and 197.3.

Benzoin (5¢) was obtained as white crystals; mp 134-136 °C (lit. 134-136 °C) [13]; IR (KBr)
Vv :3418,2935, 1678, 1597, 1450, 1341, 1207 and 757 cm; 'H NMR (CDCI , 400 MHz) 3:7.92 (2H,
d,J=8.0 Hz, 2- Hand 6-H), 7.53 (1H, t,J="7.6 Hz, 4-H), 7.39 (2H, t,J= 7.6 Hz, 3- H and 5-H), 7.25-7.32
(SH, m, 2"-H, 3'-H, 4'-H , 5'-H, and 6'-H), 5.96 (1H, s, CH), 4.52 (1H, br s, OH); "C NMR (CDCl ) &
76.1,127.7, 128.6, 128.7, 129.2, 133.6, 133.9, 139.1, 198.8.

4 4'-Dinitrobenzoin (5d) was obtained as a yellow liquid; IR Vmax: 3444,3055,2987,2856, 1667,
1571, 1433, 1263, 1155 and 1019 cm™; '"H NMR § 8.54 (2H, d, J = 8.8 Hz, 3-H and 5-H), 8.35 (2H, d, J
= 8.8 Hz, 2-H and 6-H), 8.29 (2H, d,J= 8.8 Hz, 3'-H, and 5'-H), 7.48 (2H, d,J= 8.4 Hz, 2'-H, and 6'-H)
and 6.34 (1H, s, CH); "C NMR & 87.4, 122.9, 124.1, 129.2, 131.1, 141.9, 142.0, 147.1, 152.4 and 194.8
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4,4'-Dimethylbenzoin (6a) was obtained as a white crystals; mp 73-75 °C (lit. 75-76 °C) [12];
IR (KBr) Vmax: 3458, 3030, 2921, 2865, 1673, 1607, 1512, 1409, 1387, 1277, 1178, 1077 and 722 cm’';
'HNMR § 7.81 (2H, d, J = 8.4 Hz, 2-H and 6-H), 7.21 (2H, d, J= 8.4 Hz, 3-H and 5-H), 7.18 (2H, d,
J=8.0Hz,2"-Hand 6'-H), 7.11 (2H, d,J = 8.0 Hz, 3'-H and 5"-H), 5.89 (1H, 5, CH), 2.35 (3H, s, CH )
and 2.28 (3H, s, CH}); C NMR (CDC13) 6 21.1,21.7,75.8, 127.6, 129.3, 129.4, 129.8, 131.0, 136.4,
138.3, 144.9 and 198.6.

Results and discussion
In this study, we conducted cross benzoin condensation employed 1 equivalent of aromatic
aldehydes as substrate. According to previous work, which report by Shekouhy’s group [5]. We began to
briefly examine an effective amount of [Bmim][Br] (3) for the nucleophilic coupling of 4-chlorobenzaldehyde
(1) with 4-methylbenzaldehyde (2) in the presence of 20 mol% of NaOH at 80 °C. Employment of 100
mol% of 1-butyl-3-methylimidazolium bromide (3) revealed the best result affording the cross-benzoin
4a as a major product in satisfactory 68% yield; Homo-benzoin 5a and 6a were obtained in 14 and 11%

yield as illustrated in Table 1, entry 3.

Table 1 Optimization condition for cross benzoin condensation between 4-chlorobenzaldehyde (1) and

4-methylbenzaldehyde (2) catalyzed by [Bmim][Br] (3) in the presence of NaOH at 80 °C

(62)

Entry Molar Ratio of Aldehydes Mol% of [Bmim][Br] %Yield %Yield %Yield

(1) and (2) 3) (4a) (5a2) (6a)
1 1:1 20 45 11 7
2 1:1 50 56 13 9

3 1:1 100 68 14 11
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Cross benzoin condensation between aromatic aldehydes 1, 2, 8 and 9 with aromatic aldehydes
1, 2, 7 and 8 under optimized conditions performed by [Bmim][Br] (3) as both solvent and precatalyst in
the presence of NaOH (20 mol%) to give satisfactorily yields of the cross-benzoin products 4b-i. The

isolated products of homo-aroins 5a-d and 6a were occurred as minor side products as illustrated in Table 2.

Table 2 Cross benzoin condensation between aromatic aldehydes 1a, 2a and aromatic aldehydes 7a

® Bu
] I}B ° o 0
(0] 0] N .
Me 3 NaOH (20 mol%) Ar2 Arl
+ > Ar! + Ar!
Ar! H Ar? H 80 °C )
1 2,7and9 1°2°7and 8 4bi OH H
5ad
O 5a: Ar' = 4-CIC(H,
Ar2 5b: Ar! =4-MeOCH,
+ Ar? Sc: Ar! = CH;
I 5d: Arl = 4-NO,C¢H,
6a: Ar? =4-MeCgH,
%Yield
Entry Ar' Ar?
Cross-benzoins Homo-benzoins

1 4-C1C6H4 1) 4-MeOC6H4 @) 70 (4b) 15 (5a) 12 (5b)
2 4-MeC6H4 ?2) 4-MeOC6H4 @) 60 (4¢) 14 (6a) 9 (5b)
3 4-MeOC6H4 @) CGH5 (8) 62 (4d) 11 (5b) 21 (5¢)
4 4-MeC6H4 @) CGH5 (8) 64 (4e) 9 (6a) 17 (5¢)
5 4-C1C6H4 1) CGH5 (8) 67 (4f) 18 (5a) 10 (5¢)
6 4-N02C6H4 9) 4-MeC6H4 ?2) 61 (4g) 9 (5d) 14 (6a)
7 4-N02C6H4 9) 4-MeOC6H4 @) 60 (4h) 7 (5d) 13 (5b)
8 4-N02C6H4 9) 4-C1C6H4 (1) 63 (4i) 11 (5d) 18 (5a)

Catalytic activity of 1-butyl-3-methylimidazolium bromide [Bmim][Br] (3) result from
deprotonation of the 2-H proton of imidazolium cation to give N-heterocyclic carbine 8 (NHC). Aldehyde
nucleophilic 1, 2, 7 and 9 attrack (1 equivalent) produced the adduct 9, which proton transfer leads to
Breslow intermediate. Subsequent 1 equivalent of nucleophilic addition to generated the adduct 10 which
can reverse to adduct 11. Transformation of adduct 10 by eliminate catalyst to give cross benzoin products

4a-i and regenerated the NHC catalyst 8 as shown in scheme 6.
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Scheme 6 Catalytic cycle for [Bmim][Br] (3) catalyzed the cross benzoin condensation

Conclusion
Cross benzoin condensation using by different of aromatic aldehydes catalyzed by 100 mol%
of 1-butyl-3-methylimidazolium bromide (3) was described. [Bmim][Br] acted as both solvent and catalyst
for green synthesis of cross benzoin 4a-i in the presence of NaOH (20%) as a additive base. Although
homo-benzoin products Sa-d and 6a occurred competitively. Finally, for the cross-benzoin condensation
is a simple synthetic method for affording cross-benzoin products 4a-i, homo-benzoin products 5a-d and

6a, which are important intermediates in synthesis of various natural and medicinal compounds.
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Matrix-matrix multiplication is a time-consuming operation in scientific and engineering

applications. When the matrix size is large, it will take a lot of computation time, resulting in slow software
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which is unacceptable in real-time applications. In this paper, 2D-tiling, loop unrolling, data padding,
OpenMP directives, and AVX512 intrinsics are utilized to increase the speed of matrix-matrix multiplication
on multi-core architectures. Our algorithm, tested on a Core 19-7900X machine, is more than two times
faster than the operations offered by the OpenBLAS and Eigen libraries for single and double precision
floating-point matrices. We also propose an equation for parameter tuning which allows our algorithm to

be adapted to process any size of matrix on CPUs with different cache organizations.

Keywords: AVXS512, OpenMP, 2D-tiling, Multicore Processing, Eigen, OpenBLAS

Introduction

Matrix-matrix multiplication is a time-consuming operation which can be addressed in several
ways. The hardware can be improved by switching to a faster CPU or utilizing an FPGA [1], or software
modification can be utilized alone, or some combinations of the two. For example, the utilization of a GPU
and its APIs can speed up processing [2] or distributing it among various machines [3]. In this paper, we
choose the second approach (software alone) because it is cheaper than the others, which is an important
consideration in our environment.

When a standard multiplication algorithm is utilized, as shown in Figure 1(a), the performance
can be very poor because most compilers cannot automatically parallelize this code efficiently among the
cores. Programmers avoid this problem by calling ready-made functions provided in standard arithmetic
libraries such as the Eigen [4] and OpenBLAS [5]. The latest versions of these libraries support AVX512
instructions [4], [5], but their performance decreases when the matrix size is large due to memory bottlenecks.
This is illustrated in Figure 2 which shows a block diagram for a modern x86 processor. Each core includes
adedicated small L1 data cache which allows it to run as quickly as possible. The L2 cache is also dedicated
to each core but is larger, and the L3 cache is shared between all the cores. Cache latency increases with
level, for example, the latencies of the L1, L2, and L3 caches for the Intel Skylake microarchitecture are
4, 12, and 42 clock cycles respectively [6]. The performance of multiplication utilizing these libraries is
highest when all the matrices are smaller than the L1 cache size, but crucially when the total space required
for both the sources and destination matrices is larger than the L3 cache, the performance is considerably
reduced due to memory bottlenecks.

In this paper, we utilize loop tiling to solve this problem, and employ AVX512 intrinsics to
further augment the speed of single and double precision floating-point multiplication. We have focused
on the AVX512 because tenth generation Intel processors support it, especially low price CPUs such as
the Core i3-1000G [7]. Loop unrolling is also utilized to increase the instruction level parallelism in each

processing core.
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Background and Related Work
Figure 1(a) shows the standard sequential algorithm for matrix-matrix multiplication, defined
as C = C+AxB. It requires 21’ arithmetic operations when 4, B, and C are square matrices of size nxn.

Each result in C, defined as C[i, j], can be expressed as shown in Equation (1).

n-1
Cli, /1= Cli, j1+ D Ali. k]* Bk, ] (M
k=0
Figure 1(b) is a modification of the code in Figure 1(a). The loop counter £ is divided by the constant

Tl, resulting in a division of matrices 4 and B into the tiles of size le1 and Tlxl respectively. Each result

of the modified code, defined as C[i, ], can be expressed as shown in Equation (2).

n/T,—1 KT+, -1
Cli, j1=Cli. j1+ >, >, (Ali,K1*B[K, j]) )
k=0  K=kT,

Equation (2) gives the same result as of Equation (1). The speed of the code in Figures 1(a) and
1(b) are not significantly different. However, if the k-loop is moved from its position and then be placed
between the j-loop and the i-loop, as shown in Figure 1(c), then the performance will be improved. The
B tile is reused for each increasing of the i variable, when it fits inside the cache, the main memory access
for the B tile is considerably reduced.

The performance is further improved by applying 2D-tiling, as shown in Figure 1(d). The loop
counter i is divided by the constant 7 - resulting in a division of matrices 4, B, and C into the tiles of size
TxT, Txland T 1 respectively. When the C tile is loaded, its adjacent data is also read into the cache
due to the cache mechanism. Let L be the cache line size, total memory of 7' L is read and then be placed
into the cache for the C tile of size T le. This adjacent data of the C tile is reused for each increasing of

the k variable, thereby increasing performance.
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for (int j=0; j<n; j++)
for (int i=0; i<n; i++)
for (int k=0; k<n; k++)
Clil[j] += A[k]*BLK][]:

for (int j=0; j<n; j++)
for (int i=0; i<n; i++)
for (int k=0; k<n/T,; k+=T))
for (int K=k; K<kT; K++)
Clil[j] += AGJK]*BIK][j];

(a)

(b)

for (int j=0; j<n; j++)
for (int k=0; k<n/T; k+=T))
for (int i=0; i<n; i++)
for (int K=k; K<kT;; K++)
Clillj] += AIKI*BIK][;

for (int j=0; j<n; j++)
for (int i=0; i<n/T; i+=T,)
for (int k=0; k<n/T;; k+=T)
for (int I=i; I<iT; [++)
for (int K=k; K<kT;; K++)
C[i][j] += ALKI*BIKIG]:

_ m512 a_line, bl_line, b2_line;
_ m512rl _line, r2_line, cl_line, c2_line;

#pragma omp parallel for private(a_line, bl_line, b2_line,
rl_line, r2_line, c1_line, c2_line)
for (intj = 0;j <n; j += (AVX512_SZ * 2)) {
for (inti=0;i<n;i+=T2) {
for (intk=0; k<n; k+=TI) {
for (int I=1; I <i+ T2; I++) {
rl_line=_mm512_setzero ps();
r2_line=_mm512_setzero_ps();
for (int K =k; K <k + T1; K++) {
a_line=_mm512_setl_ps(A[I][K]);

bl_line=_mm512_load_ps(&B[K][j]);

(© @

b2 line=_mm512_load_ps(&B[K][j + AVX512_SZ]);
rl_line= mm512 fmadd ps(a_line, bl line, rl_line);

inti, j, k, I, K;

#pragma omp parallel for (private i, k, I, K)
for (int j=0; j<n; j++)

for (int i=0; i<n/T; i+=T,)
for (int k=0; k<n/T;; k+=T;)
for (int I=i; I<iT; [++)
for (int K=k; K<kT;; K++)
Clil[] += ALIK]*BIK][]:

r2_line=_mm512 fmadd ps(a_line, b2_line, 12_line);
}
cl_line=_mm512_load_ps(&C[I][j]);
c2_line=_mm512_load ps(&C[I][j + AVX512_SZ]);
rl_line=_mm512_add_ps(cl_line, rl_line);
r2_line=_mm512_add ps(c2_line, 12_line);
_mmb512_store_ps(&C[I][j], r1_line);
_mm512_store_ps(&C[I][j + AVX512_SZ], 12_line);
1335

(e

®

__m512 a_line, bl_line;
_ m512rl _line, c1_line;
#pragma omp parallel for private(a_line, bl_line,
rl_line, c1_line)
for (int j = 0; j <n; j += AVX512_SZ) {
for (inti=0;i<n;i+=T2) {
for (intk = 0; k <n; k +=T1) {
for (intI=1; [ <i+T2; I++) {
rl_line=_mm512_setzero_ps();
for (int K =k; K <k + T1; K++) {
a_line=_mm512_setl_ps(A[I][K]);
bl_line=_mm512_load ps(&B[K][j]);
rl_line=_mm512_fmadd _ps(a_line, bl_line, r1_line);
}
cl_line=_mm512_load_ps(&C[I][j]);
rl_line=_mm512 add _ps(cl_line, rl_line);
_mmS512_store_ps(&C[I][j], r1_line);

3

//two AVX512 variables for keeping the data from matrices 4 and B
/ltwo AVX512 variables for keeping the multiplication results
//OpenMP directive call and its local variable declaration

//the c tile is of size T2xAVX512_SZ

//the b tile is of size TIXAVX512_SZ

//the a tile is of size T2xT1

I

/fr1_line[x] =0 forall x € {0, 1, 2, .. 15}

4

/fa_line[x] = A[I][K] for all x € {0, 1, 2, .. 15}

//read 16 data from the B matrix, starting at location [K][j]

/fr1_line[x] = a_line[x] * b_line[x] + rl_line[x] forall x € {0, 1, 2, .. 15}

//read the previous values of 16 data, starting at [I][j] in the C matrix.
1
//write 16 results into memory, starting at [I][j] in the C matrix.

(2)

Figure 1. (a) Standard sequential matrix-matrix multiplication. (b) Our 1D-tiling matrix-matrix

multiplication. (c) Another implementation of 1D-tiling multiplication. (d) Our 2D-tiling matrix-matrix

multiplication. (e) Parallel matrix-matrix multiplication utilizing 2D-tiling. (f) Our proposed 2D matrix-

matrix multiplication for single precision floating-point matrices with an unrolling factor of two. (g) Our

proposed 2D matrix-matrix multiplication with no unrolling for the same type of matrices.
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v v
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v
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Figure 2. Typical organization of x86 multi-core CPUs.
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Figure 3. (a) Addition of two single precision floating-point vectors utilizing AVX512 intrinsics.

(b) Block diagram of the Intel Skylake microarchitecture.

Even though the code in Figures 1(b), 1(c), and 1(d) utilizes different loop counters and loop
sequences, they all comply with Equation (2) and produce the same results.

When the code in Figure 1(d) is compiled on a multi-core architecture, it fails to utilize the
processing cores efficiently. Typically, an OpenMP directive is added, as in Figure 1(e), which allows
multiple threads to be assigned to the cores at runtime. Although this splits the data among the cores, the
arithmetic units in each one will not be fully utilized. SIMD instructions and loop unrolling technique can
be employed to overcome this problem.

The SIMD instruction set has long been an integral part of most platforms, since it allows multiple
data elements to be processed by a single machine instruction, resulting in higher performance. For example,
SIMD appears as an extension in the NEON [8] and Altivec [9] architectures for the ARM and PowerPC
respectively. For the x86-64, the AVX instruction set extension adds sixteen 256-bit registers supporting
both integer and floating-point operations. Its successor, AVX512, doubles the register size to 512 bits,
allowing eight double precision or sixteen single precision floating-point values to be processed
simultaneously. Figure 3(a) shows the utilization of the mmS512 add pd AVX intrinsic function, which
simultaneously adds eight elements from x and y, producing eight results for the z variable.

Many researchers have described how AVX can augment processing performance. For example,
optimized QcBits key encapsulation with AVX512 [10], boosted the efficiency of 2D shallow water
equations calculations [11], reservoir simulations [12], and strong string dictionary compression [13].

Along with SIMD, loop unrolling is an important programming technique for further increasing
instruction level parallelism. When each core contains multiple ALUs, as shown in Figure 3(b), then
parallel execution of instructions among those ALUs becomes simpler if complex statements are unrolled

so they are more independent of each other.
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Figure 4. (a) Matrix tiles with unrolling in our 2D-tiling multiplication, and (b) an example when there

are two threads.

2D-Tiling for Parallel Matrix-matrix Multiplication Utilizing AVX512

Our 2D-tiling method for parallel matrix-matrix multiplication utilizing AVX512 intrinsics is
more complex than conventional multiplication or matrix-vector multiplication [14, 15]. Figure 1(g) shows
our proposed algorithm.

Instead of obtaining a single result during the last iteration of the k-loop, as in Figure 1(a), the
source matrices are divided into tiles, and partial results are obtained by applying multiply-accumulate
operations to those tiles.

In order to obtain each partial product in the C tile, the data elements from the A4 tile are loaded
one element at a time, and then broadcast to the AVXS512 variable, a_line. It is multiplied to the data
obtained from the B tile, and the result accumulated in the r/ _/ine variable. This process is repeated T’ 1
times, and the partial product in 7/ /ine is added to each element of the C tile.

To further optimize performance, an unrolling technique increases the degree of instruction level
parallelism (ILP).

For an unrolling factor UF, the data from the B tile is loaded UF times in each iteration of the
K-loop. This means that the B tile will be of size T 1 x(UFxAVX512_S7), as illustrated in Figure 4(a). The
AVX512 SZparameter is the amount of data that can be processed simultaneously by an AVX512 instruction,
which is 16 and 8 values for single and double precision floating-point data respectively.

Figure 4(b) shows the unrolled version of the code with a UF value of two. Since the B tile will
be reused in the next iteration of the /-loop, performance will be increased if we can store all the data in
the cache because then the CPU will not have to read it from slow main memory. For the best performance,
an appropriate B tile size must be determined.

To effectively distribute the workload in a multi-core architecture, an OpenMP directive is
employed, as shown in Figures 1(f) and 1(g): “#pragma omp parallel for” parallelizes the j-loop among
the cores.

Figure 4(b) illustrates how the algorithm works when there are two threads. Thread number 1
multiplies the 4/ tile to BI and stores the result in C/, while thread number 2 does the same with 42, B2,
and C2.
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The code in Figures 1(f) and 1(g) only supports single precision floating-point matrices. For
double precision floating-point, mm512 <operation>_ps must be changedto _mmS512_ <operation> pd,

and the AVX512 SZ parameter must be changed from 16 to 8.

Zero Padding

The L1 cache in modern x86 architectures is dedicated to each core, as shown in Figure 2. Since
its latency is small compared to the higher levels cache, keeping the data in L1 as much as possible will
improve the overall performance due to the reduction of memory bottlenecks.

Even though our loop tiling splits the source matrices into smaller tiles to fit inside the L1 cache,
when the matrix dimension is a multiple of 2 Kbytes, the number of tile data lines stored in the cache is
reduced due to the cache mapping. For example, consider when the cache size is 32 KBytes, and its mapping
is an 8-way set associative with 64 bytes per cache line. When the single precision matrix size 40964096,
all the B tile lines will be mapped to the same cache set, number 0. This means that the number of tile data
lines simultaneously kept inside the L1 cache is reduced to only W lines, which is actually the number of
cache way. To reduce this effect, zero padding is required.

Let W, L and CSZ be a number of cache way, an L1 cache line size, and a cache size. The data size,
DSZ, is set to 4 or 8 bytes for single or double precision floating-point data respectively. For a matrix of size

n=n, an optimum zero padding size (in bytes), PSZ, for our multiplication algorithm can be calculated using:

71
P, =argmax y_ (n+&J*DSZ*k % (&) /L%. 3
Pz o Dy, w

Although AVX512 allows unaligned memory addresses to be loaded, performance is better if
they are aligned to multiples of 32 bytes, which indicates that the PSZ value should be a multiple of 32. To

apply zero padding, five steps are required, as shown in Figure 5.

Step 1: Three new matrices of size nx(n+Pg,) are allocated, producing 4, ..;» B,iser 304 Cprerr

Step 2: The data in the matrices 4, B, and C are copied © 4,100 Bpugiesr 214 Cpiar

Step 3: The AVX512 algorithm is applied to the padded matrices, with the multiplication result being stored in C,
Step 4: C,,,,, is copied back to C matrix.

Step 5: The 4,105 Buaaear a0 C,,,, Matrices are deallocated.

Figure 5. Five steps for applying zero padding to our 2D-tiling matrix-matrix multiplication.

Experimental Results
Performance was measured on a Core 19-7900X (Skylake microarchitecture) with ten processing
cores, using 64-bit Microsoft Windows 10 with hyper-threading turned on, and the Microsoft Visual Studio

2019 C++ compiler. Compiler optimization was set to /O2 with parallel code generation turned on.
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We determined the best parameters for our algorithm by testing three UF values (4, 8, 16),
combined with four T2 values (32, 64, 128, 256), and four T1 values (32, 64, 128), for a total of 36
combinations. The optimal combination of {UF, T LT 1} was found to be {8, 128, 64}, and all subsequent
tests used these settings.

We examined how zero padding affected multiplication efficiency by repeats our tests with and
without zero padding. With padding, PSZ for each matrix dimension was calculated using Equation (3),
and matrices of size nxn with ten different n values were examined, starting from n == 1024. The size was

incremented in steps of 1024 until » == 10240. The results are shown in Figure 6.

100000 -

100000
T without Padding M  without Padding W
10000 W with Padding & 10000 - m with Padding
2 E
g 1000 2 1000 |
£ E
F F
= c
K] , S
£ 100 £ 100
8 3
g
o] o
10 10
14 4
1024 2048 3072 4096 5120 6144 7168 8192 9216 10240 1024 2048 3072 4096 5120 6144 7168 8192 9216 10240
Matrix Dimension Matrix Dimension
(a) (b)

Figure 6. (a) Performance of our single precision AVX512 multiplication with and without zero padding.

(b) Performance of our double precision AVX512 multiplication with and without zero padding.

For single precision multiplication, the padded version outperformed the unpadded version only
when the matrix dimension were 4096 and 8192. For double precision, the padded version was faster than
the unpadded version almost all dimensions, except for 1024 and 3072.

We also compared the performance of our algorithm with the open-source libraries OpenBLAS
(version 0.3.10) and Eigen (version 3.3.7). For those tests, zero padding was only applied to single precision
multiplication when the matrix dimension were 4096 and 8192. For double precision, zero padding was
only utilized when the matrix dimensions were not 1024 or 3072. For single precision matrix multiplication
(see Figure 7(a)), our algorithm is on average 2.12 and 2.13 times faster than OpenBLAS and Eigen. For
double precision matrix multiplication (see Figure 7(b)), our algorithm is on average 2.06 and 2.17 times

faster than OpenBLAS and Eigen.
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Figure 7. (a) Performance comparison of our single precision AVX512 multiplication versus
OpenBLAS and Eigen. (b) Performance comparison of our double precision AVX512 multiplication

versus OpenBLAS and Eigen.

Discussions

The results in Figure 6 raise two questions. Why does the padded version of our multiplication
outperform unpadded data when the matrix dimension is 4092 or 8192? Secondly, why does the padded
version of our double precision multiplication outperform unpadded data for almost every matrix dimension?

To answer these questions, the cache mechanism of the CPU must be analyzed. The L1 cache
of the Core 19-7900X is separated into data and instruction caches, which occupy 32 KB per core, and use
an eight-way set-associative mapping. A W-way set-associative mapping means that each cache set consists
of W blocks. The chip’s L2 cache offers 1024 KB per core, and uses a 16-way set-associative mapping.
The unified L3 cache is of size 14080 KB, is shared between 10 processing cores, and uses 11-way set-
associative mapping. The line size of these three cache levels is 64 bytes.

When zero padding was applied to matrices of size 4092 and 8192, the first 32 lines of the B tile
were mapped to different sets of the L1 cache, and the next 32 lines were mapped to the same pattern. For
example, line numbers {0, 32}, {1, 33}, {2, 34}, and {3, 35} were mapped to cache set numbers 0, 1, 2,
and 3 respectively. Since the L1 cache of the Core 19-7900X consists of eight ways, all 64 lines of the B
tiles could be put into L1 simultaneously, allowing all of them to be reused in the next iteration of the
I-loop. Retaining all the B tile data in the L1 cache meant that padding improved performance when the
matrix size was 4096 or 8192 for both single and double precision floating-point matrices.

When the single precision matrix dimension was not 4092 or 8192, all of the unpadded data lines
in the B tile could be mapped to different set numbers of the L2 cache. For example, when the matrix size
was 3072, the data line numbers {0, 16}, {1, 17}, {2, 18}, ..., {15, 31} could be mapped to the L2 cache
set numbers 0, 1, 2, ..., 15. Therefore, all of the B tile of the unpadded version could be placed in the L2
cache simultaneously, and be reused in the next iteration of the /-loop. Although the padding mechanism
moved all of this B tile data up to the L1 cache which was faster, it was offset by the additional cost of
B and C

memory allocation and deallocation for the Apa died B paddeds added

matrices, combined with the cost of

data copying between the original 4, B, C and the padded matrices.
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For double precision matrices with sizes other than 4096 or 8192, the unpadded data in the B
tile could be mapped to some L2 cache sets, but at a lower level than for single precision data. For example,
when the matrix size was 3072, the data line numbers {0, 8}, {1, 9}, {2, 10}, ..., {7, 15} could be mapped
to the L2 cache set numbers 0, 1, 2, ..., 7. Since unpadded multiplication needed to read the B tile from
the L3 cache more often, padded multiplication (which moves B up to L1) could run slightly faster even

though it incurred an additional cost, as explained above.

Conclusions

We have proposed an effective implementation for matrix-matrix multiplication using 2-D tiling
and AVX512 intrinsics. For single precision matrix multiplication, our algorithm is on average 2.12 and
2.13 times faster than OpenBLAS and Eigen. For double precision matrix multiplication, our algorithm
is on average 2.06 and 2.17 times faster than OpenBLAS and Eigen respectively. There are three main
reasons for our algorithm’s higher performance: 1) the utilization of SIMD instructions, unrolling, and
OpenMP directives, increases instruction level parallelism and efficiently distributes the workload among
the AVX512 engines in the processing cores; 2) dividing data into tiles allows each one to be small enough
to be kept in the CPU’s cache, which greatly reduces memory bottlenecks; and 3) zero padding allows
tiles to be reused in upper cache levels which is faster, and reduces the wait state of the CPU’s AVX512
engines.

We also present an equation for calculating the optimum padding size, which permits our algorithm

to be applied to different sizes of matrix on CPUs with different cache mappings.
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Abstract
The most complicated and time-consuming step in estimating construction costs in determining
the amount of material is a calculation of all areas for masonry works involving tedious processes. A
simple estimating tool could assist estimators in estimating the amount of materials with reducing working
time. The purpose of this research is to study the proportion of the masonry wall quantity to the building’s

area and develop an estimating factor to estimate the masonry wall area of two-stories houses in 59 drawing
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construction for a case study. Using multiple linear regression analysis for independent variables that
influence the dependent variable showed that the building area was an independent variable affecting the
masonry wall area. The modeling to test, found that the masonry wall area less than the detailed estimation
as 0.50 - 6.78 %. Therefore, the model derived from this research, therefore can apply for cost estimation

and validation of the masonry wall area calculation of new project quickly.

Keywords: Proportion, Construction, Masonry Wall

Introduction

Cost estimation in construction is the first important step taken before the construction process
begins [1]. Acquisition of a quick and accurate construction cost will have a positive effect on the decision
making of the project [2]. Also, it is an indicator of the success of the contractor or project owner whereas
an incorrect estimation will not reflect the actual cost only but may cause a deficit also [3]. The reasons
for cost estimation include setting a construction budget [1], considering the incentives and feasibilities
of the investment, controlling the cost and determining the average cost of the construction project [4] and
considering the increasing or decreasing of work during construction for the project manager, etc. [5].

Estimating construction cost can be divided into 2 main categories. First, a rough or initial cost
estimation is generally used to estimate the initial cost or the amount of money the owner has to prepare
[6]. It is the first step taken in budget planning for a new project, which is performed quickly, however,
it lacks accuracy. Second, a detailed estimation is carried out after having a detailed design and list of
specifications. Usually, this is carried at done by the contractor and is used for project bidding, or by the
owner who uses it for estimating the average cost, or for controlling the progressive drawdown to the
contractor [6]. Detailed estimation requires a construction expert and takes a long time to find the amount
of work [1], all depending on the conditions of time, experience and expertise of the cost estimator [7].

The study of proportional relationships is another popular approach to cost estimation. From past
research, it was found that there are various studies such as the proportion of concrete to reinforcement [9].
The Study of the proportion of increased reinforcement in earthquake-resistant buildings [10-15]. The
Study of construction cost per building area [16]. The study of the proportion in road construction [17].
The study of the formwork per total area, reinforcing bar per concrete, formwork per concrete, steel roofing
per formwork, steel roofing per roofing [8,18]. The study a functional area-based cost estimation model
of reinforced concrete residential buildings [19]. From past research studies, it was found that there was
still a lack of study on the relation between wall area to the building area. Buildings where finding the
cost of the wall area in estimation is another long and complicated activity. The accuracy of the quantity
of building materials is also important in estimating the construction cost. So, if there is a simple tool and
convenient to use, to reduce the working time. The researcher is interested to study the relationship between
the masonry wall area to the building area and develop a tool to quantify wall materials. By choosing

a small two - storey house as a case study.
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Materials, Equipment and Research Method

Purpose of Cost Estimates

The construction cost estimates are involved in the process at the beginning and during the
building process of the project. The objectives of the cost estimates differ in each stage as follows: (1)
Project budgeting is generally carried out by the project designer to determine the average cost for
construction costs, which to be used as a basis for evaluating the cost of bidders during the process of
submitting a tender. (2) Determining the construction progress payments is proceeded by the supervisor
or representative of the project owner, based on the plan. In order to determine the installments and for
the convenience of disbursement of the work, in some cases, the actual workload must be calculated and
identified. This requires on-site surveys before the cost evaluates to be paid in that period. (3) Changing
order and extra work payment has occurred in cases where the owner requires the contractor to work in
addition to the design and specifications of the contract. An estimate of the additional workload from the
variations made to the design, with the unit price used to calculate may be inferred from the cost shown
in the quotation or a new unit cost depending on the conditions specified in the contract. (4) Feasibility
study does not need to have to be in a detailed format. This may be done by calculating the cost per unit
of living space or of use, which is acceptable in analyzing the feasibility of the project before proceeding
to the next step. (5) Bill of quantities for competitive bidding is prepared by contractors, and the estimates

must be done carefully and prudently, otherwise, it may cause loss [20].

Guidelines for Measuring of a Masonry Wall

An approach to measuring the amount of masonry wall work is to calculate the length of the
masonry wall from the edge of an inner side of one of the columns to the inner side of the other column.
In case of extending walls, the wall length is measured from the edge of the outer side of the column to
the outer edge of the wall, and is multiplied by the height of the wall from the ground floor to the top floor

or the top beam. The amount of masonry wall is measured in square meters, [21] as in Figure 1.
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Figure 1 An approach to measuring the amount of masonry wall

The Engineering Institute of Thailand has suggested a way to measure the amount of masonry wall
without any deduction by reasons of the following items: (1) openings with an area not exceeding 0.10
square meter, (2) joints, (3) other objects passing through or buried in a masonry wall or block wall that
have an area of the cross-section no more than 0.01 mz, (4) lintels, tie column and (5) cornice and other

surface features with an area of the cross-section no greater than 0.05 m’ [21].

Related Statistics

1) Arithmetic Mean is the value obtained by taking the sum of all the data divided by the total
amount of data, which is another way of describing each data set collected using only one number or using
one value which represents the whole set of data in order to easily summarize the important details of that
data set. The value can help understand the characteristics of the whole set of data [22].

2) Standard deviation is the square root of the mean square of the deviation between each data
value and the data mean, or the square root of the squared deviation. The standard deviation shows how much
each data is different from one another. If the standard deviation is very large, it means that each data is very
different, whereas if the standard deviation is small and closer to zero, then each data is very similar [23].

3) Linear regression analysis is a statistical method used for investigating the relationship between
independent variable and dependent variable is a study of linear relationship. If it investigates the relationship
between one independent variable and one dependent variable, it is referred to the simple linear regression
analysis. If there are more than one variables and one dependent variable, it is referred to multiple linear
regression analysis. The objectives of the regression analysis are to study the relationship between

independent variable and dependent variable, for example study of relationship between age and cholesterol
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level and to study the relationship between factors and independent variable co-predicted the dependent

variable, for example study of factors affecting blood sugar of patient with diabetes [24].

Research of Scope and Data Analysis

Construction drawings are not much published documents. Most are collected by the project
owner agency. Therefore, it is a limitation in finding construction designs to be used in conducting research.
The researcher chose the construction drawing that was published online on the website. That can be easily
searched by choosing a 2-storey house. The Baan Yim project is for people of phase 3 of the Public works
department, of which there are 59 construction drawing was used for this research. then the construction
drawings were used to analyze to find the area of the building (2) the masonry wall area, (3) the opening
space, and (4) the height of the masonry from details as follows:

1) Building area is the total area of the building. The unit is square meters.

2) The area of masonry wall is the width of the masonry. Multiply by the height of the masonry.
Minus the opening space details as per item 2.2 and figure 1, are in square meters.

3) The opening space is the total area of the doors and windows. The unit is square meters.

4) The height of the masonry wall is the height measured from the floor level of the masonry
wall to the beam or the upper floor of the wall as shown in Figure 1, in square meters.

This research determines the independent variables that influence the masonry wall area of 3 variables:
building area, open space, and the height of the masonry wall. Then analyzed for independent variables affecting

the dependent variables, by selecting the method of multiple linear regression analysis as shown in Table 1.

Table 1 Conceptual for multiple linear regression analysis

Independent Variable Dependent Variable

X1 = Building Areas

XZ = Open Space Y = Masonry Wall Areas
X = Height of Masonry Wall

The Results of the Study

From the construction of a small residential building, 2 stories house, The Baan Yim Project for
people at phase 3 of Public Works Department, 59 construction drawing, details are as follows: reinforced
concrete structure system, tiled floor, masonry wall area, smooth plaster surface and painted. From an
analyzed in data details, it was found that building area minimum below of 102.00 m’, maximum height
0f 260 m’, Average of building area 157.58 m’, minimum masonry wall area 157.58 m’, maximum 413.40 nr’,
Average masonry area is 252.83 m’, The minimum opening space is 43.33 m’, maximum 120.00 m’, the
average opening space is 65.01 m’, Masonry wall area height: minimum 2.70 m., maximum 3.20 m.,

average masonry wall area height 2.82 m., as shown in Table 2.
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Table 2 Basic information of 59 construction drawing

Description Min Max X SD
Building Areas (m’) 102.00 260.00 157.23 37.52
Masonry Wall Areas (m?) 157.58 413.40 252.83 56.27
Open Space (m?) 43.33 120.00 65.01 15.86
Height of Masonry Wall (m) 2.70 3.20 2.82 0.09

Data from Table 2 is analyzed to determine the independent variable affecting the dependent
variable using stepwise linear regression analysis for determining relevant variables because of this method
is a method that is able to select the relevant variable efficiently, especially, in case of there is many

independent variables. data is analyzed using SPSS program as shown in Table 3 — 7.

Table 3 Variables Entered/Removed”

Model Variables Entered Variables Removed Method

1 Building Areas Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >= .100)

a. Dependent Variable: Masonry Wall Areas

Table 4 Model Summary

Model R R’ Adjusted R Std. Error of the Estimate

1 916° .839 .836 22.90158

a. Predictors: (Constant), Building Areas

Table 5 Anova®
Model Sum of Squares df Mean Square F Sig.
Regression 156084.649 1 156084.649 297.597 .000°
1 Residual 29895.507 57 524.483
Total 185980.155 58

a. Dependent Variable: Masonry Wall Areas

b. Predictors: (Constant), Building Areas
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Table 6 Coefficients®
Unstandardized Coefficients  Standardized Coefficients
Model t Sig.
B Std. Error Beta
(Constant) 33.077 13.146 2.516 015
1

Building Areas 1.383 .080 916 17.251  .000

a. Dependent Variable: Masonry Wall Areas

Table 7 Excluded Variables®

Partial Collinearity Statistics
Model Beta In t Sig.
Correlation Tolerance
Open Space 012° 156 877 021 505
Height of Masonry Wall ~ -.003"  -.052  .958 -.007 992

a. Dependent Variable: Masonry Wall Areas

b. Predictors in the Model: (Constant), Building Areas

From modeling and the data obtained from the analysis as shown in Table 3 - 7, it was found that
the variable effect on the masonry wall area was the building area. For other parameters doesn’t affect the

masonry wall area. It is able to create a model for determining the area of masonry walls. As the first model.
Masonry wall area (Y) = 1.383 (building area) + 33.077 (1)

Testing of model, Researchers have tried to find the area of masonry. Using a detailed estimation
method of a model house. There are 3 types of examples: (1) Residential house type A, a two-storey
residential building, 3 bedrooms, 2 bathrooms, building area of 114.64 m’, There is a masonry wall area
equal to 192.58 m’ (2) Residential house type B is a two - storey residential building, 3 bedrooms,
3 bathrooms, building area of 136.04 m’, There is a masonry wall area equal to 237.30 m” and (3) Residential
house type C is a two - storey residential building, 4 bedrooms, 3 bathrooms, building area 133.97 m’,
Masonry wall area is 228.82 m”, The researcher calculated an area of housing type A, B and C from
calculated as such substitute the value in model 1, it is found that housing type A has a masonry wall area
of 191.62 m’, The value obtained is 0.50 % less than the detailed cost estimate. B has a masonry wall area
0f 221.22 m®, The value obtained is 6.78 % less than the detailed cost estimate, C housing has a masonry

wall area equal to 218.36 m’, the value is 4.57 % less than the detailed cost estimate as shown in Table 8.
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Table 8 The comparison of the amount of masonry wall area

Residential Building Areas Areas of Masonry Walls (mz) Difference
house type (m?) By Detailed Estimating By Model (%)
A 114.64 192.58 191.62 -0.50
B 136.04 237.30 221.22 -6.78
C 133.97 228.82 218.36 -4.57
Conclusion

According to the study of the proportionality of masonry wall area to building area of 59 construction
drawing of small two - story housing construction, it was found that the minimum building area is 102.00 m’,
maximum 260 m’, and the average building area is 157.58 m’, The minimum masonry wall area 157.58 m’,
maximum 413.40 m’, average masonry wall area 252.83 m’, minimum opening space 43.33 m’, maximum
120.00 m’, average opening space 65.01 m’, minimum masonry height 2.70 m., maximum 3.20 m., The
average masonry height was 2.82 m. The data was analyzed for the independent variable influencing the
dependent variable. By selecting the Multiple Linear Regression Analysis method, it was found that

1. The variable influencing of the masonry area was the building area while the other parameters
had no effect on the masonry wall area.

2. A model for finding the area of masonry walls (Y) = 1.383 (building area) + 33.077.

3. Testing model from this research and 3 models of building samples, it was found that the area
of masonry wall is less than the detailed cost estimation of 0.50 — 6.78 %, which is acceptable value because
of its difference does not exceed 10 % [25].

4. The model obtained from this research can be used to estimate cost and validate the masonry
wall area of a new project building in a short time.

5. A model derived from this research can be applied for validating the masonry wall area

calculation of new building with area between 100.00 - 260.00 m’
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