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Abstract

This study aimed to develop protein hydrolysate-fortified porridge from Wolffia
globosa using drum drying to develop a functional food innovation for the elderly.
Protein hydrolysates from Wolffia were prepared by boiling, freezing, thawing, grinding
and hydrolyzing with three types of proteases: acid protease, bromelain and alkaline
protease under different pH conditions. The obtained protein hydrolysate solution was
then mixed with jasmine broken-milled rice and processed with a drum dryer at 130 °C.
The porridge was packed in aluminum foil pouches under a nitrogen atmosphere and
stored at room temperature for 120 days, with quality analysis performed every 30 days.
The results showed that alkaline protease had the highest efficiency in hydrolyzing
Wolffia protein, giving a degree of hydrolysis (%DH) of 78.55% and up to 89.20% when
the enzyme volume was increased to 30 mL, while acid protease and bromelain gave
significantly lower %DH values (p<0.05). The porridge product showed changes in color
and moisture during storage, with the color tending to darken due to the Maillard
reaction and a slight increase in moisture. Microbiological analysis showed no detection
of E. coli and yeast and mold throughout the storage. On day 120, the total plate count
was 1.85 x 103 cfu/g, but still 50 times lower than the critical limit. These results indicated
that the protein hydrolysate-fortified porridge from Wolffia could be stored for a long

time and maintained its quality at a safe level.

Keywords: drum drying, functional food for elderly, protein hydrolysate, Wolffia globosa
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TngUszgndinadia Rupture Method w84 Yadav et al. (2024) §wvinisdauvasdnifes
Tnedunouusznousensiuingavlunioaunuaalnglsiduihifiufigaumgd 100°C WWunan
15 W9 mﬂﬁgumﬁﬁﬂuqnwa’laﬁﬂ Low Density Polyethylene (LDPE) wazihluutuden —20°C
Huna 24 $1l ensunandaheenunavaelneigsiurluiguitgungd 37 «C WWunan

2 Hilus wagtuuadeiaiasduems (Bosch, 3u MCM3501M, Germany) lngldanansisedu
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WelSsuiisuuszansnmueaeuleilusiealuaniizanudunsa-tasney
lavinsnnassgeslusiuluaingaeni pH laun @n1aznse (pH 4.0) Tagld acid protease
(iKnowZyme, Thailand) @n11znals (pH 7.0) lagly bromelain (Megazyme, Ireland) uag
annaziud (pH 9.0) Taeld alkaline protease (iKnowZyme, Thailand) Wavasldias ey
Tnsavaslutmlesiimanyan léun acetate buffer (pH 4.0) Anududu 0.2 M, phosphate
buffer (pH 7.0) ANUINTU 0.2 M tag Tris-HCl buffer (pH 9.0) AMULLTY 0.2 M AIUaI6U
Tildanududueoulaiszuia 1,000 U/mg nszuiunsdeslusfuudsoandu 3 gan1s
vaes Insusiazynnisnaaedifiovlssilusioaduau 1 win Bulnenawingiudifuansazane
wulesfludnsidn 1 Alansu : 20 fadans wagyiUFAToTionmgd 40 ssmuwaidea iuna
1 $las w¥eumsmuetasiianemeieios overhead stirer ndsasunawhnseARanssa
voseulusienislimnuouiiguugll 90 ssmwaldoa utu 10 wit Meghsitlsluiy
whsseesosdufies (centrifuge) firusa 8,000 rpm Wunan 15 it dwla (supernatant)
filgAelusiiulalnslawn (protein hydrolysate) annduihlUinseisedunstosaanslusiu

(degree of hydrolysis, DH) waglfiduansasiulunisuusyundnsioeiidnisdusagusely
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Tngld33msteslusiusenismaassmoud 2 ewSouiisulssansammsgesiusiuaind
vosoululluusazsnsduuasmarivanzauiigad miumsndslusiulalaslawaain
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\AntiosnuABn13es Benjakul & Morriss (1997) Tng TNBS agvhuiisendumyiofumani
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fauaz3nurgamgiiliil 50 ssmuwaidua 1Wunan 30 ud N Sodium Sulfite Aty 0.1
M U3uas 2 fiaddns weiliidndu villhifuasiigumgivosiud wazualy 15 wait 1y
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%DH = [(Lt-LO) / (Lmax-L0)] x 100

Taodwiueld Lt = U3ua a-amino acid (mM) ildannnisdesaanelusiuiinasing 4 lu

NINARDY

L0 = U3anas a-amino acid (mM) luansagansisudi

Lmax = USinas o-amino acid (mM) siavmsluansazarelusiudsddannns
govaaelusAuay 6M HCL (@aunauvaslusiiu: HCL = 1:10 w38 500 lulasdns : 4.5
fiaddans) flgumgfl 100 ssmwadoa Wua 12 Falus ndaannsgeslvlunsesity

n3zAuNTel wazvhnsusuan wbidunansdie 6M NaOH au pH agluaUszanm 8.2-8.5
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gamgivienduszaziia 120 Tu
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aun3d anunaspiundndasigusuldndnndesisdniagy (uny. 689/2547) lneiadly
YUY L¥a*b* seinTeeind (HunterLab, su UltraScan VIS, USA) anutuinlaglding e
Moisture Analyzer (Shimadzu, 31 MOC63U, Japan) N1350533dauiuqdunidusenausie

a

nstfusuugAurEeiianun (Total plate count) Msms2avn Escherichia coli wagnsiiudas
wags wanAusignUssiugnmluiuiingn (day 0) uaznn 9 30 Juaufa 120 fuvesmsiiu
$nw (day 120)
7. ahanld
nMsnaaediasizaee Iiinismaaes 3 41 waginmsinseiaruud sy
07 (One-way ANOVA) fiszsutiaddey 0.05 (udesiu 95%) warldf Tukey’s HSD 1du

nsnageuIeuisunanisvnaesseg lnelilusunsaiiaszsiada PSPP Freeware

NAN15398
1. wan1ssssinisgeslusiuanifleeuludlusileduazseaunistedaane
nansveaeslaTsin1sgeslusiuandseeulelusioaauedasmised 1
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WedAgeadia (p<0.05) 1ne alkaline protease 71 pH 9.0 WiAs¥siuNsEREEa (%DH) asiigni
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78.55% $998911A8 acid protease 7 pH 4.0 &A1 %DH Wiy 68.94% @11 bromelain 91 pH 7.0
191 %DH sfianiniy 64.25% wan1sAnwifigliiiugi alkaline protease uiauleliid
Angnmgeandmsunisnaniusiulalaslawnaindy waznsle %DH figenindaneainuinly
a1saranengnlumilsawsneenuinaainnisgey (supernatant) IUsuaddlnduaznse

avilluludSinangininnisnnaedy

Table 1 Degree of hydrolysis (%DH) of Wolffia globosa protein by different proteases

enzyme.
Enzyme Hydrolysis pH Degree of Hydrolysis (%DH)
Acid protease 4.0 68.94 + 0.22°
Bromelain 7.0 64.25 + 0.14¢
Alkaline protease 9.0 78.55 + 0.30°

Remark Values are expressed as mean = standard deviation (n=3). Different superscript letters
(a-c) within the same column indicate significant differences (p<0.05) according to Tukey’s

HSD test.

2. wamsAnwUiunaveseuluilusfieafivunzaudenisseslusiu

navesUsuaeulellusieadlineseiunsdesaatalusiuaini fanmil 1
(Figure 1) wut1 mafisSmaseulssiann 10 Hu 20 uay 30 0aan3 dwaliie %DH iugey
g iTsdAYMad (p<0.05) dmiutouluinnviinii@nw g alkaline protease T
seiunsgesaanegsiigailefisuiuteulsiduluynssduyiuna Tnslameil 30 Jaddns
WU 9%DH Wiy 89.20% TsgeniniiuTuna 20 fladdns (78.55%) uaz 10 faddns (70.08%)
g iltfudfnneada (0<0.05) dwsuU acid protease WuIA1 %DH HinTuALUS AL
Tnefl 10, 20 way 30 fadans AWMU 55.94, 68.94 way 74.55% Aud1du vl

bromelain wiiagl%A1 %DH #n31 alkaline protease Wwag acid protease wadiasiuualiy

- a

WuTunuUSInaild Tnedi 10 Hadanslvian 60.15% dau 20 dadanslia 64.25% wasdi 30

1a8ansyiAn 67.09% AUEIRU AIUUNANSANYIUSH e Laulwllusheanunvaunanis
goulusiudazuladn Ysunaneuledfiundutiaiindsednsannisgesaanlusiuaini

waz alkaline protease M1USua 30 fiaddns uvilauazuSuuimunzauiigalunisli

o v &

AszRunstesaanegean tneazgninluld dueuluilusiealunssuiunsudnliniaSulusiu

Y

lalaslawnanelutunsunaly
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Acid protease Bromelain  Alkaline protease
Figure 1 Effect of protease dosages on the degree of hydrolysis (%DH) of Wolffia
globosa protein. Different superscript letters (a-c) above the bars indicate
significant differences (p<0.05) among treatments according to Tukey’s HSD

test.

3. wamsfnwInun nYaandudlidnesulusAulalaslawnanei
wallan1sviuisiuugnadsseulunuidel dussansamiadmiunisuanalan
wsulusfulalaslawnand) ndndueinladdnvasdundawazradidendy ussqegluyes
safiflouvesauazifnlulasuinlindndusidaiuass Tududd nan1smaas@inan
L*  fehgenigaluiusuduveinisiiuine (28.50) wazree 9 anasetseiiosauieiud 90
YpIMSAUTNEN (21.19) wanadmdnduniddudunusseznainisiiusnenliaudeiui 120
@ o o [ U oAl | 5 = = P a a A 1
Y0IMIAUTNY (23.24) dwsuan a* wuirliAnduauriavue Feandiansilnuddeifiaced
I3 (9 4 1 1 1 a o o @ aa 1 v 1
pasaANIsiNUsNY Ineudazlununiuianaseg19ldedAgnIe@da (0<0.05) usiuwalduin
a [ &l a v é’ @ v ] v @ = ] 1 a a é’
NANAIIE AT BT LN WA N peluY 1Y 1eUBINISAU (2.0 D19 -3.10) @uA1 b* Jn15ANTU
28196911899 TULINAIUD U 120 VI SLAUSNYT wanslAiuindnsueiudsuandlunig
Wiieududuiiey 9 Auszeznaiuineg wWaznuALLANAIITENINY YA (8.12 §a
19.83) 9 9ldBdAYNINEDA (0<0.05) UoNINUAIANUTUVBINAAA NI WL TUNLTUITUAY

leiFuanTuLINIAIANUTY 7.53% Uavasanluiui 120 FaA1ANTY 9.17% TWANAI9IN

P
I aa

Frananeuntiteg1eldedAyn1eain nadwswarddlviiuiinmsiiusnednanenis
WasukUamissuduazautuvewandue Inoewziionuliunwhiddudu lnseadmdes
WAzl ezt A9 2 (Figure 2) Wzl UTUFITUT 10190 INANBAIUAIAIVDY

nanduanazasusladiudlofinmsifiusnwfenuiuuinning

58



Life Sciences and Environment Journal 2026; 27(1): 51-66

Table 2 Changes in color parameters and moisture content of protein hydrolysate—

fortified porridge from Wolffia globosa during storage.

Properties Value

Day 0 Day 30 Day 60 Day 90 Day 120
Color
L* 28.50 + 0.452 27.23 + 0.35° 24.89 + 0.62° 21.19 + 1.04° 23.24 + 1.02¢
a¥ -2.00 + 0.08? -1.81 + 0.222 -2.56 + 0.782 -3..10 + 0.50° -3.10 + 0.50°
b* 8.12 + 0.12¢ 10.22 + 0.34¢ 14.80 + 0.38° 18.23 + 0.86° 19.83 + 0.592
Moisture 7.53 + 0.32° 7.64 + 0.21° 7.23 + 0.29° 8.15 + 0.10° 9.17 £ 0.08°

content (%)

Remark Values are expressed as mean + standard deviation (n=3). Different superscript letters (a—c)

within the same row indicate significant differences (p<0.05) according to Tukey’s HSD test.

Figure 2 Color changes of protein hydrolysate-fortified porridge from Wolffia globosa
produced by drum drying during storage at room temperature for 30, 60, 90
and 120 days.

Han1TIATIgyaunsdredldniasulusiulalaslawnaind den13199 3 (Table 3)

v
&

wudhugiafushwidaus funsnaudelun 90 avaalinuadunidnnngy liun aunsdvianun

q

(Total plate count: TPC) Baduazs) wag £. coli LanINIAMNALDINVOINTZUIUNITHAR

a o A

N13U559 wazAMNMYaingAur Mty vasgluiun 120 wuilawizan TPC Wiy 1.85£0.20

x10° cfu/g Fadsagluszdusunn TnglinunsuuleuvesBadiuay 1uds £ coli naenms
usnw luvaisifeniudlensiouiisufunasgunansusigusulindindosisdisasy (i,
689/2547) il TPC laifin 1 x 10° cfu/g @3 E. coli fastiosnin 3 MPN/g uazdassn
1aiLAin 100 cfu/g WU HANITNABBINNYHIAHIUNUININTTIUEE1TRIY WiaznTIaNY
TPC Tududl 120 usidasninnasilivasndeda 50 wih uazmsasialaing £ coli wagdads

a

anwanisveassiiunsBuduiinnudasndennsgdunss sedudagulainldnasuldsiiu

v
a

lelnslawnandindndienseuiunsviuwiauugnnasfeulunuided \Wudunuundaiy

Uaendumunadiunasgiusazansansnanmldnasnszeznainisifivinyum 120 Ju
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Table 3 Microbiological quality of protein hydrolysate-fortified porridge from Wolffia

globosa during storage.

Value
Microbials
Day 0 Day 30 Day 60 Day 90 Day 120
Total plate count (cfu/g) ND ND ND ND 1.85+0.20x10°
Yeast and mold (cfu/g) ND ND ND ND ND
Escherichia coli (MPN/g) ND ND ND ND ND

Remark Values are expressed as mean + standard deviation (n=3).

anUseNa

nansAneluuideduandiifiuin alkatine protease fUszaAnsnmasgaluns
goelusiuand lngliA1sedunistevaans (%DH) figenieuleyl acid protease uag
bromelain agsiitfad1dyn19adia (p<0.05) N157 alkaline protease uansUszansan
wileniesueldannalnnisvhauluannzvaidwalilassadlusiuinnisraies wuss
lalasunazusdamislulasiadsauifannnuaiosas 3edmaliouleddndoiuse
Wulndlginedu SusinisdevaanslusiunazUantaeslulndasdunionsnesiiludasy
senunldunnnineulsiluaniznsanieaninznans el denadaeiusuiseves Figueroa-

P

Salcido et al. (2024) 151891171 alcalase Faduaulailusaealuaniivivaaiusondn

'
a o a a o

lelaslawmaninghudinfiifgnisudaoulu ACE I¢oenaiiuszavinm waztheananudu
Tafisludnineassldd Tudnmwidsmenuues Lopez-Moreno et al. (2023) fiuansinlusiiu
lelaslawnanailuedunsigesseatoulsiluannzva SnuautAdueyyadastuazaiunsa
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