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Abstract

Foods containing probiotics are classified as functional foods. One critical point is the high
content of live probiotics in the products. This research aimed to develop synbiotic gummy candies
supplemented with khao-mak that has high probiotic survival after storage. Yeast and mold were
isolated from look-pang-khao-mak for use as a starter culture for khao-mak production. The yeast
isolates were identified as Saccharomycopsis oxydans YKa22f and Wickerhamomyces lynferdii YKa22f,
while the mold isolates were identified as Aspergillus flavus MA22d and A. oryzae MSri30a. There
were four formulations of synbiotic gummy candy supplemented with khao-mak, including those
without prebiotics (GLO1), with inulin (GL02), with fructo-oligosaccharides (GL03), and with modified
rice starch (GLO4). It was found that all four formulations of synbiotics mixed with khao-mak had
antioxidant activity even after being stored for two months. Additionally, after two months of storage,
the modified rice starch formulation showed probiotic Lactiplantibacillus plantarum BL60a survival
significantly higher than that of other formulations. Therefore, using probiotics and prebiotics as

gummy candy supplemented with khao-mak could be a promising probiotic food application.
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ﬁqma@ﬂdm Bifidobacterium spp. [4] uaz seilUszans nmitudlofionnsimunvay tufe
Lactobacillus spp. [5, 6] Toelunisanenale mi‘Uisﬂa‘uﬂfcjuw%'iuiaaﬂéé’ﬁaLﬁuawsﬂizﬂaUﬂdm
nslulefndeneviug Lactiplantibacillus plantarum — Wakgearlsiitligndeglumaiuenmnsvaayud
BL60a (1fin Lactobacillus plantarum) @4 Feflsrenudaszansnmuesutdadaudasng
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'IJENL%EJ L. acidophilus wag Bifidobacterium
animalis 1§ [11] nvadinenuiutedndaudas
aunsadwasianissendinvednslulofndaneiug
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wan lunuAdelitedinguirasdiiodnuondaduas
srngnutidmmnnidiovihideuiandluniande
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saline solution (0.85% NaCl; NSS) USu1as
90 fiaddns waryiN15IMarIAINUETBIS
Funnzaunns (spread) a4l181%13 Rose Bengal
chloramphenicol agar Uuﬁqmnﬂﬁ 28 °C \Junan
5 $u antudenlalatvesdaduarsfiunndieiy
MLWWSL?:EN lue11s Potato Dextrose agar (PDA,
Himedia, india) LLazLﬁUL‘ﬁyaU%qwéiuﬂﬁwaiaa
Soway 20 ﬁg’f -80 °C dmsultfnwse

2.2 nsaadaunanssutauludlunisdesuds
favifignidenindnuiserioleluian Yka2f
uay YCh02a d@iusiAslolyian MA22d uay MSri30a
L?ﬁyﬂﬂu Potato Dextrose broth (PDB, Himedia,
india) Unilurian 48 4alus fiseuwen 150 rpm il
asunaniludusmiesii 6000 rpm @unan 10 Wi
flgaungfl 4 °C (MPW- 352R, Gibthai, Bangkok,
Thailand) siewiudnlaliifiednunisnaneuled
WnsAnwnanssuveseulsdesluiad lay
NM15M3399 reducing sugar ANNNSERLEANELTS
Bunnihdulavesiudssgdunisinienly
Usu1ms 0.5 Taaans wauiu 0.1 M phosphate
buffer (pH 6.0) Usu93s 4.5 1addns waz soluble
starch (1 %) Usunas 2 fadans uulu water bath
gamadl 30 °C Wunan 30 wndi [15] NN
Jumisaitofivanlandnilunsiam reducing
sugar 8735 Dinitrosalicylic acid (DNS) method
[16] lneiSouifiguiuAnunsgiu evusauna
reducing SugarIumiaﬁﬂiﬂ81%13’19176?1@1?1?117‘?131&
WuTU 0, 200, 250, 300, 350 way 400 lulAsnTuse
fedans Muualn 1 wie (Unit, U) AoUsuiaues
wulsifivilian 1 Talaslua w8 reducing sugar
MNN1sEREEIsaray soluble starch (1%) lunan
1wt meldanmedisvun
Tunrsasrvasuianssunisastaeuled
nalaogluaa Tnswazdadloluiandigosutildth
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udnwinisadreuluinglaeyluaa Tasides
Twewns PDB Yukuugnd 150 rpm thaaulaves
idbsqdundd Yums 1.0 daddns nasly
soluble starch (1%) Usu1es 5.0 fiaadns unlu
water bath gl 30 °C \Jurian 60 w1l 9N
a1Tazans NaOH (1 mol/L) Usunes 0.3 fiadans
Uuliidu 10 faddns setindu antudily
A329d8UUINU reducing sugar A2835 Fehling’s
test [15] Avuald 1 wiie AeUSunavssoulud
vl 1 lulaslua ved reducing sugar 39NNNS
gowansazany soluble starch (1%) lunal 1 w1
meldanneiidmun

2.3 NSIHUNTAALAZI
mMswundadlinisfinuanwagniadugu
Ingwardudumemainoniugaans lnvadn
Mdue feynarnuazifisTinumdueluiums
D1/D2 983 265 rDNA gene sglnsiuos NL-1
(5’-GCATATCAATAAGCGGAG GAAAAG-3’) and NL4
(5’-GGTCCGTGTTTCAAGACGG-3") [17] lay
75 polymerase chain reaction (PCR) »3529@0U
YuAmBnATAanInslnsda (electrophoresis)
Aouluiiasediduiandlolnd Tuvued
Muundednuaendugine Tnsmgides
sisewmada slide culture Wlu@nwinield
n&oaganssmi Mndunwidedemaiaoyiug
Aanslagainflduleniads Cetyl Trimethyl
Ammonium Bromide (CTAB method) %1113
AIRdeUAMANALIweMsmadadianTnslnGda
PntuiuUnafidueusng Ms1-5.85-Ts2 T
Tolwswes ITS1 (5°-TCCGTAGGTGAACCTGCGG-3")
wag ITS4 (5°-TCCTCCGCTTATTGATATGC-3’) ¢ne
3% PCR [18] 9ntnhdsiy Thedlelnduestidad
wazs1u15Eyaladd lnsuarduiianilelnaly
Wisuieuanumileuiugadvsessiuivaneiug
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9u 9 Tugrudeya GenBank w4 National Center
for Biotechnology Information (NCBI) lagle
TUswnsu Nucleotide Blast wazunldadng
phylogenetic tree maelusunsy MEGA 7 [19]
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shemzunseseu ieliliudeinddusdudeou de
wwSeuayulng lowd 91 (2.5%) B9 (2.5%) naeiiiew
(2.5%) ziou (2.5%) Winlne (0.7%) wazfvd
(0.79%) wemaslnsiisaansanaudilueei
e flguugfl 121 °C 1Huar 15 unil
wasia3esayulnsagniad fuutsiseundoul3la
ity udradanideydunidadluiitesas 5 waulv
Wit museindulasaielnewiauislubu
Tuiitelailfutiamaniuld awnsatufeoundsls
thifeuutisluaufigaumgd 55 °C augnuiauiauas
wulidnwse

2.5 mavhdnmnnangnudlsivsuannndde
U‘%q‘w‘é
Tunsfnunilagldgnutieinmunniisaun
Jupiaioudiavann Buinnisiidamien
aneus nv. 6 MhiunsildianuduasUdeslidu
Mnduthadeenstnesn Fethduaniiiuuds
wazthdmienfindoulinneandognudsiian
Wudu Sosaz 0.3 uazussyaslunivue Unehlviaiin
ihluduilguugiivies (30-35 °C) Wunan 3 Ju
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vielilddamuindmsuilulddnwde Tne
Frmunitvdurinsiesizdaifanssudiy
auyadase (DPPH method) mn335ve4 Ding et al.
[20] asraueanageanie Ebulliometer (Dujardin-
Salleron, Alcohol Burner, France) A529VDIU
wevan (total solid) #ae Atago Master-53M
refractometer (Atago Co., Ltd., Fukuoka, Japan)
Yomaudunse-ang (pH) @e pH meter (Mettler
Toledo, SevenEasy, Switzerland) Wagns2I3
1Pane3uAe38 MPN method
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uwilsdnduvadunisnaassinseulngld
d1aeiugu1Inentsd 105 wisun1uisves
Almeida et al. [21] lneugdiluarsazanelaifes
wiwnludalud (sodium metabisulfite; Na25205)
Spuay 0.2 Tidasdru 1:2 (wAv) WHunan 12 4alug
idlemsunamansavanefiauardrsdnsedeiindu
2 sou thdnluduganiuihngu Snsiam 1:2; wa)
sansosiuauaziden nssonasavatauta W
thudsiildandeslnonisimueulsivoanieyluaa
(Sigrna-Aldrich, USA) finanasiudiu 2 unit/g pH 8.0
Uit 35 °C Wunan 10 Falus andutihluldey
Soudl 121 °C Wunan 10 Wil wazlouiideu
gaumail 55 °C qunsztawie wavudaliuauas
SOUKIUALINTIVLIA 100 W 5un modified rice
starch (MS) iivlufiuinazldduaaiioldluns
naassraly
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2.7.1 munsgusuaisseinsluladnaly
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wuafiselnsluledndanoiugildlunis
finwnilite La. plantarum BL60a (7] ieslup1ms
de Man, Rogosa and Sharpe (MRS) broth
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(BioMerieux, France) ﬁwlﬂﬂuﬁqmmﬁ 35 °C 1Ju
nan 24 Halus nduhludusiesdieudiseu
6000 rpm tuian 10 wifl Agamadl 4 °C wlefiu
SnemadIasyiNsF0913de NSS antuthluin
Ay wasUSUbAlleAagu 0D wiifiu 2.0
(1 x 10° CFU/mU) Wiethluldlunsneaesiely

2.7.2 msvingadaululednduaudranann

nsvieaasululefndnautimnnlunns
Anwil fautasnaniBues Miranda et al. [22] 3
aqﬁﬂizﬂawmgmmq 9 sananslu Table 1 5u
MnuasiuazRaaRuTNiuaraisANou
figamgil 60 °C 1uan 15 unil auhensida
ihimaglasa dideunglaa nsedin dmvmnuas
wiluledind laun Buydu vynlaledlnuamailsd
(fructo-oligosaccharides, FOS) wag MS AGRIN Gl
fundihluameslad figumad 110 °C 1Junan
10 Wil Udeelvigaumgiianasuseana 45 °C figu
Winwadwuiuasglnslulednd naulidiniulasin
asusifinsi 1afiqungiivies 30 udl Aeulfud
gaumgdl 4 °C Wunan 8 Falus itelvlasuuuuiiuds

wuuanauilu@nwse

2.8 Mmsfnwnissendinvasinslulefndluead
dloruaniazsnansvamaiuaims
ﬁWLaaﬁLLsiaxqmm 1 nu azanglu NSS
Uums 1 adans aniiussen simulated gastric
fluid (SGF, pepsin 0.3%,; Sigma-Aldrich, USA), pH
2.0 mu3Tves Huang & Adam [23] Tdsheeaead
fisienliadlu SGF Usunas 9 fiaddns Unilgumnd
37 °C ilunan 4 92l Teewn 1 Halus theeng
USinms 1 fadans senunasiatiudede’s spread
plate technique UWB1MS MRS ket CaCO, fi%en
8z 0.5 (MRS- CaCO)) wdaniusfegald
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Table 1 The composition of gummy candy with the addition of the prebiotic.

Compositions Treatments
GLO1 GLO2 GLO3 GLO4

Gelatin (g) 10 10 10 10
Water (ml) 20 20 20 20
Sucrose (g) 11 11 11 11
Glucose syrup (g) 24 24 24 24
Citric acid () 2 2 2 2
La. plantarum BL60a (1 x 10" CFU/ml) 2 2 2 2
Inulin (g) 0 2 0 0
FOS (g) 0 0 2 0
Modified rice starch (g) 0 0 0 2
Khao-mak (g) 30 30 30 30

Puwies (6000 rpm, 4 °C, 10 u¥) WeLfusetg
wagldasluansazatey simulated intestinal fluid
(SIF, pancreatin 0.1%, bile salt 0.3%; Sigma-
Aldrich, USA), pH 8.0 Unidiunan 3 #alue 91ni
ns13n1550aTInvelnslulefndnaeis spread
plate technique Y1193 MRS- CaCO3 AT II8Y
naldusevaznissendin

Fouazn1350nTIR = (log TUIUTAATINNAT
VAdeUTInA1Re + log SIUmAREUSY) x 100

2.9 msAnwIRanssuiueyyadastveadvuly
Tofnd
n1sAsI9RINTINFueYyadaTTYe LAl
Fululefndanssing 9 #5390135v04 Ding et al.
[20] TnewwSeudiegnedeudinszidaenisinead
1 1 ¥ eufuLeanesedsesay 95 Mty
Husaiedivandalild lunsaneidldansazane
2,2- diphenyl-1-picrylhydrazyl (DPPH) (Sigma-
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Aldrich, USA) finudiadu 0.2 mM dwinnsazany
Tueyuea (Merck, Germany) 59gag 95 Tudiuves
Funeunsnageuldinedrs Usums 50 lulasans
ldasluudaznauves 96-well microtiter plate
(Nunc, Thermo Scientific, Denmark) wazLau
ansavans DPPH Usuas 150 Tulasang luvessdl
blank 21 PBS U313 50 Tulasans arntusely
Tufidadunan 30 wiil ﬁwlﬂi’mﬁmm%uumﬁ 517
U luums (SPECTROstar Nano, BGM LABTECH,
Germany) Wa21u1AIUIMAT Scavenging effect
(%) Taglunisnaasuagly Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid;
Sigma-Aldrich, USA) finnueiudiu 50 mM uans
wnspulunsUSe ey

ﬁqmﬁﬁ‘ﬁ Antioxidant (%) = [(A control - A

sample) + A control] x 100



Ui 31 aUvil 3 wawniu-lgure 2566

158153nemansuazinalulad

2.10 MsAnw shelf life vastnslulendluead
Fululefndwaudramvuin

wwadvia 4 gns iiuTlgamaiivies (25 °C) 1y
a1 60 Tu Tnevn 10 Tu nsInssentinvedlnsly
Todndluleadurazgnssieis spread plate
technique ULBMMS MRS - CaCO3 Unilgaumini
35 °C psatiulaladl wagsieaunaidy log CFU/g
\wad

2.11 d@8Alun15398

nﬂmimmamﬁwamsgw LazILASIEIAINY
wWUSUSIWRUUNMIBALT (One Way Analysis of
Variance: ANOVA) #1A21ALANAIass I eaLade
A2835 Duncan New Multiple Range Test (DMRT)
faruidesiuseas 95

3. NAN157398
3.1 Naﬂ'liLLEJﬂL%laLLﬁSfﬂo’]LLuﬂL%aQWﬂQﬂLL‘UQ%’YJ
N

MnmsfadenideuasAnynudnyued
LM&M%ﬁ@JLﬁ@I‘nguWQﬂLL‘ﬂJ%’DMM’m Taela
LONEDIINTIRTARUNALNS ANIIUYT B1amea
aynsanAs $19US Unusndl Asasiny vouuwnu
NUBIAY 31803511 Uavanauns $nuieEY 30
#0819 wemiedadlasiuau 96 lolalan
wags1 9w 41 lolwan

mamiﬁi”]LLuﬂﬁaéLLam’]awﬁuﬁ:ﬁgﬂLaaﬂ
wfnwide Tagfiansananauatdilunisudn
wulwilegluaauaznglaesluaatigs audansnan
ueanesedlusysius Sariigndnideniteviludn
somalalelan YKa22f lag YCh02a wan1sanuuntng
Lﬁmmaﬁuﬁ: Saccharomycopsis oxydans Wag
Wickerhamomyces lynferdii 9118190 Lazs
Tolaaniidmdonluld@nwdedio MA22d uaz
MSri30a Adlndideatusianewus Aspersillus flavus
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uay A. oryzae AUAIRU

3.2 wan1snsrvsauianssueulydlunistasuds
vasgaduazsn

thdad (96 lelwian) wazs (41 loluiam) 7
wenlaangnutedivinn wasivaeuianssulunig
asreuleddesuds Asauledezluaauas
ngleezluea TneBuannsAnweuluiesluaa
wuiiaduariasaeuleiorluaa $1uou 31 uas
21 lelwian muddu Taglelmaniiianssumsaing
woulwsifigauandlu Figure 1 wuRanssuvesnisaing
oulsdesluaavedadiegsening 125.86-147.50
unit/ml (lolwian YKa22f nangsgail 14750 unit/
ml) wagsmdneulyderluaasening 108.13-
159.41 unit/ml (lelwiam MA22d rEngageil 159.41
unit/ml) wagnundigaddnuau 26 leloian wars)
$1uau 22 lolwian fasraeulusinglaezluiaa
(Figure 1) lngadndniouluinglaesluiaaeg
5¥MIN 120.26-142.44 unit/ml (lolsian YKa22f
NARgIandl 142.44 unit/ml) vuzisIHdn
nalmerluiaangsening 120.90-155.94 unit/ml
(lelsian MSri30a nangeam?l 155.94 unit/ml)

a

o v & Lo v
3.3 Nﬂﬂ'ﬁﬂq‘d'l'l‘ﬂuqﬂﬁl'lﬂL‘Uanﬁﬂﬁ%ﬂﬂLLﬂﬂlﬂ

9

LA o

Sﬁ'ﬂ’mmmmﬂL??@U%ijammwﬂlé’f Sleld
astutuvesgauileiitesay 3 uagminidua a8
Falua wudrmaniienanadunsase 7 pH
4.437 fusanogeaiisosas 0.45 wasdimvedsy
(total solid) ¥erazasmudndludovunn fe 40.98
waziifanssudueyyadaseiisenay 40.55 S
wnfviaulifinisuuideuvedeanedy Favany
austonsi Ul lundneadlunisinwsely



Thai Science and Technology Journal

Vol. 31 No. 3 May-June 2023

[l amylase

160 -
140 -+
120 -
100 -
80 -
60 -
40 -
20 -
0 - T T T

enzyme (unit/mU)

O slucoamylase

-

 § (i L i i N

YChO2a YSu05d YRalda YSp19c YKa22f MCh03a Msa06d MA22d MSu28d MSri30a

Figure 1 Amylase and glucoamylase activities from yeast and mold isolated from look-pang-khao-

mak Results show the average values of three replicates + standard error. Different

lowercase letters indicate significant differences between treatments at p < 0.05.

3.4 nanmsAnwIn1ssandinveslnslulefndluea
agululafnduaudranunnudssinuaniaglunng
AUDINIT
mssontisvasinslulefndlueaddululofng
nawmaaeuluan1zvoINuAueInIs wanslu
Figure 2 Wenaasuluanmizvesmadiueims ny
Buannsemnzdunan 3 $alus wunssesdinde
Tnslulefindegsywinefevas 82.98-96.28 (gnsiiil
uilsfaudassondingsningnsduesiedidudidn)
wazilefnwin1ssenTinudwiuanizsianves
ald wunissendinveslnsluledndluivad
gululedndnandnnvunegiiesay 70.20 - 88.19
Tnewaddululefndfitdunanvaudledndnulas
(GLO4) ‘W‘Uﬁmisam%%miuéﬂé’qﬂﬂdﬂqmﬁ'uaéwﬁ

o o w

Tfudfy (p < 0.05) ogfi¥eray 88.19
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3.5 fanssudusyyadaszvaaeandululednd
NANTIINUN
fAanssuduenyadaszveneaddululednd
HALDTIMNINGATHNY 9 wansly Table 2 Iag Trolox
(50 mM) Al duansunsgruiifanssudiueuya
daseiiSovay 58.45 HANITVNAABINUITIUNAR U
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Figure 2
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Survival of probiotic in synbiotic gummy candy supplemented with khoa-mak after exposed

in simulated gastric fluid and simulated intestinal fluid. The mean values with different

lowercase letters indicate significantly different (p < 0.05).

Table 2 Antioxidant activity of synbiotic summy candy supplemented with khao-mak.

Storage time (day)

Treatments

0 30 60
GLO1 31.86+0.89"" 31.80+1.04%" 30.58+0.94%"
GL02 31.92+0.71* 31.81+0.19™ 30.84+1.01*
GL03 32.32+0.58™ 32.14+0.59* 31.54+1.62"
GLO4 32.24+0.99* 32.20+0.96™ 31.73+0.90™

* The mean values in the same row with different lowercase superscripts are significantly different (p < 0.05).

** The mean values in the same column with different uppercase superscripts are significantly different (p < 0.05).
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ndufvieaddululefndnaudanuiny

LU

9 Y

Tioeuu 2 Wieu wudgesisiudetnidnudas

Juesdvseneu (GLOA) Tdelnslulefindsenyinas
nignsauegldedidny (p < 0.05) lnewuiei
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7.08 log CFU/g sesassndognsiismilulefind FOS

(GLO3) (5.65 log CFU/g) uazgns
yau (GL02) (5.37 log CFU/g) B3
T,aaﬂéqﬂﬂdwqmﬁlﬂﬁwﬂﬂaaﬂ

nfinslulefnddu

fUsunaudalnsiu

s

& (GLO1) (3.63 log

CFU/g) pgnsiiluddey (Figure 3)
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Figure 3 Viable cell of probiotic in synbiotic gummy candy supplemented with khao-mak after 60

days of storage at room temperature. Means at the same sampling day with different

lowercase letters indicate significantly different (p < 0.05).
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