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Calcium Fortification of Fruit-Mix Set-Type Low-Fat Yogurt
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ABSTRACT

Yogurt samples-were prepared after fortification of pasteurized milk by addition of four level
(0,400, 600 and 800 mg per 100 mL of milk) of calcium lactate pentahydrate. Calciu.m measurement
of control (0 mg per 100 mL of milk) and calcium-fortified fruit yogurts were 130, 176, 191 and 207
mg, and calcium fortification at these levél resulted.in 0%, 34.82%, 46.65% and 58.46% increases 1n
calcium content of yogurts respectively. Sensory evaluation shows that there were no significant
differences (P> 05) in the flavor and overall acceptability of the control and calcium- fortified fruit
yogurts. Yogurt with calcium fortification at 400 mg per 100 mL of milk got the highest scores for
body and texture characteristics and not significantly different (P>0.05) from control but had higher
(P<0.05) than the yogurt with calcium fortification at 600 and 800 mg per 100 mL of milk. pH of
control and calcium-fortified fruit yogurt did not show any statistical difference (P>0.05) on 1st, 7th
and 14th day during storage. On 1 st and 14th day during storage, the viscosities of control yogurt and
yogurt with calcium fortification at 400- mg per 100 mL of milk were significantly (P<0.05) higher
than the viscosities of the remaining yoguits. On 7th day during storage, the vi.scosities of yogurt with
calcium fortification at 400 mg per 100 mL of milk were significantly (P<0.05) higher thén the
viscosities of the remaining yogurts. On the first week during storage all yogurt samples had the
highest log10 Lactobacillus counts and average viable cell counts of Lactobacillus tended to decrease
with storage time or on the third week during storage and less than 10°-10 cells daily recommended
intake. The level of Lactobacillus count in yogurt with calcium fortification at 400 mg per 100 mL of
milk on the end of the 21 th day of storage had been maintained high (1.55 x 10° or 8.19 log CFU/g)
and been sufficient for recommended dietary allowance (RDA). Yogurt with calcium fortification at
400 mg per 100 mL of milk is the most appropriate and recommended level for commercial

manufacturer.

Key word: “yogurt, calcium fortification
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ada 1 o 1 d' A
asntlszaoumaniiveslunIadngnewmh lutuaaclumed 4.1 madumeuy
0 [ ' o A 4 a3 [V @ ada o 2
mei 1o antelaisan v (solid-not fat) windwily 18 n¥ude 100 nFuveslonsaiing &
@ aw d' ' ' o o a
AoaANteItUNUIToVes Kailasapathy et al. (2007) find1admumianes lsdusounTlelud
a a ) [ o y
Tudl¥nnudensugamgil 45 °c udadumanunanznaulidifulasldanusge Ml
ada da [~ ] ” A d? [ [ Y ada d
Tansatinativoawds lisau lufumugaiuiy 18 nsuAe 100 niuveslonIaundg
Y . ) v :
Y v ' a & aldaa a wa
UDANAUY Serra et al. (2008) nAIMIMIANMIUUHATUITNToU TR IUgaaMnsTuLL
a o o Y ada dd a =} v . R
LmﬂmﬂiﬁTﬂﬂ‘ﬂﬂ'ﬂIﬁllﬂiGliJﬂ%V]lﬁSEliJil’]ﬂullgLE)"lf‘ﬂ (ultra-high-pressure  homogenization-
. a - g [} @ : . < .
treated milk UHPHT) R T Tusiu (non-fat solid content) 111 14% uag Pirkul et
¥
1 1 a o 1 ¢ o
al. (1997) AATINMAAUHIIUYAI (Non-fat dry milk:NFDM) Tuthuuneumames lsd vl
a [~ 1 C R y v 1 A
imnvede lisanluduiii 14%  Singh and Muthukumarappan (2007) NAIIIMNSALHI
3) 1 Y 9 a 3’ P SOEOS o =1 sln' <
wurluthuneums ianudounuihuuigamgi 85 °C Wuna 30 wi ifivveads

Tisan gy 14%

d' (] ada g o 1
MINh 4.1 ugasaantlsenovuveslomsaungnouiildyy

milk component (%)

Yogurt treatment

milk fat milk protein solid-not fat
control 1.91 7.76 17.91
Ca fortified 1 1.77 7.80 18.03
Ca fortified 11 1.87 8.13 18.12
Ca fortified I1I 1.83 S 781 18.28
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g’ YR o d ] 1 o A 1 A
thuwluiudmnaneslsd (quatuay) ieSumqueadonlunguaiugui 1 uag

msifunadon uanmn wuilemin dszuu 400 Tadnsudelomsainy 100 Jasans
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a a w0t ada o a an a a o s an
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auquaniiusevay 35,47 uay 58 (3199 4.2)
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Amount of - Percent
calcium lactate . . increase
Yogurt pentahydrate Measured calcium compared to
Treatment added (mg/100 ml) (mg/100 mg) contfol
Control 0) 0 130.28 -
Ca fortified I (400) 389.35 175.56 " 34.82
Ca fortified IT (600) 587.85 191.01 ' 46.65
Ca fortified II1 (800) 782.12 207.12 . 58.46
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(Mpassi et al., 2001) Misuanilaeuunaiouseninaosdnn dednnuIuasy (colloid)
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smaﬁmu'ﬁ@uvfl’ﬂﬂﬂyﬂmgﬂuﬂnWrmsa:mamammmzumuaaa (Mpassi et al., 2001) 4i#
Singh and Muthukumarappan (2007) na1Iimsduuaaionlu Tunsdwuunadeuimn

ad 1 g’ 1 .
Tan3deg ludmvesarsazaeluinuniosylu dissolved phase 15® aqueous phase
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LeneenIEZiHade SIuINTERTInveATiZonsaLandn (LAB) ieennd lelasioud
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pH
Yogurt treatment day 1 day 7 day 14
Control ©) 4.47 4.45 ' 4.35
Ca fortified I (400) 4.49 4.42 y 4.39
Ca fortified IT (600) . 4.45 4.40 4.37
* Ca fortified III (800) 4.44 : - 4.39 4.36
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Yogurt viscosity (cP)

Yogurt samples day 1 day 7 . day 14
Control (0) 20108™ 19936" 20676"
Ca fortified I (400) 20320" 22300" 20504™
Ca fortified IT (600) 18200" 17970" 16496"
Ca fortified III (800) 13680’ 13694 13698"
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JEHYIA (n=12) control Ca fortified 1 Ca fortified 11 Ca fortified III

1 4 5 2 2

2 4 4 .4 4

3 3 3 3 2

4 3 N 3 3

5 4 4 4 4

6 5 5 4 4

7 5 5 4 4

8 3 3 3 3

9 4 4 4 4

10 4 4 4 4

11 5 5 4 4

12 2 4 4 4
average 3.833333333 4.,083333333 3.583333333 3.63636364
SD 0.937436867 0.792961461 0.640095479 0.76469845
sum 46 49 43 42
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source of variation df SS MS ' F P=0.05
between group 3 25 0.833333 1.28655 ns
error 44 28.5 0.647727
total _ 47 31
MINUING 3 MsUszu Tunsadu odufiauazmanisd
[asuiauazms
36 (n=12) control Ca fortified | Cafortified Il Ca fortified Ill
1 5 5 3 3
2 4 4 4 4
3 3 5 2 2
4 3 3 3 3
5 4 5 4 4
6 5 5 4 4
7 5 5 4 4
8 3 3 3 3
9 4 4 3 4
10 4 4 4 4
11 5 5 4 4
12 4 3 3 3
average 4 4.25 3.416666667 35
SD _ 0.792961461 0.866025404  0.668557923  0.67419986
sum 49 51 41 42
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d’ a ' a ady dy W @ o’
MINAUINN 4 fﬂi'Jm5']2;”(7ﬂ')’]llll‘l_l'i‘].li'.]uﬂ’]iﬂigluuIﬂlﬂiﬂﬂ']uluﬂﬁuﬂﬁ“ﬁgﬂ'ﬁﬂiﬁﬂq

source of variation df SS MS F P=0.05
between group 3 6.229167 2.076389 3.642303

error 44 25.08333 0.570076

total 47 ° 31.3125

K=4 n=12 MSE=0.570076 df=44
fmuaszduivddguiiy 0.05 92ld 1(0.025,44)=1.960
LSD= (1.960) gnaresves (0.570076)*(1/12+1/12)=0.604
Ul uaz U2 4.25-4=25<LSD -

U2uaz U3 :4.25-3.42=83>LSD

U2 wag U4 :4.25-3.5=.75>LSD

Ul wag U3 :4-3.42=0.58<LSD

Ul uag U4 : 4-3.5=0.5<LSD

U3 uag U4 3.42-3.5=0.08 <LSD
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MIBaNIuy
lanyin (n=12) control Ca fortified | Ca fortified Il Ca fortified Il
1 | 5 5 4 4
2 4 4 4 4
3 5 3 3 3
4 : 3 3 3 4
5 5 4 4 4
6 5 5 5 4
7 5 5 4 5
8 3 3 3 3
9 4 4 3 3
10 4 4 4 4
11 5 5 5 4
12 ' 3 4 4 3
average 4.25 4.083333333  3.833333333 3.75
SD 0.866025404 . 0.792961461  0.717740563  0.62158156
Sum 51 49 46 45

t:i a ( a ady 1Y
MITHNUINA 6 N5 BATIZHANNLLTUsumsYsziu Tansadiumseousu Tagsy

source of variation df SS MS F P=0.05
between group 3 1.895833333 0.631944444 1.10852713 ns
error 44 25.08333333 0.570075758

total 47

26.97916667
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v (n=12) control Ca fortified I Ca fortified II ~ Ca fortified I1
1 5 5 4 4
2 4 4 4° 4
3 5 3 3 3
4 3 3 3 4
5 5 4 4 4
6 g 5 5 4
7 5 5 4 5
8 3 3 3 3
9 4 4 3 3
10 4 4 4 4
11 5 5 5 4
12 3 4 4 3
average 4.25 4.083333333 3.833333333 3.75
SD . . 0.866025404 0.792961461 0.717740563 0.62158156
Sum 51 49 46 45

d’ = I'd . d. a J v A S o
ATTINHNHINT 8 ﬂ'ﬁ'}Lﬂ5131’1?’]31”“1]51’53qu@61)"1]@\1Iﬂlﬂﬁﬁ‘luju‘ﬂ 1 VRINTTINUTNEI

source of variation df SS MS F P=0.05
between group 3 0.019017 0.006339 0.63238 ns
error 44 0.44105 0.010024

total 47 0.460067
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it (n=12) control Cafortified | .: Cafortified Il Ca fortified Ill
1 5 5 Uy 4
2 4 4 g 4
3 5 3 ' 3 3
4 3 3 3 4
5 5 4 4 4
6 5 5 5 4
7 5 5 4 5
8 3 3 3 3
9 4 4 3 3
10 4 4 4 4
11 5 5 5 4
12 3 4 4 3
average 4.25 4083333333 3.833333333 3.75
SD 0.866025404 0792961461  0.717740563  0.62158156
Sum 51 ' 49 46 45

d' a 'd = a J o (& o w
MINANINN 10 mnmi13wmmmJsﬂmuwmwaﬂsmm“lmum 7 VDINTINUINYT

source of variation df SS MS F P=0.05
between group 3 0.026406 0.008802 1.265487 ns
error 44 0.306042 0.006955

0.332448

total ) 47
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At (n=12) control Cafortified|.  Ca fé';ﬁﬁed Il Ca fortified Il

] 425 4.5 45 4.28

. w 43 ;. 445 45

3 a4 4.4 43 4.3

4 a4 4.45 4.3 4.48

5 a2 43 435 4.3

6 43 43 4.4 4.25

; P 4.28 4.3 4.35

g A 4.42 4.35 4.38

9 e 4.45 4.25 4.48

10 | e 4.4 4.3 43

» . 4 4.45 4.4 4.4

1 Ts 4.4 4.5 4.35
average 4.35 43875 4.366666667  4.36416667
SD 0.06770032 0.074116002  0.083484711  0.08511579

Sum 52.2 52.65 52.4 52.37

P a 'd ~ a J o e g o
ATINHUINT 12 ﬂ']i'.llﬂi']g'ﬂﬂ'J'liJLL‘lJiﬂﬁ'JNWL@%‘UENTULﬂ'iﬂiu’lu‘ﬂ 14 YD9NMISINUINHI

source of variation df SS MS F P=0.05
between group 3 0.008608 0.002869 0.464545 ns
error 44 0.271783 . 0.006177

0.280392

total 47
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ALaT (n=5)

control Ca fortified | éa’ fortified I Ca fortified 111

1 21390 22050 - 18740 14900
2 20460 20590 18450 14410
3 20000 20110 -18080 13410
4 19470 19670 17950 13080
5 19220 19180 17780 12620
average 20108 20320 18200 13684
SD 862.363 1099.091 -~ 389.6794 945.7431
Sum 100540 - 101600 91000 68420

ci = 4 : A T A o LY 5 I
MINHEUINN 14 M5 AaTziauulsdsvanuntauos Tomnsd ludun 1 vosmsifu

TNy
Source of variation df SS MS F P=0..05
between group 3 142347920  47449306.67  63.309003 Sig **
error 16 11991800 749487.5
total 19 - 154339720

K=4 n=5 MSE=749487.5 df 16
AmuaszAvisd Wiy 0.05 w14 1(0.025,16)=2.120
LSD= (2.120)gnereqves 749487.5%(1/5+1/5)=1160.78

U1-U2=20320-20108=212<LSD
U1-U3=20108-18200=19098>LSD
U1-U4>LSD

- U2-U3=20320-18200=2120>LSD

U2-U4=20320-13684=6636>LSD
U3-U4=18200-13684=4516>LSD
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4:; A a o v o < W
MIIHUINA 15 ANUKTHave TotnTa IAUR 7 veamsnusny

ANUAUA (n=5) - control Ca fortified | Ca fortified Il Ca fortified Il
| 23240 21360 14780
1 21650 ‘
22610 17470 14230
2 20090 - .
22300 17290 13430
3 19850
21990 17020 13250
4 19200
21360 16710 12780
5 18890
22300 17970 13694
average 19936 /
699.89285 1916.6768 801.39254
SD 1072.9306
111500 89850 68470
Sum 99680

~ a 'd A a d v A o
MIWNHNUINT 16 ﬂ’]ijlﬂi'131’1ﬂ?TNLLﬂiﬂi?uﬂ'ﬂuﬂu@mﬂqTﬂlﬂﬁﬂiujuﬂ 7 UDINITINU

TNy
Source of variation df V SS MS F P=0.05
between group 3 199390660  66463553.33  44.6295501 **
error 16 23827640 1489227.5
total 19 223218300

K=4 n=5 MSE=1489227.5 df 16
fnuaszdudsd iy 0.05 124 £(0.025,16)=2.120
LSD= (2.120)3naeeves 1489227.5 *(1/5+1/5)=51.74

U1-U2=22300-19936=2364>1.SD
U1-U3=19936-17970=1965>LSD
U1-U4=19936-13694=6242>LSD
U2-U3=22300-17970=4330>LSD
U2-U4= >LSD

- U3-U4=17970-13694=4276>LSD
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ATanila (n=5) control Ca fortified | Ca fortified Il Ca fortified Il
1 21740 20950 16870 14200
2 20680 20730 16680 14110
3 20430 20510 16490 13720
4 20360 20370 16320 13320
5 20170 19960 16120 13140
average 20676 20504 16496 13698
SD 622.197718 375.473035 294.159821 468.102553
Sum 103380 102520 82480 68490

P a 'd = a J o o <
AT WNAHINT 18 ﬂ'li')!,ﬂ'i'13Wﬂ')']lllllliﬂi')ﬂﬂ')']ﬂﬂuﬂ‘l]@q‘IULﬂiﬂalu'Ju‘Vl 14 Y93In15NY

INH
Source of variation df SS ‘ MS P=0.05
between group '3 170511215 56837071.7 272.678353 i
error 16 3335040 208440
total 19 173846255

K=4 n=5 MSE=208440 df 16
Amuaszinisdhdgihdu 0.05 1214 £(0.025,16)=2.120
LSD= (2.120)3ne019839208440 *(1/5+1/5)=612.15
U1-U2=20676-20504=172<LSD
U1-U3=20676-16496=4180>LSD
U1-U4=20676-13698>LSD _
U2-U3=20504-16496=4008>LSD
U2-U4= >LSD

- U3-U4=16496-13698=2798>LSD
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week 1 replication 1 replication 2 lactobacilli average | log CFU/g

245x10°  2.13x10° 2.29 x10° '~ 8.36
2.27 x10° 2.58 x10° 2.43x 10° 8.39
1.78 x 10° 1.51 x10° 1.64 x 10° 8.21
1.26 x10° 1.18 x10° 1.22 x10° . 8.09

H T o s W ad w oA g w
MINEUINT 20 aassuauLan lnundasaveslomnsavealualavin 2 vaamsiiusnw,

week 2 replication 1 Replication 2 lactobacilli average  log CFU/g

1.85 x 10° 1.13x 10° 1.49 x 10° 8.17
149 x 10° 1.37 x 10° 1.43 x 10° 8.16
122 x 10° 0.93x 10° 1.08 x10° 8.03
1.09 x 10° 0.88 x 10° 0.98 x 10° 7.99

! o a o ad ar P 4 o
AMINYNT 21 uaassouten lnudadaueslunsavesludladii 3 veenisnuTn

week3  replication 1  Replication 2 lactobacilli average log CFU/g

1.40 x 107 4.7 x10° 3.05 x 107 7.48
1.50 x10° 1.60 x 10° 1.55x 10° 8.19
8.20 x10° 9.60 x10” 8.90 x 107 7.95

520 x 10’ 7.60 x 107 6.40 x107 7.81






