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Abstract

Watermeal is a highly nutritious alternative food source derived from local plants. This research aimed to study formula
and production process of substitution of almond powder with dried watermeal in macaron shells, investigate their
physical and chemical qualities, and evaluate consumer acceptance. Three basic macaron formulas were selected
and tested for consumer acceptance based on appearance, color, odor, taste, texture and overall liking by 50 consumers
using a 9-point hedonic scale. The most accepted basic formula was chosen to determine the optimal ratio of watermeal

substitution. Almond powder in the basic formula was substituted with dried watermeal at five levels: 0%, 2.5%, 5%,
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7.5% and 10%. Subsequently, these formulations were analyzed for their physical and chemical qualities, as well as

consumer acceptance. The formula with the highest consumer acceptance was selected for nutritional analysis to

compare with the basic formula. The results indicated that consumers gave the highest acceptance to the 5% substitution

of dried watermeal in macaron shells, with average scores for appearance, color, odor, taste, texture and overall liking
of 74+14,74+11,72+16,67 +15,6.6 + 1.7 and 7.1 + 1.7, respectively. The physical qualities included a
lightness value (L*) of 70.79 + 0.74, a redness value (a*) of 1.52 + 0.17 and a yellowness value (b*) of 12.90 + 0.41.

The chemical quality, specifically water activity (aw), was 0.70 + 0.02. The nutritional composition consisted of 13.02

+ 0.20% moisture, 7.84 + 0.03% protein, 24.49 + 0.01% fat, 1.14 + 0.06% fiber and 1.42 + 0.01% ash.

Keywords: Watermeal, macarons, almond powder

LN

P o A A X . .
Wasmanmaaulavasdszonlaniindn ginadanIw
@a9n13o1w3NNUL 1WA dunitsluasaninanng
anuadguazindudmivaysd nsulnaldsduadng
Waswalluisiman waz Sudusmsumaasadulaus:
AN I09319m8 [sananniss aduinasnisiien

'
A o

Atatanlwm s tunulysdnaniiteda’ nsusann

'
[ a A

mq@miﬁﬂmmmmmimﬁ@%ajﬁﬁqmamﬁ'@hﬁﬁu@m
9 ldun sansnvenoutlaing uszmad smusnaiy
dulaagnenasilasliszezinnan 9 STuaaunsinie
ipaftligann lFdununsudan ussfisdndodamen
N198AIE9 (g3 13118 waz giiu auysnd, 2550)

lgh wa luvin (Khai phum or Khai nam) tu
I¥sarnfisulsznovdndaidon (JuRoaanfiduwls
ﬁw%aﬁmmmﬁnﬁq@ (v gyt usz F170 G996
lwe, 2553) ludszinalnodlaen 2 ofia laund Woifia
arrhiza (L.) Wimm. W8z Wolffia globosa (L.) Wimm. @314
wandrsvadlarim 2 sfafinuludsznalng da w.
arrhiza fvwalnanin Arduundendreldmdadu

o v A

s =3 1 s Y | =)
MABNINBUSTIVILRY §IW W. globosa ﬁmvlm'n,ﬂuwman

fflywaananiga Ssfluwalinnin W. arrhiza waziln
sUnsinszuanuInnin W. arrhiza waNINHETUTIT
ansoauzlUTauasninnindnaae (Muana nagean, 2562)
lishFuiutuuvaduwalaslfiude uazfunusuuyll
dunalagnILannie wumﬂlmzwj'mqgmmwiaﬁu
0938 Vinmunasinislagianzninaziuaeniies
wile uazmamflovaslsuinalng (Jafll uaine uaz
Ak, 2559) MM man sun3slaginnein
wiAsvaslisn wuin Jlusdusevas 6.8-45 luiuseuas
1.8-9.2 ansllawase Seuas 14.1-43.6 uaziduloa1nis
$ovay 5.7-16.2 (Nealnmuims, 2544) wonanit lah

o A 6 A Aa a o 2
F9809AUsenouRILARLTUN 59.0 HAANTN WAZLUA- AN
15714 64.16 RE Tugiunsudseniule 100 3 (@1 wivos
FunaaTiat waz Doannsal auay, 2550)
ANNNIANBI28Y Ruekaewma et al., (2015)
0 1 oA a dl o I3 ' ' [l G a
wuluednInesdlunadudasninie wmu nIladin,
Maw, winlafiy, lologdu, §du, wilaszaiiu, ladu,
= a a 6a A a ada a
y3ladin, NIWlawwn, 133%n ez Fanaun ITe9unI
RTNIMNINGT 0 anTdueuNadaIz NI
v U H 1 1 qu/
UGN fiduloamsnddeszuudasanms gndaums
a X ' o a A« P '
fawmia wazdiasnunzdaluauiiiulsalafiaag dae
[l 1 lilts 1 1 o o A a [l v
FauusNaInNannIalniteny Mrdsluaaidousiol
nIzanudINss (AWainas wdlng uazafss 7aTadufin,
2554) 'ldrnfaiduunasonislusdunldszozinal
MIANLRLIEH RINNTDLALLALINANES 1AL Huunadag
Nt ﬁmwmﬂﬁuﬁ:‘lﬁﬁmL%amm‘ﬁwmaﬁauysﬁ
MR lananaalSumain AUNHYDINIIHAAG AUNY
wWaslunamite uazmaaz waanidoanitaiouyin laxn
U1 IRITANILRZDIRITRIT I@ﬂﬂgalﬁqﬂﬁau%'u
semn ilasanniuaatdoy LL&:LUGT’]LLﬂI‘iﬁugu JU5u o
luséugondndan 19 il uazaunies (Fuadld gauds,
2555) qatunsla i3 iuldsduntaidanannieg
fadyluaaradegdunsennisuusduazdad (3fian
1hugviy, 2563)
¥1NN3839 (Macaron) Lupnunuisizlanay
A 6a ,;’ 5 Al v & :1'
AN UL UEITRDITULTZNUNY T IEaTINa1d 1Tupnai
FeunifiaanndszinadSaas tHaduilell a.a. 1791 3a
' & [ 4 . a < A
Tnduruntszinniuenssn (Meringue) Thanits Naau
USTNOURAN 4 §IUAD AANIUALA UIAIENTIY WIAR
lads Tiunn uazlimaGudnanainns (Wu, 2012) 1Iu
suuauAlansmzaolanuus 9 @1uuannIaua ki
WREIUN dEIFTIANNaNRI F&avanaaduniuwne



Vol 45. No 3, May-June 2026

(Ganache) §WaN83&TI6 131 Tonlnuae satediuesy
Mfan danaud wisnaldaungama iudu in1sedds
Ie5uanufisuagnauninats lasiladofvinlinisrii
mﬂ’ﬁaqﬂs:aummﬁ%’wLéaﬁuﬁuagﬁ'ﬁmqau NIZUIWNNT
MLNEWIIN LaznIwnuiwuNieuay adelsfanu
wuziﬁ'@lqﬁuﬁlﬂumiﬁwmmsaahmawwzfﬁ5&&%@7 vu
’s'wqau‘ﬁ'lﬁwé’ammmzﬂ%mmvlmﬁuga G'f%aqmmmd
Tnzwnives danaua 100 n3ulinwasau 580 Alauaaas
aslulawese 21.7 n5u lwewns 12.2 n3u lusu 49.42
n3u T 4.7 n3u uaslsdiu 21.22 nSu (93 Y dIng,
2556)

anzadrlaiiaiudslomivainai T
Lﬂuﬁ"ﬁﬁuﬁmmaﬂﬂyﬁﬁqmdwwwolnmuwnwsga lag
nzldsiu loews wealBon waziudualifin w0
naunudaNeusUuluNaaS TN Tes 1ol leEa ST
le1ﬂﬁﬁ@;mmmd‘[mmmnﬁmﬁu waeFadlunsianng
Wonlunss lusnanlddszlomilunsudssuuniadmad
anIunguilnainnised Falundasmriuuuauilesy
mmﬁwmﬂlumjmﬁhju UAZNRU TN

€

6 a o
GIE!ﬂi&ﬂdﬂ?.la\‘]ﬂ']i'J%ﬂ
1) Lﬁaﬁﬂmgmnmzmzmuﬂﬁwﬁmwamﬁmsﬁ A
nM3aInnaunua sy anatluare laH o uLE

Effect of substitution of almond powder with dried watermeal (Wolffia arrhiza (L.))

in macaron shells

2) w‘w"aﬁnmqmmwmamumw LRZN9LATU DY
HAR A IIMIaIRinaundanausui gl s

3) Lﬁaﬁﬂmmmau%umaa;ju%‘[meiawﬁmﬁmﬁ
wmsosninaunuianeudtudslameuuds

nNIINeaald
1. M3ANBIAMNINNIINIZAN uaznsiaiivas i
Tapindil i dedlwlasoia Wolfia arrhiza
(L) AHwnNTaULKS 471970 Vitoon Farm Organic 39%a
Awulan wldTienzdguninmamaonn ldud a1
[fnaugdng (L), aranade fued (@%) uazaranaie
Fnd0d (0%)] MeLeEas Jad (Shenzhen WR-10, China)
WA BN INNNILAL] Iéun JSanamindase (@) feLaias
a meter (Fujian WA-160A, China) L:"J"aﬁwmﬁmqmmw
Soufesudni lirnldursaneeafiiisunesdudiiiy
Snwuuugyanna eeienhldnmluiueeudely

2. NMIAALRBNFAINHZIBNINTTAY
NIAaLRENEATANAIUVBIHRAA AN ANNT84
3 ga3 asuaadlu Table 1 laaf3Tnavi dult

Table 1 Ingredients for macaron shells production in 3 formulas for basic formula selection.

Formula 1 Formula 2 Formula 3
Ingredients
g % g % g %
1) Aimonds Powder 300 25.21 300 23.94 300 24.27
2) Icing sugar 300 25.21 300 23.94 300 24.27
3) White sugar 300 25.21 300 23.94 262 21.20
4) Egg white 220 18.49 240 19.15 224 18.12
5) Water 70 5.88 113 9.03 150 12.14
Total 1,190 100 1,253 100 1,236 100

Reference : Formula 1 Herme, P. (2011).
Formula 2 José, M. (2010).
Formula 3 Christophe, F. (2015).
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Table 3 Macaron shells production formulas, substitution of almond powder with dried watermeal in 5 levels.

Formula
Ingredients (%)
1 2 3 4 5
1. Dried watermeal 0 25 5.0 7.5 10.0
2. Almond powder 25.0 22,5 20.0 17.5 15.0
3. Icing sugar 25.0 25.0 25.0 25.0 25.0
4. White sugar 25.0 25.0 25.0 25.0 25.0
5. Egg white 19.0 19.0 19.0 19.0 19.0
6. Water 6.0 6.0 6.0 6.0 6.0
Total 100 100 100 100 100
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Table 4 Results of sensory evaluation of macaron shells

basic formula selection.

Macaron

Attribute Formula 1 Formula 2 Formula 3
Appearance 7.541.2%° 6.9+1.4° 7.6+1.4°
Color 7.141.2° 7.4+1.1° 7.3+1.1%
Taste 7.3+1.2° 7.5¢1.2° 6.9+1.1°
Odor"™ 7.321.3 7.241.4 7.241.1
Texture 7.4+1.3° 6.9+1.4* 6.8+1.4°
Overall liking 7.5+0.9° 7.3+1.4* 6.9+1.3"

Annotation : Different letters in the same row means there is a

statistically significant difference (p<0.05).

" means there is no statistical significant difference (p>0.05).
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Effect of substitution of almond powder with dried watermeal (Wolffia arrhiza (L.))

in macaron shells
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Table 5 Physical qualities and chemical quality of macaron substituted of almond powder with 5 levels of dried

watermeal.
Quality 0% 2.5% 5% 7.5% 10%

Physical qualities
L* 84.23+0.02° 73.09+1.19° 70.79+0.74° 65.82+0.05" 41.66+0.17°
a* 2.07+0.06° 1.82+0.42%° 1.52+0.17" 1.18+0.07° 1.99+0.26°
b* 12.33+0.23° 14.49+0.60° 12.90+0.41° 14.71+0.05° 16.72+0.10°

Chemical quality
a 0.70+0.01° 0.70+0.02° 0.70+0.02° 0.68+0.01* 0.66+0.01°

w

Annotation : Different letters in the same row means there is a statistically significant difference (p<0.05).

Figure 1 Characteristic of macarons substituted of almond powder with watermeal 0% (A), 2.5% (B), 5% (C), 7.5% (D) and 10% (E)

3.3 Nam‘sﬁnmqmmwmaﬂizmﬂﬁuﬁa
mﬂNamsﬂizLﬁuqmmwmdﬂszmwﬁuﬁﬁﬂ,u
duanwling & nauss 3871@ HaFNER wazaw
FaulaaIl FILRAIlL Table 6 ANUTAUFIWANL
Usng wudn anmsasfinaunuaavenatiuaislinnay
o Ao Iy a ~ I
WAINSeeay 5 vl,@m_lﬂzl,l,uul,aaymﬂﬂq@ adadutdu
NEAA M NINITaINNAUN I aNanatwe U U o U
o8y 2.5 uay Taua: 7.5 Lo UAYinny 7.441.4, 7.1+1.4
WaY 6.7+ 1.4 @NAAL
anuTaudmud wud Juilnaliasununioiud
d' s 6 1 v 1o v v
IMTaINnaunudananatudisldtauuissesas 2.5
uaz 5 liuandageiivedauneadd (p>0.05) law
ATWUUIUFVDINRAA N NINNTRINNALNUD BN BUALI 1
dvlirauwIsesas 2.5 uay 5 VF@IUNAY 6.9+1.4
WA 7.4+ 1.1 NAIGU BIUNIMTAINNAUNUDINOUALI 1
delurnauwtITaua: 10 ;jmaau%ﬂﬁmuuuﬁayﬁq@
a dl 13 Q tﬁl vV a 1 aa v a
Taodeafuyinny 5.142.1 maguﬂﬂm:q’numwmu
ol sudsenu waeldiduniveniuresguilng
anuzauduIamd wod guilnalwazuun
NEAA M NINITaINNAUN I aNanatwe U U o U
Fauaz 2.5 uaz 5 luandwegelinesAyneaia
v a a o 6 d'
(p>0.05) la8IAzUUUIUIET AV INAAN M NN TBINNG
a 6 1 v 1o v v A
wnudaxanatualeldrauwiiTesss 2.5 way 5 N0

WRULYINAY 6.8+1.7 WAL 7.2+1.6 AUANAY FIUNINITDI
AnaunuaavanatueslarauuisTosss 10 E]Tﬂ@aau
Fulhazunudoniiga lavfidnafoirinfy 5.9:2.0
Wasannmady lirauuialudSunmdes g senald
IRTIAVEY  WINNTRIINAMURBNAINY WAZATALNIN

d'd' s 6 v 1o v
IIMIaINNNaunudaauatuat e auwiIUsunamnn

AnuTauaunanIE wuin guilnaldazuun
NRAA N NINITOINNAUNUARNaUAL Y TR LA
Fowaz 2.5 uaz 5 lduandgadng Anedayn1eada
(p>0.05) la8Az UK UNEUIFYDINRAN UK NINNTDILESY
l9it1Tosas 2.5 uay 5 JANRAULYNAY 6.9+1.7 waz

o a ' dl s 6 1 v
6.7+1.5 MUAIAL FIUNINTAINNALNUI AN UALIUAE
lashevuissonas 10 gnasevduliazuuuianiiga lag
fieafowiiy 5.7:2.1 Seuslnaseydmslaldsey
v a 6 1 nllaz = n' I=3 = 4’

WAINauNudaNauatunsasaz 10 InFURAULT8ITS
dunfunguilnalifsdseaad

anuraudwitaduds wud guslnaldazuun
NRAA N NINITOINNAUNUARNoUAT Y TR LA
Soume 5 mnﬁq@‘[mﬁﬁnmﬁmﬁnﬁu 6.6+1.7 L#a9a1n
& a o 6 n:l' o 6 1 v 1 o
unaadmsinmIasnnawny aavanatueilaeau
wINEInailafUN AR T 9UENNTO iﬂdlmﬁaﬁuﬁmgmj

aseLitaan



Vol 45. No 3, May-June 2026

duanuteulasTu wudl Juilnaldazuuu
HAAA T IasRinaunudanauduie lirnounks
Fouaz 2.5 uaz 5 liuand1gatne Anedayn1eada
(p>0.05) lasazuuueuaNNzau A INVBINR AN TN
masfinaunudauousiude lmounisosas 2.5 uaz
5 HAARUYINTL 6.8£1.2 U8 7.141.7 ANNEEU §IUNN
msesfinaunudavoudiudslirauuitesss 10 1l
maau%ulﬁﬂumuﬁaﬂﬁq@ Tapflaaasiyingy 5.742.1

&t HAM AN AN NN WU TERMFNAR WU
’5'1Qu’%lnﬂlﬁnWiﬂau%uwamﬁm%mmsaqﬁwmmu
Sanaustludolarouuifsesas 5 mﬂ"?'iq@ Tagfienady
sudnsuzlIng & ndu sam@ ieduds uazaaTey
I@mummﬁu 74+1.4,74+1.1,7.2+1.6,6.7£1.5, 6.6+1.7
Waz 7.141.7 auaey sauaasly Table 6 Saunnyasi
naunudaveuatuiie likauuisdesas 5 HECLYSTIEX!
gun nawnavlur seanunaunden uasiiile

o o A

FURRG HAT9nannIay ?Twaalul,ﬁaé'uﬁagwwuﬂﬁwmﬁalﬁn

=3

amLﬂuﬂ%mmﬁmmzauﬁq@iumsﬁw NRAAUNNINTDI

a

Anaunuaaanatluay e a uLA

D

Effect of substitution of almond powder with dried watermeal (Wolffia arrhiza (L.))

in macaron shells
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Table 6 Sensory evaluation results of macaron shells substituted of almond powder with 5 levels of dried watermeal.

Attribute 0% 10% 20% 30% 40%
Appearance 8.2+1.1° 7.1+1.4% 74+14° 6.7+1.4° 5.2+2.2°
Color 7.941.2° 6.9+1.3 7.4%1.1° 6.4+1.6° 5.1£2.1°
Taste 8.0£1.1° 6.8+1.7° 7.241.6° 6.1£2.1° 5.942.0°
Odor 7.9+1.1° 6.9+1.7° 6.7+1.5° 6.1£1.9° 5.742.1°
Texture 7.4+1.5° 6.5+1.4" 6.6+1.6" 5.4+2.1° 5.9+2.2%
Overall liking 8.0+0.8° 6.8+1.2" 7.14£1.7° 6.1£1.7° 5.742.1°

Annotation : Different letters in the same row means there is a statistically significant difference (p<0.05).
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Table 7 Comparison of the nutritional values of macaron
products containing 20% watermeal and the

control formula

Nutritional value Macaron products

(%) Control formula 20% water meal
Moisture 12.08+0.01° 13.02+0.20°
Protein™ 7.85+0.11 7.84+0.03
Fat 27.110.04° 24.49+0.01°
Fiber 0.70+0.04° 1.14+0.06°
Ash 0.88+0.01° 1.42+0.01°

Annotation : Different letters in the same row means there is a

statistically significant difference (p<0.05).

" means there is no statistical significant difference (p>0.05).
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