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Mozzarella is a soft textured cheese with mild flavor and natural white to light cream color. It

is classified as a pasta-filata. In cheese making, acetic acid in vinegar was used for protein precipitation

and salt addition is relevant to several factors that affected the product qualities. The objective of this

research was to increase the yield and sensory quality of Mozzarella cheese by adding 1% (w/v) of

different salts: NaCl, CaCl,, and KCL. It was found that cheese with CaCl, had the lowest moisture content

at 41.09% but gave the highest yield, hardness, and resilience at 8.28%, 9.28 N, and 0.83, respectively.

Cheese with KCl showed the best melting, flow, and stretching qualities at 74.10%, 13.50 cm, and 5.40

inch, respectively. Different types of salts had no significant effect on sensory quality (P>0.05). After

baking, the cheese with CaCl, showed good melting and had the best oiling-out.
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Wanuesiiesdesas 11.50 Tneinidn (Kindstedt
et al., 2004; USDA, 1980; 2001)
nsnAnuBaYNsaaITa SunuiuNRuLn
UsuUsunalediulilamuunsgiu (standardization)
¥mswaeslsd mntuilfduas wddundide
wuafiiefiaruisandnnsauanin (lactic acid
bacteria) waziouleilisuiumn (rennet) Wiolindy
Yunndoldde (curd) wd2 ¥iansdauazniuLAda
dielvivnauy (whey) weneenainfeuwdsa wdaein
Tusalndufounfialilraanndunse-sa (oH)
anAIMADUSEAM 5.20-5.30 WéruInnay Tugy (i
wnde vi1lAuvianasussy (Kosikowski and Mistry,
1997) touledisutun (rennet) useoteulaaiisuiiu
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HaslUluthuy Seilfaduinnisanpzneu (Belitz
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Usgglnivenaduazgniinliidunas lneunfudy
mmﬁ]ummﬁuaﬂﬁmmsagjﬁﬁwﬁuﬂizmm 6.6 Bl
quislunsmdniies wnanfieyiasiensiiunse
fardosaduazlind wazanasnouiiiies 4.7
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(isoelectric point) vaadu Fuduaniizfiadud
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100% lun1sAnw1ves Ong et al. (2013) wuinda
FvhanuuiliaSuseuradeunaslsiuiinn 200-600
mg L1 drwannisgadslutulundideiiuine
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1) Anuausalunisazate (meltability)
f1875 Schreiber test lnafnuUasisas Kosikowski
and Mistry (1997) wag USDA (1980; 2001)

U1A19819UAYILTAANTAVUIN 2 X 2
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FinLUadisved Oberg et al. (1992) wag Wang et al.
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Tnonaasluliuuiifumass udnhluiulieumgd
aos \Junan 30 wiit ludnwaizuunie anntutily
oufigamgil 110% 1Jutian 60 unit Tnansly
Snwmruuiueu toennfslibuiiguuniives
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3) AnNanansalunstaveny (stretchability)
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\389 Texture Profile Analysis (TPA) (Stable Micro
JU TAXT Plus, UK) d16reg1enaudia sunsenay

YAEURUAUENA19 25 an. 199 Ta TAGL Pretest

1.00 mm/s, Test 1.00 mm/s, trigger force 0.5 N
w3nAdn 25% AasziguandRvededuiadiy
hardness wag resilience finuilata1nisvas Costa
et al. (2018)

5) N153LATIERANYUENISUsTA A UN
Aszrdnvuznlssamduda laun dnvaes
Us1ng & ndu n3Ba Aamilu sa9i wag Anuveu
Toos2u TneUsziduauYeu 9 520U (nine-point
hedonic scale) 1ngu3lnataseny 18-22 Fitlaisiy
nsRNeluIIUIU 50 AU

6) AuaNUANEIN15UAAKUAIRINTTVRS
Rizvi et al. (1999) uag USDA (1980; 2001) W1sod
FUTAAITAVUIA 2x2 B4, 2198971719NA199U petri
dish dnluouiigangfl 2320 1Jutian 4 und
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- P19I9FDUN I8N (blister coverage) 1oy
pnndeslninrseunquituiinntosifieda

- 9197990 UQHAVBI508 N0 (blister color)
lnggandvesseslndiindidle

- araeugUBnamesiifuiilvaiBueonin
(oiling out) TeganUnanisiufiduveamaring
wnteeiiiedla

N5IATIZANIIEDA

TIUHUNITNARDILUUFUANY T
(Complete Randomized Design: CRD) $1891UNA
u Ariedesdrudesuuninggiu (MeanSD)
FMINARDIIINA 3 51 NAFIUAIULUTUTINTDS
Yo3yalae 5 ANOVA naaouANLuAnIARAEYeq
%agae’h 835 Duncan's New Multiple Range Test
fisviuainudeiiufesas 95 Tnalusunsy Excel
Macros DSAASTAT ver. 1.514
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Nan15I8LazIanTal

AaaNUAfUAL
AINNISTILATIERNUIILNADANARDNNS
WasuLUaIweIANLT UL oEYLsA1Taad 19
Wed1Agm1eaid (P<0.05) Table 1 davd19AruUAL
fUsanutunniige esndamedisduiinng
dnde Tnsundefauantfldaudu fog1eda
#ld NaCl Susinamudusesaswn Wesnluiey
1aaamﬁmma@m%u1§ﬂ NSNBIA7 (swelling) Lagn1s
azargvenaduluwad nansueiivsualefoy
lovouaggs Jedlilodudfafiyuuazanunsavaonldd
(Cavalier-Salou and Cheftel, 1991; Lucy and Fox, 1993)

Table 1 Moisture content

USunaumnuiuvesinduusnvesdaiien
fninAneInnIswdsudives Nat waz CU lesauain
iindeinglassadauminduesia anufuazgn
f1¥neanainduuonvesdaiiiofuauqanoalufin
(Guinee and Fox, 2017) Tuanuidgves Pastorino
et al. (2003) nMs@nasazansuratdeudnluluds
liiAnnsramveauninglusiu wieuduns
Udos@Sunargny oty Faviliavindlusiud
difevasdawalidaiinnnunsedafiudy uenani
nsiivdnundailiaudunsadiady dresenns
\ndeufivaslonsu dwalddaiinuudafiniu Burti
et al., 2005)

Treatment Moisture (%)
Control 54.76+0.99°
NaCl 51.32+0.42°
CaCl, 41.09+0.42¢
KCl 49.19+0.64¢

>4 values in the same column followed by different letters are significantly different (p<0.05).

AMENUANIINIEAIN
3INN1TIATIERAuNanURAn1snIenInly
Table 2 wuAMuaIIaluNITazaty (meltability)
Tnedniduiiuilunisezanevedaiiiiniu Taluusas
F19819MAa0e AA1NLANEIAUEE19lTEd 1 AY
3R (P<0.05) Tnedagneiild Cacl, waz KCL T3
n1sazalsuInfian LMaAu 79.89+1.40 uaz
74.10+2.77% MUa19U (p>0.05) 799891178 NaCl
WU 65.02+4.29% wagdiagrsaiuanliiAinis
azanetiouiign iy 47.67+3.85% daunmsinses
nensivavesda (flowability) wuindalunsazsiieens
neaosdanukana1 iUt 19l ded1Agyn19as
(P<0.05) #1o8147ld KClflA1uanfign (p<0.05)

Wity 13.5+0.89 wu. fivgreatuauilAles
fign (p<0.05) Wiy 5.77+0.38 wa. Feg197ild
NaCl wag CaCl, Haunnansiusgsldiidoddg
N13@ns (p>0.05) 11U 8.17+0.35 way 8.57+1.10
Y. MINEIAU wazAruaIu1IsalunIsinvey
(Stretchability) WuI1¥alulAasiieg19Nna
fauuanatsiuegelifidedAgmeadd (p>0.05)
Tnesheeedadild KCl, CaCl,, NaCl wazAIUAN A1
miﬁmmﬂﬁqm WINAU 5.40+0.49, 5.32+0.43, 5.13+0.31
WAL 5.06:0.69 17 MuAU Fusiaziet1saonndes
fuwIdeves Kindstedt et al. (2004) na1InAnELTR

naseuTanlsinlrlaegetios 3 97
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Table 2 Meltability, flowability and stretchability

Treatment Meltability (%) Flowability (cm) Stretchability (inch)™
Control 47.67+3.85° 5.77+0.38° 5.06+0.69
NaCl 65.02+4.29° 8.17+0.35" 5.13+0.31
CaCl, 79.89+1.40° 8.57+1.10° 5.32+0.43
KCL 74.10+2.77° 13.5+0.89° 5.40+0.49

#“Values in the same column followed by different letters are significantly different (p<0.05).

PNATIATIZRUTUI T8z HANER 917
N1INAaInUll Jaluldayfing1avnassiinliu
wAnANAURE 1N TTBE Ay N19anA (p<0.05) lnadd
fild CaCl, TWUSunamanangsiign iy 8.28%
J9IRINNAD AIvgAuANLa NaCl Wiy 6.5 wag
6.64% A ud1FU uagdaild KCLiinfu 5.26%

§14 Table 3 aziiulndanlaazidudrulusaunas

=

Tosfuuy dautiwinimeldiwerazdundlusiy
Tughetheiild CaCl, Snasemstionanaznaulusiy
unzndign Hrelunsuoniadlaenisiiin syneresis
yeseumaidin esnueaideslooouanunioiin
ftuszduluanaveslshudndudulelusiuiu
(Lucey and Fox, 1993)

sy Ca?* dreanfinen MR-

wauluwad way Ca?t dunueduluiead {1unis

Table 3 Yield

Fouloawuulnihadn viensdulaensstungunse
Aruendanves a-adunay Badu (Asp, Glu) 3
azyiliuszqilunang wazidunanssusafiiuty
vosluag (Dalgleish, 1983) n1stiuLAaLGuNgae
Wi FATenszuiaeduluead Aanisudeslaana
yesteananlaswEdng shlilasiadvesdaudans
LATNUILUUTY (Luo et al,, 2013) damAapInU
UITHVDe Ustunol and Hicks (1990) iauLLAaLTY
Weiunsdeslownadouszniaaduluad uas
Frefnnulviuluseninnisnanfsada wuheaiu
A15AN®I989 Wolfschoon-Pombo (1997) fitAx
wradeuraslsradduuuTassnitansyidaiiotae
TilusAududiuduiou Ysuugenszuiunisnanda
wioiunandngienisifuunaideudaiulugag
0-0.5 ¢/L

Treatment %Yield
Control 6.51°
NaCl 6.64°
CaCl, 8.28°
KCL 5.26°

*“Values in the same column followed by different letters are significantly different (p<0.05).
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Tunisiasieiauviniudedudaves
HARSuTLeansaa1Td wandly Table 4 agwiula
11 Ln@elinane hardness wag resilience 88194
Taddyn19adf (p<0.05) freegreTadild cacl,
frnuudanaznsdangugefian imzunaideniing
Aornuuda WewnUsinaueduiivendaeen (degree
of casein dissociation) A1NNITLAANUSLTE NI

waageuwarlushu Mlluanadudiiuududms

Table 4 Rheological properties

Iﬁﬂﬂmvﬁﬂ‘ﬁ‘u%u (Cavalier and Cheftel, 1991)
frog1aTaild NaCl fanuudsuazainudangus
dWesanleioulossuaiuisangsduiulusiule
Wueiuuaa@eulessy ualiaiunsayinlmlusiu
WAnlaseadiefiudeuss (Lucey and Fox, 1993)
#0AAR0INUNITANYI8Y Cruz et al. (2011) WU
KCl (Wunadounaslsd) Snadnsiddoddyuinnd

NaCl Tusnuslelaganuiaiesvasndninaidugaying

Treatment Hardness (N) Resilience
Control 1.64+0.04° 0.16+0.01¢
NaCl 3.62+0.30° 0.23+0.01¢
CaCl, 9.28+0.30° 0.83+0.02°
KCL 4.49+0.06° 0.35+0.01°

>4 Values in the same column followed by different letters are significantly different (p<0.05).

ANISNAADUNUSEENEUREAS Table 5

1 a

NUTIRIBENAIUAY hagRIaeg19Tantd NaCl, CaCl,
KCl Tidnwaignmeussamduianudnyazusing &

AAU NN5ER ANUNTU AR BATAIUYBULALSIY

a

fayhuuni1aUszamdunantiwnnataiuagiad

Y Y]

Hed1Agn1eadin (p>0.05) donRaRIAUNITANYITES

Table 5 Sensory test

Ayyash et al. (2013) wuiueasaadadiiunde
NaCUKCL fiaauand@innaussamdudainilouy
dewssuiisuiunguaiugu lufinnuuandiaiy
gl dunadn (p>0.05) Hewnindetelunis
annzneukaziiteen widleldsuaudouriily

TUshudenannisliinasenisusyamauna

Treatment  Appearance™ Color™ Odor™ Stretching®  Toughness™ Flavor™® Overall
liking™
Control 6.76+0.25 6.6+0.25 6.24+0.24 5.92+0.25 6.14+0.26 6.24+0.25 6.42+0.21
NaCl 6.78+0.26 6.66+0.26 6.36+0.26 6.00+0.29 6.46+0.28 6.52+0.27 6.50+0.26
CaCl, 6.98+0.40 6.88+0.26 6.72+0.24 6.16+0.29 6.66+0.28 6.44+0.27 6.62+0.25
KCL 7.06+0.28 7.02+0.50 7.62+1.00 6.34+0.30 6.50+0.29 6.58+0.32 6.66+0.29

" no significant difference (p>0.05)
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nsnsIvaeuAuantAnIsuanvuzluns
avay F98WeY Ave9Tosned UTuavesuniudasy
wardnwazn1staueny aauanslu Fisure 1 Tudaegig
oA o v Y '
Fanld NaCl fanwuzvasuazatslosnindiogi
du 9 Hseeluidimanesiveuidntes lusegi
Y L] o va o
Fanld CaCl, idnwaznasuazarulan dsoenes
WWnpsusnaiintiuazveu Jeseewesiddinia
4 JusiueaninuNganiinwas usINTaU 9

Wiogan Ca? arunsadniivuSunaloduly
anagneundeutuiadulduiniian ludiufedrada
7ild KOl Snwaznasuazareialad ldiinsoslng
Andvdemenduuinaveu fusunahiiuesnin
Wwndes wazlufedieniuaudnvaznisvaoy
avaneiinlalii fusnaveuiasoslndidinaun

fgn Han1swesuinaRntuaziveatiiudntdes

Figure 1 Mozzarella cheese after baking
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