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Phytoremediation of Low Salinity Effluents from Black Tiger Shrimp (Penaeus monodon)

Culture by Water Spinach, Water Mimosa, and Water Chestnut.
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Abstract

This study aimed to compare the phytoremediation potential of low-salinity (1.1-1.4 ppt) effluent
from black tiger shrimp (Penaeus monodon) pond by water spinach (/pomoea aquatica Forsk), water
mimosa (Neptunia oleracea Lour), and water chestnut (Trapa bispinosa Roxb) at a density of 3 g/L in
simulated glass aquaria. Growths of the three aquatic plants were also investigated during 27 days of
remediation period. Results demonstrated that water chestnut showed the most effective remediation
(p=<0.05) with removal efficiencies of total ammonia, nitrite, nitrate, total phosphorus, BOD, and turbidity
of 88.78%, 53.24%, 97.97%, 70.47%, 89.94%, and 91.66%, respectively, followed by water mimosa,
and water spinach. Total phosphorus and BOD concentrations in water chestnut-treated effluent were
within acceptable values following the criteria of effluents from marine shrimp culture in coastal areas
imposed by the Department of Fisheries (2019). In addition, water chestnut grew well in the effluent
from the black tiger shrimp pond. The rate of weight increment of water chestnut was 7.1+1.1%, which
was higher than that of water mimosa (6.2+1.9%), and water spinach (2.0£1.2%). This study
demonstrates that water chestnut is a good choice of aquatic plant for phytoremediation of low-salinity

effluent from black tiger shrimp pond.

Keywords: Marine shrimp, Effluent, BOD, Nitrogen, Aquatic plant

o 4

Tul w.a. 2563" Taqiiufanainisdininizias

q

UNU

dszmalnedudnanuazdsoandmes
a o & ¥ 1
warHaniusiandwmeasslngjaeslan ud

w.a. 2563 Uszinalnadvfuiaeaedanziasia

P2 '
=

UseimAsan 26,700 W1 ATRUAQNN

342,068 1§ TN uNaNAATINTLATINTINEY

)}

388,592 Fiu AnLuyar199NgeNe 5.8 AUA Y

o

v Inefana1@n (Penaeus monodon) \udnd

1
o

unAsHgiandAnyredszmalng afemeld
N384 UL semARENININ $89H1RN
g . " = a

N4111 (Litopenaeus vannamei) TneddTunn

NAKAR 14,743 s ARLTUYAAT 3.3 WUA1ULIN

Tuiuiinnsesfi AL AL AN Lﬁ@@mﬂmmmﬂ
[ELEATRE Lﬁuma‘m?‘mLﬁu‘lﬁmmzmﬁmmi
WAfuidnedn usiegnglsfnunisaenefuinng
NEIAENDEN99IR5uaTANITANN TR RE At
Tifdszdninmaenaliiin Ty duandes
ANY ] LU N13UNR 8 TR UM AN nsalel
Mianaig1eian nazn19goy l@anAa1w
WANNUANENIITIN NI D952 T2 AT
dusu Eﬂ’mﬂﬂaLLﬁQﬁWﬁx‘i@’]ﬂﬂﬁ?LW’]tLgﬂ\iﬁ/ﬂ
newdnianssznevuduniduazeunsedly

YFNNUGIALAINIATFIULINNTTTL U TS

PBRU Science Journal
Volume 20 Number 2 July-December 2023

2



a d’l k2 k2 1 1 = al
arnfianisnnsiaesianeia ldun A1dTed
(Biochemical Oxygen Demand; BOD) € @ 4 b 4 4
wrauaee wanlnile neanesason lalasay
dalnsuazlulnsiaumu’ anaunfieannnis

X, .~ ¥ .
wnzidesianziadadinisluiewseslanymin
a1AFNg ] TUTALING M U NBILAY (Cu)
wAALEN (Cd) meiia (Pb) @13y (As) AN (Fe)

o

&anz@ (zn) wazdsen (Hg)** nsdasaunisann
X o = 4 P
nanziaesfanzianluideusaasnne1nis
(Nutrients) @nunsannldfiianiaiasoyaasiain
wazdusteesnalfreuLam (Eutrophication)
TUWNAIUIANNEITNTNG waTEINan 1 linng
winyiule nsEsydauaznisduiuganaduas
WNN1gaNeaastan®
y . v Mo
W1sannIsnziaeansiadeq A sy
nstndaneulaesasgunactingssusi Taqiiy
AN ALIAENNTLUN U RUN AR TELAUANT
= =
9NN LaRLarTInInKnUseyns i lunnsg

UadfisannIsiwaziaeeiansis w90
walulagnrenianinwaziedidlumaluladny
Ugz@ANTNIN LmemTuI@ﬂmmumﬂmw 49919

|
A a

luntsaenuaiieszuy n1sldnas e hiy
FEUULANI9L1395NE1° Adtiunistninsaeids

= 4 @ as o o da oo o
N0 naaduisnisidaniduiineiy
Avandanaslifuanuaulaetnsnnnluilaqiiv

o o ¥ = % = o o
nistnfadsanaindumalulagnistngn

o

= aa d' d' o ° iol al
nmandaniiengniaxnldlunasingatnge
RN Ae19uN A8 T UTIN A2 TFHN I UN
Imel Effendi et al.” lananqannistiniimsne i

w3 ndesan1sdnng Auel a111904ANIUn

: PBRU SCIENCE JOURNAL
“ayy U 20 aliufi 2 nsngeu - Sueu 2566

(2

AluBunamnnua s uR I RILIARBN NTLN

b

o

2 6 o & a a |
Nirunltlunisdrdaindedvanasiin 1iu
W11 41IIEARBLIAAT AIUTIENNNTLIAN
sugly® dunzanlunwneg dumzanludie

AnAuTILazaanyuy s

HntTs (Ipomoea aquatica Forsk) NNNIzLan

]

o

( Neptunia oleracealour) th & £ N 929 U

(Trapa bispinosa Roxb) Wuigassin (Floating

o

dd [ o o =
plants) NHANgA WL N I lRNsU T RaN TR
BN j Wesarnasyiulale Aludaundand

ﬂmﬂ@umammq: mmﬂmﬂ@wmumm‘m

°

Windnngunman it Ananinlunistintnans
utauatinging - luide 1w Andlen Andle

= a 3 a o % a
A TATLHEN NAILAY AN LNIN1UE Azhin ZNﬂ“’ZQ

8,9,10 &

wAALeN Usanuasddannldluiamne Fepin

warigniiunldlunistndnuafisainnig
X ~ s
wnziaaadan Tnedunuinlunisdaasunig

WwiglAu e nsnndnatsetnsuardfuea

T o P = v
ATLATINUN LLWSLH']:TQ u ﬂH@LWHQL@ﬂu@ﬂ

¥

Lﬁmﬁunﬁiﬂwﬂmﬁﬁﬁ\imﬂmsmwﬁmﬁ:\mxm

=

% = ¥ Ao ! a
AaaNTae U NNYaAIMIGATEFIA LA
Ananinlunnsairenelenainldinemnsng Ined

= o v o d‘ Yo A o K
Weedndeuazdnnszianf ldfuntsdudun
Anannlunistninuiisainnisimnziaes

v
=

neanazy® " AvdunisAnena ANl

o

- =
qmﬂﬂ?z@\ﬁﬂL‘W@Lﬂ?‘ﬂULWﬂUﬂqu@WNqiﬂiuﬂqi‘

a

‘].I’WU@‘L‘!’W]\W’]T]T]’]?LW’] L@?;Nﬂx'm@'ﬁ MUWLLANH

o

VAsn (1.1-1.4 W9 Inensldlnis dnnszian

a

LAZNTZAL WATANEINITLATTY 3NYg Aulmueaiie

mmuwiﬁ’a‘“uﬁﬁqmﬂmimﬁ:mmﬁmmrﬁ?ﬁ

PBRU Science Journal
Volume 20 Number 2 July-December 2023



EELUCEET
1. MaNuIAIaNNISINZIRENRanaTsn
-4 o o o = T &
daaesganatanldlunisAneaiail

v
o '

seatllusualnisainia anaunauilzen
. e A L X . &
FMdpaiians taideatenaiandunisiass
y . I 2
Awuudmun lwszuudaninisintinanluung
TN BTN HITEAUAIMNLAN NALNWUIEIUN
o = , X % | a a
srmauarimN Uetasedudule Ausssusif
u1m 4 19 AruAnUszinnd 1.5 WA RN 1E
warasnatialndlennauaguuiuntaule
4 . . - N -
WatlaeiunsnInane1e9n N7 EaIN1ANNNT
a o P o o a8 o
AasaasadldanniAnuuluna AUl ludnaau
5 usasisials AeusEulaeafeaussazduda
d oy w . - ¥l
waliudladnlFunaeeniauazaneinliningn

5 HaAnFusadns NNy uReuetng

'
o

= . . \ od 4
209 AENAUANY 7] FINAUNA L BUAZHWUT

al ] o U o 1 U
ATRIALNENNBAIUTUNY ER3n1slanegnna
srunnd 50 AAaM1T19NAT N9 lER U
Ida1medniagunianiedndll s (>40%)

lasiu (>5%) waznin (<3%) lasalia1ing 5 da

: PBRU SCIENCE JOURNAL
7y U7 20 atuf 2 nangaan - Suaew 2566

Aadu N uAet 19U INLaResienaan

'
4

ﬁi”nﬁumﬂﬁﬂﬁmﬁqmu 107 4 4 Wuseazin
IaAndanfandudaniie Tmﬂmiquﬁ’]ﬂ?mm
5,000 an3 AszAUTiANANLszINN 1 WATAN
Ef;ﬁ’]ﬁqmﬂ?mquﬁﬁ HURINTBILNASTI B Y
a1, 37 luaseu ldasludelnivesnana sauma
Lﬁ‘urﬁTfmﬂ'Nauu?mma@m_imgwf’jm”%ﬂ@uLL@;’
laaslugananafin@nn Lﬁ'ﬂﬁwmﬁmm’luﬁj
nazanfuiiileusmnandannuiivinimases
@ﬂﬂﬂ’]‘iﬁlﬁ‘fl‘ﬂ'ﬁ/mQMﬂ’]Wiﬁﬁﬂuﬂ@Lgﬂdﬁﬂ
NaNAINLINAIANNLTUNIA-FN AIINLANLAY
surnuen o saudavedsesluinual

a

5L, | Ao o
WAz dauAndlenuazasviadasoud
ANGANIIANNIATIIUUNTANNNTINNZIREER T

v

Ung1ada (Table 1) nindaaaeangunaaun
sesuamlneldiun1siNTRaznaldiinnig
AzaNIR9817219199 W MFunagiinde Ter

S = &
L‘Nuuu’m\'ﬁ’]ﬂﬂ'ﬁ‘LW’]ﬁ,’L@ﬂﬂﬂﬂiuﬂﬂi‘ﬂﬂﬂ’]ﬂ‘Nu

=< o ° o v A % 3 a
mgﬂmmlﬁumimummaw%u’mq 3 TUM

Table 1. Quality of black tiger shrimp culture effluents in this study

Effluent discharge
Parameters Effluent standard values*
Mean

pH 8.48-9.54 8.74710.70 6.5-9.0
Temperature (°C) 32.00-32.90  32.48+0.46 -

Salinity (ppt) 0.910 Below 50% of natural reservoirs
Dissolved oxygen (mg/L) 6.40-9.45 7.971+1.53 -

Turbidity (NTU) 39.01-42.41 41.13+1.85 -
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Table 1. Quality of black tiger shrimp culture effluents in this study (continue)

Effluent discharge
Parameters Effluent standard values*
Range Mean
Biochemical Oxygen Demand: BOD (mg/L) 32.13-33.04 32.5910.46 <20
Total ammonia (mg/L) 0.40-0.72 0.7010.29 <1.1
Nitrite (mg/L) 0.11-0.27 0.21%0.09
Nitrate (mg/L) 0.97-1.95 1.5510.51 -
Total Phosphorus (mg/L) 1.08-1.58 1.7310.73 <0.4

* Regulatory discharge limits of effluents from marine shrimp culture in coastal areas imposed by the

Department of Fisheries
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Figure 2. Total ammonia concentration in low-salinity effluent from phytoremediation by water spinach,
water mimosa, and water chestnut of black tiger shrimp culture during 27-day trial. Lowercase letters
indicate significant ( p<0.05) difference among treatments at 27 days of phytoremediation trial.
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Figure 3. Nitrate concentration in effluent from phytoremediation by water spinach, water mimosa, and

water chestnut of black tiger shrimp culture during 27-day trial. Lowercase letters indicate significant

(p<0.05) difference among treatments at 27 days of phytoremediation trial.
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Figure 4. Nitrite concentration in effluent from phytoremediation by water spinach, water mimosa, and

water chestnut of black tiger shrimp culture during 27-day trial. Lowercase letters indicate significant

(p<0.05) difference among treatments at 27 days of phytoremediation trial.
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Figure 5. Total phosphorus concentration in effluent from phytoremediation by water spinach, water

mimosa, and water chestnut of black tiger shrimp culture during 27-day trial. Lowercase letters indicate

significant (p<0.05) difference among treatments at 27 days of phytoremediation trial.
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Figure 6. BOD values in effluent from phytoremediation by water spinach, water mimosa, and water

chestnut of black tiger shrimp culture during 27-day trial. Lowercase letters indicate significant

(p<0.05) difference among treatments at 27 days of phytoremediation trial.
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Figure 7. Turbidity values in effluent from phytoremediation by water spinach, water mimosa, and water

chestnut of black tiger shrimp culture during 27-day trial. Lowercase letters indicate significant

(p<0.05) difference among treatments at 27 days of phytoremediation trial.
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Table 2. Removal efficiencies of pollutants in black tiger shrimp culture effluent by water spinach, water

mimosa, and water chestnut at phytoremediation period of 27 days

Removal efficiencies (%)
Pollutants
Control Water spinach Water mimosa Water chestnut

Ammonia 66.95+0.57° 75.11+1.21° 75.25+0.89" 88.78+1.09°
Nitrite 7.18+1.22° 34.91+1.49° 59.81+1.20° 53.24+1.56°
Nitrate 29.59+1.56° 96.17+1.91° 92.15+0.98" 97.97+2.09°
Total phosphorus 18.42+1.31° 51.77+2.29" 62.75+2.82° 70.47+1.39°
BOD 57.54+0.49° 85.21+0.51° 86.50+1.63 89.94+1.24°
Turbidity 63.25+2.57° 78.49+2.91° 83.72+0.95° 91.66+3.33°

Lowercase letters indicate significant (p<0.05)difference among treatments at 27 days of phytoremediation

trial.
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Faeaz 2.0+1.2 (Table 3)

Table 3. Growth performance of aquatic plants used in this study at remediation period of 27 days

Aquatic plants Rates of weight increment (%)
Water spinach 2.0+1.2°
Water mimosa 6.2+1.9°
Water chestnut 7.1+1.1°

Lowercase letters indicate significant (p<0.05) difference among treatments.

PBRU Science Journal
Volume 20 Number 2 July-December 2023



anisana

o o U = 9'; dd‘d
nrunTasagNg U ATuIagNd

'
a v !

32 @NTN N LU ATFRRILIAAANLAZINYFD

v v ¥
o a a

N194ANTIUNITUN TR TIaI NI TN ZIRENTY

Y vy
o A

nzva’ n13AnE st idudnsyduing

'
2 o

hafiavieRiidnanwlunsininiiainnis
LWW:LgﬂqrﬁmmﬁﬁLLuummLﬁw‘%q dlesann
aunsnantEuinsen i ulnest lunem
Waanasason Ulanuarainugulaaened
WadnAny Inediununeanaiasounazilen
NAIN1TLTRAENTEAUUIY 27 TU anadet Ty
i:ﬁuﬁﬂmmgmmuaumiﬂ@'@ﬂﬁﬂﬁqmn
ﬁ@miLWﬁxL?i”mﬁqmmu?mmmﬂﬁ'liqﬁlﬂaxmm

a a

Tnansntlszne’ uananntidaiidss@nsninganda
y ¥

Waunan 2ala Ae dnysuazdnnizian

d v dgld A 901 a
Aauni i esun g g vatasiialunig

v v v
o ©

ipunfieannismnziaesienainiuasans

o v o

VW BN Bnnseian ENAUTIN (Eichhornia
crassipes) WiuLila (Lemna perpusilla Torr.)
warenvralaun (Wolffia arrhiza) tTasi@aun9n
=3 [~3 = = =
antTunuresndatacuany dlan wauluile
Tuman lulngeusnnazeanesaluliniaann
. . o o H
naziaesanzanazy nasnisindnsvevdu
Aa 72 fqlue wazIreveafe 53 qut 1217181
ArNUndnaan1dasunladvad
anstsrnavlulnsian lown wanluils lulngs
uwazluingm azandaianssnueqdunse laeanns
a o = I
aandiaduretuwan luiiaduluinssdiay lumens
Cmem aal o Ao
iz lunswliadusieiiesdaenszuaunig
Alundiipduive i aswduluvisnesnlas (NO)

Tunsaaanlie (N,0) uazialulnsauiielass

“““ PBRU SCIENCE JOURNAL

AL Uit 20 atiudt 2 nsngnens - Funau 2566
aangussaniAsall’® n1sanasvasuanluiie
ululnssiuazlumanlwhiantindasaansedy
. . 4 y ., o
AnnszienuarinislunisAneaisiinaslaile
Anannsldansaznaslulnsiauiluaisanng
Tun1aadyiAuinaaal gl i aavingdi weds
lafuansnaainianssuuesadaunitilszan

o 1

une At I ALaTUTn I NYRINT U

U

fa )

A99E9IUBY Zhang et al.’” NWLRAUNTHNGN

v
a

wan Intneae Tunineaanash luninieda

1
1% ¥ o o

anAuagUFinusnreslinenldininuifisann

q

£
& ©° 4 v

naNzaeENdndun Ae fananan Aaiiunsu
(Macrobrachium sp.) LL@:?JJLL%Jﬁ’]LLFN?ﬁ (Yangtze
) = L A o o
River crab) uazluANFenaiiunuindn Ay
agannlunisindnanslszneuulnsianluin
S e e 2 da e ¥ 2
19 Tnuqaunsedlszantuniey lulniiuas
Ry a ¥ o
$INVRANTUABINNTRBNTLAUAZ AU ALNEIND
4 2 . Yy X -
Wannszuounistaaaae ligeau nnaiu
Al luszuuineendaiasinasdqein
Aanssunaqaunsd danalinszuaunistas
ganadnsduenluinfiaialanaean®
BnueanesasuanasasrediiadAny

o o v I~

TutineiinTagaefain Tnalenizasiad
nIEAL 'ﬁlﬁﬁﬁamﬂmﬂwm??mr’jmmﬁﬁﬁmmu
Nﬂﬁli‘ﬁ’]uﬂ'1?‘1_]Z\i‘ﬂﬁli’]ﬁy\‘i@’mﬁ@ﬂ’]i‘LW’]ngﬂ\‘ﬁ\‘i
Nzt daesnsuisyas dsnnsinta
WU 27 S nsfnEnAREEanLdInTstataans
m@a‘vxl@@W@%@Tuﬁﬁﬁqmﬂﬂ’quu'gﬂﬁqQmﬁf]
saeldmatuiunindleduazansdsznay
Tulnsiau aanAdesiunisiifanndaann

NARADUTUNAQLAan (Pistia stratiotes) AWLIIN

N131U71TAUNU 20 F4 aunsngesdatanaanasa

PBRU Science Journal
Volume 20 Number 2 July-December 2023

12



v ' :l/ 21 ! = o =
Tai e 69.3% Windu? WudaaiuwanTuiile
Tulnssfuaslumem n1ranasreSunnmaanasa

y v 2 . .o
sanlutviea NN ziaeenatAinaziilu

a =S o = ?t; =
\Anann19gpinneanafasaaf gl n19AnsEn
494 Zhang et al.” wudnnalnuanlunisan
Psnnuneanadaluunfivaesings As nsnad

I - - 2 a
wetunldlunaaseyimuts wenantqaumsed
1szaniululnfanazuInai s naaaN Ui N
ynumlunsansunegne samuneai'®

Atilanunilslusaudsd Ayl lung
Uszilutlsr@nsninnistniauniia n1sAneI

o '

No A oA £ oA
fnsn1ranasatA1dlamiiuuiniuas 19l
WadnAny ludniendninsaaiaul Tnaenie
atNENIzALLazENNIzian 1ne Suppadit et al.”

1 o a o o =
ManuIndnnszianilAnaninlunisandnilen
Tuhfisannismnziaesienaian ldgansiasas
93.5 pagiszazlaain1attauny 30 U Tuniues
= o o A YA A < A
weanudnaugiluiminanaliavilananunsn

| Ao ay v Y A o o 3 X
ﬂﬂﬂquiﬂﬂiﬂﬂqﬂﬂqqi‘@ﬂ@z 70 tHRAUNUAUINN

'
°

dal v aa < A
AINNIFNITLIALNTINAIA AR A NANES A
25 Wi nelugzeizioan 76 dalue’® nngnenlu

Yy oy
o o Y

NeRtnNTRsenEay nnsvianaztini

]

a o

HeneuNnsguTunuilen (<20 Hadniusie
ang) Imiﬁﬁwmﬁ@m@LWﬁzLamﬁammﬁmm
grade prudsrniAresnsulsene’ nnaluszes
1981 69U dauinslugaacufnldsrainan
Uszunne 10 5u lun1sanandlen Wnandnen
1 = = F 7N~ =S
N1m9511 nranastesAndlenuanaliiviung
- o A ¥4 - =
NI ATNANTAUNTE W TivNensiasey AL e

199N T LALTIANIINYBIAUNTH LN stiat

“““ PBRU SCIENCE JOURNAL

AL Uit 20 atiudt 2 nsngnens - Funau 2566

& . 2 -
daaneansduiten Inaendanisiines ndiauly
ISV
1A NTUN
1 al o/ o 6 o/ (=3
AINYURAMNANNUSAUUTH I WIBIUT
T LT e W I e Vet e e o IS RS A A IS ISR EY
X y ¥ o ¥
ynTuazdanaliinannlaseainanae® Wnieann

UaiagaianatAntntafensyal AnaLTIUas

o v A

nifsdarnguanasatinliiadnAtylunisAnm

a

v ¥
o

Asatlanainan AU wan g lunisanay
709uiawriuane lMuTamansu luwazsin
FINNUANNITANALNDUUBIUDILTILUIWADE
Tutniia MatidszAnsnanlunisananinguaes
WrtnAuegTunaafade 11l ANUWILLLTES
= H o v ¥ 23
NEUN AITNEIIVRIRTAUBBAZINN W UA Y
= T I A1 e ' o A 8
nsrne uasaidunindanainnszaudlungin

NAINIINAAAIINYUIBIUIANAINL AT

o o o a

na1aliangaatialtitg1Atyneata (p<0.05)

q
'

799719988 IFHAINANHULLANIZIBINTZAUN

A ¥ Ay, o v a o H &
Lﬂuwmqu}quu@’]muU?LQmW@QquLWﬂiﬁ@L@@ﬂ

= <

819119 U ABLATNIINIUIALAN LANDANAN

14 1
ya A aa

vt luani liinunianinlunisgadu

9L T191a08 TN e R n1IANATNe L
2 & N
WNNNNAURNN L s
wanannlsz@nininlunisandinan
a1781m19 naeAuduas i uln A luiniieann
X . . oo - -
nanziaeniananan Inaldnsnisiasoysiuin

s v K

gendndnnezmnlantey uigandnlinyena

3.55 w1 MaasALInldReeanszauLansfianis
WuingsaaniAnanmlunisin g lunnsiTn

UINAINNINNZR LT SULILIAYTHLANEN 991919

o

nsRsgiAutnnAvenszAudiazidumaua

PBRU Science Journal
Volume 20 Number 2 July-December 2023

13



asuneilTNIMa9sig o Tudnfieiiaunng
o o s . e o
1htiasensyduanasatinednauianFauLiay
v oa ¥ o e N
AuNgunginauw suiddanaunidiilatuedu
ANAINTD TuNsIRT AL A LarUssAnEnaw
Tun19NTAE A NN LLRENTINAAN T8
o JE PR S , = v X o
gnnszian Tununuian wan1sAnE luasugn
neziandnissylAulnsIndInzay aandng
v a o a a Bjdlél
usalusssugfdnnszienaziasyAulnlanay
d‘ a a ' o 8 1 ==
unniasgAuTasandunn® usn1sAneslu
A e W B XA,
psatldlMmpnnnastatininunfisisinazlnase
nsasguALtnresdnnazian dntaduitassn
= A aa o o o 8 &
angiandAnaninlunistindaiifsainnig
) A Ao PN
wnztaedndun waziflunisaaninaluniaiu
PelaliiunEnsng WesaniduianHyaAmia
imsergiauazilunfaanisreanann wiatnsls
o A AV
AuN19ANE lATIlnLINENsi naa sy AL
A luinfisannnismnziaeienanan fiatana

¥

e e ldaInAINUANG 19T IA B WRE N1
@TﬂwmzqﬁmmﬂLL@:ﬂ%‘fﬂmqﬁammﬁ@u ngld
ﬂi:fﬁuﬁfmiumiﬂ‘?uﬂgq@mmwiﬂ‘ﬁuﬂuﬁmiﬁ
Hufinsfudeuanden daaantlomiuaniayly
a‘xuuﬁmmmeﬁﬂﬁ‘mquuaymf’j\‘mu@ﬁ A

'
o

A
it
agUuanisiae
=2 qu Y @ 1 o IS
nasAnwluanaliifiudinszdud
dszAnsninuaniigalunistindauniieannnis
IWZRERTINANAMLLAINIANAN Tn8AIN19D
andFuansuenluieson Tulnssd lunsm

Waanesasn Ulanuararngulsfasas 88.78,

53.24,97.97, 70.47, 89.94 WAY 91.66 ANNANAL

“““ PBRU SCIENCE JOURNAL

AL Uit 20 atiudt 2 nsngnens - Funau 2566
o o o [ 4} v £
PAINITUNTAUIY 27 TU TIAN NI N T WD
Nagnasamunarilenduldniudaninunnig
UaaauN7aINAAaNI NI ZANAINZIA LTI 0
el 109NN srue wananinsya e
wwstyAL R AR ludfieannniswnziaesienaiai
. 2 o o o o2 e
Aatiunfstntnfnenszauasaelfupenninin
PRIUNTIANNNIFINIZLREITINAIATUAZAR
HANTENUADAIWIARDNLALAIAN NIFANEN
WA lsauanaqsduns@neaulwll e
lunisundasaanszauludenninannnig
WMNZLAE4a3e IngRaNsuNA N MU LU UR
o a Y \ ~ a
wHNzaNuazadaNINEIwIna NN ] NaNAl

NARDLsTANENINNNTLNLH

LANE19B19D4

1. mmﬂizm.mﬁﬁm@mammﬂgmﬁqmm
UszanT 2563. Landnsailuf 10/2564.
NguNNY: nguanani1slszae, nasulaune
LATLNUNM UINI1TU N, nanseu
NILNIWINBATUATAUNTOL, 2564.

2. dszniAnsudszua. danauunligilsznay
ﬁ@mimﬂwwﬁmﬁqmm Faflufanisnis
LWﬁngﬂqﬁmq’ﬁﬁmqu@mmﬂlumquugm
Fftin ANLNARY 77 WHINSEINTINTUANNS
Usrue w.e. 2558 AegdJuRA w.A. 2562.
NPUNNY NINUTENI NTENTIUNHATUAY
aunsnd, 2562.

3. Umamaheswari G, Srinivasan M, Ramanathan T.
Heavy metal concentration from shrimp culture
ponds at Point Calimer area. Curr Res J Biol

Sci 2011;3:73-7.

PBRU Science Journal
Volume 20 Number 2 July-December 2023

14



. NaNakom A, Chevakidagam P, Danteravanich S.
Environmental impact of white shrimp culture
during 2012-2013 at Bandon Bay, Surat Thani
Province: a case study investigating farm size.
Agric Nat Resour 2017;51:109-16.
Umesh NR, Mohan CV, Phillips MJ, Bhat BV,
Ravi BG, Chandra MAB, et al. Risk analysis in
aquaculture - experiences from small-scale
shrimp farmers of India. Underst Appl Risk
Anal Aquac FAQ Fisheries 2008;1:247-64.
Tom AS, Jayakumar JS, Biju M, Somarajan J,
lbrahim MA. Aguaculture wastewater treatment
technologies and their sustainability: a review.
Energy Nexus 2021;4:100022.
. Effendi H, Margaretha JA, Krisanti M. Reducing
ammonia and chromium concentration in batik
wastewater by vetiver (Chrysopogon zizanioides L.)
grown in floating wetland. Appl Ecol Environ Res
2018;16:2947-56.

Suppadit T, Phoonchinda W, Bunsirichai P.

Treatment of effluent from shrimp farm by using
water mimosa (Neptunia oleracea Lour).
JISSAAS 2005;11:1-11.
. Chandanshive VV, Kadam SK, Khandare RV,
Kurade MB, Jeon BH, Jadhav JP, et al. In situ
phytoremediation of dyes from textile wastewater
using garden ornamental plants, effect on soil
quality and plant growth. Chemosphere 2018;
210:968-76.

10. Kumar V, Chopra AK. Phytoremediation potential

of water caltrop (Trapa natans L.) using municipal

1

—

12.

13.

14.

16.

16.

17.

: PBRU SCIENCE JOURNAL
7y U7 20 atuf 2 nangaan - Suaew 2566
wastewater of activated sludge process based
municipal wastewater treatment plant. Environ

Technol 2018;39:12-23.

. Nuwansi KKT, Verma AK, Prakash C, Tiwari VK,

Chandrakant MH, Shete AP, et al. Effect of water
flow rate on polyculture of koi carp (Cyprinus
carpio var. koi) and goldfish (Carassius auratus)
with water spinach (jJpomoea aquatica) in recirculating
aquaponic system. Aquac Int 2016;24:385-93.
Zhang Q, Achal V, Xu Y, Xiang WN. Aquaculture
wastewater quality improvement by water
spinach (Joomoea aquatica Forsskal) floating bed
and ecological benefit assessment in ecological
agriculture district. Aquac Eng 2014,60:48-55.
Strickland JDH, Parsons TR. A manual of
seawater analysis. Ottawa: Bulletin of the
Fisheries Research Board; 1972.
Grasshoff K, Kremling K, Ehrhardt M. Methods
of seawater analysis. New Jersey: John Wiley&
Sons; 2009.
American Public Health Association. Standard
method for the examinaton of water and
wastewater.21%d. Washington DC: American
Public Health Association; 2005.
Devi MG, Shinoon A, Hasmi ZS, Sekhar GC.
Treatment of vegetable oil mill effluent using crab
shell chitosanas adsorbent. Int J Environ Sci
Technol 2012;9:713-8.
Ruenglertpanyakul W, Attasat S, Wanichpongpan

P. Nutrient removal from shrimp farm effluent by

PBRU Science Journal
Volume 20 Number 2 July-December 2023

15



aquatic plants. Water Sci Technol 2004;50:321-
30.

18. Suppadit T, Phoochinda W, Phutthilerphong S,
Nieobubpa C. Treatment of effluent from shrimp
farms using watermeal (Wolffia arrhiza (L.)
Wimm.). ScienceAsia 2008;34:163-8.

19. Nyanti L, Berundang G, Ling TY. Short term
treatment of shrimp aquaculture wastewater using
water hyacinth (Eichhomia crassipes). World Appl
SciJ 2010;8:1150-6.

20. Bala JD, Lalung J, Ismail N. Biodegradation of
palm oil mill effluent (POME) by bacterial. Int J Sci
Res Publ 2014;4:502-11.

“““ PBRU SCIENCE JOURNAL

S Ut 20 atiuit 2 nangnem - Sunnau 2566

21. Dipu S, Anju A, Kumar V, Thanga SG.
Phytoremediation of dairy effluent by constructed
wetland technology using wetland macrophytes.
Glob J Environ Res 2010;4:90-100.

22. Tananaev NI, Debolskiy MV. Turbidity
observations in sediment flux studies: examples
from Russian rivers in cold environments.
Geomorphology 2014;218:63-71.

23. Yahyapour S, Golshan A, Ghazali AH. Removal of
total suspended solids and turbidity within
experimental vegetated channel: optimization
through response surface methodology. J. Hydro

Environment Res 2014;8:260-9.

PBRU Science Journal
Volume 20 Number 2 July-December 2023

16



PBRU SCIENCE JOURNAL
2023.20(2) : 17-26

nswmugnsatnatayulnslunzlasuasaiiugu
The Development of Cymbopogon citratus stapf. Leaves and Curcuma longa Linn.

Herbal Liquid Soap Formulas

45mn nIsougms 1inyEan dasluunes uaz guans taad

Suthida Kunnasut*, Chanantida Maungmaithong and Umaporn Noitheung

a12137ued AEINEmaniuazimalulad umInenassaimesys

Chemistry Department, Faculty of Science and Technology, Phetchaburi Rajabhat University
*Corresponding author. E-mail: suthida_chem@hotmail.com

Received: 05 April 2022 /Revised: 03 August 2023 /Accepted: 15 August 2023

unAnsa

' v

nzlafuaraiiududuiaayulnaigninunldasnaindiseaneislunislsznauemsuazaninunlsn

AOEATINADNANNITALINNIBINITNLITLILULNIAUBMTUAZAINN1TANEINLANEI HA I NAINNTD LY

a o a o

nisfueendndu Auiu Tuenuddetiaiidnglszading 1) Ansgnanissiueyyaddsz1e3ansana

|

wnuaaantumslafiazaiugu 2) iaWmuiatwananulnslunslpfuazaludy way 3) AnHIAINAY

U Q
v

walasasdldaywmatayulnslunslafiazaindu F5n1sauiiunisddsuieandu 3 dunau Ussnausae
1uh 1 nswraNafsaniaeniueaanlunzlafuazaiingi 417 2 AnmnnanisFnueyyaBaTzI89ANTATIA
nueaanlunzlafuazaiiududaeis DPPH uazdun 3 WanungnsaymanlunslafuazaiuduuasAnen

=< ¥ 1 % Qﬁ/ o =2 1 o %
mwwqm%mmﬂ:ﬂﬂagmmlumimuammmu HaN1IANEINLIN asanmeniuaaanlunslasuay

v
o

mﬁuﬁummmﬁuma%@ DPPH & §F1 1C,, infiL 19 ppm uaz 32 ppm ANAAL UATHINIWENWIEAS
m,lu'mmmuquiwﬂ'um”lm”l,mmﬁ”uﬁuﬁ’]mu 4 g3 deznaudnn aywanayuinglunzla a1uau 2 qrs 7
AN N TuIsasainlantueaanlunzlaf 19 uaz 29 ppm auAAL meiaimmmuiwwﬁuﬁu
AU 2 4AT AflAanududuresansaiaeniueaa naiiudy 32 uag 42 ppM ANNANAL LAZATNHA
nsAnaNienelazesd ldnudativacanulnegas F1L, F2L uaz F2T glddaauienalaluszduuin

TIRIN30U N TN TN IR N A RS s T

AdnAny: aywian aywadanulng lunslad aliudu grsnisiuesndindu

PBRU Science Journal
Volume 20 Number 2 July-December 2023



‘N

PBRU SCIENCE JOURNAL
Sy U920 aliudi 2 nsngeu - Sunnew 2566

N

Abstract

Lemongrass and turmeric are medicinal plants that are widely used in both culinary and
medicinal practices for their ability to alleviate gastrointestinal symptoms. Studies have shown that they
also possess antioxidant properties. The research aims to 1) investigate the antioxidant properties of
ethanol extracts obtained from the leaves of Cymbopogon citratus Stapf. and Curcuma longa L.,
2) formulate an herbal liquid soap using C. citratus Stapf. leaves and C. longa L., and 3) assess user
satisfaction. The research approach is broken down into the following 3 steps: The first step involved
making an ethanol extract from the leaves of C. citratus Stapf. and C. longa L. In the second step, the
ethanol extracts of C. citratus Stapf. leaves and C. longa L. were studied for their antioxidant activity
using the DPPH assay. The third step involved developing a liquid soap formula using C. citratus Stapf.
leaves and C. longa L. and studying user satisfaction. According to the findings, the ethanol extract
DPPH radicals can be inhibited by extracts from the leaves of C. citratus Stapf. and C. longa L.
It created four formulas using the leaves of C. citratus Stapf. and the liquid soap made from C. longa L.,
with corresponding IC, values of 19 ppm and 32 ppm. It included two formulas of herbal liquid soap
made from C. citratus Stapf. leaves mixed with ethanol extract at 19 and 29 ppm, respectively, and two
recipes of herbal liquid soap made from C. longa L. at 32 and 42 ppm, respectively. Furthermore, users
are pleased with the potent herbal liquid soap compositions. And from the results of the user satisfaction
study. From the results of the user satisfaction study, it was found that the herbal liquid soap formulas F1L, F2L

and F2T were satisfied at a high level, which could be used as a guideline for further product development.

Keywords: liquid soap, herbal liquid soap, Cymbopogon citratus Stapf. Leaves, Curcuma longa Linn.,

antioxidation
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Table 1. The formulation for herbal liquid soap of lemongrass and turmeric
Liquid soap formula Ingredients of liquid soap
Extract of Extract of
Water Pearl Preservative
N 70 (g) lemongrass turmeric Salt (g)
(9 glitter (g) (mL)
(9 (9
1. Formula 1 of
Lemongrass Herbal 1,000 0.04 - 250 1,000 50 5
Liquid Soap (F1L)
2. Formula 2 of
Lemongrass Herbal 1,000 0.06 - 250 1,000 50 5
Liquid Soap (F2L)
3. Formula 1 of the
Turmeric Herbal 1,000 - 0.07 250 1,000 50 5



: PBRU SCIENCE JOURNAL
7y U7 20 atuf 2 nangaan - Suaew 2566

Table 1. The formulation for herbal liquid soap of lemongrass and turmeric (continue)

Ingredients of liquid soap

Liquid soap Extract of Extract of
Water Pearl Preservative
formula N 70 (g) lemongrass turmeric  Salt (g) _
(9) glitter (9) (mL)
(9)
4. Formula 2 of
the Turmeric
1,000 - 0.09 250 1,000 50 5

Herbal Liquid
Soap (F1T)
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Figure 1

Figure 1. Pictures of 4 herbal liquid soap formulations
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Table 2 The results of the testing of herbal liquid soap's user satisfaction for the 4 formulations

Evaluation data regarding user satisfaction using liquid soap

Assessment ltems

Mean Standard deviation Interpretation
Formula 1 Lemongrass herbal liquid soap (F1L)
1 color 0.79 very
2  characteristics of texture 0.78 very
3 odor 0.69 very
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Table 2 The results of the testing of herbal liquid soap's user satisfaction for the 4 formulations (continue)

Evaluation data regarding user satisfaction using liquid soap

Assessment ltems

Mean Standard deviation Interpretation
4 remove the bubbles 3.58 0.72 very
5 overall satisfaction 3.77 0.51 very
Formula 2 Lemongrass herbal liquid soap (F2L)
1 color 3.13 0.93 moderate
2  characteristics of texture 413 0.78 very
3 odor 3.50 0.87 very
4 remove the bubbles 3.43 0.62 very
5 overall satisfaction 3.55 0.70 very
Formula 1 Turmeric herbal liquid soap (F1T)
1 color 3.75 0.86 very
2 characteristics of texture 3.08 0.75 moderate
3 odor 3.43 0.86 very
4 remove the bubbles 3.50 0.52 very
5 overall satisfaction 3.44 0.71 very
Formula 2 Turmeric herbal liquid soap (F2T)
1 color 4.06 0.68 very
2  characteristics of texture 3.35 0.69 very
3 odor 3.26 0.61 moderate
4 remove the bubbles 3.73 0.50 very
5 overall satisfaction 3.60 0.66 very
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Abstract

Bloodstains on clothing are important witnesses in investigations, especially in murder cases.
Bloodstains on a suspect's clothes can connect the suspect to the victim and the scene of the crime,
leading to an arrest. Sometimes, perpetrators deliberately cover up their crimes by washing their
clothes stained with blood to remove any visible blood stains. It may cause the collectors to overlook
this important piece of evidence. Therefore, this study aims to compare the discoloration times of the
Kastle-Meyer reagent on blood-stained fabrics washed with different detergents and the period after
washing. The results revealed that different laundry detergents had different discoloration times of
Kastle-Meyer reagent at a statistically significant 0.05 level. Bleach and active oxygen laundry
detergent had the highest time for the reagent color change, followed by silver nanoparticles laundry
detergent, standard laundry detergent and stain remover, respectively. This may be due to differences
in stain removal between detergents. While different fabric types (100% cotton, 100% polyester, and
65% polyester mixed with 35% cotton) and length (0, 1, 3, 5, 7,9,14, 21, and 28 days) had no difference
in color change period of the reagents. This research could help the analysis of bloodstains or similar

bloodstains on washed clothes at the crime scene and it is useful for investigative processes.

Keyword: Bloodstain, Kastle-Meyer test, Laundry detergent
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Table 1.

Table 1. Average discoloration time of Kastle-Meyer reagent on different laundry detergents, fabrics

and period after washing

detergent Active oxygen Stain remover Bleach Silver nanoparticles Standard
table
fabric C P PC C P PC C P PC C P PC C P PC
mean 7.30(+) 3631 4553  0.19(+) 042(+) 0.11(+) 17588 36.04 57.56  1.26(+) 3.14(+) 3.26(+) 0.97(+) 2.81(+) 2.70(+)
’ S.D. 0.12 4.35 3.17 0.07 0.07 0.04 24.64 3.37 1.47 0.05 0.02 0.11 0.06 0.07 0.15
mean 16452 3932 5717  0.14(+) 0.37(+) 0.18(+) 170.72 4254 5629  3.33(+) 3.24(+) 3.87(+) 1.26(+) 291(+) 2.81(+)
1 S.D. 34.73 3.47 12.54 0.02 0.03 0.02 48.20 5.54 2.18 0.03 0.10 0.09 0.05 0.13 0.15
mean 164.99 4370 5717  0.20(+) 0.51(+) 0.17(+) 15757 39.73 5801 3.87(+) 4.09(+) 4.07(+) 1.40(+) 3.01(+) 3.03(+)
’ S.D. 46.23 2.14 12.54 0.06 0.05 0.03 29.38 5.46 5.61 0.09 0.05 0.03 0.03 0.02 0.15
mean 158.00 39.19 6040  0.16(+) 051(+) 0.13(+) 20536 4548 5810 3.98(+) 549(+) 4.08(+) 129(+) 3.16(+) 3.13(+)
’ S.D. 1.95 8.48 12.05 0.02 0.07 0.00 10.10 2.93 4.59 0.08 0.02 0.05 0.08 0.04 0.19
mean 164.76  40.91 5510  0.18(+)  0.42(+)  0.16(+) 20454 4414 5912  467(+) 5.84(+) 4.08(+) 1.44(+) 3.20(+) 2.96(+)
! S.D. 15.31 0.45 1.34 0.02 0.05 0.02 12.43 6.05 1.46 0.13 0.10 0.02 0.10 0.07 0.05
mean 20580 4118 5928  0.17(+) 0.53(+) 0.14(+) 19503 4229 5250 596(+) 592(+) 4.03(+) 1.43(+) 3.11(+) 2.88(+)
’ S.D. 13.70 6.64 0.39 0.00 0.06 0.05 23.04 6.76 2.64 0.12 0.05 0.06 0.06 0.07 0.07
mean 20569  49.07 5537  0.20(+) 0.46(+) 0.19(+) 184.84 4619 5591 6.68(+) 598(+) 4.06(+) 1.43(+) 357(+) 3.01(+)
b S.D. 13.19 3.55 6.37 0.00 0.07 0.05 8.74 7.73 2.19 0.05 0.04 0.02 0.07 0.09 0.16
mean 20743 4403 6130 0.17(+) 047(+) 0.17(+) 20551  41.81 5458  6.64(+) 5.94(+) 4.02(+) 1.31(+)  3.69(+)  3.07(+)
“ S.D. 9.74 9.22 7.09 0.03 0.09 0.03 5.53 1.84 3.08 0.08 0.07 0.02 0.02 0.16 0.18
mean 187.82  42.21 5797  0.17(+) 0.51(+) 0.12(+) 196.86 4473 60.03 6.59(+) 591(+) 4.02(+) 1.21(+) 3.66(+) 2.96(+)
* S.D. 5.25 9.19 12.81 0.03 0.08 0.02 4.38 6.12 4.04 0.02 0.05 0.04 0.02 0.08 0.05
mean 87.09 0.26(+) 95.98 4.59(+) 2.50(+)
Total
N 81 81 81 81 81
Chi-square 364.54
df 4
Sig. 0.000*

Note: C = 100% cotton, P = 100% polyester, PC = 65% polyester mixed with 35% cotton, (+) = positive

(< 15 second),

* Statistically significant difference level of 0.05
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Table 2.

Table 2. Result of the post hoc Dunn’s multiple comparisons test, showing the significance of different

laundry detergents.

Active Silver
Laundry detergent Stain remover Bleach Standard
oxygen nanoparticles
Active oxygen - 0.000* 1.000 0.000* 0.000*
Stain remover - - 0.000* 0.000* 0.000*
Bleach - - - 0.000* 0.000*
Silver
- - - - 0.001*

nanoparticles

Standard - -

*Statistically significant difference level of 0.05
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Abstract

Creamy salad dressing is widely used as a seasoning to enhance consumers’ appetite.
Nowadays, consumers are aware of the effects of consuming egg yolk and the fat used in salad
dressings. The purpose of this study was to develop an egg-free creamy salad dressing with tofu and
the tofu substitution with xanthan gum to increase the texture of such products. The appropriate amount
of xanthan gum in tofu cream salad dressing was studied (0.15, 0.30, and 0.45%) and then dried
watermeal was added to increase the nutritional value of the creamy salad dressing (1.0, 2.0 and
3.0%). The study found that replacement tofu with xanthan gum in cream salad dressing at 0.3% was
the appropriate amount due to it received the highest liking scores in terms of textural and overall
acceptance and had color, viscosity, and flow values closest to the control sample. Therefore, it was
used to develop products by supplementing dried watermeal. The study found that a 1.0%
supplementation caused panelists to rate their preference for appearance, color, taste, texture and
overall preference higher than the other formulas with the moderate to very like level. Furthermore, high
supplementation of dried watermeal resulted in lower lightness (L*), redness (a*) values, and
consistency of creamy salad dressing, while yellowness (b*) and viscosity were increased which
affected the sensory evaluation of the panelists. The findings of this study suggested a high potential

for using xanthan gum and watermeal as egg replacers in tofu creamy salad dressing.

Keywords: Creamy salad dressing, Xanthan gum, Dried watermeal, Plant-based food
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Table 1. The recipes used for the preparation of different formulated creamy salad dressing

Ingredients (% w/w)

Xanthan substitution (% w/w)

0 (Control) 0.15 0.30 0.45
Tofu 35.50 35.35 35.20 35.05
Vinegar 10.65 10.65 10.65 10.65
Oil 41.70 41.70 41.70 41.70
Sugar 10.10 10.10 10.10 10.10
Salt 1.77 1.77 1.77 1.77
Pepper 0.28 0.28 0.28 0.28
Xanthan gum 0 0.15 0.30 0.45
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Table 2. Mean sensory scores of creamy salad dressing added different xanthan gum levels

Xanthan substitution (% w/w)

Properties
0.15 0.30 0.45

Appearance™ 7.28+1.21 7.44%1.01 7.48+0.81
Color™ 7.16+£1.31 7.22+1.06 7.36+0.90
Odor™ 6.64+1.38 6.64+1.43 6.74£1.19
Taste™ 6.54+1.33 7.02+1.38 7.04+1.23
Texture 6.58+1.23° 7.58+1.05° 7.44+1.09°
Overall acceptance 6.86+1.21° 7.32+1.21° 7.34+0.92°

a,b,c

" Means are not significantly different (p>0.05).
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Table 3. Changes in the physical properties of creamy salad dressing added different xanthan gum levels

Xanthan substitution (% w/w)

Properties
0 (Control) 0.15 0.30 0.45

Color

L* 80.15+0.06° 78.90+0.13¢ 80.52+0.04° 81.01+0.20°

a*"™ 0.70£0.08 0.72+0.06 0.70+0.05 0.72+0.02

b* 17.18+0.08" 16.57+0.13" 16.18+0.08° 16.13+0.10°
Apparent
viscosity 6,446.67+61.10° 8,540.00+91.65° 18,213.33+80.83° 43,713.33+155.35°
(cPs)

Consistency

8.75+0.35° 8.80+0.57° 4.50+0.14° 2.8+0.42°

(cm)

ab,c

Mean values with different letters in each column are significantly different (p<0.05).

" Means are not significantly different (p>0.05).

PBRU Science Journal
Volume 20 Number 2 July-December 2023



15uan1snsiaaaulnseaineqanin
(Microstructure)
n1INsEaneftrasaunIAuENatue9in
o = 2% ildld v £ o
AAAATHANMANYNH AN NI UL LT UUN U
WANAIIAUGINIIOATIAEAU LA A8 NAD
qanssAfauanslu Figure 1 faatainadneIx
4n3naUANENITNIzaItfaTavayn ALl

s = Vo = Vo
ANLAND Nﬁ“ﬂﬂﬁ\ﬂﬂLLuuﬂuLLﬂzNﬂu’]ﬂiWMﬂ’J’]

L] o
v 1

auN1ATBUIAAAATNGATN AN LT UUNUAN

UNAARAATUNLANLTULNUANTREAT 0.15 NIUA

PBRU SCIENCE JOURNAL

©
= A o o 9
QV \\; Un 20 auun 2 NINJIAN — SUINAY 2566
=

auNIAANANS JUF1eNaN 2uAne Aty
n31auNATHEN AR ATHAR IR N LT UL UNTN
fouaz 0.3 WA 0.45 ANNANAL TIGAINLANUTY
wnuiniIugRa in1anszanafazese NI A
Tuhadnaraduszidauninau anAnsnew
v - U |
Wi inudANulin eI ad R nAT NN T
AMNNITANLTBUNUANAT ANt UG uas

anatlunalvnentinduluinasaiauindnas

26,28

wazldaufduien

@) ‘ )

(c) (d)

Figure 1. General characteristics of different creamy salad dressings (Upper). The lower figure was

microstructure under microscopy (x40). a, b, ¢c and d were control, 0.15%, 0.30% and 0.45% xanthan

gum substitution samples, respectively.
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Table 4. Mean sensory scores of tofu creamy salad dressing supplemented with different dried

watermeal powder levels

Dried watermeal supplementation (% w/w)

Properties
1.0 2.0 3.0

Appearance 8.04+0.88° 7.36+0.88° 7.34+0.77°
Color 7.92+0.99° 7.28+0.99" 7.28+1.01°
Odor™ 7.32+0.99 7.20+0.93 7.1240.92
Taste 7.80+0.88° 7.50+0.89% 7.32+0.98°
Texture 7.84+0.91° 7.16+1.15° 7.2240.97°
Overall acceptance 8.14+0.99° 7.38+0.90" 7.28+0.90°

ab,c

" Means are not significantly different (p>0.05).
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Table 5. Changes in the physical properties of creamy salad dressing supplemented with different

dried watermeal powder levels

Dried watermeal supplementation (% w/w)

Properties
1.0 2.0 3.0
Color
L* 54.50+0.32° 47.00+0.22° 42.82+0.24°
a* -5.31+0.07° -6.09+0.05" -6.30+0.01°
b* 22.11+0.14° 23.05+0.20° 23.01£0.10°

Apparent viscosity (cps)

Consistency (cm) 5.50+0.00°

16,080.00+156.20°

17,440.004274.95" 31,680.00+80.00°

5.50+0.00° 5.25+0.00°

ab,c
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viscosity)
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Abstract

Vegetables are a source of vitamins, minerals, dietary fiber and phytonutrients that are beneficial
to health. Many consumers are concerned about pesticide residues in vegetables, which could
negatively affect health. Although there is information about the method of cleaning vegetables from
various media, there is no clear information about the efficiency of such washing. In this study, we
studied the extraction of Indian borage ( Coleus amboinicus Lour.) that has active compounds for
bacteria, mold, and yeast inhibitions. In addition, it shows properties as an insecticide, toxic elimination
and no toxic residue. Product development of effervescent tablets from Indian borage consisting of
citric acid, tartaric acid, sodium bicarbonate and extract of Indian borage in a ratio 1: 2: 3.44: 1. The
result found that concentrated extract 90% w/v was appropriate for maximum weight per tablet 6.85+0.01
g, dissolution in 1.20+0 .0 9 minute, pH 7.02. The efficiency of eliminating pesticide residues in
vegetables by using a TV-KIT test kit combined with the color measurement of the solution by the
Munsell color system demonstrated that 1 effervescent tablet of Indian borage extract dissolved in 1
liter of water could eliminate the pesticide residues in the samples by 100% compared to washing with
water and sodium bicarbonate. The product can be stored in air-sealed bags for at least 4 5 days.
Using Indian borage extract to develop as an effervescent tablet product for removing toxic residues in
vegetables is an alternative product for cleaning vegetables before consumption. Also, it is convenient

to use.

Keywords: Indian Borage extract, Effervescent granules, Pesticide residues in vegetables
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Table 1. Analysis of pesticide residues in vegetables

Pesticide
Munsell color
residues in Apparent color
system
vegetables
5R6/3 Red-purple
Found
5R6/4 Purple
5R8/1 Light-white
No found
5R8/2 White
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Figure 1. Physical characteristics of effervescent tablets from Indian borage. The concentrations of extracts

80% wiv, 90% w/v and 100% w/v show in figure1A, B and C, respectively.
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Table 2. Product characteristics of effervescent tablets from Indian Borage extraction

Concentration of extracts Weight per tablet

Water solubility in volume

pH
(% wiv) (9) of 1 liter per tablet (minute)
80 6.62+0.15 1.46+0.12 7.02
90 6.85+0.10 1.20+0.09 7.10
100 6.02+0.21 1.11+£0.07 7.22
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Table 3. Efficiency of cabbage washing
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1al3iRR (Table 3)

Pesticide residues in

Washing Munsell color system Apparent color
vegetables
Control 5R6/4 Purple Found
Water 5R6/4 Purple Found
NaHCO, 5R6/3 Red-purple Found
Effervescent tablets from 5R8/2 White Not found

Indian borage extraction
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Table 4. Efficiency of cauliflower washing
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Pesticide residues in

Washing Munsell color system Apparent color
vegetables
Control 5R6/4 Purple Found
Water 5R6/4 Purple Found
NaHCO, 5R6/3 Red-purple Found
Effervescent tablets from 5R8/2 White Not found

Indian Borage extraction
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Effervescent tablets from 5R8/1 Light-white Not found

Indian Borage extraction
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Table 6. Preservation of effervescent tablets from Indian borage extraction

Water solubility in volume Munsell color Apparent Pesticide residues in

bays of 1 liter per tablet (minute) system color vegetables

0 1.22+0.11 5R8/2 White Not found

7 1.31£0.22 5R8/2 White Not found

14 1.3310.43 5R8/2 White Not found

30 1.40+0.23 5R8/2 White Not found

40 1.54+0.40 5R8/2 White Not found
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Abstract

The objective of this research was to study the effect of supplemented Thai curry paste on the
acceptance 4 flavors of Jerusalem artichoke gyoza products: red curry paste, yellow curry paste, green
curry paste and roasted chili curry paste at the levels of 5%, 10% and 15% of the weight of the gyoza
filling ingredients. The sensory quality using 9-point hedonic scale preference test method, it was found
that products supplemented with red curry paste and yellow curry paste received the highest overall
preference score of 15%, green curry paste and roasted chili curry paste received the highest overall
preference score of 10%. Then, study the amount of Jerusalem artichoke powder used as a
replacement for gyoza flour at the level of 0%, 2%, 4% and 6% of the total gyoza flour. The sensory
quality using 9-point hedonic scale preference test method found that products red curry paste, yellow
curry paste, green curry paste and roasted chili curry paste received a liking score for the amount of
Jerusalem artichoke powder substituted for gyoza flour at 2% in terms of color, taste and highest
overall. Thai curry pastes of 4 flavors showed statistically significant differences (p<0 .05). Physical
quality of color of Jerusalem artichoke gyoza products demonstrated that the roasted chili curry paste
showed a higher value L* compared to the red curry paste, yellow curry paste and green curry paste,
the values a* and values b*, roasted chili curry paste is less than the red curry paste, yellow curry paste
and green curry paste. The water activity of all 4 flavors was 0.97. In terms of nutritional values, 100 g.
of Jerusalem artichoke gyoza products (red curry paste, yellow curry paste, green curry paste and
roasted chili curry paste) contained energy of 193.90, 207.03, 205.92 and 223.38 kcal., protein (7.10,
7.16, 7.31 and 8.03 g.), fat (8.98, 8.91, 12.00 and 9.30 g.), carbohydrates (21.17, 24.55, 17.17 and
26.89 g.), moisture (61.62, 58.01, 62.43 and 54.66 g.)and ash of 1.13, 1.37, 1.05 and 1.12 g. ,

respectively. Total microorganisms CFU/g less than 1x10°.

Keywords: Red curry paste, Yellow curry paste, Green curry paste, Roasted chilli curry paste,

Jerusalem artichoke, Gyoza
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Table 1. Ingredient of 4 Thai curry paste
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Ingredient Red curry Yellow curry Green curry Roasted chilli curry
(%) paste paste paste paste
Dried Red chili 18.95 18.65 - 20.57
Green chilli - - 13.82 -
Yellow chili - 6.92 -
Bird chilli - - 3.68 -
Coriander - - 4.60 -
Galangal 2.63 2.59 2.30 2.85
Bergamot peel 1.06 1.04 0.92 1.14
Lemon Grass 7.89 7.78 6.92 8.58
Coriander root 7.89 7.78 6.92 8.58
Shallot 23.68 23.31 20.74 25.72
Garlic 23.68 23.31 20.74 25.72
White pepper 1.06 1.04 0.93 1.14
Coraninder seed 5.27 4.14 3.68 -
Caraway seed 2.63 3.62 3.23 -
Shrimp paste 2.63 2.59 2.30 2.85
Salt 2.63 2.59 2.30 2.85
Curry powder - 1.56 - -
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Table 2. Sensory score of gyoza mixed with red curry paste at different levels of 5%, 10% and 15%

Sensory features 5% 10% 15%

Color 6.67+0.72"™ 6.87+0.99™ 7.07+0.96™
Smell 6.47+1.36™ 6.31+1.10° 7.20+1.32°
Taste 6.07+1.28% 5.87+1.46" 7.13+1.73°
Texture 6.73+0.96™ 6.87+0.74™ 7.07£0.88™
Overall preference 6.33+0.90° 6.40+0.83° 7.07+0.80°

The different letters in the same row indicate significantly different (p<0.05).

ns: Not significantly different (p<0.05)
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Table 3. Sensory score of gyoza mixed with yellow curry paste at different levels of 5%, 10% and 15%

Sensory features 5% 10% 15%

Color 7.07+0.70™ 7.1340.83™ 7.1041.15™
Smell 6.33+1.68"™ 6.60+1.06™ 7.33+1.29™
Taste 6.93+0.59™ 7.2040.77™ 7.4740.74"™
Texture 6.87+0.64™ 7.07+0.59™ 7.27+0.88™
Overall preference 6.93+1.10° 7.53+0.64% 7.73+0.78°

The different letters in the same row indicate significantly different (p<0.05).

ns: Not significantly different (p<0.05)

Table 4. Sensory score of gyoza mixed with green curry paste at different levels of 5%, 10% and 15%

Sensory features 5% 10% 15%

Color 7.27+0.46° 7.20+0.68° 6.67+0.82°
Smell 6.87+0.64° 7.07£1.10° 5.87+0.59"
Taste 6.53+0.83™ 6.93+0.80™ 6.47+0.74™
Texture 6.80+0.94™ 7.07+0.96™ 6.40£0.91™
Overall preference 7.33+0.82™ 7.40+0.99™ 6.87+0.99™

The different letters in the same row indicate significantly different (p<0.05).

ns: Not significantly different (p<0.05)

Table 5. Sensory score of gyoza mixed with roasted chilli curry paste at different levels of 5%, 10% and

15%
Sensory features 5% 10% 15%
Color 6.53+0.99™ 7.07£0.96™ 6.40+0.99™
Smell 6.73+0.59™ 6.80+0.98™ 6.20+1.57™
Tast 7.07+0.70% 7.2740.71° 6.40+1.18°
Texture 7.20+0.64™ 7.40+0.99™ 7.07+0.70™
Overall preference 6.80+0.56™ 7.27+0.70™ 6.87+0.83™

The different letters in the same row indicate significantly different (p<0.05).

ns: Not significantly different (p<0.05)

PBRU Science Journal
Volume 20 Number 2 July-December 2023



2 wanisAnEIUS N RInAuRE TU RS
naunuluuslaendi

ML BN uLnuR s uiaaay
0,2,4 UAY 6 gp9daunanwlan gag1ianua
wuq1 Y3unnsnsuiunzdunaunuutleanalusa

a < Y a ¥ g =
wInunule gustnaldazuuuanugau Aua

al
v

NAY 74715 WHadNEd wazA NTaulae TN
WANE 1N UaE 19N Td ATy NISAnTA (p<0.05)
AZLUUANNTAL TN RN WA T UN AN LT
Aaluninunafinfesay 2 TWANua nau 38115
warANTALIALIINIRRLEIAR (Table 6) IR0

, o = a =
NALABAZIUNALN UL AR TUIAaNTN NN ZUT

¥ a

fuslnalipzuuuanTausud Nau saTf e
AuETd wazANTaulns N LANFANS A UeE 19T
Wad1ATYNINENH (p<0.05) AZLUUAINNTAL
13U UNILABAZTUN AN UL A TUWIN LA
AdISJ U a QI a dﬁ/ o %
NeVTseay 2 TUAUA NAL I4T5 AANHA ey
ANTaLInYIINIRAYEIqR (Table 7) UTHNDUNg

' o = a =
WNUAZIUNAUNLLTAN A NI N UL T8 191

PBRU SCIENCE JOURNAL

U7 20 avull 2 nIngex - SuIAL 2566

Had1ATY 19806 (p<0.05) AZLUUAITNTAL
Funaueaniuazdunawnunlaganalundnuna
al U v a a Aﬂa’ o o

Jaamnusaas 2 TWANUA 14175 Weduia uay
ANTaUTALIINIRALEI4A (Table 8) UTNITURY
winazdumaunuuianalusaninunada iisina

o

IAzuunANTaL AR NdY sau R Hedua
uazANTaulatsNuanseiuat 19 dE gAY
NNANF (p<0.05) AZUUUAINNTALUTNITUNILNL
prdunaunuudeandluninunsdafovas 2 lu
F1uR NAw 3891 e duda uazAINToY
IﬂﬂTQML’ﬂgE@j\ifﬁm (Table 9) diefiansnunluusiaz
ANUADIANHUZIANTN LNZYLAIANINUNIAY
Yorar 2 IFFuAzuuuAUTELGIqRAUE NAY
3897 e duda wazANTaLIALIINGI4A 34
winunafinferay 2 lAfuAzuLWAINTaLEI4R
Fud ndw saTA wazANTeLInesINgagATa

wWanunad@eavonudesas 2 lHsuAzIuLANNTaL

AAAIUR 78718 wazANTaLTALIINgIg A

Q

g .

oD

74

THRIABNTREAY 2 UBIYNIANTNIUNL UINA

©

a

W
o Y o a a & ?
U?IﬂﬂiﬂﬂzLLuuﬂQqNT’ﬂUﬂquﬂ NAU TRTI6 LUD ﬁ

e3>

nun ludunausaldl

v o

Auia wazAnTaulna N uANA19A U195

Table 6. Sensory score of gyoza mixed with red curry paste and substituted with Jerusalem artichoke

powder at various levels of 0%, 2%, 4% and 6%

Sensory features 0% 2% 4% 6%

Color 7.84%0.55° 7.88+0.60° 7.00+0.76° 7.1240.53°
Smell 7.64%0.76° 7.80+0.50° 6.84+0.69" 6.80+0.58"
Taste 7.56+0.65° 7.84+0.69° 6.36+0.99" 6.20+1.00°
Texture 7.92+0.95° 7.66+0.79° 7.08+1.04° 6.12+0.60°
Overall preference 7.76+0.52° 7.84+0.47° 7.08+0.99" 6.68+0.99°

The different letters in the same row indicate significantly different (p<<0.05).

ns: Not significantly different (p<0.05)
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Table 7 . Sensory score of gyoza mixed with yellow curry paste and substituted with Jerusalem

artichoke powder at various levels of 0%, 2%, 4% and 6%

Sensory features 0% 2% 4% 6%
Color 7.92+0.76° 8.28+0.68° 7.24+0.93° 7.12+0.83°
Smell 7.84%0.80%° 7.92+0.76° 7.20+0.65" 7.6420.64%°
Taste 7.28+0.98" 8.16+0.85° 6.56+0.99° 6.44+0.65°
Texture 7.3620.64° 7.96+0.79° 6.44+0.65° 6.20+1.00°
Overall preference 7.96+0.94° 8.72+0.61° 7.12+0.74° 7.04+0.61°

The different letters in the same row indicate significantly different (p<0.05).

ns: Not significantly different (p<0.05)

Table 8. Sensory score of gyoza mixed with green curry paste and substituted with Jerusalem artichoke

powder at various levels of 0%, 2%, 4% and 6%

Sensory features 0% 2% 4% 6%

Color 7.60£0.50%° 7.96+0.54° 7.2020.79° 7.28+1.20°
Smell 7.68+0.56° 7.40+0.65° 7.12+0.78% 6.92+0.64°
Taste 7.88+0.73° 7.96+0.54° 7.36+1.15° 6.80+1.26°
Texture 8.16+0.62° 8.20+0.58° 7.04+0.61° 5.88+0.76°
Overall preference 8.20+0.64° 8.36+0.86° 7.36+0.64° 6.32+0.56°

The different letters in the same row indicate significantly different (p<0.05).

ns: Not significantly different (p<0.05)

Table 9. Sensory score of gyoza mixed with roasted chilli curry paste and substituted with Jerusalem

artichoke powder at various levels of 0%, 2%, 4% and 6%

Sensory features 0% 2% 4% 6%

Color 7.16£0.99% 7.32+0.90° 6.72+1.06° 6.68+0.69°
Smell 7.32+1.35% 7.48+0.87° 7.1620.80%° 6.92+0.70°
Taste 7.16£1.11% 7.28+0.94° 6.88+1.01% 6.72+0.84°
Texture 7.36+1.04° 7.4020.65° 7.1621.14% 6.92+0.49°
Overall preference 7.40£1.00% 7.64+0.91° 7.24+1.01% 7.00£0.65°

The different letters in the same row indicate significantly different (p<<0.05).

ns: Not significantly different (p<0.05)
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Table 10. Color values, water activity of gyoza fortified with different types of Thai curry paste

Red curry paste
Color values

Yellow curry paste

Green curry Roasted chilli curry paste

paste
L* 46.52 41.23 44.10 61.72
a* 5.88 6.14 2.52 0.59
b* 16.28 15.97 14.77 13.36
Water activity 0.97 0.97 0.97 0.97

4. aspsznaunanll

AR IR T LAuAZ S saWEnUNaLR
SEWINUNINTYA SEWINUNTEAMITL WAz IEW3N
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(Table 11)

Table 11. Nutritional values of gyoza fortified with different types of Thai curry paste

Nutritional values Red curry Yellow curry Green curry Roasted chilli
paste paste paste curry paste
Total Calories (Kcal) 193.90 207.03 205.92 223.38
Protein (grams) 7.10 7.16 7.31 8.03
Total Fat (grams) 8.98 8.91 12.00 9.30
Total Carbohydrates 2117 24.55 1717 26.89
(grams)
Moisture (grams) 61.62 58.01 62.43 54.66
Ash (grams) 1.13 1.37 1.05 1.12
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Table 12. Microbiological qualities of gyoza fortified with different types of Thai curry paste

Red curry Yellow curry Green curry Roasted chilli curry
Quality value
paste paste paste
Aerobic Plate Count, 65 (EN) 9.2x10° 1.1x10° 1.1x10°
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Abstract

Textile handicrafts of the Phu Tham Rong Community Enterprise, Tham Rong Sub-district, Ban
Lad District, Phetchaburi province do not yet have a pattern that represents the identity of the
community. In particular, palm fiber has not been applied to products. This study compares the dyeing
of fabrics from palm fibers with natural dyes from dried sappan heartwood, dried indigo, and dried
bastard teak flowers. The study found that the color values of the 3 types of naturally dyed palm fabrics
were the brightest (L* value 69.57+1.35), with the highest a* value equal to 12.77+2.45, being positive
(red), and the highest b* value of 17.63+1.43. Testing the properties of fabrics dyed with dyes from
dried sappan heartwood, dried indigo, and dried bastard teak flowers soaked with alum fixing agent
was at a good level, which has a color fastness to washing at a level of 4-5 (good to best), a color
fastness to rubbing in dry conditions at a level of 4-5 (good to best), a color fastness. The abrasion
resistance in wet conditions was at levels 2-3 (moderate to good), and the color fastness to light was at
level 3 (fairly good). The test results for each property can be used to develop various types of
products that affect the use of woven fabrics made from natural dyes palm fibers from dried sappan
heartwood, dried indigo, and dried bastard teak flowers. It can also be further developed by sewing
clothes, costumes, and home furnishings from fabrics, as well as being another way to promote

household and community businesses.

Keywords: Palm fiber textiles, Natural dyeing, Color fastness
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Table 1 Measuring the color value of heat-extracted dyed palm fiber fabric
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Table 2. Levels of color fastness to washing
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2. A2INAINUTR9AFaN19ENANS (Color
fastness to washing) 81M3§1UN1INADDL ISO

105-C06: 2010

Dyed palm fiber cloth

Levels of color fastness (grade)

Sappan wood 4
Dried Indigo 4
Bastard teak 4

Remark: Level 5 = Excellent, Level 4 = Good, Level 3 = Fair, Level 2 = Poor and Level 1= No opinion
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fastness to rubbing) 1M7L ISO 105-X12: 2001

Dyed palm fiber cloth

Color staining values

87

(Dry) 5 levels (Wet) 5 levels
Sappan wood 4 3
Dried Indigo 4 3
Bastard Teak 4 3

Remark: Level 5 = Excellent, Level 4 = Good, Level 3 = Fair, Level 2 = Poor and Level 1= No opinion
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Table 4. Levels of color fastness to light
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Abstract

The development of high-protein red bean milk products is aimed at studying the optimal ratio of
red beans and water chemical composition and nutritional value of red bean milk. The study of the ratio
of red bean to water at levels of 1:3, 1:5, 1:7 and 1:9 showed that the increase in the proportion of water
resulted in a decrease in the total solids and viscosity of red bean milk. Sensory acceptance test results
showed that consumers rated sensory acceptance lower as water ratio increased. It affects the
consumer acceptant test, especially taste and overall preference. The ratio of red beans to water of 1:5
received the highest acceptance rating. A study of maltitol content at levels 5, 10, 15, and 20 showed
an increase in maltitol content in the range of 5-15 percent. (p<0.05) and tended to decrease when

increasing the volume to 20 % . Consumers gave red bean milk with a 15% maltitol content positive

ratings in all sensory parameters. A study on the addition of 10% pea protein found that 100 grams of
red bean milk contained 10.50 grams of protein, 0.01 grams of fat, 0.12 grams of carbohydrates, 77.50
grams of moisture, 0.34 grams of ash, 11.65 grams of total fiber, and 88.67 kcal. Red bean milk had a
protein level of 36.7 grams per 350 ml, whereas commercially available high-protein milk has a protein

content that ranges from 28 to 32 grams per 350 ml (Packaging sizes available in the market).
Keywords: Red bean, High protein milk, Peas, Maltitol
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Table 1. Physical characteristics of red bean milk with different ratios of red bean to water (n=3)

Physical characteristics

The ratio between red bean to water (w/v)

1:3 1.7 1:9
Total soluble solids (%w/v) 1.10 £ 0.10° 0.96 + 0.05° 0.76 + 0.05° 0.56 + 0.05°
viscosity (cP) 192.9+0.30° 25.6+0.15° 15.5+0.70° 12.9+0.26°

*Mean in the same row with different superscripts are significantly different (p<0.05).

1:3 1:5

1.7 1:9

Figure 1. Red bean milk with different ratios of red beans to water (w/v)
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Table 2. Sensory acceptance score of red bean milk with different ratios of red bean to water (n=50)

The ratio between red beans to water (w/v)

Attribute
1:3 1:5 1.7 1:9

Appearance 7.3541.34% 7.58+1.04° 6.88+1.51° 7.38+1.41%
Color™ 7.35+1.22 7.23+1.07 7.08+1.50 7.29+1.24
Aroma™ 7.32+1.31 7.38+1.10 6.85+1.25 7.29+1.38
Flavor™ 7.32+¢1.17 7.41+1.15 7.03+1.33 7.41%1.18
Taste 7.67+1.19° 7.64+0.98° 6.91+1.44° 7.23+1.39%
Texture™ 7.35+1.39 7.41+0.98 6.91+1.44 7.05£1.30
Overall preferences  7.41+1.32% 7.57+¢1.19° 6.85+1.32" 7.32+1.45%

*Mean in the same row with different superscripts are significantly different (p<0.05).

*NS, no significant differences (p>0.05).
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Table 3. Sensory acceptance test scores of red bean milk with maltitol at different levels

Maltitol (%)

Attribute
5 10 15 20

Appearance 6.93+1.27° 7.25+7.11% 7.76+0.99° 7.60+0.97°
color 6.88+1.23° 7.25+0.97™° 7.74+1.02° 7.55+0.98%
Aroma 6.88+1.00° 7.30+0.96" 7.7620.97° 7.39+0.92%
Flavor 6.76+1.15° 7.2540.97" 7.81+1.18° 7.44+1.33%
Taste 6.62+1.21° 7.39+1.00° 7.90+1.19° 7.58+1.33°
Texture 6.72+1.24° 7.16+0.99 7.72+1.16° 7.58+1.11%
Overall preferences  6.69+1.12° 7.34+0.97° 7.95+1.21° 7.69+1.24%

*Mean in the same row with different superscripts are significantly different (p<0.05).
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Figure 2. Red bean milk with maltitol content at different levels
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Table 4. Chemical compositions of red bean milk

Chemical compositions

Red bean milk (100 g)

Moisture 77.50 g

Protein 10.50 g

Fat 0.01g

Ash 0.34 g

Total Carbohydrate 0.12g

Energy 88.67 kcal
Crude Fiber 11.659
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