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Potential of Chachoengsao Aromatic Coconut Water

as a Value-Added Ingredient in Yogurt Products
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Abstract
Background and Objectives: Yogurt is a nutrient-dense dairy product produced by fermenting milk with lactic acid
bacteria, providing essential nutrients and functional benefits, such as improving digestion for individuals with mild
lactose intolerance. Recent innovations in the dairy industry have focused on blending plant-based ingredients to
enhance nutritional value and attract health-conscious consumers. Aromatic coconut (Cocos nucifera L.) is an
economic crop of Chachoengsao Province, featuring uniquely sweet and flavorful coconut water due to its
cultivation in a distinctive three-water agricultural area, comprising freshwater, saltwater, and brackish water, which
is rich in natural nutrients. However, studies on the fermentation dynamics and sensory acceptance of cow's milk
blended with aromatic coconut water remain limited. This research aimed to study the production of yogurt blended

with different proportions of aromatic coconut water, and to evaluate the physicochemical properties alongside
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sensory characteristics and overall acceptance by panelists, as well as to assess product quality stability during
storage.

Methodology: Yogurt was prepared using UHT milk, cornstarch, and commercial yogurt starter. Aromatic coconuts
from plantations in Chachoengsao Province were used, with the coconut water pasteurized at 63 °C for 30 minutes
and allowed to cool. Six yogurt formulations were developed by varying the proportion of aromatic coconut water:
a control formula (no coconut water added) and experimental formulas containing 20, 40, 60, 80, and 100 ml of
aromatic coconut water per 100 ml of UHT milk, respectively. All mixtures were pasteurized, inoculated with the
starter culture, and incubated at 43 °C for 6 hours. Physicochemical changes during fermentation were monitored
by collecting samples every 1 hour to determine pH, total soluble solids, and titratable acidity expressed as a
percentage of lactic acid via titration with sodium hydroxide solution, concurrently with visual observation of curd
formation. After storage at 4 °C for 24 hours, sensory evaluation was conducted with 30 untrained panelists using
a 9-point hedonic scale to evaluate appearance, color, odor, taste, and overall liking. Statistical differences among
the formulations were analyzed using One-way ANOVA and Duncan's multiple range test (p < 0.05). The optimal
formulation was subsequently evaluated for physicochemical and microbiological quality throughout a 21-day
storage period.

Main Results: Aromatic coconut water yogurt took approximately 3-4 hours to form curds, depending on the coconut
water concentration. The control formula and the 20 ml coconut water formula formed curds after 3 hours, whereas
the 40 to 100 ml formulas required 4 hours. Throughout the 6-hour fermentation process, the pH of all samples
showed a decreasing trend, with final values ranging from 4.40+0.06 to 4.63+0.06. Meanwhile, total soluble solids
decreased in all formulas to a range of 7.9340.15 to 8.54+0.03 °Brix, indicating sugar utilization by lactic acid
bacteria. Conversely, lactic acid content was highest in the control formula (0.98+0.02%) and lowest in the 100 ml
aromatic coconut water formula (0.42+0.09%), which was a result of the substrate dilution effect. Sensory evaluation
results showed no significant differences (p>0.05) in appearance, color, and odor among the formulas. However,
significant differences (p<0.05) were observed in taste and overall liking scores, with the 100 ml aromatic coconut
water formula receiving the highest taste score (5.60+1.98) and overall liking score (5.60+2.03) at a slightly like
level. When this formulation was tested for stability during storage at 4 °C for 21 days, post-acidification successfully
reduced the pH to safe standard levels (<4.50). Furthermore, it continuously maintained lactic acid bacteria viability
above 7.0 log CFU/g, with yeast and mold counts remaining below the detection limit.

Conclusions: The incorporation of aromatic coconut water as an ingredient in yogurt production significantly
influenced the fermentation process and product characteristics. Although using higher proportions of coconut

water slightly delayed curd formation and decreased lactic acid concentration due to the dilution effect, continuous
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acid production during storage helped the product maintain a pH within safety standards. Moreover, the addition
of 100 ml of aromatic coconut water elevated the overall acceptance by panelists to the highest level, primarily
driven by the reduced sourness. The product also remained stable and safe throughout its shelf life. These findings
confirm the potential of using aromatic coconut water as an ingredient to develop and add value to alternative yogurt
products.

Keywords: aromatic coconut water; coconut water-incorporated yogurt; sensory acceptance; storage stability
*Corresponding author. E-mail : Apiradee.sri@rru.ac.th
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Table 1 Formulation of yogurt incorporated with varying proportions of aromatic coconut water

Ingredients

Aromatic
Formulations UHT milk Corn starch Yogurt starter

coconut

(mt) (9) culture (g)
water (ml)
Control 100 0.5 5 0

20 ml addition 100 0.5 5 20
40 ml addition 100 0.5 5 40
60 ml addition 100 0.5 5 60
80 ml addition 100 0.5 5 80
100 ml addition 100 0.5 5 100

d‘ = 1 o
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waz 100 Hadans naLATAasaIndalueh 4 TnafiAn pH atfluda 4.8340.06 11 5.03+0.06 Funmuaasuisnazane

W lavianun aglugog 8.2+0.29 v 8.7+0.58 °Brix uariFunmunsauanfiniasay 0.32+0.03 fiv 0.48+0.02 LilaAugA

'
K A

n19usin (49197 6) A pH 389N NAY8L19aAAINaE luTa9 4.40+0.06 D9 4.63+0.06 TailAIndiAtaiy Tnagns
AILANHAT pH ANNEA (4.40+0.06) Usnnuaeduisnazansinldiauauazi Bunansauaaininisaauulasesing
samdalunnaaetnandaannnismsinainly 3 4alus TnelSunnaesudanaranasrldnanunanaanioglugas

7.93+0.15 11 8.54+0.03 °Brix TuanuziiFununsananmniinauiiuiaasy 0.42+0.09 D 0.98+0.02 TegnsAILAN

U UNIALAARNZITNAR N1TILATITHNINATA (Table 2) kA9 lF NI EAE91 89U N NI e N ALANFANAY

a q

° o

awuasian pH Psunnaesudsiazanaunlaneavun uazfunninsauanan adeltiadAnyn1eads (p < 0.05)

2. N71sssldun Nl nanearea e fnnneni1911en

nanslssiiunslszamdndasessnetnalaisalnagnaaauiiall waneldlu Table 3 aannisiiased

AuuteLsan wudazuuulududnEzlsng @ uarnau 189gnIAtuANLaTgRINaNiNEnFIa N NgRT

o

TifpanuumansresiuatnefidadAny (p > 0.05) adnelafiniu wuaanuuans1sadeliadnAty (p < 0.05) lusu

(7

£

FHTNAUATAINTELIAETINTTUINgRIAILANLATERINAREY IneTeisagnaninantingwiiauien 100 Hadans

Tiumzunugegn lunusaTIR (5.60+1.98) uarantauTaasan (5.60+2.03) Gl avuuansnsasiediiibid Agynig

o

1 ' |
a o = v =

anAfugRaniantnenintmen 80 Hadans luansiigasrauanldiuazuuuaasiasign InalAzuuuiIua s

1
o o A =

(3.53+1.99) wazAdnugaulne TN (4.30+2.23) %\1Lmemmjwﬁﬂﬁmm&mwaﬁﬁmeﬁuﬁuqmﬁmmﬁwzw%q

1118 80 kA 100 HadanT

Table 2 Physicochemical properties of different formulations of aromatic coconut water yogurt after incubation

at 43 °C for 6 hours

Parameters
Formulations Total soluble solid
pH Lactic acid (%)
(°Brix)
Control 4.40+0.06" 7.93+0.15° 0.98+0.02°
20 ml addition 4.45+0.05° 7.97+0.06° 0.66+0.13"
40 ml addition 4.47+0.09% 8.00£0.17° 0.6520.09"
60 ml addition 4.49+0.04% 8.03+0.06" 0.63+0.18"
80 ml addition 4.53+0.15% 8.10+0.10° 0.57+0.02"
100 ml addition 4.63+0.06° 8.54+0.03" 0.42+0.09"

Data are expressed as mean * standard deviation. *“Different superscripts letter in the same column indicate

statistical difference (p<0.05)
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Figure 1 Changes in pH (A), total soluble solids (B), and lactic acid (C) during fermentation. Data are expressed

as mean * standard deviation (error bars) from triplicate experiments

Table 3 Sensory evaluation of yogurt incorporated with varying proportions of aromatic coconut water

Parameters
Formulations

Appearance™ Color™ Odor™ Taste Overall liking

Control 6.23+1.59 5.70+1.91 6.47+1.80 3.53+1.99° 4.30+2.23°

20 ml addition 6.50+1.28 6.03+1.85 6.30+1.68 4.23+2.11% 5.03+2.14%
40 ml addition 6.26+1.28 5.96+1.79 6.13+1.81 4.3742.11° 4.90+1.99%°
60 ml addition 6.20+1.10 5.86+1.85 6.10+£1.60 4.80+1.99% 5.00+£1.93%
80 ml addition 6.36+£1.69 5.73+£2.02 6.27+1.62 5.27+2.05% 5.50+1.80°
100 ml addition 5.66+1.68 5.60+2.11 6.50+1.81 5.60+1.98° 5.60+2.03°

Data are expressed as mean + standard deviation. *“Different superscripts letter in the same column indicate

n

statistical difference (p<0.05). ™ not significant.
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3. N19ALL ANADUN N WIAAN 1IN TWUAZN70E/T0A UBNAR YT TS NINNNI9UTLISN I

N9l AUANINNINLARNIENINTBAAT TR FAN NI e N NI N uSN B N g |

al

4 agAadeg uszazioan 21 41 (Table 4) WU91AT pH Bazl3uNuNIALAARNAADATZEZIAINTALSNE TR

o a

ARINUANG AU NHTE A1 ATYNI9aDA (p > 0.05) TnadAN pH BLisedng 4.430.21 D9 4.60+0.10 uaziFunn
nInuAARNagszudneiasas 0.400.02 111 0.4420.01 luanieFunnuaedudsnarasiin lisunn Huunlduanas

ae Tl AtYn9adia (p < 0.05) an 8.53+0.06 °Brix Tudisi 1 1w 7.73+0.12 °Brix ludui 21

AUFUAUNINNI99aTTNEN (Table 5) WU BUIMLLATIFUNIALAARNAAAATEIZIIAN 21 T1 HANag

U
[%

9¥1419 7.06+0.14 119 7.1420.09 log CFU/g T ldTaauuanaeiuataildadAyn1eada (p > 0.05) uanainil

'
s oAl

laimsaanuidasuazias (ND) maanszazinainiafiuineg wesanniFunndeat lussAunaindfaiuisomsae

wu'ley

Table 4 Changes in physicochemical properties of aromatic coconut water yogurt during storage at 4 °C for 21 days

Parameters
Days
pH Total soluble solid (°Brix) Lactic acid (%)
1 4.60+0.10° 8.53+0.06° 0.40+0.02°
7 4.53+0.25° 8.16+0.15° 0.43+0.02°
14 4.47+0.15° 7.90+0.10% 0.43+0.01°
21 4.43+0.21° 7.73+0.12° 0.44+0.01°

Data are expressed as mean + standard deviation (n = 3). *IDifferent superscripts letter in the same column indicate

statistical difference (p<0.05). ND = Not detected

Table 5 Changes in microbiological quality of aromatic coconut water yogurt during storage at 4 °C for 21 days

Microorganism (log CFU/g)

Days
Lactic acid bacteria Yeast and Mold
1 7.06+0.14° ND
7 7.13+0.06° ND
14 7.14£0.09° ND
21 7.1120.11° ND

Data are expressed as mean + standard deviation (n = 3). *“Different superscripts letter in the same column

indicate statistical difference (p<0.05). ND = Not detected
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Discussion

ANNHANITNARBINLIINTNALATALAZAT pH fianaslanuduiusiuesnalndda lussndnensyuaunivsn
NsuaRNTATALLLANTENTALAARNASUA AN pH anadntnasialiiad e pH anastisqalaladidnyian (isoelectric
point) T89LATY (casein) ANNAIAITBIARAABEATENATU LN IIARAzgNYINAY denaliiiansaNAzNaUIBINIALATY
wazn1snasdLluAse (Vedamuthu, 2006) neaRAnTuliReuliat Auaafiduandnenl wisefunyumé ity
Tunisilasuanuz e s lnan e luAARuTs nsanaesAn pH husaunannsLLATIGENsALARRNLas
asauanlaaliilunglasuazniuanlng ﬁ@u@uﬂ?&lﬂmﬂuﬂmLmﬁﬁﬂluﬁqm IneiAn pH Qmﬁf}mmiﬂﬁ{mﬁmxw%q
YvanlunisAnmnil annadeatusLduen pH 4.20-4.57 1841y Afansifiaeisneaaulag Sanful (2009) WAz

=< Py

Pachekrepapol et al. (2021) IngiAn pH gavineresn1sudn lugnsrILANauegRInnaniineniniveniasay 60

) a

a a 6

@mmmfaf;_ﬂi'lummsmrmmgmmmﬂ@@mﬁﬂ (< 4.50) Ndnunsaeiuesaauneinalsals (Donkor et al., 2006) widngms

q

nantiNeniaimen 80 uay 100 HadaRNT AziAn pH Auganiausinminiy 4.53+0.15 uaz 4.630.06 AINAAL
Fegandinausifananaianiles winanislssifiussndeniafiuinunaamnian (Table 4) uanaliiiiudinszuounis
« qepr . o 1 a o U 1 o dl o v =3 o Yo ’(;
post-acidification #a1%1sntliuanAn pH 1esnaRTUsTIianag lusziulaenitlinaenaignisiuinm uddi
Y y 3 a : . = . = Py > A o
nzninazganlusunnasssnauazussns udnanisAnEnudlEnIanaaf inmanlaiuualinanasiedndou
29INTANUINENTUINBNANGITW Usngnisaifsnanaiunsaaiuiglaainuareenisiaaans (Dilution effect)
o K Yoy e . KR Y
Wasannluniseanuuunimeaes Maiulsunasihnznidana T nsuresdiunaningu vinlvnanududu
o dﬁl QI v A Y o % a ° o
rauanlnganULlALAL NN UIITe BNFALIAEA19AY AHATTERIINIATNIALARRNAAAIAITNAT AL
guiudiuneswisnazaiaunldvianun wudnluurlinanaluyngnsszndnanisudn Ysnnnaequds
nanuadudataanelFuaudnguis (dry matter) Tusiaatnelealise (Belewu et al., 2010; Khalifa et al., 2011)
dy a dl a A a ° %/ v o =2 a as dl
nisanasiliinainnisiuuanizansauanfninuinialllddssToal sannanaanianssuniununueddnau
(Ajibola et al., 2021) TIRDAARRITUINENIULDY Arkan et al. (2022) ﬁi:ydﬁmimLmu'ai@m’%gﬂuﬁ\mfaﬂmr]Lsﬁ@@r
o o ¥ < 90// d‘ A 1 a a A o @ dl
warazanluraamanain vinlvidsunuesudviiunanvaees nsanansn uarnsndunsd gniusniduaeutn
azantun linannn nan1sAnEiiiaannfeiLNNUIAEN9Y Ndife ef al. (2014) INUNITAARITBITHN UBDIUTIT
azangin e ludnwozimaaiululaffandiusasdoulsznauainuzniin ludauaesBunainsan el Geuans
lugtlaesnsauaniin wudnBununsauananulsunduiudadourasiinenitouinen Taffanlduinenitnuines

100 Hadans lfunnsauaniinangn dlndlAasaiunan1sAneae9 Gangwar et al. (2018) luanuzgnsatuAxs

' v '
a a K o s

‘]_E‘NﬁﬂmiﬂLLZ\]ﬂaﬂ’@‘\‘izﬁﬁﬂﬂmﬂﬁ@\‘iﬁﬂ?ﬁﬂ\‘iﬁuﬁ]ﬂ\i Arkan et al. (2022) NIALAPRANNNARUUALYNUAIDANANNITARLAY

a
' [ '

o al = o a a & 1 a aa K [~3 a 4?/
azanluduawmse Ssinaiuanlnallldlunsesyidvinsesaaduinvinle dsununsauaninifinauiasdegaau
Windu wanannid luszudnanisuain nezuaunisaanalusiu (proteolysis) raalilsfiulunndannldifnld induas

a 2y \ o g ¥ o a a a o o Y
neaayiiu dstdoudaslunisadreanssznaunlinausa lusngnuuanFansauansndunuingdian lunisadie

Inseasnaileduila (Yang et al., 2014)
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1
= 1

ausunisdssifiunisdszamduda dadunusiddnlunsdniengasiunnzanig a wudnlaisagnsh

|
A a

Idinnzniatiinen 100 Aadans TAfuAzuUuAINTaLInEPINgININgAsaY < Tl ieRiansniTenleaiunanig

| '
o ! = a =< [

WARNENTN (Table 2) WLANEAIAINAHLENIUNIALAARNANNGALALHAY pH geNgn TetvTdninaaeuduualiill

a

[

[ [%
-

nseansUle R fANH a1 L3H98AA9 FANAUAINNNINUATNEIINTIRANNUINZNFIUINEN Wana1nTl LHANANTUN
S . e - - . . NI .
AzuuUAUNAUR [ AuAnE19TunIeadia lunngas Aasaunsaagdlddanisaensulassuiinauiaaniads
. o ¥ - oA e e e e dnae -
ANUIATIANAAAINNILFEIAIANNHATAINITADANNIAUAAFN AU NRRSTUIT RN LATLAMNTaLGIgANIAN T
o 1 < o -ﬂl a al o 1 1 1 dl 1 =
ANHANFRTEId MBI U ENNa NN 4 aseaaided uszezioan 21 W wudnan pH ldfinisulaauudasedied

Had1Atyn19aia uanalfifiudinszuaunng post-acidification tiaTuluszALNAININ Tedananfan1I NHINAUIA

' o ¥ a

Tdlinzandnaunsznusenisaaniuaesiizlng (Donkor et al., 2006) TuanuznFnnuesudanazaein e

v |
= A oo S

anavat WHTANATY Lgdnqauviedesasdinisiniinna llldlunssuaunisunuedduesnssieiiaawsilugnimg e
(Chen et al.,, 2017) NMNATBADMNINNNAATIINEN NUIIN1990ATIABRIULATFENIALAARNRATNAIAILAZ TN
delianainaen 21 Ju InediAegsendns 7.06 £ 0.14 019 7.14 £ 0.09 log CFU/g THMN0ITNIATIUN AR DT

ol

FeadqAunIENNTLmn liaandn 7.0 log CFU/g (Codex Alimentarius, 2003) sanfi4ngaa linuidiasuazdas eugduis

! Y A

nIzUAUNIINARNRgIAN T NALA AN aanitsagL3NA (Ledenbach & Marshall, 2009)

a

'
° o v ]

a o a =2 da‘; y K a9 ! ! 4
s ilidunisAneiiesiu Tl daan fnAUANLANANNTe9LTHIRTTN lULAATgRIN1TNARE dana T
AnAuulsdiresBunnaesudaisnne uazanduduaesdiunananainnisiaaans et lsfinan nanisdnmn
~ gy X Ao o A o o H y 3 , = a A al a
nlalddayanugundrAnnaaduAnanimaesiineniiniinen N sdsEuN 93 10U AT FENIALAARN WAL
anszAUAANHENNLszamANTa Tearnnsni I 1ddsBaiensimuiuazfuannagnsnansaTduiunng
nandn el Taqiinlulssmalnelafinnsfiusalunisdueninunimudundasueilansauazeains
o . . o v v a o Y o
NaRaNINegININeLiNuNINAY IeRaUARIANAaIN1T1E LT InAg AT SeasApauinlaannnns N
HaRAuailaAu NN nUnewaznislszifiuangnisiuinun lunnsdneafal A wnend liviudaAnanwaes
ngnimeN1eadIninasiang nlineusidinsnseAuAndnEznslszamdndauaziduwnasanunsiun

dwiuuuanFensauanan widudunsiuyar ldiuiniasegiareslsuinaetnqesiy

Conclusions
ateiwanaliiudednaninlunisindinenrtvennndssgnsldine i nandnusilaisn nani
UENFUMeN IAsNaNI99LATZYT Liudnnnsulsiudmndouaaatinuzniintnveulansnalng nsafanssiaunig

wlnuazAuaNiinaainienweesideddny Tldasduszazinainisfiabse Wunuaesudiiazanald uay

v v
a o a

ANdNduIBINIALAARN YI9TAN pH gaTinetenanieiiarsinEninsguANdaeaianisemsI3ld aannis

a

dszidunnatlszamdnianudn grafilduinueninouiven 100 Hadansilugnsfivuizauign asannlaiunzuuu

° o

mwm@uﬁmim’]ﬁLL@:mmfaui”‘u‘llmmamwnt:j‘u?‘tﬂmnggmﬂ'wﬁﬁﬂmmy (p < 0.05)
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1 1
= = o

et nanuaigRsnmnizaniganAnsangnsfiuinunguugd 4 esamades iWussazinan 21 5u

q al

' v
a o

WUIINARNUFTAAINAIFITBIANINN AR NN NGS TeTaeinenausarasudnsiusi 3 laiduedem anis
faanunsndnenszAunsiTinvewuAnFansauaAmn RN wnuaNInsgulietssiailiesnasnegnisifiuinm

Tneimgaa linunslwilauaesmaswazilas aannisAnEinanalidn unnenintventAnan nlunistinun gl

'
oAl o o

dounaNiNa Ny aA Nt EnsTALAUAN BTN szaANTa dudiunisasetanauuafiBansaLaniin LazIRN

yar liiunandusiunmdn nasnauidunisaivayunisldlszlagiainuan@nnianisinenszedinaanad
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