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Abstract
This study investicated the effects of drying temperature on the physicochemical quality, bioactive
compound content and antioxidant activity of Wolffia (Wolffia globose). The results revealed that drying at 40, 50
and 60°C did not significantly affect the approximate chemical composition of Wolffia (p>0.05). The protein, fat,
fiber, ash and carbohydrate contents of Wolffia were found to be 20.35-20.36%, 2.85-2.93%, 9.79-9.84%, 13.45-13.69%
and 30.97-31.40%, respectively. However, the drying temperature significantly affected bioactive compound contents

(p<0.05). Wolffia dried at 40°C had the highest bioactive compound content, with total chlorophyll content of
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3.35 mg/g dry weight, flavonoid content of 19.084 mg quercetin equivalent/g dry weight and phenolic content of

20.62 mg gallic acid equivalent/g dry weight. Additionally, the antioxidant activity, measured by DPPH, ABTS and FRAP

assays, was 15.69, 0.51 and 6.51 mg trolox equivalent/g dry weight, respectively. For physical quality, it was observed

that Wolffia dried at different temperatures tended to exhibit a decrease in brightness (L*) value as the

temperature increased. At 50 and 60°C, the brightness (L*) and yellowness (b*) values were not statistically different.

Subsequently, a snack product was developed from jasmine rice supplemented with Wolffia dried at 4 0°C. The dried

Wolffia was added to the snack product at 0%, 2.5%, 5%, 7.5% and 10%. From chemical quality analysis, it was found

that snack product’s protein, ash and fiber contents increased depending on the amount of supplemented Wolffia.

Keywords: Wolffia, Physicochemical quality, Bioactive compound, Antioxidant activity, Snack product
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2.3. MsUszyndldiinlundafusivunsuiien
ndraveunsa
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rounnslngyiinisdnsdietinazenn 3 afs 9andu
Frveuuzdundslilasasdruidmunlaedadiimen
ud 1 d sl 1 2 uasihimvennAIHIUN SIS
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2.4. MTIATIZAAUNN
2.4.1. 8
Fvewiinlaeldiaiesind (Chroma meter,
Color Flex Model 45/0, USA) Tagw1s15iinas7 1
Usgnousig L* (Auila/Aanuging), a* @dea/duns)

waz b* ( #dw/aAwdea)

2.4.2. asAUsenaumamiilneussana
FAseUSuIuAINTY o1 e el
TUsiu wara1slulawmsna1uiSees the Association

Official Analytical Chemists (AOAC, 2000) [5]

Table 1 Formulation of snack from jasmine rice with Woffia

Ingredient Quantity (in %) of ingredients in each recipe
S1 S2 S3 sS4 S5
Jasmine rice 94 91.5 89 86.5 84
Salt 1 1 1 1 1
Sugar 3 3 3 3 3
Wolffia 0 2.5 5 7.5 10
Garlic 1 1 1 1 1
Pepper 1 1 1 1 1
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2.4.3. Usanauanseengnaniedianim
aseengyeeTanmiidnw liud aaelsiiad
(Chlorophyll) @suUsznauiluedn (Phenolic compounds)
uazvalaueen (Flavonoids)
1) mMsAsizivsuunaslsias
ANAAIDE19ILENTAY AU IUDAAITNT U
¥avay 80 antuthansafindilduinsemiunseaunses
wes 1 diewsnvesndeiillazatssen warusuusuing
Yo3asannmMeozTlau (Acetone) ANutNTUIDYaY 80
WI9350 10 Haddns Yun19ULUIIIRIL
ozgiidonmland (Aluminium foil) tiedlesiumsaanesn
vaspaelsiladiiladouas mniuhasatniiwienlsluin
AnsganduuasiinueIAdy 645 ulumng uas 663
uiluns Sufindnisgandusasiildainnistaiisas
ALeTIAAY Intuianduuall [6]
Chlorophyll a (ug/mL) = 12.7(A663) - 2.69(A645)
Chlorophyll b (ug/mL) = 22.9(A645) - 4.68(A663)
Total Chlorophyll (ug/mL) = 20.2(A645) + 8.02(A663)
e
A663 o AnspanduasTimmENAAY 663 wlums

A645 fig ANNTRANTULETIANNETIARY 645 UTLUIIAT

2) msamsziUiunuasusznauiuean

ANAAIDE19RILENTAYANULDYUDAAIILTNT U
¥ouay 95 ndsantuliunaisavanefeeaiasensn
0.3 faddns WWua1savany Folin-Ciocalteu Wudu 1:10
J3uns 1.5 1adans wazansazany Sodium carbonate
Wuduiosay 10 Usuans 1.5 Jadans wauliidrdu
wazdsialfifunan 10 vl Yvranssegreildlusnan
ma@jmﬂﬁuumﬁmwmm?{u 600 urluluns lng
wWiguiiguivaisunsgiunsaknadn (Gallic acid) wag

mualagldaunisidunss [7]

3) mawseilsanamaliueen

AN ARIDYNRILENTA ANYLDTNUDAAULTNTY
%ovay 95 Mntuthlunauiuiindu 1.25 fadans uas
@13agany Sodium nitrite [Wudusouas 5 Usuias 0.075
fladans uddmanaliilunan 6 undt ndsannduida
@15aza18 Aluminium chloride Wutusesag 1 Usuns

0.15 fa3dns naulimdrduwarsanaliidunan 5 uad

31

dleasunan Wuansavane Sodium hydroxide Ay
1 Tuand Usinas 0.50 fiadans wawiiindu 0.275 fadans
inluind1nnsganduuasiinnnuenandu 510 uiluwng
IneSeuiieuiuansuinsgueediu (Quercetin) wag

mMuradlagldaunsid@unss [8]

2.4.4. quisduoyyadasy

nsdnwiliasn1slinseignidiueyya
Basz 375 Ao 75 DPPH 75 ABTS uawds FRAP

1) nMsAinseignsdiueyyadassdaeis
DPPH

afindiegeiasayaneeuean Nty
$ovay 95 Intufuasarats DPPH aslusoeafiartn
wazwerdunanlsid iy Uuluifafigamgiives udh
inluindnisganduuasiinnnueindu 517 ualuwns
wWisulguiuansunsgiulngasnd (Trolox) wagAuu

Tnglgaunisidunsa [8]

2) nsdazignsdiuoyyadaszdaei’
ABTS

ANAAIDE19RIANTAZANULDYNUDAAIITNTU
¥puay 95 aMntunIouasazay ABTS reagent AN
Wudu 7 fadluas warlsuudnsazaly potassium
persulfate Tnenanludnsiduiimnzan daal3ludise
12-14 %04 Mé’qmﬂﬁuﬁﬂun?ﬂﬁiﬂﬂﬂi@mﬂﬁul,l,aﬂﬁ
AINEIAGY T34 wluwnshildrinisganduuas 0.7
nthuhansazaneiildlunauiufogeiiniumsaiaudy
wendumanlidnfunasiedislionmnfives wiifnd
mi@mﬂﬁwﬁﬁmmmaﬂﬁu 734 unlulns TeellSguliieu
AuansunsgIunsaend (Trolox) wazAruinlaeld

AUNT5LEUNTY [8]

3) nsiseiguikiuoyyadase K2933
FRAP

ANARAIDYNAIENTAL ANYLOVNUBAAMULTNTY
oAy 95 MNTULSELANSaTane FRAP reagent Tnenay
300 fadluansved Acetate buffer pH 3.6, @15avane
20 fiadluaisves Ferric chloride wava1savany 2,4,6-
Tris(2-pyridyl)-s-triazine (TPTZ) 10 fiadluaislu 40

fiaaluans HOL ludasndau 10:1:1 91ntiuth FRAP reagent
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lunanfuiegenainua werdrunaulmdiiuuazag
nalingaumgivies udrindn1sganduuasiaue1Iniy
593 uluwns lnewWSeuisuivarsunsgiulnsaend

(Trolox) wazArwalagldaunisidunse (8]

2.5. N15IATITANANI9EDA

%
v %

Yoyananuauansiisaneds + daudoauy
1195574 1R8N UNITNAABI4UY Completely
Randomized Design (CRD) kagy1n15maasd 3 61331
N193A18R AU USUSULEAT Analysis of Variance

(ANOVA) wasiUSeuifisuaadenig3s Duncan’s new

Multiple Range Test (DMRT) fiszstupnaidesiudesas 95

3. NANTIVBUALBAUTIUHANITIAY
3.1, quAYBTiiunnsaUL
N13ANYINATD UMYV AN N VB IH
Tagvhnsnwgamaiifissfulunisyiuiei 7 40, 50
uay 60 paraidea IntuAnwamnWaeTnenw

U3110UaN508N SN 1IN wazgVSiueLYadase

3.1.1. §

A

AL TUAINUIUBNEN B ENIINIININTD

v
v A v oo '

fagne BnedaanunsaUiuenasRUsENaUNILATiutasiia
aa I o Il [V a a s o o 6w

nileglusegnsld wu Usnumaslsiladaazduiusiv
A1 a* Faanamnududidien dmsunisiaandeieinu

NsBuLMegouaNTeuigungil 40, 50 wag 60 89

=]

WAl gd IINUUUIUIIATITYANEAI8SEUY L*a*b*

faanslu Table 2, Table 3 wag Figure 1 @wsuan L*

Y a1

wieA1ANadng ddiandu 100 uansdsranandudun
A ! 'Y < ! = <) a o A
W38ANAIN uidTuA 0 azuanstianduddvie
Auiln nuindeldgamgiilunsviunisigeau agvili
A1 L* dd1anas lnengumgil 40 asAlealfea A1 L*
wiriu 37.23 wagileldgumaiigedui 50 uar 60 e
waldua A1 L* avanas lngdAwiniu 36.36 uay 35.31

AINAIAU WA LULANANAUNISEDR (0>0.05) AIUUNT

o a1 '

Wi il 40 ssrvalded dwalviiniaimmeadng
q
9

A

i
A9an ABAARBINUTILIUNITIRANIUNY BINUT

a

Wi iastu agvinliniiuainanas [6]
Weoswngasiigdelasuanuieuszvanlassnsndunid

W N3A0ZTRAN (Acetic acid) Uusiu nsnilazisaujisen

32

Tnaelsfladiuasudu Pheophytin vilvimuainianas
Tudauvesdn a* wudwhithlueuusiaia 3 guund
fganuunnstsiuegided1Ayneais (p<0.05) 1ay
a1 a* fanduau Fadavenisnnududifes dwsunis
Wutieil 40 esmneadea dawalvilanududideruan
i wonanilfmuina b* faansdennududntu

a A

wazdwides Ineddanduuinazuansdennududindes

o a1

widndumavazuansismandudin@u wudrhitso
nseuuvisiigaumndl 40, 50 uaz 60 sarmiwaLdea fidn b*
Wiy 23.18+0.43, 22.13+0.27 W@y 22.22+0.31 AU&6U
Fansvhusisiigungll 50 waz 60 ssawadoalaii
ANULANANITUNSADA (p>0.05) Taedn b* Anduuan
Favsvondsaududivdos dmsue C* Usuanaauan
vFo1udu (Chroma) 1048 Tnerudorunisyiuis
figuugd 50 uar 60 samwaldea fid1 C* Wiy
20.32+0.45, 23.21+0.28 Ua23.05+0.32 AU T
wuhnsyustsignmgd 50 wa 60 ssmwalTya laid
AULANANTUN9EDR (0>0.05) wenanilAn h* vaven
fdnan (Hue) Tngsuflesiunisvinuwisiigumnd 50 uay
60 DeFLATYE HA1 h* Wiy 107.63+0.22, 107.54+0.25
waz 105.4120.26 Fafiendulnudifen sufuaziiuliin
mi@uuﬁﬁqmﬂgﬁﬁiw q denadoAdve s taed
nseuKsfiquunfl 40 serealFoa dawalvilad
a1 (L) gean wagianundudifengegn Feusuen
feUsununaslsiladifigs drue1 b* dsuenisamdu

dwdes lufinnuunnesiunnidnlugaumafingdu

3.1.2. asAusznaumaaiilneuszuna

p3AUsENOUNINLARLAB USRI (Proximate
analysis) vosshilviursiigamgisnaiu 3 sedu Téun
40, 50 waz 60 osANTaLTed nafliuansly Table 4
WU siuaudargunnll fusualusiu
wihiusoway 20.36+0.30, 19.87+0.19 wag 20.35+0.90
AuddU denndetunuisefinuiusinalusiuaie
vouhluusaraeiusinunosas 18.9 fa 36.5 [91[11]
diladvsunamslulawse wihiudesay 30.97+0.10,
31.40+0.03 way 31.01+0.025 MIUAINU 31N9IUIBUDY
Xu et al. [12] wua1Usualusiu wag aslulawmse
Fuedfumsimzdeslaefivsinaaslulawsaldunis

U

Sovay 40 mpUIMUNLIAY denAasdnuIIUITeYes Djaen
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and Sari [13] wuinmsvhussfigamgdl 70 ssrniwaidya
viasniegilvgadeaudmidavinmsifisadnidos
Tnaniseundisagymliusualusiuanas dosain
AuSauIrdINanalaseas 19 lUsiuinn1sAToaaan
(Crosslink) sgninalutanavedlysiudanalvuIuam
TUsAuanas [14] aann1svaasswuingamgfialdlunis
suwislidnasousunalusiu uazliunnasiuegned
dodrAgyneaf (0>0.05) uammﬁ?uﬂ’aﬁﬂ?mmlmﬁua@j
fi¥ouay 2.85+0.07, 2.91+0.11 UA¥2.93+0.07 MUAIFU
aonndeafuauAfedinuuninuiuiinalvivluiieg
sewinedesay 0.7 83 5.3 Geluhdivsunalleduiideudng

o o

A wazliunnansiuegslidediAgyneads (0>0.05) [2]

A

dusulsmnandelelusmuindusinadesay 9.79+0.008,
9.91+0.008 Uz 9.84+0.007 auadu Fsliumnsnariy
a9 dBdAYN19adH (p>0.05) doAAADIIUTTHVD
Gaigher et al. [15] Fwudrvsunandeleludmudons
Foway 5 04 15 dusudiuiadn davinduiesas
13.45+0.24, 13.5020.25 WAz 13.69+0.25 auandiy Gslai
waNFNeA et AyN19Ena (p>0.05) 91NN5ANEA
navasgunnfilunisviuieh nudrgungildlunis
auwieldinasieaunmnaaivei tnedaldunneie
funaadii (p>0.05) Feyamanivadinnisutarig
gaunQil 40, 50 Uag 60 8IANYATYAAINTASNYIAMAT

PalAYUINISVREN LR BEN9

©

Figure 1 Color of Wolffia dried at different temperatures
(A) 40 °C; (B) 50 °C; (C) 60 °C

Table 2 Effect of drying temperature on the color quality of dried Wolffia

Temperature Color
(0 L* a* b*
40 37.23+0.16° -7.40+0.18° 23.18+0.437
50 36.36+0.10° -6.99+0.13° 22.13+0.27°
60 35.31+0.04° -6.12+0.13¢ 22.22+0.31°

Data are expressed as mean = SD of five replication (n = 5).

Values with different letters in a column are significant differences (p<0.05).

Table 3 Effect of drying temperature on the color freshness of dried Wolffia

Temperature Color
(°0) L* c* h*
40 37.23+0.16° 24.32+0.45° 107.63+0.22°
50 36.36+0.10° 23.21+0.28° 107.54+0.25°
60 35.31+0.04° 23.05+0.32° 105.41+0.26°

Data are expressed as mean + SD of five replication (n = 5).

Values with different letters in a column are significant differences (p<0.05).
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Table 4 Effect of drying temperature on proximate composition (in %) of Wolffia

Proximate Temperature (°C)

composition 40 50 60
Moisture™ 6.37+0.26 7.63+0.31 7.01+0.68
Protein™ 20.36+0.30 19.87+0.19 20.35+0.90
Fat"® 2.85+0.07 2.91+0.11 2.93+0.07
Ash"® 13.45+0.24 13.50+0.25 13.69+0.25
Fibern 9.79+0.01 9.91+0.01 9.847+0.01
Carbohydrates" 30.97+0.10 31.40+0.03 31.01+0.03

Data are expressed as mean + SD of three replication (n = 3).

"Not significantly different among values in each row (p>0.05)
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PnsAnvIUSIuaIseengninsinm
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3.340.10 waz 1.80+0.07 AadnfusienSundnuia
(mg/g dry weight, me/g DW) anuansu Tnenisviuiisdi
gunn 40 uay 50 esAnwAlBea danaliuTuin
aaelsfladhanunlidietuegraditedfyniada
(p>0.05) uiilefingamgiviuedl 60 eeriwaldoa
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a a i o
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Chlorophyllase Favinaulddfigrmgilaiiu 75 saen
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a o
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Table 5 Effect of drying temperature on bioactive compounds of dried Wolffia

Bioactive compounds

Temperature (°C)

40 50 60
Chlorophyll (mg/g DW) 3.35+0.17° 3.34+0.10° 1.80+0.07°
Flavonoid (mg QE/g DW) 19.08+0.96° 16.61+0.94° 15.99+0.97°
Phenolic (mg GAE/g DW) 20.62+0.37" 20.79+0.84" 20.75+0.47"

Data are expressed as mean + SD of three replication (n = 3).

"Not significantly different among values in each row (p>0.05)

Values with different letters in a row are significant differences (p<0.05).

Table 6 Effect of drying temperature on antioxidant activity of dried Wolffia

Antioxidant activity

Temperature (°C)

40 50 60
DPPH assay (mg TE/g DW) 15.69+0.44° 9.79+0.42° 8.42+0.68¢
ABTS assay (mg TE/g DW) 0.51+0.01™ 0.51+0.00™ 0.51+0.00™
FRAP assay (mg TE/g DW) 6.51+0.49° 6.15+0.33° 4.69+0.39¢

Data are expressed as mean + SD of three replication (n = 3).

"Not significantly different among values in each row (p>0.05).

Values with different letters in a row are significant differences (p<0.05).
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3.2. nsUszgndldeinlundafusivunsuide,
ndrivieuusd

nsWau AR usivuisuAEI9Ind1IMeNNLA
w3usin Tnguneiiiunsyiuisiiguunsl 40 e
wadua Adinsnnnmnisiuasoongudnedaniw
wazqsiueyyadasyliinnilgavdsnisviuis Taoids
fadllundnfasivusauiendosas 0, 2.5, 5, 7.5 uaz
10 tWefnwiama ATl wazngam likans

NeapInne Ul

3.2.1. auawmaeiivesanfusivusuuiRe
NP1 ALETUEN

MNNFNEIRaveSINaH oA NNILAT
Yo INAR AT VUNTUREI N IeNL BLasuRn Tneth
yunvuaeluvhniswesnseudelulasiananturiiun
AATILIRUAIMNILAT NaLEAIAT Table 7 N15LaTURN
dlulusdndasioumauifsnfiofuamuamalasuinis
vosvunliigsninwiesnanaiinll TneddsdsUSmnalusiu
1 wazidele a1nnanismaassnudndedinisiiush
Youaz 0, 2.5, 5, 7.5 uay 10 ylvkanfusivuLvUIAeAT]
Vsunalusiuiiuiuaindesas 7.52 Hudesar 7.90,
8.75, 9.36 LAy 10.26 AuadU dueudfintuain
Seuay 2.30 \Wuiewas 3.76, 6.25, 7.03 Lay 8.10 ANaFU
Tnedleduiusinauntudwaldlusaunaziddi
untuegreiitedfynEda (p<0.05) WwiReatuiy
Vsinaveudelodledurdusuiaunniuiazdanald
fivsinaudelodfiuinniy winsiudiitesas 2.5 fu 5
wunlddanuwsnaeiusgrslideddynisana (0>0.05)
donmdaafiunuideves Boonwittaya et al. [23] finuin
nsiuranaslugfwiiudenlnuandy (Chocolate chip
muffin) Seeay 20 dawalidniludenlnuanduilesrusenau
maeildinuiniuddofisufudiiiugoninuandy

ansnruny nuduTunalusiuainiesay 7.34 liuy

36

Wudevar 7.64 Ysurandwiiuduaindsvay 1.65 1y
Sowar 2.06 wavUsunandeloviuduainiosay 1.32 WJu
Sauay 1.56

3.2.2. ArdvesnAnAnTvuLYUAEI911E72
NoNUZAEIUNT

NHANSANYANE YD INAR ST ULV UIA YA
Mo Aiaduiusazgns Tnsausmuiealyls
wosnsousaelalasnantuhuniesgianddessuy
CIE L*a*b* Tnenadilduanadis Table 8 wuinAauaing
(L") vosnAn s vuLvuAgI9 g renrAEs iy
anaiedudUsinanfisanntu nsiurfesas 0, 2.5,
5,7.5 wag 10 vilsAimuaing (L) Wu 77.33, 66.86,
61.07, 60.74 Wag 54.69 MINE1IAU AAULANAIIAY
a8l @y mneadd (p<0.05) osniifidnvasidu
ATendunasiinuiiunas n1snauUEIluNdn A3
MAAIANNEI98AAT ANUSUAT a* UaARIDIAELAT (+)
wardien () fediiinisduriia a* fnavuindu

Fawansdaanududdondinundu wlidanuwansneiu

Ry o a

pgelvrd1Agyn19aia (0>0.05) Tudreg1sndnsifiue

Faan a* MdsuludielnsiusUdsumudnuasues

o Aaa A ' '

fNATET YT duAn b* wansdeend@udsd (+) wardunkduy ()
NUINFIBg 9L ANKNSe8AY 0, 2.5, 5 7.5 way 10 &

ANULANANNAUYRIAT b* s sl tdAgyisatia (p<0.05)

a

gafinnsiRuE LNy rdanalrndnd ueivuNIuLAe

a o

ndveuuzdasuddaianududiudsafiuninu

3

Tnamaalsilaan

a

o & aa a a & o a
funlusndedidderavildoundudides

1% '
o = A

a & a4 &
1¥n0n warlduImauInTuy WesenmaslsiladwWasudy

Pheophytins 118431nn32UUN1TWUsFUNIAINTOU

wnngIves M liiian1sgyide Magnesium ion Miag

U

naneluanaveInaslsiad waIgNUNUNMEaEABNYRY

Ty o =

Hydrogen [24] 3avilvisieg 19N fiuTuuRngdaiian *b

%
=

wansoandsrududvasswniu



a

NIaTInermansuazmealulad unInedeauasivsiil U9 27 atun 3 weudueieu-sunau 2568

Table 7 Effect of Woffia quantity on chemical quality of snack product

Quantity of Woffia (%) Protein (%) Ash (%) Fiber (%)
0 7.52+0.0017¢ 2.30+0.0352¢ 0.32+0.0120¢
2.5 7.90+0.0105¢ 3.76+0.0632¢ 0.77+0.0420¢
5 8.75+0.0017¢ 6.25+0.2877¢ 0.83+0.0700°
75 9.36+0.0871° 7.03+0.1098° 1.25+0.0037°
10 10.26+0.0563° 8.10+0.1543° 1.83+0.0752°

Data are expressed as mean = SD of three replication (n = 3).

Values with different letters in a column are significant differences (p<0.05).

Table 8 Effect of Woffia quantity on color quality of snack product

Quantity of Woffia (%) L* a* b*
0 77.33+0.05° 0.84+0.03° 15.15+0.06¢
2.5 66.86+0.07° -1.62+0.10° 15.62+0.12°
5 61.07+0.02¢ -2.14+0.05° 16.31+0.07¢
7.5 60.74+0.01¢ -2.13+0.05° 16.02+0.15°
10 54.69+0.03¢ -2.39+0.07° 18.08+0.052

Data are expressed as mean = SD of five replication (n = 5).

Values with different letters in a column are significant differences (p<0.05).
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