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Abstract

The objective of this research was to study the physical characteristics of fresh and pickled Kaew mango by
measuring the size of the mango. The shear strength of the mango pulp was tested on longitudinal and transversal
of the fruit, and the firmness test of the pulp was done and compared between peeling and unpeeling fruit. These
data were used to design a pickled mango cutting and peeling machine. Based on the measured size of the mango
fruits, a blade spacing of 1.5 cm was determined for slicing the mango pulp into optimal size pieces. The action
force on the mango pulp could reveal the cutting force of the mango flesh and the peeling mechanism could be
designed to press the pickled mango flesh into a plane for the peeling blade. The picked mango cutting and
peeling machine was designed, built and tested in 2 functional forms. The first form involved cutting the mango
pieces at a blade rotation speed of 80 rpm, achieving an operational rate of 105.61 kg h™". The second form involved

simultaneous cutting and peeling of the pickled mango pieces, with a blade rotation speed of 80 rpm, a peeling
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angle of 2°, a lower belt conveyor speed of 0.06 m s for transporting the mango and an upper roller belt conveyor.

the peeling efficiency was 83.90%, and an operational rate was 48.70 kg h™.

Keywords: mango, pickled mango, cutting machine, peeling machine, physical properties.
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Figure 1 The position of mango size measurement.
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Figure 2 The position to divide the pulp of mango to

measure the size of the pulp.
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Figure 3 Cutting force measurement of mango using a

texture analyzer machine.
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Figure 4 Firmness measurement of mango using a

universal testing machine.
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Figure 5 Drawing of pickled mango cutting and peeling

machine.
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Figure 6 The part of mango cutting machine.
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Figure 7 The part of mango peeling machine.
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Table 1 Physical characteristics analysis of fresh Mango

and pickled mango.

Type of mango

o Pickled
Fruit size Fresh mango
mango
(Average+SD)
(Average+SD)
Maximum width of
- 51.69+8.78 52.94+3.26
position A (mm)
Maximum width of
61.33+3.21 68.96+2.67
position B (mm)
Maximum width of
40.18+3.79 46.47+3.17
position C (mm)
Length of fruit
99.50+4.29 108.60+4.55
(mm)
Weight (¢) 181.24+22.30  251.52+25.58
Thickness of fruit
13.25+1.98 18.99+1.38
pulp part 1 (mm)
Thickness of fruit
12.13+1.54 17.75+2.97
pulp part 2 (mm)
Thickness of fruit
8.33+3.11 11.73+£2.18
pulp part 3 (mm)
Thickness of fruit
8.75+1.61 11.97+1.84
pulp part 4 (mm)
Seed length (mm) 87.98+5.02 84.67+8.42
Seed width (mm) 44.41+2.81 43.82+5.37
Seed thickness
26.21+2.92 21.61+£2.36

(mm)

nnfayadnumemanionmly Table 1 vosiamzang
anuaruzanInes WU eRind1efige (Maximum
width of position) veswasglusuviis B finnuniaade
g9an 68.96x2.67 mm U1lugn1sesniuuyenuninges
druiud ungarenesnarsveludawuid oussing lu
daudeyanimennvasna (Length of fruit) fid1adegean
108.60+4.55 mm gnuunldluniseaniuussysves
aewudnies wazszopinslunsinssduiuliungig
powarduUonT uNzaenosflvnzay luduteyaniiy
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Wuwesduile (Thickness of fruit pulp) wuinaud 1 1t

ANUVTUloWRAYaEn 18.99+1.38 mm uagdui 3 v

ﬂmwm?‘zjymf‘jal,a?{aﬁ’wqm 8.33+3.11 mm %a%gamm
mmﬁﬂﬂﬁmﬂsﬂumsaamwuswavmaﬁmm YAUTENING
mawmmmawma%aml,a mawmﬂmaﬂﬂaqmuuw%m
Fuuy maLmdwmmmmmmwmﬂuawuuumwLmﬂmq
ﬂ‘uifﬂﬂﬁuuLuamumwﬂaﬂlmmaa"LaJLaamsJ

32 wanismeseuLsudeuiauzaui lusnvaenaan
Uagaanea
Nan1SVAEDULSILE euLT euzaufInadn LA HARSY
LUURINEIIVINANZI I #2813 84 Texture analyzer
wmﬁmmuqnqmaammwaamﬁmmuﬁmmiwmamm
lagdlrA 0.02 wag 0.01 J MUAINU LebULANA1IN19@D &
wazAAuLT e sresNadniAtunnInaneil 32.29
wag 18.77 kN m™ sua1su (Table 2) Yonaninsegey
UzshemBIRUUMLANLETITeWaNzs A AL iites
iasmnnsizshannesiuildeuuiudedesas

Table 2 Slice force the pulp of fresh and pickled mango
along lengthwise of mango fruit by using texture

analyzer.

Lengthwise of the fruit

Texture Analyzer Fresh Pickled t-test
Mango Mango

Work to

maximum load 0.02+ 0.00  0.01+0.00 ns

()

Stiffness (N m™)  32.29+1.90 18.77+1.22  *

* Indicates significant differences between treatments at
p<0.05, ns = not significant.

HANNSNAADULI LR DUV UL LN INAAALATNAND
LUUALYINYBING 8RS BY Texture analyzer WU31AN
uiildvesuzaenadniia1uilviduiunanesd 0.02 J
wazArruLdaedsveszitwaaniainuudiinannia
HAAIT 77.09 uaz 18.35 kN m™ miud1du &3 Table 3
yenanfiuzaianeswuuaLYna da1anund sianas
iemnmsidenanmessuziiedainnnnszurunisngdn
LN

Table 3 Slice force of fresh and pickled mango along

crosswise of mango fruit by using texture analyzer.

Crosswise of the fruit

Texture
Fresh Pickled t-test
Analyzer
mango Mango
Work to
maximum load 0.02+0.00 0.02+0.00 ns
@)
Stiffness
5 77.09+485.29 18.35+1.74 *
(kN m™)

* Indicates significant differences between treatments at
p<0.05, ns = not significant.
NANITNAEDULTIADUYBINEU LA IFALUUAINYIING
WAZLUURNINYINING @Twm?m Texture Analyzer Lﬁa
frsadssudisunuina1udi ldvessdisnadauuy
ALEINE SAuT A uSULUUAILYIIIWET 0.02 J wA
ANANLLT LA AR UUMLYINHA TN ATLUY
AuEINaT 77.09 waz 32.29 kN m auddu e Table 4
Tnenuinuzaianuuunuvnsaionsshadunsintiu
dulovinliesldusddunisideudigeniuuuniuenina
Wwudenumsanunluuglawe (Lana et.al, 2007)

Table 4 Slice force comparison between lengthwise and

crosswise of fresh mango fruit by texture analyzer.

Texture Fresh mango
t-test
Analyzer Lengthwise  Crosswise
Work to
maximum load 0.02+0.00 0.02+0.00 ns

o)
Stiffness
(kN m™)

* Indicates significant differences between treatments at

32.29+32.29 77.09+85.29 *

p<0.05, ns = not significant.

NANTSNAFOULSILEOUVBINENIWAINDILUUE1INUKE
LAZWUUAINYITING RI8LAS B9 Texture Analyzer 1ile
Farsaussufisunuinanuiildvesusiiuuuniu e
nafldrnuiitesninfuluumuvIIwad 0.01 uay 0.02 J
AIUEINY WAZAIAINLT 1LRA B UDINTLIINDIMUUAINTIN
nafAnanuudeiivesniwuunuenasgdlifitedfy
V9aBAT 18.77 waz 18.35 kN m m1ug1su &3 Table 5
fosanniseesonavilnieuaviduleduas 3eldusdlunns
\deufitoninuzaiiean
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Table 5 Slice force comparison between lengthwise and
crosswise of pickled mango fruit by texture analyzer.
Pickled Mango

Texture Analyzer i , t-test
Lengthwise  Crosswise

Work to

maximum load 0.01£0.00  0.02+0.00 *

()

Stiffness (kN m™)  18.77+1.22 18.35+1.74  ns

* Indicates significant differences between treatments at
p<0.05, ns = not significant.
nTayanisnaasuaInanulunsideu uazAAIY
widlumadoudlouzaines Table 2-Table 5 gniilulélu
madenduidwamesfivnzaudmiuduluiialunism
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wiwiledsvewzihsanuuuenidendesninuuyliven
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ANEITU AGIEAGITUNSANYITY (Costa, 2016) AN
anuutudlevomanstidaris 65 aneviug ivendonudy
Apnuntudiesstosauilowisuiieuiunislidvenden
#1 Table 6 Foyatidlriiuindovonudonuriisanud a1
anunuiiioavanas

Table 6 Fruit firmness test result of fresh mango by

universal testing machine.

Universal Testing Fresh fruit ftest
Machine Peeled  Not peeled
Stress (MPa) 0.18+0.11  0.43+0.09 *
Firmness (N mm™)  4.93+2.08  9.94+1.28 *
* Indicates significant differences between treatments at

p < 0.05.
NANSNARDUAMALLUL svB sz IneEIELAT 0
Universal Testing Machine 1§l 9@ 91501105 suiis uiuy
Jonwdenuazlivenuien wuiiA1audwed sves
wralnpawuuleandenunnninwuuliiveniden egali
HdvdAglaien 0.03 Lag 0.01 MPa ANa1AU LazA)
aunduiiolnasveziimesuuUanidenunniuuy
LaivanidenaegnsiitiodAglaedan 2.30 wag 1.26 N mm’*
mugsu Tnenuinuzshainewuulivenden deven

Waenudrrirnuuuul eveswzahuiinesaraindy
Table 7 wlosannnisaesenavinlndenveuzairaiuiin
anudeann vilfanuuiuiedesniuuuleniuden
5G]

Table 7 Fruit firmness test result of pickled mango by

universal testing machine.

Universal Testing Pickled fruit

t-test
Machine Peeled Not Peeled
Stress (MPa) 0.03+0.01  0.01+0.01 ns
Firmness
R 2.30+0.71 1.26+0.58 *
(N mm™)

* Indicates significant differences between treatments at
p<0.05, ns = not significant.
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Table 8 The performance of work rate of mango slicer.
Blade

Complete  Incomplete  Working rate
speed ) . ;4
pieces (%)  pieces (%) (kg h™)
(rpm)
80 94.06+1.68  4.91+1.69 105.61+10.62
ns ns ns
100 94.42+2.60  3.57+1.38 100.15+6.01
ns ns ns
120 94.10+1.82  4.95+1.78 98.08+10.67
ns ns ns

ns = not significant.

Figure 8 Picked Mango pieces cut by cutting machine.
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Table 9 Performance of cutting and peeling machine on

pickled mango.

Blade Linear speed of belt (m sh

angle  0.04 0.05 0.06
Average 2° 77.80 83.93 83.90
peeling +3.15% +8.36™ +4.70%
percent a4° 69.30 68.02 68.60
age (%) +331" 420"  +488"
Working 2° 47.04 42.80 48.70
rate +747"  +1089"  +1232%
average 4° 47.38 4r.47 53.37
(ke h™) +537" #1162 +585"
Difference capital letter superscripts in the same

column and lowercase superscripts in the same row
indicate that the values are significantly difference

(p<0.05) by Duncan's multiple range test.

LT

Figure 9 Pieces of peel and pulp of pickled mango using

a cutting and peeling machine.
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Table 10 Work rates comparison between pickled

mango cutting and peeling machine and manual labor.

Work rate for cutting and peeling

-1

pickled mango (kg ™)
Cutting machine 105.61
Cutting and peeling machine 48.70
Skilled workers in cutting 75.32
Skilled workers in peeling 77.58
General labor in cutting 44.79
General labor in peeling 13.91

4 @3y
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Abstract

The present research aimed to compare the efficiency and feasibility of using a vertical kiln with cassava
rhizome charcoal in the blacksmithing process; cassava rhizome charcoal was tested as fuel in the process of
burning steel for forging, substituting the use of vegetal charcoal. The results are as follows. Average heating values
of cassava rhizome charcoal obtained from all 3 charcoal drum kilns viz. 1) 200 L vertical drum kiln (DEDE) 2) 200
L pyrolysis vertical drum kiln 3) 200 L open top lid drum kiln were between 6,269.38-6,431.42 cal g’; all the values
were not significantly different. Open-top lid drum kiln exhibited highest production rate of charcoal, percentage
charcoal yield and kiln efficiency. When cassava rhizome charcoal was used to replace charcoal in the blacksmithing
process, it was found that cassava rhizome charcoal could burn steel for forging at a maximum temperature of

961.44 °C, burning rate of 11.14 kg h™ and burning ability of 0.63 kg(ion kg (coat. The cost of producing cassava

Received: March 23, 2023

Revised: October 27, 2023

Accepted: October 27, 2023

Available online: March 16, 2024 10



MyEsanALdmnssLnwasuisUsEwAlve 37 30 atufl 1 (2567), 10-20

rhizome charcoal was 2.80 Baht kg™ It can be concluded that the cassava rhizome charcoal under the study was

unable to yield the optimum temperature for burning steel for forging. However, the overall study results reveal

the cassava rhizome charcoal production methods and cost of cassava rhizome charcoal production. The cassava

rhizome charcoal still exhibits potential to be used as cooking charcoal in households. It can also be produced

into pelleted fuel or can be used in the form of biochar to improve soils with low fertility.

Keywords: Smith forging process, Cassava rhizome, Cassava rhizome coal, 200 | drum kiln
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Table 1 Comparison of physical properties, proximate analysis values and calorific values between cassava rhizome

charcoal and wood charcoal.

Property Wood charcoal’

. 2
cassava rhizome charcoal

. 3
cassava rhizome charcoal

Bulk density; g cm” -

Moisture; % w.b. 0.76
Fixed carbon; % 61.23
Ash; % 1.15
Volatile; % 36.86
HHV; cal ¢ 7,069

0.162 -
7.23 -
32.90 23.13
13.48 4.95
46.39 71.92
5,269 4,309

1Sayakoummane and Ussawarujikulchai, 2009; “Sen et al,, 2016; *Nakason et al., 2019
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2.1.1

Figure 1 A 200 thre vertlcal drum kiln (DEDE).
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Figure 2 A 200 litre pyrolysis vertical drum kiln.
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Figure 3 A 200 litre open top lid drum kiln.
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Figure 4 The knife handle forging.
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Figure 5 The iron furnace for forging.
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Table 2 Properties of charcoal obtained from different types of charcoal kilns.

200 litre
200 litre vertical drum pyrolysis 200 litre open top lid drum
Property . ) .
kiln.(DEDE) vertical drum kiln
kiln
Volume capacity (m®) 0.150 0.199 0.212
Volume capacity (L) 150.35 198.75 211.75

Fuel type Wood twig fragments Used lube oil Wood twig fragments
(small quantity)

Weight of raw cassava rhizomes in 31.33+4.04 41.50+3.28 42.06+2.09

kiln (Mreedstock); (kg)

Process time (Prime); (h) 6.0+2.1 3.9+0.5 3.4+1.4

Yield production charcoal (Mcpan); (kg) 3+£1.56 6+0.56 11.67+5.13

Yield charcoal rate (Pehar); (g min™) 9.30+6.87 25.92+6.25 56.23+3.68

Charcoal Yield (Yehar); (9) 9.27+4.26 14.48+1.23 27.39+11.05

Efficiency (nchar); (%) 10.08+3.17 15.31+0.39 27.67+11.39

Table 3 Comparison of calorific values of cassava rhizome charcoal and blacksmith charcoal.

Type of Charcoal Kiln

High Heating Value (cal ¢™)

200 litre vertical drum kiln. (DEDE)
200 litre pyrolysis vertical drum kiln
200 litre open top lid drum kiln

blacksmith charcoal

6,388.45"+131.42
6,431.02°+126.20
6,269.38"°+154.66
6,693.58°+25.49

*® Mean values with different letters for each row are significantly difference (DMRT) at P < 0.05.
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Table 4 Performance comparison results between cassava rhizome charcoal and blacksmith charcoal.

Performance

Blacksmith Charcoal Cassava Rhizome Charcoal

The lowest temperature on the steel furnace rail;
without blowing air (°C)

The highest temperature on the steel furnace rails; air
blowing range (°C)

Burning rate (kg h™)

Coal Capacity (Kgron kg coat )

860.33+56.58 625.67+107.87

1,078.20+49.89 961.33+28.20

9.91+0.33
1.66+0.07

11.14+1.60
0.63+0.06
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Table 5 Cost analysis of the use of cassava rhizome charcoal in blacksmithing process.

Cost (Baht kg™

Cost ratio (%)

Cost item Analysis list ]
(raw material)
Cassava rhizome There is no buying-selling of 0 0
cassava rhizomes in the area (only
labor costs are collected and
removed from the area).
Labor costs for collecting cassava (350 Baht day ' x 4 man)/2,700 kg. 0.51 18.2
rhizomes from the crop area
Transportation costs from the crop 4-wheel pickup trucks, load 0.59 21.1
area to the charcoal kiln plant (at a capacity 3.25 m’ ; 400 Baht trip” x
distance of 50 km; The average cassava 670 kg trip”
rhizome density was 206.14 kg m™).
Conversion cost of cassava rhizomes to 1) Kiln cost 600 Baht kiln™ x 5 kiln 1.70 60.7
cassava rhizome charcoal (Charcoal = 3,000 Baht, estimated service
production rate per day = 11.67 kg life 365 Times, costing 8.22 Baht
charcoal kiln™ x 5 kiln day’1 = 58.35 day’l.
KS(charcoal) day’1 ; Calculating the quantity  2) Labor cost 350 Baht day’1
of raw materials of cassava rhizomes**  3) no fuel charge
58.35 kg(charcoal day’1 x 3.6 = 210.06 kg Total expenses 358.22 Baht day’1
(cassava rhizomes) day”"
Total cost of cassava rhizome charcoal production 2.80 100

“No charge for the cost of cassava rhizomes, because the farmers already wish to remove the rhizomes from the

the crop area. Usually have to hire workers to collect out, collect the incineration pile or plow, but be careful not

to become weeds in the new round of planting.

“Calculated from the ratio of the conversion rate from cassava rhizomes to cassava rhizome charcoal at 3.6:1.

Conversion cost of
cassava rhizomes to
cassava rhizome
charcoal 60.7%

\

Labor costs for

collecting cassava

rhizomes from the

crop area 18.2%

21.1%

Figure 6 The production cost of cassava rhizome charcoal.

WU AMTsuAvTIUTIIuitdudUyudsesnain
flufl 051 Baht kg Amifiu 18.2% ANYUEIINLUASEA LN
81U 0.59 Baht kg Amdu 21.1% Audasanimniidu
drugnduduaruninludUsnds 1.70 Baht kg™ Antdu
60.7% FaAuNUNMINERaUmIEud1Usnas 2.80 Baht kg
' (dduddends) arAndiasgsuualdingludiunes

Transportation costs
from the crop area to
the charcoal kiln plant

ATLTINULAUTIUTINLAY AR nLUas 1WinFu 1,100
Baht tons™ (14111 USIUTINATENS 99107 L UW2sTY
duzwdeananulasluneuninduuds) luvaeiisiandu
ovoefUsznaunisndnd emdsindananinmiadiy
dlunasnuay 670-970 Baht (551, 2556) way 615 Baht
(8N, 2565) ﬁﬂﬁmwmmmmmgﬂaﬁ%Lﬁmamm
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53099 9 WAglNEATAIEAS 50 WUI ANNLTITEUAMTUNTVINAY 1,162.38 Wag 1,199.15 rpm uazdnansteuiniy
22.07 uay 20.5 kg min” Feliiuedidudiudsvdausiuauysaliviniu 77.45% wag 72.65% suadu waz mm‘uamam
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Abstract

This research aimed to develop and evaluate the efficiency of a cassava cubes cutting machine, which was
designed to increase productivity, shorten working time and reduce the number of required workers. In order to
continuously respond to the system operation at all times, the developed system consists of a cassava cutting
machine, cassava cubes cutting machine, conveyor belt and conveyor belt control system. Based on the
experiments to find the most suitable conditions for the cassava cutting machine when testing with Rayong 9 and
Kasetsart 50 cassava cultivars, the cutting speeds were noted to be 1,162.38 and 1,199.15 rpm, feed rates were
noted to be 22.07 and 20.5 kg hr', and percentage of perfectly sliced cassava were 77.45% and 72.65%,
respectively. Based on the experiments to find the most suitable conditions for the cassava cubes cutting when
tested against the Rayong 9 and Kasetsart 50 cultivars, the cutting speeds were 1,231.69 and 1,224.74 rpm, while
the feed rates were 20.92 and 22.07 kg hr', respectively. System performance testing revealed that when working
with Rayong 9 cultivar, the production capability was 767.59+49.31 kg hr' and percentage of cassava cubes was
38.01+2.35%. When working with Kasetsart 50 cultivar, the production capability was 784.31+35.76 kg hr' and

percentage of cassava cubes was 40.23+2.4%.

Keywords: Cassava cubes, Cassava cutting machine, Central composite design.
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Figure 1 Characteristics of cassava.
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Figure 2 BLade arrangement of cassava cutting machine.
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Figure 3 Characteristics of various types of cassava.
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Figure 4 Conveyor Control Circuit.
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Figure 6 Characteristics of various types of cassava

cubes.

224 0159197UYEITTUULYSTUF IS UIAS 093 Uiy
AU UUgNIe
NNseRALUULAYITALLUTFUTud Usnaawuugnis
SEUUTNNI50DNLUUKARIRS Figure 7 WARIENBUZNIT
\Fousioluszuuieeniuy Tnsviudgndszgniloudni
13 o usTud Uz udanuuuny uneiay 1) Tngimua
anuiiseulumsiuiianizilmnzauiigaildannis
naaes MU UsiauHugnaLAs sk uaeudIADe
Aflanuandes 16° (unoian 2) tevuduluguaiasiu
fudzndauugnisn (muneas 5) Muuaausseuly
msuiluanngimnzauiigaiildainnismeass Tagd
FudrUgnasnuagivaasludyasessududusnd iy
(vaneiay 3) Jadugadmiunisnaininusiudusvas
uufisan3uluszuy 1ne Infrared sensor (Maneiay 4)
iomuumMThauesaenududediiinruaonades
Auvsnasiudundausuluszuy Weshudzndagniinli
ogluguuuugnuiuda luawisedagriinisussdu
Usedninmluszuu wazAruinaiuaiunsalun1snin
wielidulunuTnguszasdanide

24

®

Cassava cutting machine

. X §
) RS &
S : L
SS

Figure 8 Cassava cubes cutting system.
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Table 1 Physical characteristics of cassava roots.

Dimension
Cultivar
Width Length Thickness
5.80+0.71 24.68+4.96  5.34+0.64
Rayong 9
ns b ns
Kasetsart ~ 5.94+0.74  43.96+8.04  5.07+0.65
50 ns a ns
* a, b = means in the same column are significantly

different (0L=0.05).

** ns = means in the same column are not significantly
different (0l=0.05).
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Figure 9 Effects of linear velocity and feed rate on

Rayong 9 cassava slices percentage.

//
(17177

Y /11111
"
LT

Sliced cassava (%)

303881 \ A NN 144259

223881
1156.59
183881

8: Feed rate (kg/min)
103881 870593

Figure 10 Effects of linear velocity and feed rate on

Kasetsart 50 cassava slices percentage.
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Figure 11 Effects of linear velocity and feed rate on
Rayong 9 cassava cubes percentage.
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Figure 12 Effects of linear velocity and feed rate on

Kasetsart 50 cassava cubes percentage.
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Figure 13 Capacity of cassava cubes cutting system.

Table 2 Efficiency system of cassava cubes cutting machine.

Cultivars Capacity (kg hr') Cube (%) Non-Cube (%) Scrap (%) Loss (%)
Rayong 9 767.59+£49.31ns 38.01+2.35ns 58.23+2.40ns 1.40+0.32ns 2.36+0.39ns
Kasetsart 50 784.31+£35.76ns 40.26+2.46ns 55.20+2.30ns 1.69+0.39ns 2.88+0.41ns

*** ns — means in the same column there is not significant difference (Q=0.05).
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Analysis of Properties of Products from a 3-Step Charcoal Production Process
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ATl ngUsrasdioinnesiaudivemdnsusidldrnnssuiunsdnduigunsainsiBnuu 3 Tuneu
inmsfnelaelddiuna 3 viia lawn Wk Tidle wasdadnlng Usunm 40 40 uag 35 kg muandu gunsal Usenaudae
WANKIEUFUNTINTEUaNTUIA 200 L gandutinduatulil uasganidaunadmiuimnatus il eanuadiviivdosg
anmuandon Mnkamsnaaes wuih Iiudadueiiduatuldivandwdeinilng dwldisile wasdwildlddu 28.80%
27.68% waw 27.83% uEIRU T pH gjsewing 3.27-3.40 SidarmdasduzaEing 1.0089-1.0091 ndsantiu vilv
Huhduaiulivsans laefislianaznou fusiifnvaundureanandedetulivendu dnduatulil Shaaundadod
hnamdedla fien pH agaeming 3.62-3.89 AT NIZOY TN 1.0052-1.0072 wagldUSinmduiadsiildan
wEEuUY 3 Sumevlunsdidadnilnn 24.86% lidle 24.50% warldili 24.00% Aranudouveswliidle dwlil
wagaugItIlng Winiu 6,923 Cal ¢ 7,381 Cal ¢ wag 7,632 Cal ¢ muansu T,ma%qmaﬁﬁﬁqmlumsmﬁmdmuaaﬁwé’u
Aiuldife il

v
v

AdAey: Wduaiulil, a1, Puna
Abstract

The present study aimed to investigate the characteristics of products produced in the charcoal production
process utilizing a three-step production unit. The study utilized three different types of biomasses: bamboo,
longan wood, and corncob, weighing 40 kg, 40 kg, and 35 kg, respectively. The equipment included a 200 L
cylindrical charcoal kiln, a wood vinegar distillation unit, and a biomass kiln for burning smoke to reduce pollution
emissions. The raw wood vinegar products from corncob charcoal, longan wood charcoal, and bamboo charcoal
weighed 9.03+0.57 kg, 11.07+£0.51 kg, and 11.13+0.31 kg, respectively. The pH values ranged from 3.27 to 3.40,
while the specific gravities ranged from 1.0089 to 1.0091. The raw wood vinegar was transformed into pure wood
vinegar by a settling process. The liquid was noted to be homogenous, with a smoky scent, and had a clear reddish
brown or yellowish brown color, with pH values ranging from 3.62 to 3.89 and specific gravities between 1.0052
and 1.0072. The average charcoal yield from the three-step charcoal kiln was: longan wood 9.8 kg, bamboo 9.6 kg,

and corncobs 8.7 kg. The calorific values of longan wood charcoal, bamboo charcoal, and corncob charcoal were
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6,923 Cal g’l, 7,381 Cal g’l, and 7,632 Cal g’l, respectively. Bamboo is the most effective biomass to produce

charcoal and wood vinegar.

Keywords: Wood vinegar, Charcoal, Biomass
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200 Liter Heat exchanger

Charcoal kiln

for condensation

Biomass kiln
for reburn gas

Figure 1 3-step charcoal kiln.
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Figure 2 Working principle of 3-step charcoal kiln.
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W
nsiaszsiaraudunsa-ae (pH) vesiduaiuls
¥NINAaesfieLAIos pH meter $u 713 %@ Metrohm
Usgned Switzerland
anneildlunsinseiesdussneunaaiivesindu
atulsiseinsouialasuinsns-uiaadalnsimes (GC-
MS) fvunsieasiBendansned 1

Table 1 Conditions used for chemical analysis of wood
vinegar using Gas Chromatography-Mass Spectrometry
(GC-MS).

Parameter Condition

GC Conditions

Gas 6890N (Agilent Technologies, USA)

Chromatograph

Column DB-FFAP: 30 m x 0.25 mm i.d. x
0.50 um capillary column (J&W
scientific, USA)

Temperature Inject temperature: 100 °C. Oven

program temperature: 40°C (initial

temperature) at 40°C for 5 mins,
then increased from 40°C to
200°C at 20°C min™, holding at
200°C for 25 mins. Detector
temperature: 230°C

Split ratio 100:1

Flow rate 10 ml min™

Injection mode

Helium carrier

gas
Mass Spectrometer Conditions
Detector Mass spectrometer 5973N (Agilent
Technologies, USA)
MS mode El mode

Mass range /
scan speed
Transfer line
temperature
Filament /
multiplier

delay

30 - 500 amu sec .

200°C

3 mins.
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3 Wawazlansal

C

Figure 3 Characteristics of charcoal produced using 3-
step charcoal kiln (A) Bamboo charcoal (B) Longan wood

charcoal (C) Corn cob charcoal.
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asveusolulasiau linansveaeusuandlunnsiei 2

Table 2 Characteristics of charcoal from 3 types of biomasses.

Type of o Moisture Heating Value
Characteristic 4 C/N
charcoal content (%) (Cal ¢7)
Bamboo The wood is evenly blackened, with some breakage,
<10 7,381 11:1
charcoal but no unburned wood.
Longan wood The wood is evenly blackened, with a maintained
<10 6,923 3:1
charcoal shape, no breakage, and no unburned wood.
Corncob The wood is evenly blackened, with a maintained
<10 7,632 5:1
charcoal shape, with no unburned wood.
Boiling The wood is evenly blackened, with no soil or
<10 26,000
charcoal unburned wood.
Grilling The wood is evenly blackened, with no soil or
<8 >7,000
charcoal unburned wood.

NANT97 2 wansran1IAEeUaNTRsNg o Yeaud
g1lnm aulddle wazarugdetnalue wuinaudadalned
AMNLSeU 7,632 Cal ¢ onsndiumsususelulasiau 5:1
auldalefimimnuiou 6,923 Cal ¢ sasnd@ruAsUaUmD
Tulesiau 3:1 wazauldluderaausou 7,381 Cal g’
gnsnaluasuaumelulasiau 11:1 Arnuseuluauunay
winazfinnuuanastuiiewinlasadameneninuay
maaflveaunariiuaadauuana1eiy §amusiaiud
Tnlnadiamdanuanuieugean wazauldliiddnsaiu
afuousalulasiaugean 11:1 498n51druniveuse
Tulnsiauiauaennaosiuinuyes (Wongsiiamnuay et
al. 2019) Lﬁmmﬂmﬁﬂmnmqmuqﬁqmﬁwmawﬁiaz%a
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MNUITYY0 @uavn wazuingiiy, 2559) wuIaIug
Fralwafiinaanudeu 5,755 Cal ¢ WewSsuifiouiumim
§1ULUY 3 Tuneu mmmLﬁ'mﬂmm%wlé’qqm’ﬁq
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Table 3 Physical properties of raw and purified wood vinegar.

Physical . .
o pH Value Specific Gravity
Type of Characteristic
wood Raw Purified Raw Purified Community Raw Purified Community
vinegar wood wood wood wood product wood wood product
vinegar vinegar  vinegar  vinegar standards vinegar  vinegar standards
Bamboo  Clear Light
charcoal  brown brown
3.27 3.62 1.0091 1.0069
with tar clear
mixture
Longan Dark Clear
wood brown brown
1.5-2.8
charcoal  clear with 3.40 3.78 o 1.0095 1.0072
; (Distillation) >1.001
ar
. 2.8-3.7 (Raw)
mixture
Corncob  Dark Clear
charcoal  brown red
clear with  brown 3.32 3.89 1.0089 1.0052
tar
mixture

31101957099 3 Weurduniuldniunssuiunisvinli
UTANSUAINIETTNITANALNDULALNTBIAD LHBNATUN

v
o o v o

anwagnnennvsnhduaiuld wuinhdueiuliuigns

N o ~ a & TS Y
gfidnuaueiivfoulde luduiudunanegudd was
Anuwazvasdinduaiuldainaiuis 3 efladanuladuain

v
o v

mamﬂfuiﬂavﬁﬁﬁﬂﬁuﬁumamag'ﬁi’wmwﬁa
ilovhnsiesginamauas v shduafuls
‘WU’hLﬁaﬁﬂé’mfﬂﬁﬁugﬂﬁﬂﬁmﬂmﬂauLLammmimm
ud9zdlAIANA NI NN IzanasogedTd ALy (P-Value <
0.05) uazdiandulunuannsgiuues ung. 659/25647
msiaszsiatanudunsa-asweuiduatulinuin
dethduetuldigniiliusandudnedammdusiagty
pehailifoddiy (P-Value < 0.05) sewivhduatulifvuay
hduatuliusgnivesniuits 3 ada dwaliiduauld
u3amsiian pH filaduluauannsgiu uny. 659/2547
\osnnnssuiunsvimhduafulfiviandlunuidedse
Usselinnazneunasnsesinduaiuliioonaintiuiu 3
Talsiunszurunisndulildiduaiulsindu

nan1sItAsIEsindua Ul d1aAT 0 GC-MS Lanes
a5 4 wuhesUssneundnvesinduatuliiannnisuan
fuvia 3 wilafle nsnexdfin ansUseneufiuea wazeyius
2997 UDa donAABINUIUITYYBY (Yasuhara and Sugiura,
1987) Gsansusznausenanduusslovdudfinlunisduds
nsiindesineliinlsafiald (Fufiun uavane, 2563)
9NAN5197 4 nudsinaiiuealuduaulianndiuds
I1lnadAtadan sesawnfe anaulilli uazduldale
uddu uasnunsaesdngsgalutiduauldandld
a1le sesasuAe anauld e waza 1uded17lna
arsusznavluthduasuliiAnainnisasueluwiues
anilu Ledllwaglaa uaziwaglaa (Amen-Chen et al. 2001)
FauduesAusynoundnluina feiurievesdauiaivhan
wAnuduaulifsdsnaronmamyssasusenouluindu
ATuldl

NNUITYYDY (NI WazAE, 2565) wuinhduaiu
Iiflesusian pH egsewing 3.78-4.41 uazdimuaisdmny
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LAEAINUITEVY (UAT, 2561) Wui1dodAUsEnouNIs
wildenadesnulagnuansusznaungy Organic acid @3ia
46.85% uaza3UsEnaungy Phenol q3iie 63.87% Lile
WeuduauiTeinuddanaenadesiulagny
ansUsENoUNGY Organic acid gsan 50.52% luthduatulsl
nelsidle uar 46.06% luthduatuliaindulsils s

Table 4 Chemical Components of wood vinegar.

a13Us¥Naunay Organic acid Fasluniseiuazsudsns
Aotiolse Wosluiivld uazansuszneungu Phenol gvan
42.79% Tuhduatuliandiudsdnlng sesasn 24.71%
Tuthduetulsianndwlifld ansusgnaungy Phenol oon
qm'é“lumsszhamuauﬂﬁm’%wvlﬁuimaqﬁmLLazéTUézﬂmsLﬁm
ow

Corn cob Longan wood Bamboo
Chemical Component Relative Quality Relative Quality Relative Quality

quantity (%) (%) quantity (%) (%) quantity (%) (%)
Acetic acid 13.4 91 4553 80 37.5 86
Propanoic acid 4.01 91 3.89 94 6.53 89
Butanoic acid 2.17 95 1.1 95 2.03 93
Acetone 2.73 80 1.17 80 1.72 80
Cyclopentanone 1.08 90 0.62 91 1.18 90
2-Butanone 0.77 86 N/A N/A N/A N/A
2-Cyclopenten-1-one 9.17 91 271 91 1.44 89
1-Hydroxy-2-butanone 1.03 80 N/A N/A N/A N/A
2,3-Dimethyl-2-cyclopenten-1- 2.16 90 1.55 95 1.98 96
one
2-Furancarboxaldehyde 0.99 94 N/A N/A N/A N/A
1-(2-Furly) ethenone 3.08 91 1.91 90 2.98 90
2-Furanmethanol 7.72 95 N/A N/A 3.76 95
Phenol 42.79 94 16.72 95 24.71 95
2-Methoxy-4- 1.91 97 3.65 97 1.56 94
ethylphenol(guaiacol)
Benzene methanol 3.79 97 0.78 97 1.7 97
2-Formyl-5-methylfuran N/A N/A 2.11 94 N/A N/A
4-Ethyl-2- N/A N/A 2.05 91 N/A N/A
methoxyphenol(guaiacol)
2-Methy!l-4-propyl imidazole N/A N/A 0.4 90 N/A N/A
2-Methyl-2- cyclopenten-1- N/A N/A 1.76 91 2.58 92
one
Furfural N/A N/A 8.78 95 N/A N/A
3-Methyl-2- cyclopenten-1- N/A N/A 0.92 94 1.13 90
one
3,4-Dimethyl-2-cyclopenten-1- N/A N/A N/A N/A 0.37 90
one
4,5-Dimethy!l-4-hexen-3-one N/A N/A N/A N/A 0.23 83
1-Hydroxy-2-methoxy-4- N/A N/A N/A N/A 2.06 97

methylbenzene
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Abstract

The agriculture sector faces increasing pressure to transition towards sustainable practices amidst concerns
over climate change and environmental degradation. Electric tractors are emerging as a promising alternative to
traditional diesel-powered tractors, offering potential benefits in terms of reduced greenhouse gas emissions, lower
operating costs, and enhanced operational efficiency. This study presents a comparative analysis between a 35 HP
diesel tractor and its converted electric version equipped with a 40 HP motor from a sustainability perspective in
the context of Nepal. Our findings reveal that electric tractors demonstrate significant potential to mitigate
environmental impacts associated with agricultural operations, particularly in terms of reducing greenhouse gas
emissions and dependence on fossil fuels. Moreover, it has been found that electric tractor offer long-term cost
savings through lower fuel and maintenance costs, despite higher initial investment costs. This comparative analysis
provides valuable insights for farmers, policymakers, and agricultural stakeholders seeking to make informed
decisions regarding tractor technology investments and sustainability strategies. By highlighting the strengths and
limitations of electric tractors relative to diesel tractors, this study contributes to the ongoing dialogue on
sustainable smart agriculture and the transition towards clean energy technologies in the farming sector.

Keywords: Sustainability, Smart Agriculture, Electric Conversion, Battery Technology, Performance, Operational

Considerations.

capabilities, advantages, and limitations within the

1 Introduction context of modern agricultural operations. While diesel

In recent years, the automotive industry has  ;ctors have long been the industry standard due to

witnessed a growing interest in transitioning from ICE to 1,4, power, reliability, and widespread availability of

electric propulsion, so the vehicles used in agricultural  £a(ing infrastructure, electric tractors offer compelling
field are shifting to electric as an alternative propulsion
(Vogt et al. 2021). This shift is primarily driven by the

urgent need to reduce carbon emissions, improve

benefits such as zero tailpipe emissions, lower operating
costs, and potential for renewable energy integration
(Dhond et al. 2021; Vogt et al. 2021). However,

energy efficiency, and address environmental concems  -p(ienges such as limited range, charging infrastructure,

associated with fossil fuel usage (Adam and Piotr, 2017).
As the world focuses on sustainability and seeks
innovative solutions to combat climate change, the
adoption of electric tractors represents a pivotal step
towards greener farming practices.

The significance of comparing diesel and electric
tractors  lies in their

understanding respective
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and upfront costs must be carefully evaluated to
determine the feasibility and practicality of electric

tractors in different farming scenarios (Alanazi, 2023).

1.1 Objectives of the Comparative Analysis
of this

comparative analysis are as follows:

The primary objectives research on
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1. Performance Evaluation: Assessing the power
output, torque characteristics, speed, acceleration, and
overall performance of diesel and electric tractors to
determine their suitability for various agricultural tasks
and conditions.

2. Cost Analysis: Comparing the initial purchase
cost, operating expenses, maintenance requirements,
and total cost of ownership (TCO) over the lifespan of
diesel and electric tractors to identify the most cost-
effective option for farmers and agricultural enterprises.

3. Environmental Impact Assessment: Analyzing
the

environmental footprint, and sustainability implications

emissions  profile, energy  consumption,
of diesel and electric tractors to understand their
contributions to air quality, greenhouse gas emissions,
and overall environmental health.

4. Operational Considerations: Examining factors
such as range, endurance, charging infrastructure
availability, adaptability to different farming practices,
and overall operational efficiency of diesel and electric
tractors to determine their practicality and convenience

in real-world farming operations.

2 Methodology
This

between a traditional diesel-powered tractor, the

study conducted a comparative analysis

Farmtrac 435 (data collected from same tractor before
conversion and also from few of similar tractors), and
its electric version, focusing on workability, economic

implications, and fuel efficiency.

2.1 Data Collection:

Technical specifications for both tractor versions
were collected, including engine details, transmission,
power take-off, fuel tank, and wheels and tyres.

Literature: Data were taken from the literature
review. (Fathollahzadeh et al. 2010) performed a study
on the calculation of fuel consumption of a tractor
during ploughing. The result represents that operating
the moldboard plough required 27.446, 30.096 and
34.06 L of fuel hectare™ in depths of 0.15, 0.25 and 0.35
m, respectively. (Adam and Piotr, 2017) performed an
emission test on a diesel tractor finding the emission for
12.2 kg of fuel as 35 kg of CO, 0.4 kg of NOx and 0.04 kg
of HC.
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Farmer: We collected data about the area a tractor
can plough in an hour. Along with the cost of diesel
available to them, their yearly revenue and, total

months used in a year.

2.2 Analysis Framework:

Workability was assessed based on the specifications
related to engine power, transmission, and fuel
battery .

Economic Impact evaluation involved calculating
the operational costs, including fuel or electricity
consumption, maintenance, and initial purchase cost.

Fuel Efficiency analysis for the diesel version was
based on fuel consumption rates, while for the electric
version, the focus was on battery capacity and energy
consumption.

Environment and Sustainability analysis  was
performed to visualise the environmental impact

reduced after electric conversion.

3 Results

3.1 Performance Estimation

Based on the power prescribed by the manufacturer,
a 30 kW motor was used and coupled with the default
transmission system. To evaluate its performance, the
vehicle underwent testing under a specific drive cycle
as mentioned in Figure 1 (a) in Simulink, maintaining a
constant velocity of 2.78 m s while subjected to a
traction load of 1500 N, over 3 hr. Figure 1 (b) showcases
the battery drain during the first 60 s of operation,
illustrating a 0.54% depletion. This rate of discharge
translates to 4.86 kWh per hour, cumulating to the
required 14.5 kWh over 3 hr. So, a 15 kWh battery was
used in the electric version and tested for successful 3
hr.
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Figure 1 (a) Tractor range testing drive cycle and (b)
State of charge (SOC) of the battery during the Simulink
test.

3.2 Technical Comparison

The Original Tractor (Farmtrac 435) is characterised

by:

1) A 35 HP engine with a 2146 CC capacity,
operating at 2200 RPM.

2) A cooling system that is water-cooled and an oil
bath-type air filter.

3) Net weight of 1914 ke.

4) The transmission includes 8 forward and 2
reverse gears, with a single clutch.

5) Power Take-Off (PTO) at 540 RPM at 1800 RPM.

6) Fuel tank capacity of 50 L.

7) The Electric Version offers:

8) A maximum power of 40 HP from a 30 kW, 96V-
300A permanent magnet synchronous motor
(PMSM).

9) A 15 kWh, 96V-150Ah Lithium Ferrous Phosphate
battery pack, maintaining the same mechanical
transmission as the original.

10) 1900 kg of net weight after conversion.

11) Utilizes

hydraulics system, ensuring similar workability

the existing chassis, steering, and

with a sustainable energy source.

3.3 Economic and Fuel Analysis

The diesel-powered Farmtrac 435's operational
efficiency and costs were evaluated against the electric
version. For 0.35 m depth ploughing, the diesel tractor
consumes an average of 41.2 L of diesel per day, costing

approximately 50 USD in the context of Nepal. In

contrast, the electric version, with a 15 kWh battery
pack, could plough an equal depth and equal area of
land as 41.2 L of diesel and consume only 1.24 USD of
electricity as per electricity price in Nepal, presenting a
significant reduction in daily operational costs. The
tractor runs for 6 months in a year and 25 days in a
month so annual savings from using the electric version
were calculated to be approximately 7218 USD year

highlighting the economic advantage of electric tractors.

Economic Analysis

8000
6000

4000

Diesel

Cost in USD

Electric

Fuel Cost M Maintainance Cost

Figure 2 Annual cost comparison of Diesel and Electric

tractor.

3.4  Emission Analysis

From the literature review, a tractor consumes 12.2
kg of fuel to form 35 kg of CO,, 0.4 kg of NO, and 0.04
kg of HC. In the context of Nepal, 41 L or 35 kg of fuel
is consumed in a day by a tractor. Maintaining the
proportion of fuel added, 35 kg of fuel produces 100.46
kg of CO;,, 1.15 kg of NOx and 0.115 kg of HC per day.

In comparing diesel and electric tractors, diesel
variants stand out for their superior endurance and
broad speed range, making them ideal for heavy-duty
tasks and long-distance operations. Electric tractors,
boast and

with

however, advantages in

their

efficiency
acceleration, instant torque delivery
potentially surpassing diesel in low-speed applications,
despite facing speed and endurance limitations under
heavy loads (Malik and Kohli, 2020; Mocera and Soma,
2020). Moreover, electric tractors demonstrate a higher
energy conversion efficiency, resulting in lower
operating costs and reduced energy consumption
(Alanazi, 2023). Productivity levels between the two can
be comparable, influenced by maintenance downtime,
refuelling recharging” times, and overall system

reliability, positioning electric tractors as a competitive
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alternative for specific agricultural needs (Scolaro et al.
2021).

4 Discussion
The comparative analysis between the traditional
435

counterpart has revealed insightful revelations that are

diesel-powered  Farmtrac and its electric
crucial for guiding the agricultural sector towards a more
sustainable future. In this discussion, we'll outline the
nuanced advantages, practical considerations, and
broader

implications of adopting electric tractor

technology over conventional diesel tractors.

4.1 Workability

Both tractor variants demonstrate competent
workability across a range of agricultural tasks. However,
itself with its

immediate torque delivery and quieter operation, which

the electric version distinguishes

could enhance operator comfort and efficiency.
Although there are concerns regarding the electric
tractor's speed, range and endurance, our findings
suggest that these limitations do not significantly
impede performance for most farming operations. The
electric tractor's ability to maintain high torque at lower
speeds is particularly beneficial for tasks requiring
substantial pulling power. Moreover, with cheap
electricity and grid charging facilities, farmers can easily
charge their vehicles during night and can perform 3 hr
of ploughing the next day without compromising their
objectives. The installation of a fast charging system in
both tractor and charging stations can lead to better

workability of the electric tractor.

4.2 Economic Benefits

The analysis supports the economic viability of
electric tractors primarily through the lens of
operational cost savings. While the initial conversion
price of electric tractors can be a hurdle, the substantial
reductions in fuel and maintenance expenses emerge
as a compelling argument for their long-term financial
advantage. This economic incentive is crucial for
encouraging farmers and agricultural enterprises to
invest in electric technology, despite the upfront cost

barrier.

4.3 Sustainability and Fuel Efficiency
Perhaps the most compelling areument for the shift

towards electric tractors is their alisnment with global
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The

greenhouse gas emissions from electric tractors directly

sustainability goals. significant  reduction in

contributes to mitigating the agricultural sector's

environmental footprint. However, the transition's
success is contingent upon the availability of renewable
energy sources for electricity generation, highlighting the
need for integrated efforts in enhancing the clean

energy infrastructure.

5 Conclusion

This study has demonstrated that electric tractors
present a viable and sustainable alternative to
traditional diesel tractors, aligning with the urgent need
for more environmentally friendly farming practices. By
comparing the performance, cost, and environmental
impact of diesel and electric tractors, it's clear that
electric tractors offer significant benefits, including
lower greenhouse gas emissions, reduced operating
costs, and comparable performance levels.

Despite the higher initial investment, the long-term
savings on fuel and maintenance, coupled with the
environmental advantages, make electric tractors an
attractive option for the future of agriculture. This
transition not only supports global sustainability goals
but also provides practical economic benefits to
farmers and agricultural stakeholders.

In summary, electric tractors represent a promising
step towards achieving sustainable smart agriculture.
With continued research and development, along with
supportive policies, the adoption of electric tractors can
be accelerated, leading the agricultural sector towards

a greener, more sustainable future.
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Abstract

The objective of this research is to design and construct a fish sauce distillation apparatus as an alternative
for low-sodium fish sauce production using a physical method, employing inexpensive tools and a straightforward
working principle. We intend to use the apparatus to distill traditional fish sauce from the seafood processing group
at Ban Talat Lang, Bang Phra, Sriracha, and Chonburi. The fish sauce distillation apparatus consists of three main

components. Firstly, there is a fish sauce boiling tank with a diameter of 280 mm and a height of 240 mm. Secondly,
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there is a conical steam separator with a diameter of 33.4 mm at the base of the cone, as well as a stainless-steel
lid. Lastly, there are four pipes for steam separation, each with a diameter of 10.3 mm and a length of 50 mm. The
apparatus also includes two double-ended capped pipes with a diameter of 114.3 mm and a length of 1300 mm,
and inside these pipes are four steam-carrying pipes with a diameter of 10.3 mm and a length of 1400 mm, passing
through both ends of the capped pipes. We tested the distillation efficiency by distilling 2,500 ml of fish sauce at
a controlled heating temperature of 150°C. The average time required for the distillation process using the designed
and constructed fish sauce distillation apparatus was 286.67 min. The distilled fish sauce has a darker reddish-
brown color compared to the non-distilled fish sauce. The color characteristics are as follows: The color brightness
(L*) has a value of 0.49+0.06, the redness-yellowness (a*) has a value of 2.89+0.20, and the yellowness-blueness
(b*) has a value of -0.67+0.13. This is in contrast to the non-distilled fish sauce, which has the following color
characteristics: The color brightness (L*) has a value of 26.45+0.11, the redness-yellowness (a*) has a value of
39.54+0.04, and the yellowness-blueness (b*) has a value of -45.27+0.14. The distilled fish sauce had a maximum
average salt content of 17.57+0.25% w w, which is lower than the salt content of the non-distilled fish sauce,
which is 8.17% w w. The distilled water obtained had a clear appearance similar to regular water, with an average
salt content of 0.26+0.00% w w . Furthermore, the residue left after distilling the saltwater solution had a clumpy

brown appearance and a maximum average salt content of 62.56+3.49% w w".

Keywords: fish sauce, distillation, sodium chloride
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Figure 1 Distillation of fish sauce using a standard

distillation set.
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Figure 2 Schematic of fish sauce distillation machine.
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Figure 3 Distillation of fish sauce using a fish sauce

distillation machine.
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Figure 5 Color measurement of sample using a
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3 Wawariansal

31 wansmemeunauha i
namsvaaeIndutandosiu wuinfinanisndu 30
40 50 uaz 60 min dUSuAsAndulEviniy 45.64 59.50
85.76 way 92.07 ml muasu Usunamdnindeiinsadls
WAy 51.20 56.43 70.20 uaz 88.47 ¢ AUAINU Lazinae
Usumstdandutuoyd 116, 124. 33 uaz 43 ml
audu ustUaduduinisnaudienan 60 min iR
Tndfdaduniugldanunsailuldamuseld Wethihlan
WudugmanuAslaensiasziusinaundenieiSves
Mohr #U#inainisnau 30, 40, 50 way 60 min SA1AIu
WA U 29.40 26.85 25.05 Wag 25.25% w w ' ANaRU
nsnduanfionmafimliaruieu 150°C iuaan 50
min feranuduiesiian fufuidlduanismaassndu
ﬁﬂﬂaflﬁaaé’mﬁmmman'l‘l,um']§uqmﬂ5uimsmm,ﬁau

45



Thai Society of Agricultural Engineering Journal Vol. 30 No. 1 (2024), 42-47

o

pduveaUsUInsUIUaNS UL UUSURSUAInaule tag
gdomyanisnauiliesunsuninauladid ity 34.30

ml

32 NamIIMARUANssaiAIeIna YA

HaMSNaULUaUSINMS 2,500 ml ﬁqmm:ﬁmﬂﬁmm
$ou 150°C wazmganduthuandloviinanidinduldiviiy
857.5 ml Inednsdaannnan1smnansidesdy wuinnanily
Tunisndundad 1 afedt 2 uazafedt 3 Wi 300 300 was
260 min ANEIFY ALRE BU89LIAINE ULUET LAy
286.67 min Usinaurdnindedinsedldvindu 551.77 510.56
WAy 568.69 ¢ AadsvreIUSinanininds winfu 543.67 ¢
uazivdoUsinnsiamdooyd 1,150 1,260 wae 1,135
ml SenedsvesUSinsiivanfiude whiv 1,181 ml

dlothiuanilmdonnnisndu inde wazthiindulaly
Yaddewm3osin Spectrophotometer §iAn L* | a* way b*
wazgmUsunalaiisunaslsnlagn1sitasizusununge
Fre33u09 Mohr Wisuiiisuiutvandlyriunisndu ua
Wandee Table 1

NANSUANINANSTAF AL NIANULANYBINANTS
vaans thuafldsnunsnduindd L*, a*, b* Adlndlaea
Ausidnwazdhmaunsla tandldshunsnduiiaanudy
WAgeaainfy 25.74x0.26% ww' dauthuanfisunis
nduiignunzduaantuuasdiduniniivailaiiunts
ndu danufuiedogean 17.57+0.25% ww' fatunis
Wisuiisusewinavanii liiiunsndufuianiisu
n1snA UL dnwraNuanasiunazinnnuduuinnid
dhuanfinunsnduwiiy 8.17% w w' dmduifinduls

Table 1 The results of color measurement and salt content determination of distilled and non-distilled fish sauce.

Parameter (unit)

salt content (% w w™)

Sample T - o
non-distilled fish sauce 26.45+0.11 39.54+0.04 45.27+0.14 25.74+0.26
distilled fish sauce 0.49+0.06 2.89+0.20 0.67+0.13 17.57+0.25
distilled water 99.69+0.10 -0.53+0.07 2.94+0.35 0.26+0.00
salt 40.43+2.25 5.87+0.66 11.98+1.34 62.56+3.49

fidnwuzdlandrovdan wazauLfuad siinfu
0.26+0.00% w w' WazLndeflnnuanndIIunTEUIUNTS
ndundanseaiiousniiUaneonuds wuirdveaniedian
nAnvvidnuwaradiu Wunsneudtnaa 3uihlnnded
AnNanTinaLARAYgsaRITU 62.56+3.49% ww'

4 agu

nmsAnsnsanvsunaladsunaslsalutnyan
Tusraihid wdssnduiuanfiesnuuuuazad1sduanunsa
anUSunaleiounaslsalutivanld 8.17% w w' 91013
AdutUanUsinms 2,500 ml ldhanlunisnduiade 286.67
min wenaniitaggunsaifidudatuihdan Ideenuuulng
Tdndnaveunsie (hygienic design) @11135008081991AY
azonlding fruneunsldaulidudou fduaansold
fumluadaseuldnnvia Wumadenlunsudmivan
Toigussedsnenianin Tngldiadosilefidsiarlduns
aunTntunguaninsafidiusilunsgninanssuiunisuanle
ﬁﬂlﬂqjLmeami‘ﬁmmﬁuﬁwfﬂﬂaﬂmmi’hﬂa AN
HARA NI UUTFUR I INELATIUARING NG FUAUIINTE
UNBATIN T invays

5 AafRnssuUsENIeA
vovauAudIinIvImnssumansuaruinnsy wag
AMgINgndanswazinalulad uninerdewmalulagsy

46

wranziuean injanaduayusvssinauazanuilung
398 lunssll

6 LONE1581994

N3ENINEISIsUaY nsumuAulsa d1inlsalufinde. 2556.
FIPNURANIITNUMIY JURUUNISALTNIudeiung
\WAnlsaldfnseluidTinmenisannisuilnande. uras
%’aga: http://thaincd.com/2016/media-detail.php?
id=8624&tid=30,1-001-003&gid=1-026. 1$1duile 23
funAu 2562.

NIENTNAFITUAY. 2543, UseN1ANTENTNEs150ae atu
7 203 (n.a. 2543) 15 esu1Uan. unaatena:
http://fic.nfi.or.th/law/upload/file1/TH_97.pdf. 11189
dlo 23 fwimw 2562.

§a1¥ni ynas. 2559, nsuenindesonannuin e
nsruIun1IgadulniisiudunssuiunisanaIy
NS¥A19. UnaTeya: https//w ww.nstda.or.th/nac
/2016/wp-content/uploads/2016/02/Thidarath.pdf.
dhdadle 23 flunau 2562,

fns Fndwes. 2549, Msuenindelutiuandaenszuiuns
uluflalnsdu. Ine19nwusIneraransunivudin
nalulade1unns). @9van: Vg ndnenas,
UATINYNRHEVATUASUNS.



MsEsamnAIfNSINEAsisUsEAlne T9 30 atuil 1 (2567), 42-47

WINTFIUNEATUNYUYY (UKY.). 2547. thuaniludion (uwe.
b/ lodae). UNNUNINTTIUNEASNINRNFIMNTIY,
NITNTIQAAMNTTU. NN,

LISINT ¥A535ANA, VT ¥ MYIIWA, IR AT AL F13
NRINANY, NBULNYSA @aula, nuafing L@Suunde. 2563.
MsIAseRUIIandeleiisuaaolsa lundniwe
ddanlne. msansinenmaniuazinelulad 28(2), 208-
218.

ANNUU INNYARY o 9YSEN. 2554, N1TWRILILATANY
nsvwaunsnamialeisusilnedsnisuenansiiy
Hedeldh (neenside). NIUVNUMIUAT: UM INYIRY
WALLLAENTEUNAITUYT.

gy wevwawysed, Ansms dywaand, anluy Sauau
, Wileavdny ww3eg, 13asal Sellade, Wt yysniuw,
au55ml 151919, Juaw inasudllaf, Aune Y,
Usndl 9duns, 8591 91u1u9k, Un1ns ATaew, ausd
w1y Tanaunans, giaen Weyaus, 0350df wddns, ne
Wall 399963, ASva Asudann. 2563. waluladnisuan
‘L?W‘Ua1Lﬂﬁaﬁf’wﬁmwaLﬁaqmmngmﬁmmaimwu
nawmeaulall (:18013L). ays: wnInedemelulad
I19LAAAETUDDN.

0979300 AL, 2553, MakAnthladeisnavanuy
5ITUYIA. WUNYT: VSN aannlne 911,

Chindapan, N., Devahastin, S., Chiewchan, N., Sablani, S.
S. 2011. Desalination of fish sauce by electrodialysis:
effect on selected aroma compounds and amino
acid compositions. Journal of food science 76(7),
S451-5457.

Ettouney, H. 2009. Conventional Thermal Processes. In:
Micale, G., Rizzuti, L., Cipollina, A. (Eds.), Seawater
Desalination (p. 17-40). Green Energy and
Technology: Springer.

a7



Thai Society of Agricultural Engineering Journal Vol. 30 No. 1 (2024), 48-54

2M58158UNANAIAINTTUNBAT WU A lNe UNAINIY
U9 30 aUUN 1 (2657) 48-54

Available online at www.tsae.asia

ISSN 1685-408X

nsIvEaTimULASeIanuuneandnlulRaTUTaUNSNABSYUIALEN
Research and Development of an Automatic Fertilizer Applicator for Small Four-Wheel

Tractors

SUWeA waudu'*, ilvg nitumsed’, 153U Tusiarans’, a519a Yrunw? alser 899, auun aneany’,
na Yugll’, 9155 weyey', avie sl

Tanapong Sanchum'® * , Khanit Wannaronkl, Wirot Horasartl, Sarawuth Parnthonl, Sarocha Thuengsukz,
Arnon Saicomfu’, Akkaphap Panpooml, Artorn ponbooni, Uthai Tanee'

0TI YRTIFINTIY, NTUIVINTTAYAT, NTUNN 10900

!Agricultural Engineering Research Institute, Department of Agriculture, Bangkok 10900
ZAugIRnEnTIAINTINGI1Y 3511, nAnMInws, 45193571 84170

ZSurat Thani Agricultural Engineering Research Center, Department of Agriculture, Surat Thani 84170
*AudiduuasiannnManuasnesysel, nsAvnsnees, Ingsysal 67000

*Phetchabun Agricultural Research and Development Center, Department of Agriculture, Phetchabun 67000
“vﬂuﬁ%Lﬂwﬁmﬂﬁmaumu, ASININSNENI, VOUWNY 40000

*Khon Kaen Agricultural Engineering Research Center, Department of Agriculture, Khon Kaen 40000
*Corresponding author: Tel.: +66-8-6935-4569, Fax: +66-25-792-757, E-mail: tanapong_bb@hotmail.com

UNANLD

wuﬁa5ﬁ5’maﬂizaaﬁl,ﬁa'3ﬁ°fml,auwmmmﬁmﬂJU&JLLUUMS@@@@IWmmmmmmammawmmLaﬂ Lwaiﬂaﬂalm
wlugeuiigesnis annsgapdedeainisnisninu ilinslilelulegaivssaninmasgn mimmumaamiawmm
Y mﬂmammamuﬂ’m 10 cm @nUszanas 15 cm NERINREIRY Umnﬂmﬁamluaawawmawmm SIGER
Uaouamay mﬂuummﬂau FTUUAIUANSAIIMEBALATNI5918Ue Ima‘[ﬁ’i’lmimﬂauimaLaaimummmmsawaq
1BIMBSNILUANTIVUIA 12 V 250 W m‘m‘umummsma‘uamuammmmm Adun1snaaeuNIsIEiay veenls waz
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15.03% w.b. LA¥ANUNUIMUUAUANINLIG 2.13 g cm LﬂiaqﬁhqaJmeaamac-ﬂ,uumm‘mmaLmsmmaﬁsummaﬂm
ANUBY 420.35 rai year '

° o

mddny: 3oy, 13BIYATAY, NTNYATLUUKIUE

o

Abstract

This research aims to develop an automatic fertilizer applicator for small tractors. In order to apply fertilizer
precisely as desired, Reduce fertilizer loss from sowing methods. This ensures the most efficient utilization of
fertilizer. Working of the drill bit machine the drill bit machine creates a hole in the ground that is 10 cm wide and
roughly 15 cm deep. After drilling the hole, fertilizer from the fertilizer tank flows into a pipe attached to the drilling
unit and is released into the hole. Then comes the cover set. The system controls the rate of fertilizer application
and distribution. Using a microcontroller to control the speed of a 12 V 250 W DC motor for controlling the fertilizer
distribution at the specified rate. We carried out an experiment where we drilled eight holes around the tree's
base, applied fertilizer to them, and covered them. It was found that the automatic fertilizer applicator was able
to apply fertilizer precisely. The fertilizer amount was set at 1 kg plant™, the fertilizer application rate was 125 g
hole™, the work capacity was 1.07 rai hr, the fuel consumption rate was 2.65 L rai’, the soil moisture was 15.03%
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w.b., and the dry bulk densities was 2.13 g cm”. Automatic fertilizer applicators for small tractors have a break-

even point of 420.35 rai year .

Keywords: Fertilizer applicator, Pit digging machine, Precision farming

1 unih

a9ty dunulunissdafivaruveanunsnsgatunnd
Fafunumsndndrulngaziduadadonisudnuas
Auseu nanunsailaguiitenifdnaundtuann
dwaliduunsnangatu inwnsnssnduediedeitasiosd
MU sHARlFAoandunun1Han n1slitadenis
Han (o) odlilausednsninasgn lnenislddenuen
3LﬂiﬂzﬁﬁuﬁﬁmmLLﬁuﬂﬂqﬂLLazﬁmmmsmﬁ’uﬁyuﬁﬁu
w3ansldisnandates Aazausasunuadelausyana
30-50% (aniwideiiveanuy, 2559)

Fnnsldlelina sufuvennumsng nsldleniviots
Bun3d al¥Bvinunsranemseudiu Tagldusanuemady
vén wazdsiimsliiedesldde Tdnuneludsemeaegiig
widulngazdusuuruniudléluundn dviuededd
Jelulina an1tuAdeinunsimnssildidouaiauninios
TaoindAssaludAuuulsemuuuavatonsay (Sudin,
2563) \funislsedemusuivatensmu n1shidedaey
s axiided fo avann uwidedeiiddry fe goyLde
deleiiagmalufunmssamelluenia au uasuan uaz
lortunnviing sifensldhfiefiunniAuly Jeavararouas
nalusuiheganag Fufnmsgydeds viliields
o1nsanas ndamdsnanaziinisliednisvilsde ns
Hanaulls msladeisd Fesyanauuinamsasu udilinay
Wunslaleiusyavsnmganitnisminu mslieuuuils
ﬂaulusmwwmwm'ﬂﬁmamﬁmuy"wwqﬂﬂ’imwmm
(Uszitug, 2564) wavnsileleluiivlsegauu nsugndee
n1slddelagidnisidanau dnisasaaulalusiuaiiugs
ﬁﬂdwé’aaﬁ‘lﬁﬂdmamsmm (5508713, 2551) upaztdunis
U uiazussnuFeAaL

Az 3TeTediunAniiazianiad esilslouvuneon
wuudaluidmivsaunsninedauindn iaiesilely 2w
Anssiusaunsnnossumdndudumdslumshanures
iw3es Ineinsesansnsadousnsnislddosonay deanmnsa
muupgnsnsladeliegiauiug annsenisldussnuau
Fadunstisandunuuaziinyszansainnislads uazds
annsniuaIesilslouvugonseluli@luussgndldmuldl
ﬁué’uﬁﬁaqmimﬂa Wy 819151, Uduisunaylsing 1Hu
#u danaluladiildnmnuideddadunsiinwnsuuy
wiugr flugluganisinums 4.0 Tngldsuainnisinems
wwusafulutiagsu Tugmanuasasfolndfuunsuims
ansuazimalulad

2 gunsaluasisnig

NIDULLIAANTADNWUY

LUIAANITEBNUUY HENNTYNIIUTBaLAT BY Ll 50
wnsninesinnulziiyaiiyn YaRuduRugugnats 10 cm
Anuszana 15-20 cm vauziRendulsandslaasivniian
ogfiynyanazgnuassamay AIUANSATINITNEBARIE
lulasreulnsaiaed anduiiganay fufunaunas 1¢
ponuuuedpsilslonuuneensnluli® ddmusznoundn 2
dau 1fun wdesilells uay srUUAMUALLALUTTINAND

21 eanuuukaras ATty
panuuudUsEnouNdAyAe f1uTsyde yagnveen
U8 gahynfumuaumesyuulalasde

q

211 dededwmsuussalewnd deussyde 2Usung 0.072

2

m’ Feanunsaussqlelalitdesndi 40 kg

=~

yagnueendeddignueen 2 Ya Yagnugendule
anguwWesaudurugugnats 75 mm denld
anvEeALUUTaRass Ingsesagnneiiluiuidesin
YU 30° AUkUITEUIY Aauandly Figure 1 Tafves
N5sBRezannsintaveslusenitgnieen
Audeussadela (udlug, 2560) avilignsinis
Maamﬂaﬁmmmju&]’ﬁu

Figure 1 Fertilizer metering roller.
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Figure 2 Driller.

wdnmsvianuvea’es iesaunsnmefinauaziyn
WyavguAdurugudnats 10 cm Andszana 15-20 cm
vaupifetulsandslnaasiinfifnegfiyayauazgnudes
awiqu ntufiyanaudufunaunguidiosnindeusely

| ) o £ el 5
Figure 3 Prototype of fertilizer applicator machine.
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Figure 4 Wiring diagram of controller system.
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Figure 5 Inputting fertilizer rate via keypad on control
panel.
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Figure 6 Drilling and applying fertilizer in 8 holes per
plant.
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Figure 7 Fertilizer pipe.
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Table 1 Results of calibrating fertilizer application tests.

Rotation time of Fertilizer weight (g)

control motor for

Average Average
the fertilizer (s) left side right side
2 54.27 51.26
3 69.78 67.39
4 103.42 100.65
5 126.55 124.12
6 147.41 143.35
7 200.87 193.34
8 256.28 210.03

3.2 NITNNAOUAIINAINITANI TN
mﬂmamimaaﬂmmaﬂﬂwaﬁisazﬂgﬂ ax4 m 31U
40 Fusols lunlasidaud ufiuaneiy Ao udasidl
AUAUAY 2.61% w.b. LAYATMTURY 15.03% w.b. WU
audvlufuiinasenisienuvenades Ineluwdasisl
mm%uﬁug&fm AiANUansalun NN uae
fisasauddonisiuidemasitosnituaiinnutuiy
#1 Tnoudasfifauduiy 15.03% w.b. fiauauisans

52

1971 1.07 Rai hr' dns1d uUieadudawnds 2.65
L Rai " uagiiiiaedglunmsmisvauuasveendasionss (2

vigy) 71 20.47 s fauansly Table 2

Table 2 Results of field capacity testing.

Plant 1 Plant 2
Soil Moisture (% w.b.) 2.61 15.03
Soil Density (g cm™) 2.30 2.13
Time of drilling and 23.82 20.47
applying fertilizer (s)
Capacity (rai hr') 0.97 1.07
Fuel Consumption (L Rai™) 2.86 2.65

) iR 8 ball Y AN

Figure 8 Field testing of the prototype.
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Table 3 Cost analysis of the prototype.

Description Cost (Baht)

1. Tractor (24 HP) 320,000
2. Fertilizer Applicator Machine
- Structure 8,000
- Fertilizer Tank and Fertilizer 7,000
Metering Roller
- Driller and Hydraulic System 30,000
- Machine Building Wage 15,000
3. Control Panel 10,000

Total 385,000
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Figure 9 Break-even point (BEP) of the prototype.
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Abstract

This research aims to assess the chlorophyll content of oil palm leaves using color values combined with
machine learning. A total of 66 oil palm leaf samples were randomly collected to measure chlorophyll content
and L*a*b* color values. The L*a*b* values were converted to RGB and HSV color systems, resulting in 16 different

colorimetric features: L*a*b*, L*, a*, b*, RGB, R, G, B, HSV, H, S, V, L¥a*b* + RGB, L*a*b* + HSV, RGB + HSV, and
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L*a*b*+ RGB + HSV. Calibration models were developed using chlorophyll content and colorimetric variables with

stepwise linear regression analysis (SLR) and support vector regression (SVR) based on cross-validation. The top

three models were selected. Based on the hypothesis test for a difference between means, the means of the

predicted values and the actual values of all those 3 models were not statistically different at the 95% confidence

level. Additionally, the mean errors of the top 3 models were not statistically different at the 95% confidence

level. Among those 3 models, the suitable one having a coefficient of determination (R?) of 0.59 and a root mean

square error of cross-validation (RMSECV) of 5.22 SPAD was developed from the L*a*b* color features using SLR

approach.

Keywords: Oil palm, Chlorophyll, Color meter
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AUAANDELT LAY (Linear Regression Model) 1576
wWUSAUTTIUIU 1 @2 B3aU1NNI1 1 67 leeddeninun
Wufudmsuduusdunsasia fe fudsduazdeodlyd
AITNE UNWUSA WL (Intercollinearity #5 aLAin
Multicollinearity) Tun 19U yavinaduuUsd ulad An
(Variance Inflation Factor, VIF) Tuaa4 5 814 10 ¥i3811nn31
szuanadedymnisiin Multicollinearity wazidunisusd
dwﬁmﬂiifuhimm@uaumi (Waun, 2547) 143U SVR
Humadeildninsinszdvesdnnesannnesiuaiy
(Support Vector Machine: SYM) L us 1a1uuntd a1du
(Linear Classifier) wuuluuni (Binary) n1sldlsdduinas
wa (Kernel Function) sziw’lﬁmmmaﬁLLuﬂﬁagaﬁﬁmm
AULA3 LB 19lIUTEANSAIN NENNI5V0Y SVM Aan1sm
Hyperplane fiflanansautsgadeyasentdu 2 Class fae

FYEE19T unNTi an (Maximum Margin) Tuvaisid af
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annsauvsaeadeyaldediagnieanniigainiiasdululs
(Fa5und, 2565) UaNaNLU SVM aunsaad1suuusians
wuulali@adu (Nonlinear) LLasblﬁaumimzﬁﬁt,t,ﬂ’iﬁagaﬁ
JUALENAMIY (Alves et al,, 2013; Malegori et al., 2017)

v unuuTiaesldisnisigaduuuled (Cross
Validation) meinatia 5-fold Cross Validation d1msu
nsUsziduAugNaes LLazLﬁammuﬁﬂaaqﬁﬁﬁqmmﬂm
&uUszananisimaule (Coefficient of Determination; R?)
A15INT 809U89AIUARIALAG DULRA BENAISIABITBINS
waureuuuled (Root Mean Square Error of Cross
Validation, RMSECV) mﬁmeﬁ%gaﬁwuﬂumu%’aﬁ
19 TUsunss MATLAB (Version R2022b, The MathWorks,
Natick, MA, USA)

NATER 38N N9Ed R d2e38nsmedouALade
dmsuteyadeingu (Paired Sample T-Test) liun A193¢

wazyWeYeIRaBlsHadINKUUTIaeIATIan 3 SuAULSN

AseAUANIT N UNEDR 95% wBna1NUUTIlEITA11N19

ADRAMIAIAINLLANANUDIAURANANALRAVDILUUT1AD S

oo

Aanan 3 suduusn lagldisn15leseianunlsusiu
WUUMILAYY (One-way ANOVA) N193LATIEUNNaD e
iAdeTlATUsns IBM SPSS Statictics (Version 29.0.0.0,
IBM, New York)

3 wauazdansal

Table 1 uanstayan1vadfvesrrduazainaslsilad
yoafroghdlutnduhifudmiunmsaiauuusiaes taefisy
fhegrlufifiinyiinuaaslsiladgeanuaziiigafauandly
Figure 1 9Mn3UsegnsludidAuTununaslsiladandign

v
= a oA R

aunsadunalainiaedwdsteuiiniasgiavialu Tunng

q

'
al

ndurudegaluiidausmanaslsiladgeiqalifiqnd
wasseutnmanasmuinluididondy & wansnany
auysaivasluunduiiaiy Table 2 uanawanisiieuidioy
UszanSnmveaiuudnassnisuseiliuainaslsiladmeaid
Mndulsdurioun 16 JULUU nerimiuuuuinaeemeds
SLR kag SVR waztsaulfiguuse@nsnnueduuuingss
fuAn R? waz RMSECV Loy siuiag3snsiamn
wuuiaesiian Fsiansananguuuusudsiulafidan R?

e

gavidn wazde1 RMSECV anvidnvsgniiansanliidu

WUUTIRRNANAR INNANITUTEULTIBUNUIIUUUT AW
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ANFASUAUN 1 §NWAUIAIN SVR AINAIWUTTEUUE

| o

L*a*b*+HSV @aiien R? uay RMSECY iy 0.61 uay 4.98

SPAD ANU@1AU WanNINNLWUUIIa0aiangsn suaun 2 wag

q

v o A

3 flaussouglndlAssfuuvuiassiiffgadusud 1 1dun
wuudtaesiignitauINNaINTEUUA HSV wa L*a*b* Taedl
A1 R? 1WNAU 0.60 way 0.59 ANaRU wazdia1 RMSECV
iU SPAD 5.11 Uag 5.22 SPAD @egnitamnu1ain SVR
WA SLR aud1AU wanaliiliiuin L*a*b* way HSV fnane
msvuneanaslsiladiuluuiduinsiunnnnindl RGB @
#OnAADINUMUITEURY Wang et al. (2014) adisnaeuin
A1 La*b* danuanuduiusasninaslsiladsauluiiaa
Tulpswululudndndae uenantudunalaindaudseui
Usznauseadnedlia R2 sininsaudsiuiivusznausie
fndvanesinUs Taulufiarn RMSECV gedndng uansliiiy
Jansldadii o duduusauliifsnnaisanelunis
a3unensiasuulassesunaslsladlulunduthauld g
gonnaaInuUITenisUssliuA1naslsiiadees Hu et al.
(2010) filsise1uindandsAdieafinnuduiusiiaafu
raelsfladiianale uazUSunanaslsilasiiialaanludn

s ew 4 o a6
U’liLaEJmEJLﬂiad’MﬂaaIiWaa

mﬂmimaauamﬁgmmdaﬁamadLLUUa"ﬂaadﬂf?ﬁ 3
SURULIANUI 1 ALRE 8U8IAIVIUIBRAZ A5 1703
naelsiiad Tfinnuunnsnsiunisadatiseiuainud et
95% TAEUUSIADISURUT 1 (p = 0.333 > 0.05) SusuTi 2
(p = 0.236 > 0.05) wazdusuil 3 (p = 0.500 > 0.05) Bslv
nidumAnuianaaedsveuusaesusu 1, 2 uas 3
Lyifinuuansnetunadafisssunudeiu 95% wuiy
TnefiAn p-value Wifv 0.433 Faunnndn 0.05 uansliisiu
Flaezdonuuusnandaly 3 susudl Arnsvuneves
Armaslsfladazliunnanety daufunuusiassfimungay
fignann 3 Suduusn fe wuudraesdududl 3 Fegnaing
AniLUTAE L*a*b* Ineldoanaiviu SLR Figure 2 uang
A5MIN13NSTIVRIATIWIBLaTA9SwaIRaslSHadT b

N UUT809l Fearantetlusndudaituniswlaasy

v
a o o

au1sasualalnensiannasesing 9nne 9anasyy SLR
Fadunisieszvanuduiuswuuldadunianududou
JoUNI1N15ILATIENA 83T SVR vmlanunsaylean

sgznanlunsUssananaleanme

(a)

Figure 1 Oil palm leave samples representing lowest (a) and highest chlorophyl contents in this studly.

(b)

Table 1 Statistical summary of chlorophyll and color values.

Chlorophyll
Parameters L* a* b* R G B H S Vv
(SPAD)
Minimum 46.16 24.5 -11.80 4.44 55.00 60.0 52.00 0.20 0.14 0.24
Maximum 81.07 38.63 -4.06 21.90 88.00 95.00 62.00 0.28 0.43 0.37
Mean 67.76 31.96 -8.54 11.85 68.73 78.64 56.30 0.26 0.28 0.31
SD 8.00 3.59 1.99 4.31 7.80 9.07 2.47 0.02 0.10 0.04
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Table 2 The results of the models for prediction of chlorophyll of oil palm leaves.

SLR SVR
Variable
R* RMSECV R* RMSECV

L*a*b* 0.59 5.22 0.56 5.28

L* 0.31 6.69 0.41 6.18

a* 0.27 7.06 0.27 7.05

b* 0.46 5.89 0.07 7.92

RGB 0.55 5.42 0.56 5.32

R 0.40 6.36 0.43 6.02

G 0.28 6.90 0.43 6.10

B 0.00 8.20 0.03 7.90

HSV 0.53 5.47 0.60 5.11

H 0.37 6.35 0.44 5.99

S 0.48 5.96 0.51 5.66

\Y 0.29 6.81 0.42 6.07

L*a*b*+ RGB + HSV 0.43 6.04 0.57 5.32

L*a*b* + RGB 0.47 5.98 0.56 5.30

L*a*b + HSV 0.52 5.64 0.61 4.98

RGB + HSV 0.43 6.04 0.57 5.27
figagnitannananfudsiu L*a%o* #e35 SLR Tneilan
w0 | R? = 0.59 R” wag RMSECV w1fiu 0.59 wag 5.22 SPAD mgﬁwﬁ’u Wl
_ RMSECV = 522 SPAD 4 ® ag13lsimudilinanisusziiiulalifiiisane Fee19das
%\70 I - 9y K .:.'. Iﬁé’umiﬂ’wmLLaxﬂ%UﬂgyniﬁﬁwmmﬁwlﬂiﬁzﬂumiﬂﬁzL;ﬁu
o I o o Anaslsiladuadluliauiniu daiaueuuzrosnuideily
T_C‘(j o L ° . % o auqﬂ(ﬂﬁ’]%%"gﬂ’]iﬁ%’]dLLUU‘\TWaENﬂ’]iVT’ILI’]EJﬂ"lﬂaE]Ii‘Waé
E . * Fia m?%’iﬁmaﬁmﬁmjwfﬁmaaiiﬂaﬁmm%mém
R 4 WiuAgIsuInTgIu mﬂuuaimluwmaaqmsmmmm
2 AraalsiladnleIsuinsgiu wWelvd1viunggndeduin
20 . . . . Qﬁu uamllmﬁu ms’[f?fmwm&J:Lumﬁmﬁﬁﬁmmumﬂ%
40 50 60 20 80 w3evindifosandveslurduunsiuluaiiaus dawald

Measured chlorophyll

Figure 2 Scatter plots of the predicted chlorophyll

values versus the measured chlorophyll values.
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UNANED
o 1 @ . v U 6V '3 '3 & a [ A
nsthamsguuain (Microalgae) inlduselewilunsgaduinsaisusulasenlenainfiedinmduniudenly
nsldwalulagniedinimundsulsenmninvesinedinin leeldesdusenevvesinedinmasidnduvesinedivu

(CHy) Usesnay 40-75% uardndiuvesingaisveulaeanles (CO.) Uszunu 25-50% lunseuiunisgaduine

v
a a =

asvelaeenludvesamirevuadnidulfAsonduaiiiiistunelusadidmalidndiuvesiedimilufedann
(biomethane) fidnduiigetu Liosnamismuadnlifeasusulaoenledduundsaveulituiead Jadofiddy
lunisdaasunisgaduingaisveulasenladvesamstevuiaiin laun vliavesamsieauiadn snsinisdeufie
asuaulnsenlefiarornia Faananailumsiunas asewnsiisniu suuuuvesyaufnsalfaniw susanmsinden
Adlumamgides lunadedldinsdmuanfuieguamisradnluiiuifinaiafiedanm Sadur vdu
\Bosgnsuazveilenavvegiidmandaiedinmfendanseualiil viinsdauenaneiusamseuadnii e luld
Usglomilunsgedufinsmivelasonledlufedinmuassdaimsimunseseniienmsthamhevunadnlulivsslen

Tugnudu o mudnenmvesaeiugainievuadnaiiatu 4 okl

AdAny: AeTanm, nMsufulssnunniiedinan, anuanaigvesmeiugainig, nsgeduigaisueulaeenled

Abstract

Utilizing microalgae for the purpose of absorbing carbon dioxide from bio-based gas is an alternative
approach in using biotechnology to enhance the quality of bio-based gas. Generally, the composition of biogas is
approximately 40-75% of methane (CH,) and 25-50% of carbon dioxide (CO,). In microalgae's uptake process,
carbon dioxide is a biochemical reaction that occurs inside the cell, resulting in a higher proportion of methane in
the biogas, since microalgae can use carbon dioxide as a carbon source for the cells. The important factors in
promoting carbon dioxide uptake of microalgae are microalgae species, CO,/Air feed rates, Light intensity and
Light/Dark photoperiod, Nutrients required, bioreactor type and environmental conditions in culture. This research

explored and collected microalgae samples in biogas-producing areas, such as pig farms and biogas-producing

Received: August 7, 2023

Revised: March 5, 2024

Accepted: March 11, 2024

Available online: June 30, 2024 63



Thai Society of Agricultural Engineering Journal Vol.30 No. 1 (2024), 63-79

landfills to generate electricity in order to screen algae species for use in absorbing carbon dioxide in biogas and

further development for the use of microalgae in other areas according to the potential of that algae species.

Keywords: biogas, biogas upgrading, Biodiversity of microalgae, Carbon dioxide absorption

1 unih

A9@anm (Biogas) \ufenandifiesrusznevvesfine
asuaulasenled 30-40 % WHufeiiawsaazareinlée
25 windlowSeuiieufufedivng (Zhou et al, 2017) N3
aadua1svaulneanledniedigadu 1y aiudusiud
(Activated carbon) Flalayi (Zeolite) 1oLi sua5 UBLUA
(NaCO,) uazhaaideneonlun (Cao) (Li et al., 2008; Hunt
et al,, 2010; Pires et al,, 2011) 524 4n15U5% g ne LY

peAUsEnauvelanydunidylglunisgadu (Lin et al,

'
=

2017) nsldansaiifdusnisnisifenldiedusvhay
lun1sanduarsueulaeenlan 19U Monoethanolamime
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Pires et al,, 2011) g/19lsAA IS n15weni19A1s vaula
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Figure 1 The wastewater from a swine farming. (sample

collection pond No. 2, 3 and 4).
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the Nonthaburi Provincial Administrative Organization.

(sample collection points 1 and 2).

Figure 3 The wastewater (pond No. 2) of the landfill of
the Nonthaburi Provincial Administrative Organization.

(sample collection points 3).

Figure 4 The wastewater (pond No. 3) of landfill of the

Nonthaburi  Provincial =~ Administrative  Organization.

(sample collection point 4).
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Table 1 Water quality in the sampling area to isolate microalgae.

Wastewater from a pig farm Wastewater from landfill of the Nonthaburi Provincial Administrative Organization

Parameter (unit)

Pond 2 Pond 3 Pond 4 Point 1 Point 2 Point 3 Point 4
pH 7.16 7.37 7.78 8.51 8.43 7.03 7.40
Turbidity (NTU) 275 143 107 98.7 118 61.9 34.6
DO (mg O, ml™") ND ND 4.0 ND ND ND ND
BOD (mg L) 366 483 110 366 400 1500 716
COD (mg L™ 11,899 7,283 4,205 13,232 12,720 14,771 17,849
TS (me L) 2,484 2,205 2,332 13,336 12,996 11,078 15,454
TNK (mg L™) 439 360 315.1 2239 218.9 1,159.3 1,203.4
P(mglL™ 236 218 139 6.20 7.40 19.10 25.00
Ca(mgL™) 79.3 66.7 67.4 80.2 76.8 66.4 51.2
Cu(mg L™ 0.320 ND ND ND ND ND ND
K(mg L™ 193.0 181.0 183.0 1,178 1,231 1,037 1,119
Mg (mg L™) 94.3 69.1 67.5 201 196 79.6 87.3
Mn (mg L) 0.996 0.253 0.193 0.780 0.747 1.58 1.18
Zn (mg L) 0.414 0.039 0.031 0.056 0.037 0.105 0.117
Fe (mg L) 2.02 0.288 0.351 1.35 1.15 2.39 5.45

* gunniivesiegluyie 32-34 ssrwaded
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Figure 5 Characteristics of 39 strains microalgae isolated from swine farm and landfills. (1) Synechococcus sp. (2) Chlorella sp. (3) Microcystis aeruginosa (4) Chlamydomonas

sp. (5) Navicula sp. (6) Monoraphidium sp. (7) Didymocystis sp. (8) Pseudanabaena sp. (9) Synechocystis sp. (10) Oscillatoria sp. (11) Plectonema sp. (12) Raphidiopsis sp.
(13) Tetrachlorella sp. (14) Scytonema sp. (15) Scenedesmus sp. (16) Oedogonium sp. (17) Gloeocapsa sp. (18) Coelastrella sp. (19) Haematococcus sp. (20) Nitzschia sp.
(21) Scenedesmus spp. (22) Chlorogloeopsis fritschii (23) Navicula spp. (24) Merismopidia spp. (25) Merismopidia sp. (26) Coelomoron sp. (27) Crucigenia sp. (28) Acutodesmus
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sp. (29) Acutodesmus spp. (30) Microcystis sp. (31) Geitlerinema sp. (32) Chlorokybus sp. (33) Bracteacoccus sp. (34) Chlorococcum sp. (35) Cyclotella sp. (36) Bacillaria sp.

(37) Aphanocapsa sp. (38) Pseudanabaena limnetica wag (39) Pseudococcomyxa sp.

matfiudegsansneruIndnaninsuykazelinauves aus. wunys wumy 1. Usglomilumsranduommsguninnazinvdiens liun awmsefddnonmlunis
vianvanevesaneugamineis 39 leluian (anadsguil 5) §QLﬂuﬁagaLﬁaqﬁu1Uﬂﬂi KARAALAYANTRRNgYENI9TINW ﬁauﬁy’nLﬂuﬁ’;ﬂq%@mﬁ;ﬁm?ﬁumﬁau
dadonmeiuganherunadniidmaelurinaiinainfednm lnedunouns 2. Ussloviliierdndundsamauny
FadenaneiugamireiiiennilUlfuseloviiiuumatasndnnslunisdaidenangiug 3. Ustlowiilondnindiwe fuaswanafndanm

]

awmsenddnenmietluAnyrewuntu 3 ndu ngq wansdagulunisnad 2)

Table 2 Characteristics, properties, and potential uses of microalgae isolated from swine farms and landfills.
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Selection

No. Microalgae strains criteria

Properties and applications

Synechococcus sp.

I

v
o

awseddeannuintiy nuldluwrasivily aihdawazinidy Tdndnuanuaeiinddey CO, Wusnadinin (biomass)
(Wtodarczyk et al., 2020) aunsanusioandziuzauivinufiisen (Reactive sulfur species) 1w Falviauasdamludaines
a1ansnld Peroxiredoxin (tulwsidinueyyadase) Wiean Sulfane sulfur Il (Liu et al., 2022) uazBalndnd lasinsAnwuiveld

Uselewilann Synechococcus sp. Tumsuandundsnundesldivy wunwmes (Bombelli et, al., 2022)

Chlorella sp.

awediden nuluihde dnay wazdde Tlusiuge Tludugs danuaunsalunismusernududures CO, (wiasansuau)

wargnunniiNgs anunsandnutadininwayluduas (High biomass and lipid production) wiexdntulafiea (Chi et al., 2019)

Y

uanlulolawu (bio-hythane production) (Lunprom et al., 2019) wanfalalasiau (Hydrogen production) (Giang et al.,
2019) wazwdnlulalenuea (bio-ethanol production) (Ngamsirisomsakul et al., 2019) Minansnesadis (Pollutant

removal) leiun Total nitrogen Total phosphate wazlangwntinlaun Cr (Santhosh et al., 2020) Y10nUN793NQAAINNTTUNER

1309wt (bioremediation) (Kandasamy et al., 2021)

a

ameadwnutinkty Wuawsienasrsasiwarisanulanulsmluluwvasisssued viddutnaa ddu waziinges 1oy

NAREINGN Microcystin feansiivlunguiififivsiedy (@siiviulasdafulinaaudfiluasduadunsifiouzss (tumor

promotor) natn Anudufivsesuvetlulastafuiatuieasivgnaadudignssuadeniaed Bile salt iudmdndiwadau
finalvilgadduiiietas wadduunaningeginiuazusnseniniuuazdailiivadunaendeanesidgiuuenaulume wafe
P~ P ) \ v a o 1% Yo a _a a 9 v a Y v,
deonTueeniniileidaduuarens dwmaliiinnniznisfenld nmslasululastafuluusinngs anunsaneliifinanedudniauls)

(Wnsnid, 2556)
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Selection

No. Microalgae strains criteria Properties and applications

awedded Tilunisudaunde (Wastewater remediation) (Behl et al., 2020) 1y gadudfeuandmenuuieuluin thlda

Chlamydomonas sp.

Yude Avuidouse NH,'-N 9InL59URERS1911e7N (rare earth elements, REES) ﬁﬂLﬁEﬁl’lﬂW’lﬁmuﬂ (Zhou et al., 2023) wag
Lﬂuéhaﬂ%'wanLL%@ﬁasm&ﬂuﬁ'] Taun Tasudlon (Cr(vI)-DS) (Ayele et al., 2021) wdnlunTanw (Bioelectricity generation)

(Nadzri et al., 2023) @1u150033 CO, (CO, fixation) LLaswamlﬁuﬁuLfJui’mqﬁuLﬁawémﬁﬂﬁuﬁ'quw (Bio-oil production) (Mondal
et al., 2016) uenniiannsanangitu (Lutein production) iussainguie ansdlunguualsiiuosd (Carotenoid) Sduae

UgsguamananuazUesiulsaniuiegiia (Ma et al, 2019)

amediden ausasse CO, (CO, fixation) Ham Lipid Wuansiadulunsnantingiuganim (Bio-oil production) uazlulefiva
(Biodiesel production) (Namitha et al., 2021) T duemnslunsiasdlsuag annsonuse COD 1¢igatie 2,000 un./dns

VooV (Boonma et al., 2015) fn1sthwrldtidaiidennlssnundating wasSanansandnasngnued (Phytochemicals) fadu
asaiiifigumstanimiinuiawgluits 1éun Chloroacetic acid uay 2, d- di tert butylphenol figudanunsadudams
\ydulavesqduvidinelsalufiy (Phytopathogens) fnuddenisihasdananlundsansidadagiian1adinmmawnuans
MdndngiivduasIz Faanunsadudade Xanthomonas oryzae uaw Pantoea agglomerans finolsalud1ild (Mohanty et al,,

2023)

Synechocystis sp.

auneddeannuindu wuldluinda aunsandnidom@sdianin (biofuel production) wantnadiudinu (Glycinebetaine
production) T3l duansifiuusis (Ingredient) Tuamanwnssusine wu THduanslianuguiulugramnssuomnsuas
wIpsdonadunidniualunienisamdaiidesenin nsumSalnadu (Trimethylglycine) #se TMG wananililauidennuin

U

InaFudinuastivanseiulelud@aiiu (Homocysteine) lusienie mnseduleludaniuluidengeasidoainlsavaonidenilafiv

fuld (giesad uay 1w, 2563)
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Selection
No. Microalgae strains criteria

1 2 3

Properties and applications

Oscillatoria sp.

amediTonuintu snvawadesdsweruludumeio wuldluwaaiill tahdawesddy Muselendlunis
Triminfisnngaanunssundnuedeails (bioremediation) wuhannsndesaaslasflouuazuuniidould 60-80% vaslansis
2 %fln (Santhosh et al., 2020) @u1506an Biobutanol &1uN50&1LATIEY Silver nanoparticles (Biosysthesis) (Adebayo-Tayo
et al,, 2019) w@n Fatty acid, amino acid derivative, indolizine derivative, ether derivative, cinchoninic acid, phenol,
pyridine derivative, benzyl alcohol derivative and triazine derivative (Bioactive compounds) %ﬂﬁﬂmauﬂalﬂumiﬁ’m
wuAvilsesoLUAsunalIALNTUUINTEARAINY (S. aureus wag B. subtilis) Wazknsuau (P. aeruginosa Waz E. coli) (Bhuyar et
al., 2020) uagaun50nan Phycobiliprotein Accumulation (llaUalusAu (phycobiliproteins, PBPs) fiasiaingses
(Accessory pigment) finululeeluwuaiiSounavansedunmaneyin v‘hmﬁwﬁ"lum3@mﬂau‘wé’wmLLaﬂuﬂiNﬁﬂaaIsWaé
ganaulilsl ilewdeudundsnueiivazhllilunsairsomsmeluwad Jagiu PBPs gminanuszyndléifuansilueoims
wiSoshal HARSeTaSHe S Wdpsdiene Tiviiluaseengriindenssuiiesnniiqrddunssniau Sudinisatguede

Th¥a desfiunisiineyyadasy d@suaiemsinuveseaddulazigaduseaim) (Zuoro et al,, 2021)

Scenedesmus sp.

awedles Tlushunasludugs v3a CO, (CO, fixation) HATSUTIAMN (Bio-oil production) (Boonma et al., 2015) Wan&"s
aaﬂqwémﬁ’smwLLaﬂﬂ‘UmLﬂﬁ“U (Biological active compounds and nutraceuticals) 1u alkaloids, flavonoids, glycosides,
phenols, lignin’s, saponins, sterols, tannins, anthraquinone Wag reducing sugar ?jﬂﬁ@mauﬁmumiﬁ’mm’ma’m AN5AU
ouyadaTy FMuNISNEY wasqvdfuean JanuitanusagvdannsafunuaiiFeldun £.coli S. typhi, C. perfringens way
B. subtilis wazsThéuA A. niger waw C. albicans 18 (Patil et al., 2019) uazdsanunsaridnansresais (pollutant removal) 7

Juau loua NH,*, NH,, N, P, uay PO,” langmiinlaun Cr, Cu, Pb uag Zn wardeldiduingfiundanaraindnin (Bio-

q

¥
v =] a

plastic) Ingldf biomass waufiu plasticizer (asdnussilalulunszuiunisudnnanadin) iilwileeiuudnilugugy wieln

fnauandfnismusienuTeu N15gaduILAZLSIRY (Kandasamy et al., 2021)
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No.

Microalgae strains

Haematococcus sp.

Acutodesmus sp.

Bracteacoccus sp.

Selection
criteria Properties and applications

1 2 3
Haematococcus Wuanavesamingluid Haematococcaceae aundnvasnauililuanmaiiluvesdvuninulugrsiun S

v Inneafalailaawuiigavidanisie H. pluviatis Fdldlundasuaiaissdoaioinnisudnuoanusudy Judunalsfiuess
fueuyadaseiuszavnsnmaglianiizganuiaisn aansondaueanuyusu (Astaxanthin production) (Cheirsilp et al,,
2020) Faduansuszamunlsiiueed (Carotenoid) ansssuyA AlnuanTRtelunsiueyyadasy nana1sd launualsfiuess
uazpaslsilan wanluiiy (Lipid production) waznanlusiu (Protein production) (Yap et al., 2022)
awedden Ju Taxonomically accepted species of Scenedesmus & acute cell poles mﬂiauﬁﬂ (>40%) mmimﬁﬁzyﬂﬁ
Tugnsniivsinauenludelulasiaugeld awnsanss CO, (CO, Fixation) uarnAnludiuiiendniniuganin (Bio-Oil
Production) TUnauiu aunsandnansa (Pigment) oA Qﬁu (Lutein) (Zhu et al., 2022), wAlsiiuses (Carotenoid) (Grama
et al,, 2014) wagltlunisvrdnveads (Kim et al,, 2019)
amsedder gnibhwnldusslenilunmadudamdamsdann (Bioremoval) awnsariidn Methylene Blue fiazangagluti (Al-

v oY

Fawwaz et al., 2023) @w150%an Biomass, carotenoids wae lipids Jslfidutngavlunisudnlulefiwa waznsldusslenily
nsiutainmedanin (Bioindication) waznsnadaunstinmdmsuanuluiivuedlangmiin (Biotesting of toxicity of

heavy metals) lsiin Zn wag Mn (Maltsev et al., 2021)
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Selection
No. Microalgae strains criteria

1 2 3

Properties and applications

Huauine@iden egluasd Chlorococcaceae anmnsonnmeneaulusiuluindsld aunsondluiudumsieiulunsuanlule
fiva wanlusfufianinsneengminiedinin (Bioactive Lipids) léud Sulfoquinovosyl diacylglycerols (SQDG), HexCer-t36:2
(t18:1/18:1 and 18:2/18:0) cerebrosides with a phytosphingosine (4-hydrosphinganine) base, phosphatidylcholine (PC)
kay phosphatidylethanolamine (PE) %ﬂﬁqméﬁmmiﬁmauLLazﬁmﬂmﬁmémﬁam (Anti-Inflammatory and Anti-Thrombotic
Activities) (Shiels et al,, 2021) wazanunsananianssuioulesidnueysadase (Antioxidant enzyme activities) G4l
Malondialdehyde (MDA), peroxidase (POD), superoxide dismutase (SOD) w&az catalase (CAT) Imam'ﬁﬂizﬁuﬁw Cu®* 3o

Cd? Fimnudadusieiu (Qiu et al, 2022)

Pseudococcomyxa sp

&

13

HANA1S Mycosporine-like amino acids (MAAs) nsnezilupdnedelaalesuluasnisgfivinadnindnlaeddidinfiondueglu

o v
o o

anmadonifiuasuandeiaUiinamnn Wumseengrsmstanin deansiignasretiu Juegiutiadoss 4 1wu svezand
1#%uuas (Photoperiod) aaidiuas (Light intensity) %29aAuLas (Wavelength) gaumndl (Temperature) ansawnsdiléides
(Nutrients) famsin (Bioreactors) uazszezvainsasyivlndiofiuies Jadesna 1 Wi uiinaressdustneumaniives
mmﬁ&JﬁummLé"ﬂﬁy'f:uv‘iﬂﬁmiaanqw‘émn%amwﬁaﬁ’mmﬂawuiwaﬁ@mauﬁaLLazﬂizIstuﬂﬁwmﬂwma andegaiu 1Wuens
Frupyyadasy a3uduuan a5l enududu arsfiueuem fumssniau (Antinflammatory) @15t s (Thickening)

wazan sy lilason13nseAueINISUANIaRINS (Skin sensitizer) (Karsten et al., 2005)
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