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Effects of Adjusting pH Using Sodium Bicarbonate on Properties of
Whey Produced from Goat Milk Mozzarella Cheese Process
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Abstract: The process of making mozzarella cheese from 10-kilogram raw goat milk yielded 8.26 percent of
cheese, 90.41 percent of acid whey and 0.97 percent of process losses. This process resulted in large amounts
of sour taste whey (pH of 4.4 - 4.6), which could not be consumed. This study aimed to make use of by-product
whey by adjusting the pH level with sodium bicarbonate to 4.8, 5.0, 5.2, 5.4 and 5.6. A completely randomized
design (CRD) was used. The results showed that the fat amount in sodium bicarbonate-adjusted treatments was
significantly higher than the control treatment (P < 0.05). However, there was no significant difference found in
the amount of protein, lactose and solids (P > 0.05) in each treatment. Sensory evaluation using 9-point hedonic
scale by 10 trained panelists for the comparison of control and sodium bicarbonate-adjusted treatments was
conducted. The sensory score revealed that there was no significant difference in appearance (color) and
texture (consistency) (P > 0.05). On the other hand, the texture (mouthfeel), flavor and overall acceptance score
were statistically different and the highest sensory score was rated in the sodium bicarbonate-adjusted

treatment at pH level of 5.6 (P < 0.05).

Keywords: Acid whey, by-product, sodium bicarbonate, goat milk

175
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5A15NAT 38(2): 175 - 185 (2565)

UNARED: NITHAANDATIIAATAINNUNULUNEAY S112% 10 Alansu nARTalE 8.62 1lefifus 1
90.41 1wlafifus wasHiFunnnsgoyidassninanszuaunIINGs 0.97 wefidusf fodindillunanaesldann
NYLNUNNINAANAFTLIAANT A T1AN pH T 4.4 - 4.6 frauFudliaunso3inald nrafneniaaintnng
115useay pH AreTnmenluafueIum 5 NgNN1IMARDY fiszdu pH 4.8,5.0, 5.2, 5.4 UWa¥ 5.6 2NLHUNNT
NAABALLILENANY 0] (Completely Randomized Design , CRD) TneAnEesdlsznauaesinng wudn t5unm
lasduumansnenuaelutgATYn1eania (P < 0.05) ‘Emmzﬂmﬁﬁmiﬂ?ﬂﬁw‘&nLaﬂﬂumirumumﬁi_l?mmvlﬂﬁuqq
nangNALAN weitFR T f 1haauanina wazaasudalaimudue uanssiue el d Ay neais
(P> 0.05) meﬁﬂméfﬂwmxmqﬂixmmzﬁ“uﬁmm@qﬁmmm@uﬁiﬁ%ﬂwﬁﬂﬂu 11493 10 AW ANLRBNNINARBLILLIL
9-Point hedonic scale Wud1 anmaizilsng (@) fnenusiadusa (g TdumnstesiueteldadnAty
NNADRA (P> 0.05) widnE s edusa (ANFANTUENAY) 9817 waznsaaniuldunnsinseteliednAty
N19405 (P < 0.05) Tagan1mmaga LT fudas TnAeslua fueiunissy pH 5.6 lAAZULUGIEAAIN
{maaay

AdAty: uadand wanaaels tmhanluaTUamn Uiuuwg

1N AauflunsaaNnnene @Ayl e 18
saierligunsotinunFinald el lsmud
uuLszLﬂuLLudqmimmi‘ﬁdﬁﬁtymﬁwﬁq @m’ﬂ@:ﬂammﬁmmﬂmu wAFuasALTENaL
@ﬁﬂﬁmﬂ,gﬂqqné’wuu BN suARUUNE ALY 719 ] Anas L Yannnuladu LLZ\]vTﬂi‘ﬁlu lusiy
feferar 30 n1alu 10 I AruAmetnguInIsuas mmﬂmvmumm@mumﬂmmefmmnmummv
a1senmnsluununzmunsiazifluniadenuis Tudngau 10 : 1 azildnefmdeannnszuaunis
Lﬁﬂmmwdﬁﬁuﬁuﬁm (Namhong, 2013) aqiiu NAMDY 9 NIANTNAINNITHANNDATILIARNTE 1
mm‘lﬁmi‘wmwmu’l@ Laziun At un e Alanfu
WunnTu danaldd a1 W unAa S aiann Tmanluafuaiun (NaHCO,) 1i3e wnf

dununzeansnagiesnaialunainuate  loan ddnssdunes@ndans Wilndu fdamin
sUuuy wu wnunenaresled ununzamneilad  Tuana 84.01 naazlddmiunanemsdssinmnaun

BUHERS uavTa TedadunAnineilandeans ey Tnalnaanluafuaiwaladuniseynyialifldlu
189087043 A11190n hilszneuanslavanaaiin a195ineNdnnusiii GRAS (generally recognized
‘Emﬂm:mummﬁm%%umnﬁmﬁua@niﬂﬁumﬁu as safe) el FDA (food and drug administration)
Usznmaasdany wianldsupmionlumnilng  wedlndenluafuemndaduannedismegniitans
A9 Tatia Y70 NOTTNAANTA TALNTELIUNITHAR AT aIAaA WazdAn pH flusnefilszan 8.4
wagaaandaavidunisanmnenauldsfiuiadu (Thongtid, 2012)

FaenImasd@nn (acetic acid) Wlun1sdmuenlysfiu Anema (2018) Anw1n13d5usyay pH lu
vty doulilsiuilmaeazifulisfiune YunresunnsauLe AT uNNT e T L e
20 wlafidusl (alpha lactalbumin, beta lactoglobulin, T3hu 0.75 wWefidus denasaseaudsullsfiu
bovine serum albumin, immuoglobulins LAY proteose LL@:LQH‘T‘]J??]‘LALJ?J‘@ pH Lﬁuﬁuﬂﬁﬂ pH 6.5 i} pH 7.1
peptone) B IA AN LU AR B E- WAy Muhammad et al. (2018) Anw1n19%149¢elL9F
g11sa813 el unedanduiennndiliga s funansdagaududuiunnmnefuaeslnimey
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lansanladuazlnmonluarfusiun wudn ngu
ALANLAZNNT AN 0.1 N tnifaalupfuaiun
wulTunuldsivanasantdegatainannldsfiu
UINEIUREANIN LAZINAAINNITAEANINT DY
beta-lactoglobulin wagelafieAdanisdiuszaiu pH
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1. ﬁmuLLW:EU@qu’mm%mnwmm
r:jjl,?ivmLL'Wzumﬂmm‘immnﬁwimwﬁ AU
300 Alaniu (3113w 2 91 18z 30 Alanfu 5 nqu
n1vAaeY) NIHAANDATIARNTA LW@M”LM’M?J
mumumimmmmmmmm Ao dhunune
fgnund 4 esanmaidag Wieulsdisuiun
Tunisanazneullsfiud 0.01 Wefifus i
ﬁﬁ:ﬁumﬂqmwm’miu 5lefidus (distiled
vinegar 5 percent acidity) a114914 0.2 tdafidus sie
Alanfuzeeiiun uasiinleiAsnsanssuan
S1uau 0.1 e nanlidniu iagnag i
W& 30 eeAal@ag iRnnsaas@nn 1A pH
167 4.6 naaaniiu Wauieuredaslngen
Uszanns 15 unit uentiadeanainuedeisaanda
(Chanakot et al., 2020) tagiA1 pH 28417 nelavag
746 (am isoelectric point) annifuintnn gy
A1 pH AINNGNNITAADY kA liA TR UTEAL
wwm@@ﬂiﬁ'fqmuqﬁ 80 R4ANIALTEA BIU
5 ¥ wazh liissideya
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Fl&annnszuaunisuan Tnanistatangndas
PAesTaRAnea NATEN 2 AL (Sartorius MC1
model LC4200S, Germany) WasAn®1a3Alsznay
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FC Milkoscan FT Plus ( Foss Electric, Hillreod,
Denmark)

3. AnEBununsaesiiiy Aaed in-house
method TE-CH-372 Taa'ld Amino Acid Analyzer
(Biochem, biochem30") (Official Journal of the
European Journal of Communities, 1998), tryptophan
#2833 in-house method TE-CH-373 daeieiaes HPLC
(Agilent, 1100) (Cevikkalp et al., 2016) IA1HU A gl
3% in-house method TE-CH-024 992.06. AA1H 1 B12
835 in-house method analytica chimica acta 569
(Chen, 2006) WAALT 8N A283F in-house method
TE-CH-134 #2833 ICP-OES technique (Poitevin,
2009)
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1.1 Tuind3urunedsisandaiy
vnelagnmadainmingaeeiesdfananas Nt 2
FAumile warAneesflsznautnnddasiaies
8716 Combi Fossomatic FC Milkoscan FT Plus

1.2 3k waztiufindasyaesdilsznay
PN T A RANNNILLNUN IR PO AT 1288 T 6
o sty Tsiu dnanauanTng daeieiesd iase
13098 m 1A Combi Fossomatic FC Mikoscan
FT Plus pH FETICECY (pH meter) §14 C830 kavAN
ANLTuNIAR1NABY89 Nakthong (2012)

1.3 Tz uaztiuindayasedilsznay
10919 FUsE AL pH Aalnifealarfueium
ins st T3 snanauaniag daeiAsadiinme
L3098 AU A Combi Fossomatic FC Milkoscan
FT Plus pH FADICELY (pH meter) §14 C830 UAZAN
ANNNIUNTARINATUDS Nakthong (2012)

1.4 e uaziiuiindeyansnasiiy
#2893 in-house method TE-CH-372 Taald Amino
Acid Analyzer (Biochem, biochem30") (Official Journal
of the European Journal of Communities, 1998)
tryptophan #283% in-house method TE-CH-373
ﬁgl"ml,ﬂéilm HPLC (Agilent, 1100) (Cevikkalp et al.,

2016) AANHU A #2893 in-house method TE-CH-024
992.06. M8 W B12 #2873 in-house method
analytica chimica acta 569 (Chen, 2006) WARALTEI
A2873 in-house method TE-CH-134 A 283% ICP-
OES technique (Poitevin, 2009)

1.5 NNINARALAN NIz a AN
m@\i‘f’]Lf;ﬂ“‘lﬁmﬂé’maﬁm%umﬁé“urm?ﬂﬂr:JuLLﬁfa AUIU
10 Aw Inarldn1snmaaauLLL 9-point hedonic scale
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(Figure 1)

Figure 1. Acid whey from goat milk mozzarella cheese processing
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SIEE V!

3N UL ETIANT AN NN UNE AL
(Table 1) wuq NN THART AN ULLNEAL S1191
10 Atansw Wﬁmﬁnqw'ﬁmﬁqmﬂnizmummamﬁ'
10.32 Alansu (ann1stANTeA SR A1 100 NN
ﬁ'mzﬁ”mmﬂq 200 NN aznImaAINLUIzNIne 20 NH)
NARNAATIAANT AR 890 NFu Ynwiin
tiniad 9.33 Alansu wazlTNIuNI TRy IR EIEMgN
NILLAUNNIHAR 100 N onAaluldasidus teun
¥ 10 Alanu anunsanAnNedt1saanT ald
8.62 Wafifus Funauminiegd 90.41 wafidus uas
UFN10N19g 0y A ETTUdNINITLIUNITHAR 0.97
ilafidusl

mﬂﬂsvnaumummummm (acid whey)
mm@ﬂ@mﬂa‘ n@umummmmw

WABAINNILLIUNIIHANNAATTAATE (Table 2)

wuan AT ledu 1.16 wWefidus Ui 1.16

wafidud dimauaning 4.74 wefifud sesudly
sa0lusT (solid not fat) 6.42 e fifus vaauda
Wanan (total solids) 7.76 tUasiEus A1 pH 4.62
uaz ArANluNIm 0.65 AaAARRIALNIINAAEY
284 Bansal and Bhandari (2016) ilaz Sarala et al.
(2012) 18 AnE N1 muLAT AL e 9 AN
NRATTAATANLIN neldsAuliTunuaning
Tt (%) 4.5 + 0.51 Tl3Rw (%) 0.9 + 0.03 Tty
(%) 0.5 +0.14 gaqudeiaun (%) 0.42 +0.01 pH
4.2 % 25 aaATATaA ANAITIUNIA (%) 0.40 +
0.02 (NTAUAARN) Fetandidunanaosldann
nsuandauazAntdu 90 wWafidus veatFunn
daund W1gnszuaunisuGm Taeludnind
szneudaeresudaiauntlszano 50 wafidusd
wazlilsfusanna 20 wWefidusd T
Bunaianauanlnaanaseaudaiommn finiy
Hesannisedauisnueseduluimasfimiaan
Tnen13mldiilunsa (Bansal and Bhandari, 2016)

Table 1. Mozzarella cheese and acid whey from raw goat Milk

Goat milk Weight Mozzarella cheese Acid whey Lose
10 kg 10.32 kg 890 g 9.33 kg 100 g
100 % 8.62 % 90.41 % 0.97 %

Table 2. Compositions of acid whey

Component (%) Acid whey

Fat 1.16
Protein 1.16
Lactose 4.74
Solid not fat 6.42
Total solids 7.76
pH 4.62
Acidity 0.65
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Fununsnaciilu
Usuaunsnesdtugaainime (Table 3)
wudn Usununsnesiiluanas e aufunis-
Fiame nenesdluinuauuneAuaes Rutherfurd
et al. (2018) WU dusuneAuiiBunnnseesiity
(mg/g) histidine 186, isoleucine 317, leucine 610,
lysine 520, phenylalanine 330, threonine 335,
tryptophan 104, tyrosine 265, valine 480, cysteine
61 LAY methionine 165 B4N3LUIUNSHARLDA-
gsaantadenaldlsunmunsneziluanaauslu
dnnddansaanunsae s luilds MARBEUAL
Lﬂuﬂ@jmm@zﬁiuﬁﬁmwﬁnLﬂuﬁi@éwmﬂu@:

Table 3. Amino acid profile of acid whey

Faald5uannannsisutseni 194 isoleucine,
leucine, lysine, phenylalanine, threonine, tryptophan
wae valine Taglanne isoleucine, leucine A% valine
fgninluidudounaundnaesevnnady wazdl
ma‘uu:ﬁﬂﬁﬁiﬂﬂmmxmuﬂ@imﬁﬂi:mm 200
faanfudeuiniinge 1 Alandy dalusinned
fsurninsnerdlue 3 18ia sauduil 153.07
fiaAnsusae 100 HaaanT 39daamnInasiiuann
uasaLNFNesNiuR 2.42 niusevilemiog
13lnA (200 Haanin) InaazasauAquiszunm 40
wafiFust rea B adusnTiuusinsesy uay 6 niy
FadU ﬁ’mi‘y‘l_lpﬁll @uNYin (Martinez Sanz et al., 2017)

Amino acid profile

Acid whey (mg/100 ml)

Aspartic acid
Threonine
Serine
Glutamic acid
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxyproline
Proline

Tryptophan

77.28
49.33
41.63
135.74
21.57
44.47
<40.00
46.75
Not detected
39.73
66.59
<50.00
<50.00
Not detected
Not detected
44.59
44 .46




uaaInslsuitarmelmfanluamsuaiunsanuanse

WRNLIEN LAANNTELIUNSHAANARTNTARNT AU UNUNE

AU A INTU B12 uaziAaLdan

HANAIAN®HA WLd1 H1gRldann
N9LLUNNTHAANBAT IR UL UNE TR AN TIY A
16.06 I lATNTuAE 100 NadaMT AA1NY B 12
(cyanocobalamin) 0.009 §aansusa 100 NaAAAMT
LAz calcium (Ca) 70.65 HaANTNAR 100 HARAMNT
(Table 4) ﬁﬁl\iLLML%N’Luﬁ%wﬂlnjmmmm
NILUIUNITHANNBATIIANITA d4OAARDIN U
nInAABNTes Garay et al, (2021) fiAnEnasAsznay
diefaainuaune wudn Bunnuaaiden calcium
(Wa@ansupa 100 NAAART) 40.49 + 1.18 Hadnsupa
100 HAAAAT

s s‘o’ d v = o
msususindaqalnmanluasuaiun
=2 & % rdl o v

NanT1gANEIaIAlsEnauNIENUsTuAaY
TR luAIFURIUANIZAY pH 4.8, 5.0, 5.2, 5.4
wae 5.6 nagmaaadanldunnsneiu Inedae
el nngunismaaaiudeiaguaantunae
(Figure 2) uazeartsznavinun aun dsunmiilsfiu
Unpnananing wazaeduwdlimuduime llunnsng
fuadefldadAynieaiis (P> 0.05) watFunm
T30 wazaesudeiavus uansneiuad 1 lisd Aty
N1940 7 (P < 0.05) (Table 5)InaFunaulaiuaes
¥ e o W a - ~ o P
Unedndsumalmaenluafuewnisesu 4.8 A
Psnnnuladugege WewFoumauiungunaaag
au 7 uazlunqunimaeaeangnlfussdudas
Tnanluaifueuntdiuinladuanasnu
n3lfuseAs pH 14934 lesannslfusyausag

TpanluarFuas Wunnwunngn Tl luinme

TngtnAvnunua unmiaauanganmuizas
2198487627177 Wazanduaiaduaaiidulul
(Wanphaisan, 2019) D4usHNNENLNIZLUNTHAR
o oo S o oy o
Fanlinsannazneullsauinlii@aadnnanna
1898171V withinddaduddaduaiiaintiduin
PN TR wasdieRnadiaindnfiazias
AndnduIRsaNsanusdena i aladuuas
TsAuiiBunuanauiadinisliuse i pH Nigeau
(Rahman et al., 2018)
HAAZUUUNNINARRLANHUEN1IU 328N
&uila (Table 6) vaaugNUFufoaTanenly-
AIFUBLUA WUTN Anmauztlsng (&) uazanwziiie
duda (panudu) ldunnaAneiued1aldad1Aty
NNATA (P> 0.05) wianwuzidaduda (AuFan
WULNAY) 7415 wazniseeniulauansngatiel
Hag1ATYNI9aTH (P < 0.05) laananisnadaay
L a ¥ 50/ rd‘ o v a
grsoaduliazunuiindnliunqalnmnenlu-
ANFUBLUATNIZAY pH 5.6 I 4R danARBITY
N1TNAABIT8I Sulejmani et al. (2021) 1A An®A
aniFAN193AINITNIBI M3IATIaFI9qanIA
wazAmaniRnIslszamdudasosuanunlodu
fin - anduyau Ysunglasa aenluaisuame
wazuaadanAaslsd wudn Aouansnlunis-
nszanesn AHYN AMwllal e uLazFaL
=~ P = -
Wewluuasunnidounanvesiaimanluafuamn
o . N
daflunannainnisdfuaninwnsaliidunang
UWAZHANITNLAANLADHINIIANFaUTDa T 9FY
TUNIZUIUNNINAANDATILIARNT A

Table 4. Vitamin A, vitamin B12 and calcium in acid whey

Parameters

Acid whey

Vitamin A
Vitamin B12 (cyanocobalamin)

Calcium (Ca)

16.06 pg /100 ml
0.009 mg/100 ml

70.65 mg/100 ml
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(e)

Figure 2. Acid whey added with different levels of sodium bicarbonate (a) pH 4.8 (b) pH 5.0 (c) pH 5.2
(d) pH 5.4 and (e) pH 5.6
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Table 5. Acid whey added levels of sodium bicarbonate to pH 4.8 - 5.6

pH at 29 'C Fat Protein Lactose SNF TS
control 1.16 + 0.32° 1.16 +£0.04 4.74 £ 0.01 6.42 +0.06 7.76 +0.28°
4.8 1.67 +0.07° 1.19 £ 0.04 4.69+0.10 6.48 + 0.16 8.24 + 0.22°
5.0 1,52 + 0.06%° 1.17 £0.02 4,72 +0.03 6.51 £ 0.08 8.10 + 0.00%
5.2 1.48 +0.10%° 1.19+0.00 4.67 £0.11 6.52 + 0.11 8.03 + 0.00%
54 1.34 + 0.04%° 1.16 £ 0.03 4.61 +0.00 6.48 + 0.07 7.82 +0.00°
5.6 1.36 + 0.20%° 1.18 £ 0.01 4.67 +0.17 6.59 +0.16 7.91 +0.03%

CV (%) 11.81 2.59 2.08 2.83 1.28

Means in the same column followed by different superscripts significantly differ (P < 0.05)

Table 6. Sensory of acid whey added levels of sodium bicarbonate to pH 4.8 - 5.6

pH at 29 'C Appearance Consistency Mouthfeel Flavor Acceptance
Acid whey (control)  5.83+0.32  4.66 +0.04 3.75+0.01° 412+0.06°  3.92+0.28°
4.8 500+208  4.42+193 3.58 + 1.88° 3.41+183°  325+182°

5.0 533+167  483+140  3.91+193b° 425+1.86™  4.17 +1.80™
5.2 6.33+1.30  533+215 508+207ab® 550+232° 516+241%

5.4 567+169  558+206  558+250a° 541+264"  575+249%

5.6 5.50 + 1.31 5.91+2.06 6.08 + 2.43° 6.25+249"  6.33 253

CV (%) 29.37 37.20 44 .88 45.37 45.28

Means in the same column followed by different superscripts significantly differ (P < 0.05)

@51

q

U N BIA 2 NaUTBIUIUNATUTIY
=® va a a o
N AT wanag ingzUsuNlesAlsenay
unundaulugeginaatsaarda waznisliu
2 = I3 ao/ raj‘ a
pH aelmenluarFueunluiimnegndiuan
Wnaudanalilsunnladuanas winislsusesy
d‘ d? o Y v a v o k%
pH Ngaliu M lineatuliazuuunisaaniula
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