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Effect of Salt Solution Combined with Blanching on Color Retention and

Antioxidant Activity in Dried Wolffia (Wolffia arrhiza)
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Aav Aao

ATeliTagUsrasdiiiofnwinaves
A1782aULNADTINAUNITAINFDNITAIFIVDIA LA
avissueyyadasyluihiiunseuLiseledseu
aufou Amensldasavansinde 4 vila Ae NaCl
AMULNTUSoaE 1 (W), MgSOs ANUUNTUSDYAE
0.1 (w/v), CaCl, Anusiudusaeay 0.1 (w/v) way
ZnSO, AMILTUSaas 0.1 (w/v) 1191n13U5U
annransen1sandigungl 80 ssrwadea
Hunan 3 it reuthluvusiafigamadl 60 s
wadea Wunan 8 93lue nanismeaenudn i
suwisiilunsUSuanmdaenisaIniuansarane
wndedlnuandanianienin f1d Ysuruiluedn
USinauensdnueuyadase uavUSinamaelsilad ved
F9819UANANAUOE 1 Tud AN 9anA (p<0.05)
Slewlsusudisundauuuaaiin n1saindae
41582a18Ln30 MeSO, Lilaufuanmiineuey
#1503 nYIAUANTRYDINN fafud Uiunm
aaolsflad uasfigniansiiuouyadaseiia lnes
QUWRITIRNUNTUSUaNTMaNaNsazaesnde MeSOq
4Ad L*, a* way b*indu 37.11, -3.21 wag 22.09
AINAIRU USHnuAaelsWad s2uLindu 627.63
mg/100g DW qwéammﬁmawa%aszmfﬁ%‘
DPPH wag FRAP AU 11.64 wag 22.55 mmol
Trolox eq/kg AMUANRU wazUSinaifiueanimuni
ANNAY 454.26 mg GAE/100 ¢

ANEIARY: {1 asazateinde nsaan MISNYA d1iu
DULADHTY
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ABSTRACT

The objective of this research was to
study the effect of salt solution combined with
blanching on color retention and antioxidant
activity in dried Wolffia using a hot air dryer. Four
types of salt solutions were used such as NaCl
1% (W/v), MgSOq 0.1% (W/v), CaCl;0.1% (w/v) and
ZnS0O4 0.1% (w/v). The Wolffia was pre-treated
with blanching (80°C, 3 min) in the different salt

solutions before drying in a hot air oven at 60°C

for 8 hrs. The results showed that physical
properties, color values, total phenolic content,
antioxidant activity, and chlorophyll content of
pre- treated dried Wolffia were significantly
different (p<0.05), compared with the
conventional method. Among all treatments, the
use of MgSQq salt could retain the Wolffia color,
chlorophyll content, and present a high
antioxidant activity. The L*, a* and b* values of
Wolffia that pre-treated with MgSQOq salt were
37.11, -3.21 and 22.09, respectively. The total
chlorophyll was 627.63 mg/100¢ DW. The
amount of antioxidants from DPPH and FRAP
method were 11.64 and 22.55 mmol Trolox
eg/kg, respectively and total phenolic content
was 454.26 mg GAE/100 ¢.

Keyword: Wolffia, salt solution, blanching, color

retention, antioxidant
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fu anunsafuiiemandaldisn dnsveneiugly
ANSTIUTIREE1TINSWI A LARanEn 1NN
LagdunuATNARAY Beuliinezddefunnute ud
namzidsaznisuslaamdaliduiiniienans
unifn inszdaditiadonareduiivinlinisuilaa
ArAsudedndn lawn dedndalusunisiiusn
HAKER LAZNITAIUANAMNINYDINAKER 1AeITN1S
wUsgUididufifonunniign fe n1sounis (6]
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WasuwUasnun e Tnglangdvesndn s
wazUSuuEITeYYADATY uenaniiaiinasionns
yousuvesuslnadnde nilsluisnisidenldly
M3snwd lnglanedleiveringdu Ao n1slday
%aue[,umiﬁﬂég%aui%ﬁ polyphenol peroxidase
(PPO) FaillutoulasiiinelhAnufasendinialy
fagavinuazwaldl funisldarsazarsindelile
naunulszalanglulassairsvesnaelsiladi
aunsaagadeannnisidainusou [7, 8] andeya
fananiwhlidaualafiegihansazaneinden
MsUTUanIMENaAnauNIToULIAY ANYIAMATN
yaandndmi nsivdsuutasvesd uaggnidiu
oyyadastlusheuuiandsinunisusuanm el
IindnFasiivanzaudonisiiludeseniduy
wanfausiomsiiieguamainisely

T80 aunsal wAzIENIINARLY
1. NSASENAILAZNSANENURVD DU
UH1AAIINNGNTANVAIYUYUAUNA VUG
n.yupadsas 0.0l 29803 uvhnsdadied
azo1nnewinseuLTiaianmall 60 osrwalTya
Frein3esaunisandeu (HB-24A, Thailand) 1Ju
szaziIa1 8 92109 [9] FI9g1NSIINRIUNITYA
wisazgninivlugeegiilouesdfiguugiivie
Wuan 12 lusteuthluinsziesdusenay
vaadilaun anudy Tsiu lvsu 181 Teams
wazAslulawnse A1e35 AOAC [10] wasiesiAnd
Fapndlagldinios Spectrophotometer (Konica
Minolta, CM-3500d, Japan) 3tA351giUTuua1s
frusyyadase Uinafluednianun wasUiun
Aaelsilad Arseisnausietie 3 9

2. MSANYINAYRIAITATANEINAORaAMNENURYDY
N1BULLIAY

U192987196180 a19%1ANUAT BN LAY
¥nsAnen 5 Ammaes fe 1) nsaandaetilan
2) Msadnsedlsazalendelaneunastsa (NaCl)
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ANUNTUSBEaE 1 (W/V) 3) N1SAINATLEITaT AN
wnasuuntiFeudainn (MgSO,) ANULTNTUS DAY
0.1 (w/v) 4) nMsaInmgaIsaralgindelAaLgyll
Aaalse (CaCly) AMNNTUSREay 0.1 (W/v) way
5) NIAINAIYEITALA18LNABTIATALNA (ZNSO,)
Anudududesar 0.1 (w/v) figungll 80 aaen
wardea 1Wunan 3 udt 18] 9 ntuthfegndly
puUsiigamgdl 60 ssmwaioa 1uszezia 8
F2lu fregrandsanndiunisiauieasdaly
Ainseinutu @i Uinaasinueyyadasy
USunafluednianun uazuSunnnaslsiladaely
Tnew3suiiisuiusiegrsnugy heuusiedilails
NIUN1TAIN)

3. A15IATITRHUDANT NN wazA1TIATITA
qw'émsé'ﬂua%aﬁaiz
3.1 NSASBUA2DEY

faLUasaInionisves Aryal et al. (2019) [11]
NINSENARIDY NN INIDULAS 1 NSU ABLLUILDE
(Methanol) AN usaay 99.9 Tuusuing 50
faddns winflgungiiiesdieanuiiiseu 150
rpm W 1 92108 nessensyAEnses Whatrman™
wes 4 ihdwlafiviiguvgl ¢ ssamvadea
SEUINTONTIATIEN

3.2 n1smseiUSunaiuednnanun (Total
phenolic content)

AT1E1A8735 Follin-Ciocalteu AnuUas
INTBN1TANIUDY Aryal et al. (2019) [11] wa
a15ananleg19Usums 60 lulasans fu Folin-
Ciocalteu reagent AuuduSosay 10 fivsuns
2.5 fadans auliidiiu #el3 5 uid Wuledow
ANSUBLUA (Sodium carbonate) ANUINTUSDEAY
7.5 TuUSuns 2 addns wauwaztnluunlu Water
bath gauungil 50 8aAwALTYd WIW 10 U9
n¥sniuiiliusifugumgivieswasiilua
ﬂ"]msamﬂﬁuumﬁmmmm?{u 765 ULULUAST
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AMUIUANLTNTUVDIRI0E9 LTBuiUaITazae
11MIFIUNTALNAEAN (Gallic acid) LAETIEUHAT
lalusUreediadnuanyadvoensauwnadn se
19879 100 n3U (Mg Gallic acid equivalent/100
o) AAsresuiufedas 3 6

3.3 A5AATIZIR83T DPPH radical scavenging
assay

UYSul§93891nn1sAnwIve Aryal et al.
(2019) [11] waualsanmaf10819UTNINT 0.1
fadans AU 0.1 mM DPPH Tuluuwiuea Usuins
2.9 fiaddns Wi H3ludila Wunan 30 wiil
LLaz'E’mmmsg]mﬂﬁuumﬁmmmm?{u 517 UUAT
ATUIIALLTNTUVBIAIBE1Y LABUAUANTaZAY
wmsgrulnsasnd (Trolox) uazsienunaililugy
vosiladluaauyaduedlnsaandsaiiogi 1
Alansu (mmol Trolox equivalent/kg) 1Az
$uuiognas 3 9

3.4 NMSAATIZHARWAS Ferric reducing-antioxidant
power (FRAP) assay

fnlUasaInI5ved Aryal et al. (2019) [11]
LA3BUETAZAY FRAP reagent lnunanasazaiy
20 mM ferric chloride fuansagate 10 mM TPTZ
(ferric tripyridyl triazine) Tu 40 mM HCl uag
@15a¥a18 300 mM acetate buffer pH 3.6 1u
$n9ndu 1:1:10 auasu dleviinisiesnesd nau
a15ainA29819U3u1Ms 0.15 Taddns 11U
a15aza18 FRAP reagent Mmseuliusuing 2.85
fadans nanlfidriu Unilgunad 25 eeen
wadea Wuan 30 wil wazthluinAinisgandu
Laefina11813AdY 593 uAluURT FuIAIY
WUTUY0IAI0819 LNBUAUAITALAIENINTTIY
Tnsaend (Trolox) wazsesunaililusUvesiiad
luaauyagvedlnsaend dediegie 1 Alansy
(mmol Trolox equivalent/kg) AATIERTIUIU
Fregsar 3 6
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4. n153As1gYn1UsuiAaalsias (Total
chlorophyll content)

FauUadanizves Amon (1949) [12] 4
FrograeunilagldinIesds ¢ sumis Usuna
0.05 N3y asluranguruy Sufinimidniuiuen
walANezalau (acetone) MNNTNTUSDYAE 80
U3uns 20 §addns Uniwevalidounesd 1nly
e figaumniiviesiinmigiseu 150 rpm Wukaan
30 U1# 9NTUNTBIRINTEAENTENUBS 4 1
ansazanefildluTaen absorbance firaeinay 645
LAY 663 WILLLIAT F8LA3Y spectrophotometer
(ONILAB, SP-V1100, USA) 1at/ld acetone A1y
WutuSewar 80 WU blank JiAsgiduIufIagng
av 5 91 udFwInUsInanaslsiladanauns

v A

NU

Chlorophyll a (mg/100g DW)
= (12.7Dgg5 — 2.69D¢asX(V x 100)/(1000 x W)

Chlorophyll b (mg/100g DW)
= (22.9D¢g5 — 4.68Dgs3X(V x 100)/(1000 x W)

Total chlorophyll (mg/100g DW)
= (20.2Dggs + 8.02Dgg3X(V x 100)/(1000 x W)

dlo D fe A1 optical density Aialdurazainy
g1IPAL

V e U31nnsues acetone 80% 7ifnaslsilad
avaneey (addns)

W Ao dminuessnegeieuudefitanade
Aaslsilas (nSy)

5. NMSAATIZANANIEDA
UNUNITNARBILUUFNBE ANy Tal
(Completely Randomized Design, CRD) U1ua
ﬁt’fmgamﬁmamﬁwmmﬁﬁmﬁmﬁwﬁmm
wUsUsIuvestoya (Analysis of Variance, ANOVA)
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7i seuifadfny 0.05 waziUToulflouauuAnng
voeAnadslngds Duncan multiple range test
AUIUA8lUTILNTY IBM SPSS Statistics Version
27 (IBM, USA)

NAN1SNARBILAZIN5Al
1. NMSANEENURVDINIBULIAS
HANTIATIEAAMENTRYRHDUWAY kand
&1 Table 1 Tngrountis fUsunanuiy evas
9.25 {iA1 L*, a* wag b* iy 36.58, -3.83 Way
23.28 auadsu Wedmsiziesdusznouniaadl
Faeg19Na UL JUSuNulUsAY Sesas 23.25
lugiu Speay 3.94 101 Seuay 16.26 leang Seuay
12.11 wagasiulaiasm Seeay 35.19 uagnu
sinasfluednsiaun Seuay 476.55 me GAE/100 g
NA1a19A1W0YLaBATEIINIT DPPH Uaz FRAP
W1AU 11.57 wag 21.90 mmol Trolox eg/kg
AuAIRY uazouLRiiUSInanaslsHade e
686.58 me/100g DW FalndiAsafuauided
5189111 {1 AlUsAu egseninedesay 20-50
Aslulanse Seway 10-40 lasiu Seeay 1-7 uay
Too191s Useunau Seway 25 [2, 4, 13] wazdlans
fusyyadaszas Wesuiudnlndu 1wy uesy
F19a18 F1lne Sandes 1udu [5, 14, 15] #13s
Jutngavinaulalunisinludeseaimuniu
wanfusiosnsiloaunwle
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Table 1 Proximate composition, color values, TPC, antioxidant activities and chlorophyll content

of dried Wolffia

Parameters

Dried Wolffia

Moisture (%)
Protein (%)
Fat (%)
Ash (%)
Crude fiber (%)
Carbohydrate (%)
Color values

- L*
- a*

- bt
Total phenolic content (mg GAE/100 ¢)
Antioxidant activity

DPPH (mmol Trolox eg/kg)

FRAP (mmol Trolox eg/kg)
Chlorophyll a (mg/100g DW)
Chlorophyll b (mg/100g DW)

Total chlorophyll (mg/100g DW)

9.25+0.09
23.25+0.20
3.94+0.03
16.26+0.17
12.11+0.29
35.19

36.58+0.03

-3.83+0.03

23.28+0.04
476.55 + 23.07

11.57 + 0.47
2190 + 1.20
482.26+5.16
204.49+1.57
686.58+6.12

Data are shown as average + standard deviation

2. MIANYINAVDIENTAZANEIN GO RAMENURYDY
H1DULIA
NAIINNNTIATIZIUTU A LT ULAZATE
YoeriauwiefiiIun1sUSuanINEIEn1saINLAY
asazaneinde Wisuiilsuiudogisauauilyl
HIUNNTAINWIBUTUANIN LAAIAS Table 2 WU
nﬂﬁaasmﬁﬂ%mmmm%u waLANd L*, a* way b*
wane9 U1ty d1AYNI9alA (p<0.05) lay
FregTiiunsuSuan wieansazateindenile
sinaq Sl ldusinamiutuanas dewdieu
AR NMIUAN @TaraneUssnninaeaIinsaan
Uinauhdasy (Aw) fiegluemmisld iesnuseq
ﬁuaqmsazmaLﬂﬁammsaé’uﬁaﬁ’uimaqamaaﬁw
wlfiinnisindsuiivesinoenaineimisiiy
nszUIUNTeaEludd [16] Tunismssiudiuiiegia

*Corresponding author e-mail: peerarat_do@rmutto.ac.th

lpugInemansiazinalulad mIngrdowaluladsivdsrany Jueen

il )
G
Y

VANNAILA1TAEAY ZnSO, HUSUNUAIUTY

€

by BERY)|

sitgn wansindeiidinaundengludesia
A0AAABINUNANTIINAGDIUBY Carsky et al. (2014)
[17] uag Rehman et al. (2020) [18] Tun1s@nw
gamgiilunmsouuienetnailéinde Znso, Tutas
20-200 saAgaidoa wuifiguugi 60 e
waldva dwmaliilusegianiminnisgyde
AU wavguunRfianzay fo 85 osmuaidea
flagsinliarnuduludiedsgaudeldogiad
UsgBvsnm fefugangfifl 60 ssmwaidoa vili
Uiurmanduludliedrananniogeninlu
asavaneindesegisdue
ANEYDINNAIBENTAINULANAITUBENS
Wiulddn Tnedegrafiinunisaandetmieusu
anwieasazateindetian L* fuansdariaam
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ainseglurag 35.31-37.57 dau b* uansnam
Hudndositueglutng 18.99-22.82 Turaed
A1 a* finansdenunduduns-iBen dafnau
Wanua Badn a* Anauunn wansindegnsiinan
HuaiFernniu Tnedhogaifivsuan ngaenis
anfuasazats MgSO, uaz ZnSO, fimanudud
Jesnniign aenadesiun1ssesuves Leksopee
et al. (2020) [19] fin1sldmnudousiuivansazay
wunii@ey @usasnendilenvesdululinasn
SEULIANNSAUSNY 60 T KAYAINNITIIBU
999 Hu et al. (2022) [20] levinasunuit Zn? Tu
lassairsvesnaslsiladlagldinatinainudugs

wuinsldasazas Zinc fissruaududu 4-
10 mg/100 ml F3uAUAIMNAY 0.1-500 MPa ¥11
1A -a* vosdedafiuualduiiudunusesu
Auuduesansazaty Zine lnefilassad1aves
paslsiadlilasuanudenie wasdaiunsaan
SasmsvanUasevesasdilen luanzidunse
(pH = 5.5) ¢ 12 Falus wenvniinisldiierany
Sausaufiuaisazateinde aiusavitansleulyy
woATuea aondind (polyphenol oxidase) 7
annsavhliAnuAAse dimaludnuasualills
[7, 21]

Table 2 Moisture content and color values of dried Wolffia with different treatments

Color values

Treatment Moisture (%) L* o o
Control 9.25+0.09° 36.58+ 0.03° -3.83+ 0.03¢ 23.28+ 0.04°
Blanched 7.69+0.07° 37.57+ 0.01° 237+ 0.02° 22.16 + 0.03
NaCl 7.61+0.01° 35.50 + 0.03° -2.50 + 0.03° 19.95 + 0.04¢
MgSOq 7.23+0.04° 37.11 £ 0.01° -3.21 +0.02¢ 22.09 +0.02°
CaCl, 7.27+0.08° 35.31 +0.01° -1.80 +0.02° 18.99 + 0.02°
ZNnSOq 10.62+0.08° 37.00 + 0.03 -3.24 +0.01¢ 22.82 +0.02°

Data are shown as average + standard deviation

" Means within the same column with different letters are significantly different (p<0.05)

Table 3 uARIHANTIATIZRHLEANT VLA
LazgMsNITFUeYaBasEFT DPPH fu FRAP
YIAIDEHIBULNE 1NN1TLATIERNUTT 9N
fhethefluSinafiuedniivan wazgnsnisiw
auyadaszunnAeiueg e lded 1Ay nieaia
(p<0.05) fragaiivihnisusuanimiaeansazane
7nS0, fleunseundis SUsiafiuedn uazgninis
FueyyadaTrgafian dnasundesedisiignuiu
ANINAIYE1TAEAY MgSO, d0AAADIAUIIUITEY
409 Kaur et al. (2017) [22] wuin wiaknniai
Ugnluaisazane ZnSO, AUSuauiuedinuazans
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fusyadasrgsniiudainnadivgnluasazane
MeSO, 8813bsfinu mnldaisazats ZnSO, 7
ANTUEINT 3,000 me/ml ndudanarinli
Ysunailuednuazansiueyyadasslufivanas
wazlidmunzausonisunluuslan 23] lunmed
anamnssNeMTharen drulvgiflenlyd MgSO,
\duanseengudiiethefiuaruaisalunisdiy
oyyadasy iflesaindmnuduiiviesnituaz
S9NNPENNITONIIMBBN IAAINTTTUYNR [24, 25,
26]
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Table 3 Total phenolic content and antioxidant activity of dried Wolffia with different treatments

Antioxidant activity

Total phenolic content

freatment (mg GAE/100 g) DPPH FRAP
(mmol Trolox eqg/kg) (mmol Trolox eqg/kg)
Control 476.55 + 23.07° 11.57 + 0.47° 21.90 + 1.20°
Blanched 421.13 + 12.65° 11.52 + 0.88° 19.09 + 0.17¢
NaCl 317.76 + 23.57° 8.22 + 0.65° 16.98 + 1.85°
MgSOq 454.26 + 25.31°° 11.64 + 0.37° 22.55 + 0.43°
CaCl, 318.95 + 21.92° 7.82 + 0.47° 14.18 + 0.54°
ZnSOq 573.29 + 37.60° 17.47 £+ 0.72° 34.15 + 1.39°

Data are shown as average + standard deviation

*® Means within the same column with different letters are significantly different (p<0.05)

HaN153LATIEYUSUIAaalsHaduaenn
FYNNITVNAADILARAINY Table 4 AINAITIT WU
faogeiusunanaslsilad a Aaolsiad b wasg
aaelsiladnauaunnansiuseeiiteddymeann
(p<0.05) FiiruNsUSUANIWEEaNsazats MeSO;
Aouauwie dUTuumaslsiladas uazlndlAeeiu
Freg19auauuniign lnsflaaaelsilad a
aaelsilad b uazpaelsiladnanunwiniy 447.89,
179.90 way 627.63 mg/100g DW a1ud16U
aaelsiadifussainguioasiivliAndideludn
ﬁawmaagm/‘ha'1aié’ﬂuiwdwﬂizmummﬂigﬂ
FliAnnsUasuslasdvesinandieinansly
Fudimdes dunwedinna Wewinlnsadiees
Aaalsiladgniiany mMsusuanwiimeansazany
MgSO, @unsasnuilassasneuetnaolsiadla
Jlesaneaslsiladiidnuaslaseasadursuu
waslw3u (porphyrin ring) AUs¥naufeILmIY
Tnslsa (pyrrole) 4 29 Sesdnnu lnelloznon Mg
ognsnatsveslaseaine Faoznen Mg a1msn
vanoondnlassaislaiileldiunimdeu nsusu
ANINNIPIBEITATA18 MgSO4 NOUNITOULTY A%
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Prenaunueznon Mg?t lulassasiswesnaslsilaa
fingaeenluld (27, 28] iled1sBeainauidoves
Al-Dabbas et al. (2016) [8] fiinwwaraan1sUTy
amunsndlgameisnisansiudunisldansazane
indedenmn nvaaninlusznininsiusnynduy
1181 30 Tu wunluiuusnvesnisiiudiegig Al
nadvefiiogrenruauliialnuLana1eiy
Freg1eiildansazatsindeusuanin udlugig
FEWINMBAUTNYINUI Fra819aURNTlsnIINIg
fqiyLﬁamﬁaaﬂqmémﬁamwﬁaﬂdwﬁaaemﬁﬂ'%’u
AATNAIUENTALAUINED WATAIIVLUNUATT
paelsfladdaudud 15 veanisifiusne luvaed
W3ndeadininisusuanindavaisazansinie
FufuNITan awnsanrunInlane 30 U wans
11n19138N15aNSIUAUNT LA TALAULINGD
annsainunuandindfgvesingiv lnsiawz
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Table 4 Total chlorophyll content of dried Wolffia with different treatments

Chlorophyll a

Chlorophyll b Total chlorophyll

Treatment (mg/100g DW) (mg/100g DW) (mg/100g DW)
Control 482.26+5.16° 204.49+1.57° 686.58+6.12°
Blanched 391.33+3.31° 144.08+4.89° 535.27+7.07°
NaCl 353.56+10.56° 144.45+2.70° 497.89+12.64"
MgSOq 447.89+7.24° 179.90+6.60° 627.63+12.94°
CaCl, 437.09+1.84° 176.26+2.23" 613.20+1.75°
ZnSQq 381.70+17.03° 172.84:+2.04° 554.40+19.00°

Data are shown as average + standard deviation

* Means within the same column with different letters are significantly different (p<0.05)

dyuna
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NG9 dnadannauURmMnenIn Ad USunailuedn
YSuauansdiueyyadase uazdsuiunaslsilad
YOIV lpgnsadnaluansazateinds MgSO,
Woyiuanmdineuey anunsadnwinuantAves
{1 asud USunaeaelsilad wazilqniansiu
oyyadaseiiiileifisuiusiegiedun fhouuails
1ANA L*, a* way b* Wiy 37.11, -3.21 waz 22.09
pusdy USsinailuednianunildiiu 454.26
mg GAE/100 g qw%‘ﬁ]’]ﬂa'}ié’hua%aﬁmzmﬂ"?%
DPPH gz FRAP Ay 11.64 wag 22.55 mmol
Trolox eg/kg MuaINU wazUsunanaslsiladsiu
WU 627.63 mg/100g DW faeariniiléndesinu
nsUSuaN NeIBENTaZaY MgSO, JUUUIZEULAD
nsinludesemiioRaundundasusienmsiiie
guamanisely
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dadsuinenrans Idsnazuinnssy (39.) WU
N1uRIINgIdenalulagsivuinanyiueen
UseRUauuszanas w.e. 2567 il FRB670098/0167

*Corresponding author e-mail: peerarat_do@rmutto.ac.th

lpugInemansiazinalulad mIngrdowaluladsivdsrany Jueen

LONEIT19DY

[1] Suppadit, T., Jaturasitha, S., Sunthon, N. and
Poungsuk, P. (2012). Dietary Wolffia
arrhiza meal as a substitute for soybean
meal: its effects on the productive
performance and egg quality of laying
Japanese quails. Tropical Animal Health
and  Production. 44(7): 1479-1486.
doi:10.1007/511250-012-0091-7.

[2] Appenroth, K., Sowjanya Sree, K., Bog, M.,
Ecker, J, Bohm, V.,

Lorkowski, S., Sommer, K., Vetter, W,

Seeliger, C,

Tolzin-Banasch, K., Kirmse, R., Leiterer,
M., Dawczynski, C., Liebisch, G. and
Jahreis, G. (2018). Nutritional value of the
duckweed species of the genus Wolffia
(Lamnaceae) as human food. Frontiers in
Chemistry. 6: 483. doi:10.3389/fchem.
2018.00483.

[3] Sirirustananun, N. (2018). Appropriate

Meal (Wolffia

arrhiza (L)) and Commercial Diet in

Proportion of Water

Combined Feeding for Tilapia Fingerlings
Rearing.  International  Journal  of

Agricultural Technology. 14(2): 249-258.

'Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok



NIasnaluladnise s unninetaeaeiy U9 20 adui 1 unsiaw - dguieu 2568 40

[4] Ruekaewma, N., Piyatiratitivorakul, S. and
Powtongsook, S. (2015). Culture system
for Wolffia globosa L. (Lemnaceae) for
hygiene human food. Songklanakarin
Journal of Science and Technology. 37:
575-580.

[5] Hu, Z., Fang, Y., Yi, Z, Tian, X., Li, J., Jin, Y.,
He, K, Liu, P., Du, A., Huang, Y. and Zhao,
H. (2022). Determining the nutritional
value and antioxidant capacity of

(Wolffia

artificial conditions. LWT — Food Science
112477. doi:

duckweed arrhiza)  under
and Technology. 153:
10.1016/j.lwt.2021.112477.

[6] Keeratiyadathanapat, N. and Toomthong, P.
(2016). Drying Wolffia using fluidized bed
technique. Koch Cha Sarn Journal of
Science. 38(2): 12-21. (in Thai).

[7] Thongkham, P. (2019). Effect of temperature
on antioxidant activity in dried Water
meal (Wolffia arrhizal (L) Wimm.) and
application in food products. Master’s
thesis, Rajamangala  University — of
Technology Thanyaburi, Pathum Thani.

[8] Al-Dabbas, M., Saleh, M., Hamad, H. and
Hamadeh, H. (2016). Chlorophyll color
retention in green pepper preserved in
natural lemon juice. Journal of Food
Processing and Preservation. 41: e13055.
doi:10.1111/jfop.13055.

[9] Khemthong, S., Yuthachit, P., Oonmettaaree,
J., Yamthonglang, L., Mungphuklang, K.
and Toboonsung, B. (2021). Effects of
Watermeal (Wolffia arrhiza (L.) Wimm.)
powder supplement to the quality of
fresh noodles. The Journal of Applied

Science. 20(2): 183-200. (in Thai).

*Corresponding author e-mail: peerarat_do@rmutto.ac.th

lpugInemansiazinalulad mIngrdowaluladsivdsrany Jueen

[10] AOAC. (2005). Official methods of analysis
of AOAC (18" ed.).
Gaithersburg, International.
Maryland, USA.

[11] Aryal, S., Baniya, M.K., Danekhu, K., Kunwar,
P., Gurung, R. and Koirala, N. (2019). Total

phenolic content, flavonoid content and

international
AOAC

antioxidant potential of wild vegetables
from Western Nepal. Plants. 8(4): 96.
doi:10.3390/plants8040096.

[12] Arnon, D.. (1949). Copper enzymes in
isolated chloroplasts polyphenol oxidase
in Beta vulgaris. Plant Physiology. 24(1): 1-
15.

[13] Puttame, K. and Ninlanon, W. (2020).
Product development of dried alkaline
noodle supplemented with Water meal.
(Research Report). Chanthaburi: Rambai
Barni Rajabhat University.

[14] Tan, S. P., Parks, S. E., Stathopoulos, C. E.
and Roach, P. D. (2014). Greenhouse-
grown bitter melon: Production and
quality characteristics. Journal of the
Science of Food and Agriculture. 94(9):
1896-1903. doi:10.1002/jsfa.6509.

[15] Gougoulias, N. (2015).

polyphenols content and antioxidative

Study on

properties of whole grain flours from
some cereal and leguminous crops.
Oxidation Communications. 38(1): 46-
54.

[16] Indiarto, R., Jeanette, G., Zdikri, H.M., Yusra,
N.A. and Subroto, E. (2021). A mini-
review of salting techniques to improve
food quality. International Journal of
Scientific and Technology Research.
10(1): 285-289.

'Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok



NIasnaluladnise s unninetaeaeiy U9 20 adui 1 unsiaw - dguieu 2568 41

[17] Carsky, M., Vesely, V., Hartman, M. and  [23] Harakotr, B. and Rithichai, P. (2020). Effects
Haluza, J. (2014). Dehydration of zinc
sulfate in a fluidised bed drier. South

African Journal of Chemical Engineering.

of ZnSO, on growth and antioxidants in
rat-tailed radish, dill and hairy basil
microgreens.  Thai  Science  and
19(3): 1-8. Technology  Journal.  28(1): 86-98.
[18] Rehman, A.U., Khan, M., Maosheng, Z., doi:10.14456/tst}.2020.8. (in Thai).
Khan, AR. and Hayat, A. (2020). [24] Han, F., Xy, L., Huang, Y., Chen, T., Zhou, T.
Thermochemical heat storage ability of and Yang, L. (2018). Magnesium sulphate
ZnSO,.7TH,O as potential long-term heat can alleviate oxidative stress and reduce
storage material. International Journal of
Energy  Research.  45(3):  4746.
doi:10.1002/er.6077. model. Archives of Gynecology and
[19] Leksopee, P., Leksungneon, N. and Obstetrics. 298(3): 631-638.
doi:10.1007/500404-018-4850-1.
retention of some bamboo leaves. Thai  [25] Shadman, J.,, Sadeghian, N., Moradi, A,
Bohlooli, S. and Panahpour, H. (2019).

Magnesium sulfate protects blood—brain

inflammatory cytokines in rat placenta

of intrahepatic cholestasis of pregnancy

Sungkeaw, S. (2020). Green color

Journal of Science and Technology. 9(4):
436-446. doi:10.14456/tjst.2020.47. (in

Thai). barrier integrity and reduces brain

[20] Hu, Y., Sun, H. and Mu, T. (2022). Effects of edema after acute ischemic stroke in
different Zn?* concentrations and high rats. Metabolic Brain Disease. 34(4):
hydrostatic ~ pressures  (HHP)  on 1221-1229. doi: 10.1007/511011-019-
chlorophyll  stability. Foods. 11(14): 00419-y.

2129. doi:10.3390/foods11142129.
[21] Sicari, V., Loizzo, M.R,, Silva, A.S., Romeo, R.,

[26] Ciscomani-Larios, J.P., Sdnchez-Chavez, E.,

Jacobo-Cuellar, J.L., Sdenz-Hidalgo, H.K,,

Spampinato, G., Tundis, R., Leporini, M.
and Musarella, C.M. (2021). The Effect of
blanching on phytochemical content
and bioactivity of Hypochaeris and
Hyoseris species (Asteraceae),
Vegetables  Traditionally Used in
Southern Italy. Foods. 10(1): 1-13.

doi:10.3390/foods10010032.

[22] Kaur, A, Kaur, G. and Kaur, A. (2017). Heavy

metal induced toxic effect on growth
and biochemical activities of turnip
(Brassica Rapa) seedlings. Bioscience
Discovery. 8(3): 382-387.

Orduno-Cruz, N., Cruz-Alvarez, O. and
Avila-Quezada, G.D. (2021).
Biofortification efficiency with
magnesium salts on the increase of
bioactive compounds and antioxidant
capacity in snap beans. Ciéncia Rura.
51(6): 1-8. doi:10.1590/0103-
8478cr20200442.

[27] Bohn, T., Walczyk, T., Leisibach, S. and

Hurrell, R.F. (2004). Chlorophyll-bound
Magnesium in Commonly Consumed

Vegetables and Fruits: Relevance to

*Corresponding author e-mail: peerarat_do@rmutto.ac.th
lpugInemansiazinalulad mIngrdowaluladsivdsrany Jueen

'Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok



NIasnaluladnise s unninetaeaeiy U9 20 adui 1 unsiaw - dguieu 2568

Magnesium Nutrition. Journal of Food
Science. 69(9): 347 — 350.

[28] Wang, Y., Zhang, X., Zhang, W., Peng, M.,
Tan, G., Qaseem, M.F., Li, H. and Wu, A.M.
(2023). Physiological and transcriptomic
responses to magnesium deficiency in
Neolamarckia Cadamba. Plant Physiology
and Biochemistry. 197: 107645.
doi:10.1016/j.plaphy.2023.107645.

*Corresponding author e-mail: peerarat_do@rmutto.ac.th
lpugInemansiazinalulad mIngrdowaluladsivdsrany Jueen

'Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok

42



