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Abstract

This study was conducted to evaluate the potential use of milk mineral (MM) as the calcium
source for the production of calcium-fortified yogurt. MM was composed of 83% minerals,
7.5% lactose, 3.3% protein, and < 1% fat. Calcium (Ca) content in MM was about 46%: calcium:
phosphorous ratio was 1.28:1. The aqueous solubility of Ca increased with the decrease
in pH; the solubility at pH 4 and 5 was 98% and 53%, respectively. Ca-fortified yogurt with
up to 200 mg Ca/100 mL did not show significant differences in acid production and
number of viable cells; however, the viscosity increased significantly (p<0.05) with the
increase in Ca levels. Microstructure analysis of Ca-fortified yogurt using confocal scanning
laser microscopy indicated that the protein network became denser with increasing
fortification with MM. There was no significant difference in the sensory quality between
the control and Ca-fortified yogurts. Therefore, MM could be used for the production of
Ca-fortified yoghurt without compromising the quality characteristics of yogurt.
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1. M= H A

£ AgoA A8 MM2 Arla Food Ingredients(Central Denmark Region, Denmark)2]
AES AREsHA.oH, HCR2 Merck(Darmstadt, Germany)Ate] AlES ARSsct 1 vhe] AloF
& Sigmarte] BA8 55 ool AES ARSI

2. MM(milk mineral)2] ttdE U 271 =4 2M

MMO] et et 7718 242 thaat 22 WO R SHoltt fE TR Artaaxs
S o]g3to] 105ToA 12A17F AXSE & 27519 o, 3lE =R 550
3gket & 24t TelA SRS micro KjeldahlH< 018519 automatic Kjeldahl system
(Buichi, Switzerland)22 45190 FA4E || ALAG 6.38S Fofo] Rl 9] RS At
Z3193}. A2 Soxhlet FX(IKA, Konigswinter, Germany)S ©]-83F of[g|2 &Hog A=k
sttt AlES] e 100-(FE+3lE+Tiid+ AR o2 AXbslott. #7144 2442 2%
E20EES7](Inductively Coupled Plasma Optical Emission Spectrometer[ICP-OES],
Thermo Scientific, Waltham, MA, USA)E o831t Algx= 84 A ZA 89(2%, v/v)oll
ot} 50 mL FEEHAIE FEokal ofTA|(Whatman, No. 5)& ojalsto] 714 EAo
ARESIGITE F71 A Al ARERE 3P 2 317.933 nm, 91 177.499 nm, WRI¥lE 280.271
nm, & 238.204 nm, °FA 202.548 nmo|Xtt.
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(SPSS, Chicago, IL, USAXZ ol-&st3itt. A7tk R4 Aol(p<0.05)= LeHiA] EAREA]
(one- way ANOVA)Y} Tukey? thEH|wAGHS o233t
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SHoict
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. LRV7IFMM B3
8 BoIA pH MSKpH 4-7)cl T2 MMe] S8 ZakcE. MMe] Sowis Fig

Table 1. Compositional analysis of milk mineral

Components Concentration (%)
Total mineral 83.09
Calcium 45.61
Phosphorus 35.74
Magnesium 1.66
Iron 0.02
Zinc 0.06
Lactose 7.50
Protein 3.33
Fat 0.98
Moisture 5.10

Mean values of the constituents are expressed and the variation of each components was less than
5%.
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Fig. 1. Solubility of Ca at different pH conditions.
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Table 2. pH, titratable acidity, viscosity, and viable cell count of Ca-fortified yogurt

Ca fortification H Titratable acidity Viable cell count Viscosity
(Ca mg/100 mL) P (%) (CFU/mL) (Cp)
0 4.44+0.01 0.93+0.05 2.60x10° 7,367+208°
150 4.47+0.01 0.96+0.03 2.50%10° 8,067+252°
175 4474002 0.93+0.02 2.53x10° 9,400+265°
200 4.460.02 0.9340.02 2.47x10° 13,133+862°

& Values with different letters differ significantly (p<0.05).

Singh and Muthukumarappan[23]2 24P 018519 25-100 mg/100 mL $20= Q.
T2E premix©l F7Iola F4 E49 WalE ST A9 48 $5 Aok 2 At sYst
A H7gAtEo A= ZFolE UeRA] ggtont, 7dolut 14U7H] WA o= FHAETT 79
Ao 7 7HAavkE Hsioirh tiEo], Zw9] Aike AEE FoFoR J7HH oY oleh 22 W
3= 7, 1499 A1t 5 B9 3718 e & dolie A7 5 B4ge) Hske
S5k eigkont ARkAQl Het FokE 1St o 2AREES] H7olA Uik Hslel fARE
BNE VU 5 & A= wdEHh

STEE 2A7ho| it &3t 11 Aste] tigt A2 8FEES] nAltxR WS Bt 7hs
sttt 8FEEQ] R HiRE 82l ofste] Hskd 4= 9lov 7HE Fa3k 7|12A 24
S AR Aloj4lo] Atof Qo] B/t 3AFIAR] JARo|th 3FEE o] J/d5l=
3AHAA 29] 7], HoF 21l 3= 52 AR o RE TRt £ Q=] IRkl HARERA
TS Yotoirls APy 89 A7t E7Hsi ojnf A7 A 29| Hale= AA| EAfck=
TRE H3A71= BHH CSLM2 48 X8} 22 HAje] 3go] B Qastuz Hrt Ad% Ao
mAlER o] 7R steH24]. TRt w0 ZEE AR 312 EQ nA|LRE CSLMOE T

T 749 casein® H7HE 249) SE7H S7H0] wet it (UshA] alslel EAE we
Ao Hol $3o) A/l WA Solmt A%E UeIckEg. 2). o] Ziks 2ol
Bl ofste] g=E o] TR G} 4ot 5 ATk 7HES SR 5 Uk
2475k A72E0] /ST B ZARE AThe Fig 33} 2o 2475 AFEEY] oA
E442 ofolA] UERe QR 20| Aelshie RE SAA 9914 Aol ehiA) gl
R7EE Ae] P (fimnesss 249 B 557k S7RMl det S7Hs A% BEout
713 BAolAE o) wishe Selel) ol o] Arke ZAEECR AXT 24T AT
E9 $5u7} Zipt 0% G123, ool ZHE Fste] & 1) MM R7EEE B
£40] wis} glo] 2473 15y SAES Az o 289 4 e Aow wee

o
=

FO

= Qs MMe] stehy 24 9l 8ol 5492 Aol 2edst 872EC 29| 48754
< SAsIAR AAEQIE MMO] Btebd A 43 A3t MM2 83% F714E 7450 glo.
o, 301 7.5%, dHA2 3.3% Prglom, A2 1% vHte s AL #718& Hd5te
F QB ZET A2 oF 46% P 36%E 1.28:19] HI&Z A MM pH7t Z4dsE
So=rt S71s1900, pH 49} 59149] Bafiee= 22 98%, 53%= LR MMZ 71510
Az 24 23 RTEEE 200 mg/100 mL $E7A] AMYEE, BtolA o4 Aols
WAl QA e o] W7kl 371l wiet foH o s S71eiit. 2a7det 8
TEEO] ulAlE ¥ A3} o] F50] Fashal Sl YEQZ} A UsiAl= ekt 29lE 9
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Fig. 2. Microstructure of Ca-fortified yogurt observed by confocal scanning laser microscopy. (a)
Control, (b) Ca-fortified (150 mg/100 mL), (c) Ca-fortified (175 mg/100 mL), (d) Ca-fortified (200
mg/100 mL).

Sensory score
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BN Ca (175 mg/100 mL)
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ab

AR R T R Y
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Fig. 3. Sensory evaluation of Ca-fortified yogurt. ° Bars with different letters differ significantly

(p<0.05).
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