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Abstract

The objective of this research was to study the effect of gac fruit aril powder on the processing of the tofu
milk that was supplemented with 0%, 1%, 2% and 3% of gac fruit aril powder. Physical properties such as
brightness, color, texture, appearance, chemical properties including pH, lycopene and percentage of DPPH
inhibition and microbiological properties including total plate count of samples were analyzed. In addition,
sensory evaluation of each product's appearance, color, odor, taste, texture and overall acceptability was
performed by 30 untrained panelists using the 9-point hedonic scale. With respect to the physical properties, it
was found that all treatments were significantly different, except for the brightness. As the amount of gac fruit aril
powder increased texture, lycopene and percentage of DPPH inhibition values also significantly increased.
Chemical properties showed that they were significantly different (p<0.05). Microbiological results revealed that
total plate count of all samples met the standard regulation according to the Thai Industrial Standards Institute for
tofu milk (CPS.528/2004). Sensory evaluation indicated that taste, texture and overall acceptability of tofu milk
products supplemented with 1% of gac fruit aril powder gave the highest scores of 7.56, 7.36 and 7.53,

respectively.

Keywords : tofu milk ; aril ; gac fruit ; product development
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Table 1 Ingredients for the production of milk tofu supplemented with various gac fruit aril powder

Ingredients (g) Gac fruit aril powder (%)

0 1 2 3
fresh milk 400 400 400 400
gac fruit aril powder 0.00 7.16 14.32 21.48
condensed milk 180 180 180 180
sweetened condensed milk 30 30 30 30
sucrose 100 100 100 100
agar 2 2 2 2
gelatin 4 4 4 4
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Table 2 Characteristics of milk tofu supplemented with various gac fruit aril powder

Attribute Milk tofu supplemented with various gac fruit aril powder (%)

0 1 2 3

Appearance smooth surface medium smooth few bubble medium smooth few bubble few smooth few bubble

Color very light brown light brown medium brown dark brown
Odor very milky little milky gac little milk medium gac a lot gac
Texture soft few flexible few soft medium  flexible rather hard hard

Taste little sweet little sweet little sweet little sweet

Table 3 Physical properties of milk tofu supplemented with various gac fruit aril powder

Gac fruit aril Values*
powder L*"® a* b* hardness* (N) springiness*
(mm)
0 64.72+0.87 -1.05°+0.78 7.94°+0.51 454.36°+1.36 0.973°+0.72
1 65.27+1.21 0.53"°+0.32 8.52°+0.35 490.62°+1.21 0.961°+1.41
2 66.02+0.54 1.39°+0.51 10.697°+0.88 500.57°+0.98 0.958°+1.07
3 66.20+0.98 1.75°+1.13 13.49°+0.69 526.96°+0.82 0.943%+1.41

N.B.: *Different letters within a column indicate differences determined by Duncan’s new multiple range test DMRT) at the 95 percent

level of significance (p<0.05)

0% 1% 2% 3%

Figure 1 Milk tofu supplemented with gac fruit aril powder of 0, 1, 2 and 3%, respectively
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Table 4 Chemical properties of milk tofu supplemented with various gac fruit aril powder

Gac fruit aril Values*
powder pH’ lycopene* antioxidant inhibition DPPH*(%) *
(Hg/g)
0 6.04°+0.23 0.000°+0.00 0.00°+0.00
1 6.12°+0.70 7.658°+0.76 17.23°+1.31
2 6.25°+0.53 9.469°+0.43 19.98"°+0.87
3 6.34°+0.11 10.713°+0.55 22.27°+0.54

N.B.: *Different letters within a column indicate differences determined by Duncan’s new multiple range test DMRT) at the 95 percent

level of significance (p<0.05)

a

o = & 9 3 ¥ ' a o o ¥ v a & 9 & 1
3. ﬂilllﬁ?’)?\?"?@‘lf@’??’lil”m@7/@\77.[3‘1/’7(%&/@7/]3#3\/@@VVﬂﬂl’?’Jﬂl\?ﬁ@N@ﬁlﬂfMWW??juNﬂﬁ)LZV?&ILEI@%&ILJJ@@?’VI’I?I?QN\?

a a o a & =

ANNAAIEiqauvsdrasnansisT i funanidsudadiumdaindnons Tnafinnsnaaadiasziqauyi

q q

-
£l
v 1%
o o

ManualugluuaiFaludud 0, 2 uaz 4 ANNIANEINLL N19RI9ATATEALENI U AWYIEIIN A TUNAAA DU9T LHN

D

unandIuaiundaaindnone nanimeassilfuansas Table 5

Table 5 Total bacteria of milk tofu supplemented with various gac fruit aril powder

Day Values (CFU/mI)

gac fruit aril powder (%)

0 1 2 3
0 0 0 0 0
2 1.2x10° 2.8x10° 1.8x10° 2.5x10°
4 2.3x10° 3.2x10° 3.5x10" 3.8x10"

4. anvAnilszarndudanaaeizuiaugioiumanwninoasendni i funan iasuiE o A
Wnd196
AINNMTIAZINTUszIRUkaa Nzl szandndalae I Luunagan 9- point hedonic scale test U
o s o - =< o Ay A o A a a & o o
fnaaaudnanuiu 30 Audlicunisindy saudsifiesnimesey Ae dnwoizlng @ ndu saT1s Weduda uaz
A | a e ey W a A 9 o o = P o A o
AngaLInaTNNNasaNan U BN funandIHIE oM AnTNE190 anNan1sANENLIN Aautlsninnimasay

AR ISR AMLaNFiuneat Anu B audefiumAnindanidnadll nan1siimsziiag Table 6
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Table 6 Sensory evaluation of milk tofu supplemented with various gac fruit aril powder

Gac fruit Liking scores
aril powder  appearance* color’ odor’ taste* texture’ overall acceptability*
0 7.53°+1.28  7.36°+0.81 7.08°°+0.71 7.30°+0.84 7.34°+0.52 7.46°+0.51
1 7.10°+1.65 7.46°+0.55 7.20°+0.62  7.56°+0.53 7.36°+0.93 7.53%°+0.32
2 7.10"+0.53  7.33°+0.91 6.70°+0.59  6.80°+0.88 6.83°+0.28 7.03°+0.65
3 6.76°+0.88  6.93°+0.44 5.90°+0.77  6.00°+0.71 6.13°+0.66 6.33°+0.88

N.B.: *Different letters within a column indicate differences determined by Duncan’s new multiple range test DMRT) at the 95 percent

level of significance (p<0.05), ns non significant

ARSUNANISINE

ANNIIANEGRAINITLARBIYUNAANT 4 N1anasedlneulsfiuindafiudaindianefisneiudauans

d = o A o

Table 2 ua Figure 1 wudEnfunan@duiadiumaaininoneseiulguan s iuansA19iuia 4 n1smaans

Q

2 y '
S a K ¥y A v

o A v dl 1 o dl My a ‘ﬂl v <
MAAIuLUaIan drununield LE@MNWH“H’WNQ‘V]LLEﬂﬂm’W\‘muImﬂLQW’Wﬁﬂ’]?Vl@@@QVIiN1ﬂLWNL?LI’ﬂ‘VlNLN@@

q

Wndnone (Faacuan) dndw sanfAeudngldnianauundadunauingiundn douniamasesiinisinEeiuman

q

Wndna Feway 3 Billedudareudieuds naurededuwmaaindionsinanndinismaaasau (Chysirichote &

Pichaiyongvongdee, 2015; Wirivutthikorn, 2023a, b)

a '

. ! | Ao o o = o A \ o o A a o & o o

AANAINY wazAAduiiluiladeuilersinisueniuseldseniuaesfislnansenandustans Al
lunszusunsanuaad A funanignitefudnindransasanlaneadeintiududuuen lunimaasy
ANINNNIANIN TR LA ANAINASIS WazAA (L*, a* wazb®) (Parnsakhom & Langkapin, 2020, 2021) 984

naRAFNunaaLdsuEeuuaaRninon lu B uiuansnenii (191991 3) wudn Arauuduns (a*) wazen

°  a

Aauduans (0%) SAauuansteiuad 19l d1Atyn19ada (p<0.05) aniuA1AINA91S (Prabhakaran et al.,

| |
A A =3

2006; Ruankon et al., 2017) Iagilainiiunadefinmdaaindronsninaudslnadnfdafusnindnons

q
v |

N > a A 9 = 3 < = o g Y | Ao nya , oa < A o
fAwnsdinnafngedumdaindouneiunuuiniuarinaniliid1aanadnaiidn FiAindu e ndnsnie
A o @ Y A Ay = P o P% o ~ o P
nananntesidatiuinaaindnniidaendumdauasdnduasdniilsyneudaasesndngualsivessuanluindie
Fesendnnilsznaufnaiusegiuaiuiunin (Punkaew et al., 2016) et didudounanifnfjunanidsuitieix
waaindnonsfazyinlidrevsinfunaniginitefiumaainionsldunsdinmullsion Araensniluduns wazen
AmdeslAnintunnliuangefuininaneifnall WanBoueuiugnsrsuau n1sliinaueulussiu
calal o

wraaalsfdsnasneuenansusidninaseuauteinmadinflunaiiawnain nnslfaauseulunissdnige

awnsaialfisenlaeuessandina (polyphenol oxidase) asanxnsafindiseneendinduls ieanslsznay
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1alal

Wuednuazeandiaududaiulneiiouladinaiusaseninailudagsal jizenastu uiuea (mono-phenol) @4liiNa

azgneand ndillulaiuea (diphenol) deliiduazgnaandladsieillu O-quinone Tvazindjisanseiunsnaziiiy
wirallshuliifluans@ingna uazazsonsoiuiulnameindluanalun wacd@inia annsbeuinaniliianig

wasulnraas1seanalsiuessninaannindasulelsuasannnsud (trans) ludluda (cis) (John, 1980; Punkaew

1 v
aa a K

et al.,, 2016) uananinialasuuladninnaulunaninsiligninaaindisenisiinansdtimnasiin linaodes

4

Yureulad (caramelization) WALIANFUNAANAIUNANTBITIANALAZTUTAUANNUNRIZINITOLD MRRETRHRRHY

]
1

(Maillard reaction) %uﬂuﬂﬁﬁ?mﬁﬁm

©

=

AUszI19aNIAa it e lUsAu luuNan WAL LATUNTUAR LaTUNAA
aa A 9 @ 9 = o 8y a o _eado A& o e aaad & oA & A A A o %
shadlutlatiunaaindnounsiinain lindnineildunns nantusiiadidgneainduliafiuiunnutiefuindiig

k4 (Chysirichote & Pichaiyongvongdee, 2015) ﬁgmmﬁm@wmL@@ﬂiﬂunnawmmLﬂuﬂﬁﬁ?mmuﬁmﬁﬁmmﬁ
LﬁmmﬂmmmﬂﬁwmiuL@qm‘fwmn@ﬁqgﬂqnu’é@uzgqﬁﬂWiLﬁmiwaLma‘?mfaqmiﬂixn@uﬂ’]ﬁ‘uauiﬁLﬂumiﬁﬁ”ﬁm@ uae
ANUFTFENaa5A (Maillard) (Wirivutthikorn, 2022a, b, 2023a, b) mmﬁmﬂﬁﬁ?mmuﬁmﬁﬁvﬂm@ﬁqLmﬂ%mu”lsnﬂ
wazliliewlalifunaiiosnnarnmaliinaaeuiignugiguaznanlunislfinbeuiiuiuasinlfifiant s
ﬂﬁﬁ?ﬁmmuﬁmﬁﬁ”ﬁm@lﬁﬁui%ﬁmwﬁyu nagesp ez liiRansdudinieuseseulel uaznissing
an3iaINqaWYILIf (Parnsakhorn & Langkapin, 2021; Wirivutthikorn, 2022¢, 2023a)
Hedudaluennsifludsiuyedarunsnsuglddaanisdudagudlna fudidedudasesanvnsly

% o o Y Il o = d’j 1 o o o Y A” v VY
foannduiafaaialaanisay wae U wazll seudenisdanidaan nsduiadoaiu twanulan au HASRNRTUIATE

= o

nsa@e9annIsha N19LAen (Pastsart et al, 2019) HunumdrdAtysnnluidgninin waznissaniuresiizlng

(Baba et al., 2018) @4 lunanisdiasnziiilladiiavesndnisiisinfunanidsuitiafiuudnindrandinonuuansiaii

q

o o o

1 a o aa dl v v dl a o dy dld dy % b4 = 1 =
@mmu%mmmMammmﬂ?mmm@‘vguﬁﬂﬂmqmwme\ﬂ,ﬂ anwmxmmﬁ“umawmumum\mmmw AL

(Thai Industrial Standards Institute Ministry of Industry, 2004) AnAa x TN lERAMNAAyNInTgaTuiEesnis

o

sziNuiladuela (Baba et al.,, 2018) AN (hardness) ASa LAR ANFN9RWlNT29 454-526 Tias (Table 3) AN

'
=3

naugatumdaindonaidinasld nmesesiidndedumaaindinnddesas 3 iaouudanniigawiniu 526

'
v

a o A& o o Ao nyy=x o = ] P P a A o P <L o o
UIAIRNU Lu@ﬂﬂ“@mqml‘tm'ﬂ\ﬁﬂﬂqqﬂLLTQNqﬂﬂqqﬂqimm@@Qﬂuj LANANN ﬂqiLWNlﬁﬂquﬂﬂHNWﬂmqur]ﬂ"llullN@Vﬂiu

Prunzesudafidnashliinniniugainliifianissandaiudaunandu] e unan unduan wazundumaiuged
TsauiuasAtsznaunansauialidrunanaasnsd 1vanmu waztimanseidnasanisguii lunisifinmaninign
e c e nus o audy 4 d Y o o da
denavinliirnarnudeandalidaunige wazlnavin it ldauisandeuiaanun i ansuznisiiaduiiing
IiAnANE AN (springiness) 18dtaatioaign NARAUSINIFNANHIUENAINLTIT89NITIRALRANINTY
suEanasdadiumaaindtnsiiinasll nafaaaiiunasesilsfulusinfunaniuesdlsznauainindg uay
- P a & A o o v a A o o — a %
a9ALlszneuan’] NATuliesan nsdnEessazediasaineilsiuiasiolszaiuetefliuuuuninilulasasi

' aa a & ' ' g u’/l = 1 a . A P 14 & v al
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]
=

Huannliifalledudaaanlidnonuiinneu (Chysirichote & Pichaiyongvongdee, 2015) #9aanA&oIiLMANNS
naaesRNEiaNNAnindansTanay 3 AAANEaguliaaNgaviniy 0.943 Hadwns (Baba et al., 2018;
Erfanian & Rasti, 2019; Mitra et al., 2013; Prabhakaran et al., 2006)
% = % 1 1 | U = %
ANNNINAABINAFDLANNINNINEWAT 1w Araduilungn-Ane Talafdiu uazaainainnsnlunissiiu

o o o o«

A130Y1ADATY DPPH HANuANFNTTAATYn9adia Auannsnunisfinuanseyadass DPPH 2896ARA

'
A o o

Y v P ) =3 [ a ' o ' ° aa o A o
LﬁlqﬁumﬂﬁL@?NLEI@VJ;NLN@@WWMQNQSLHLE‘N'WELW]LLﬁmﬁﬂ\iﬂuNﬂ"J’INLLﬁlﬂEﬂ\iNuEI@’] TUNWANE LUANAN lE‘N’WﬂALLEIm/j‘N

o

o 1

Wndnananldludaunandaraamiunsamiasinarinlidipanuiiiungn -snandnlid Areg ludag 6.04- 6.34 visadn
ag/lunguamanianimilungaan (low acid food) (Baba et al., 2018)
nngmzaadnnziilataiulundandusidinfunandduidedumanindionslnanisdnwiuanlalaiu
a o c v v a ‘ﬂl 4 < 4 1 A a o Y v a d‘ v =3
1R9NARA TN FuNanE el AnTNI1aNagRIsing Ae nARATAuNandin BN MeLdeNmEan
drqudsenas 1 09 3 AArlalanuludag 7.7-10.7 lulasniu/nsu deAndaliunnsneainaiudsaaas Vuong et al.

o ¥

(2006) Asa AT AYInaL 3.80 TaAnGNN  LAZINUASET0Y Yeesaeng (2017) AsaluRndng uazHAR AT
findinaiidwindu 0.96 faAniu/nin uAiAnndiAseiuemAdares Wirvutthikorn (2022¢) fisaluinifinasulnanas
fingnantananiAnlugas 3.97-10.73 Tulasniumnsu Taaundiileininailalaftuwindu 0.9 lulsnfuniuaas
siwinua dawdediumdeiininailaladiu 380 Tulasnsniuaesininug (Punkaew et al, 2016) Wndnalutlszna
snadeenlalafiuludaudetuimdainiin waen wasiledndiailiiniy 579.3, 51.0 uas 37.6 lulasniunsu
siwinudie AudndL (Abdulgader et al., 2019) ﬁ'ﬁ‘ﬁ"ﬁLmﬁzﬁﬁimnﬁmrﬁ”ﬁ”uﬁuqqma AeNUg LL@:@JM@‘*’?{ML?}@%
wiaindnnuddenas 1, 2 waz 3 wudn naRANTTnaNE L AnTndnanei poudiniugedinara i Bunndla
Trftunnninudadusimuaudadiuumaindtounspaudindung windaiueaaundedunsaindioudenas 2
ua 3 Az lEIndiAee i nedadediumdaiininandeuar 3 fuainliaTsunadlalafiunemaiisa il
mn‘?‘l‘@‘m (Paralee, et al., 2013; Yeesaeng, 2017; Wirivutthikorn, 2023a, b)
qm?gai”ﬂﬁ”ﬁﬂwﬂmfmd"mqw%(miﬁmm‘g;ﬂ@%mzﬁw’i%miﬁﬁmﬂmw@%m: DPPH fisneenua iy
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& Langkapin, 2021) 33milunmageuaauanansnlunislilalasnavesnenaesansiueyyadaszuieuyaaass
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@Lgﬁ;lj@@m‘ﬂumamﬁmeﬁﬁﬂ"mmmvlﬁ(Baba et al., 2018; Chysirichote & Pichaiyongvongdee, 2015; Paralee et al.,
2013; Yeesaeng, 2017; Wirivutthikorn, 2023a, b)
NN9AIIADLAITINLBENI U AUVITE ”wm'lumamﬁmsmﬁﬁﬁummLzﬁwﬁﬂﬁmmﬁmﬂn%qm (Table 5) Tne1i3al

A3V B LLATIETS 4 NMINAREIRIUATIT 0 uaztnAn e 4 NNINARBINALTNHINGUNNHN 4 DA

o

=~ & o N P ] o Aa A o
VIALTEA Lunan 4 94 Iﬁﬂﬁ]?quqﬂ?ﬂqmuuﬁ%ﬁﬂquw 2 AT 4 WU HAN1TA9999 AUTHNI LU AN ITILHA NN N

12
- a a o

WA UAUNIATTIUNARTUITNTY (NN T.528/2547) Teinunlian Hfundnazfieanseanuq@uvsdianun

a

laiiiu 5x10° Talail/sneting 1 Radans (Thai Industrial Standards Institute Ministry of Industry, 2004) AMNN1TNAADY

| v
a

WU m@mnmemmeummmeﬂwmu@mﬁﬂmqmm 4 N17INAABY mummmmmﬁmmw@@um 919N A

1 1
a o

WARATTe 4 namaseudieiuliunduilenanu B nuueiideanniulaganz il 4 wdasosaudeiy
wiaindonddenas 2 uaz 3 wurlEuinuuAnBaENgal iRt ldiRunusinnsguiiinue wnfulBuiune

o A A o eda A o o P ¥ = o yy o Sa A A -
IUN 5 N@GIJ“IM‘VW]LB‘]NLE@HNLN@@WWH’WNQ?@E@% 2 uaz 3 lantadalfilasanniBunuuaf Banwuiiuin i

A

mmﬁsmﬁﬁmum (Chysirichote & Pichaiyongvongdee, 2015) uaasd nanstuisnfunanidsnitadiaudnindnomug
YNNIMARBIHTLNNTENERIS 2 A%) AnanstTinanuqAWRT I LN edaL wRRWRELN TR TinusegMgTigIANs
waeyiulnlé ﬂi:mumammﬁﬂfumu‘lummﬁmﬁmmmmm Lmzﬁmmﬂ@famﬁﬂ%qLme‘LﬁLﬁuﬁqmﬁﬂwm:‘ﬁﬁh
NITNAR LATNTY mumm'}m@wum me AN (Chysirichote & Pichaiyongvongdee, 2015; Wirivutthikorn,

2022a,b, 2023a) d i‘w\mu\mmwmmmmnummnmmnﬁnmq A Nammmﬂ'ﬂmmwuﬂmmuumium?ﬂummi

r '

L‘-ﬁ‘m&l‘ﬂmﬁgau% falsm 5 mﬁwuﬁ 18un Aspergillus niger, Bacillus cereus, Candida Sp., Escherichai coli W8

Sta,ohy/ococcus aureus WUAN @13RAANNTNINY LaYHARATNENanLN TS as A, nigerimmmmm TmafAn

r '

?T’JE]Z\RH"I?EIUENLV]’WIU 66 4113 ‘LI"‘iaLWl ﬂI?ﬂiuﬂ@NLLUﬂV]L?H WL @13anAAINANdNn uaznanAusi A nd19

ANATDEUSIE B, subtiis TEAT AT ANana TN USIARY 50 ansarnalnindnauazaAn TN ENa

Q

o

aunsndusaian E. coli 1§aTia (niAnsaaznstutaingy 82 usldaunsndueatias Candida Sp. 14 (Yeesaeng,

2017) wARdasNinfuszeznaINIAUsn NN s e s a1 A LS NARA T AL 2 dlanvigadludiaaninues

(2
ad a

Aannsen@eseiai (Putthongsiri et al., 2011; Wirivutthikorn, 2022a, b, 20233, b)

a

ma"ﬂi:mummmwNamﬁmsﬁmqﬂ?zmwﬁuﬁaﬁummmﬁﬂﬁmium?muQmﬂmmwmamﬁmeﬁmiﬁiﬂm
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yv] a o

asAasAnATueuiliinainnimadauniel szandw datiavdenaliifianisaaniuresfizlnavsaly

a

(Parnsakhorn & Langkapin, 2020) mﬂmmﬁLﬁmzﬁamﬁﬂwmzmqﬂi:mwﬁmﬁmm@qmamﬁmeﬁtﬁﬁﬁummLzﬁm%

Huuiaininaness Table 6 e lfuuumasaunieilszamduda 9-point hedonic scale Tnainasaudulutiunig

o '

Hnaluauan 30 Ay Frudnezlsng 8 nau sand Wednda wazavnteulnesanwusNATIGRIIZERA N

q

WANBINNNEADH (p<0.05) A1NN193tATsidiayanNais nand s funandsudefiniuaainionddeaas 1

WU HAAZULLANTOUAIUA NAY 74115 HadNHA LazN1staNFUIINNINAGALINTL 7.46, 7.20, 7.56, 7.36 WAZ
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