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ABSTRACT

This study was carried out to establish the optimal preparation conditions of yoghurt made from goat milk with reduced goaty
flavor by adding citrus concentrate and flavor. A central composite design was applied to investigate the effects of citrus con-
centrate ratio (0.5, 1.0, 1.5, 2.0, 2.5%), citrus flavor ratio (0.01, 0.02, 0.03, 0.04, 0.05%) and fructose ratio (3, 4, 5, 6, 7%). The
physico-chemical and sensory characteristics of the sixteen yoghurt samples were compared. The addition of citrus concentrate
had a significant (p<0.01) effect on the pH, a*, and b* values. Regarding organoleptic properties, the addition of citrus concen-
trate had a significant (p<0.01) effect on color, and fructose had an effect on overall palatability. The maximum value of orga-
noleptic goaty flavor was 2.35, more than double the minimum value. The optimum conditions predicted for minimizing goaty
flavor of the yoghurt were 1.44% citrus concentrate, 0.0357% citrus flavor, and 6.91% fructose.
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Table 1. General composition of the yoghurts

Exp. Condition General composition
No. Citrus concentrate  Citrus flavor Fructose Fat Protein Lactose Toatal solid
1 1.0 0.02 4 2.95 2.63 5.28 16.86
2 1.0 0.02 6 2.90 2.59 5.24 18.22
3 1.0 0.04 4 3.07 2.70 5.36 16.98
4 1.0 0.04 6 2.86 2.57 5.27 18.44
5 2.0 0.02 4 2.96 2.66 5.25 17.68
6 2.0 0.02 6 2.89 2.60 522 19.06
7 2.0 0.04 4 2.97 2.66 5.34 17.73
8 2.0 0.04 6 2.89 2.59 5.18 19.17
9 1.5 0.03 5 2.93 2.62 5.25 18.32
10 1.5 0.03 5 2.92 2.61 5.32 18.09
11 0.5 0.03 5 2.94 2.59 5.34 17.42
12 2.5 0.03 5 2.88 2.60 5.31 18.51
13 1.5 0.01 5 2.93 2.62 5.27 18.12
14 1.5 0.05 5 2.94 2.61 5.30 18.08
15 1.5 0.03 3 3.00 2.66 5.36 16.46
16 1.5 0.03 7 2.88 2.56 5.21 19.25
Table 2. Physico-chemical properties of the yoghurts
Exp. Condition Physico-chemical properties
No. Citrus concentrate Citrus flavor Fructose pH Viscosity (cP) L* a* b*
1 1.0 0.02 4 4.31 135.1 83.0 -3.07 11.78
2 1.0 0.02 6 428 120.3 83.1 -3.20 12.35
3 1.0 0.04 4 4.28 145.8 82.8 271 9.88
4 1.0 0.04 6 4.27 150.1 82.5 -2.97 11.38
5 2.0 0.02 4 4.17 129.7 80.3 -2.97 16.14
6 2.0 0.02 6 4.17 131.3 81.8 -2.69 14.55
7 2.0 0.04 4 4,17 115.0 82.3 -3.10 16.60
8 2.0 0.04 6 4.16 111.1 81.6 -3.13 17.06
9 1.5 0.03 5 4.20 108.3 82.1 -2.61 11.86
10 1.5 0.03 5 4.20 94.1 82.4 -3.15 14.89
11 0.5 0.03 5 4.30 87.1 84.1 -3.15 9.10
12 2.5 0.03 5 4.13 100.2 81.1 -2.67 16.10
13 1.5 0.01 5 4.19 104.3 82.1 -3.16 14.40
14 1.5 0.05 5 4,19 96.5 82.6 -3.16 14.61
15 1.5 0.03 3 422 103.3 78.5 -2.32 10.43
16 1.5 0.03 7 4.19 94.3 82.0 -2.84 13.57

A 8TEES oj3leh 54& SAS RIS
gk 3784 23 Table 33 22 ARE eI pH
o thgh R*= 0.92272 5%CIU 9] Fo]pellA Fo4S
JeRT, L*(E5)Y] R 0.85902 10%°]U)9) F]4
T A Fo4E deriieH, bxEM R tigk R*E
0.89932 5%c|Wo] fro]EolA FodS veRiSITH

p7} 718 WA Yeld @72 Ee] Axzde 37tE
ZrEFszA o] Hgo| 1.99%, 73] 3haFo] 0.0269%,
o] ko] 4.99%Yw pH 4.122 7P @A VERgth
(Table 4). pH7} 7F¢ A et Alzx2de H7kd 7
ZFEF5Y9 &0 0.53%, 7] ol 0.0273%, &
o] gifol 4.96%Um pH 43302 7P EA HERgS
™, RTEES] pHe 7R dEeSdd] OEt Axs
Fro Al AolE YERATH Table 4).

A7}t 718 =4 vehd aF=2EQ ARFAL 7}
B s Hlgo] 0.81%, ZEde] ko] 0.0445%,
FFo] ko] 4919w 134.07 P2 7P A et
A=7y 7P @A JEhd Az HA2tE EEEY
o] Blgo] 2.28%, FHEdFe] o] 0.0424%, HF9] FF
o] 4.85%Qm 88.91 cPZ 714 A Jehdorn, atE
EQ Hxe W FHEEsdo] Ko AdHp<0.107 7
o] ko] o] ABTHA (p<0.10y HERNATK Table 5).

L*EEy} 7P A4 Jeld 8 T2E Alxzde 3
7He ZHEE9) Bl 0.61%, el do) 0.0215%,
o] ko] 531U 84.482 71 =A UERgTE L*
@Ry 7 @A el AzzAe 371 AEs5d
o] H|-go] 1.85%, ZEE] FaFol 0.0238%, HF T
o] 3.24%U™ 78.832 7}F WAl YEPGon, S FEEQ]
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Table 3. Polynomial equations calculated by RSM program for the yoghurt

Responses Rolynomial equations R? Significance
pH. Y, =4.211875-0.050625X,-0.003125X,-0.006875X,+0.00375X,% +0.00375 X,X, 0.9227 0.0101
‘ -0.0025X,%+0.0037505X,X,+0.00125X,X,+0.00125X,2

Viscosity Y, =116.84375-2.375X,-0.625X,-1.925X,-1.8875X,%-9.425X,X,-0.2X,> 0.1727 0.9951
+1.025X,X,+1.7X,X,-0.6X,2

L* Y, = 82.40625-0.7125X,+0.125X,+0.475X,+0.0875X,*+0.325X,X,+0.025X,,2 0.8590 0.0510
+0.125X,X,-0.325X;X,-0.5X,2

a* Y, =-2.92875+0.06375X,+0.00125X,-0.07375X,-0.0075X,%-0.145X,X, -0.07 0.7175 0.2685
X,2+0.08X,X,-0.055X,X,+0.75X 2

b* Y, = 13.67375+2.06X,+0.0325X,+0.45125X;-0.19375X 2+0.73X, X, +0.2825 X,2 0.8993 0.0208

-0.4X,X,+0.3725X,X,-0.34375X 2

X, : Citrus concentrate, X, : Citrus flavor, X, : Fructose.

Table 4. Predicted level of optimum preparation conditions for the maximized and minimized physico-chemical properties of the

yoghurt by the ridge analysis of their response surface

: Conditions
Physwo-chfrmlcal Citrus concentrate Citrus flavor Fructose Estimated response
properties - - Morphology
Max Min Max Min Max Min Max Min
pH 0.53 1.99 0.0273 0.0269 4.96 4.99 4.33 4.12  Saddle point
Viscosity 0.81 228 0.0445 0.0424 491 4.85 134.07 88.91 Saddle point
L* 0.61 1.85 0.0215 0.0238 5.31 3.24 84.48 78.83  Saddle point
a* 1.18 0.86 0.0352 0.0147 3.17 5.23 -2.41 -3.49  Saddle point
b* 2.27 0.67 0.0427 0.0358 5.14 4.06 18.34 7.55 Saddle point
L@EEyE A ZESEY, 22, 2 A9y FFe] 8 dEEEA B8] 0.67%, ZEF] el 0.0358%,

FIFE MAA e ASRE UEITHTable 5).
*(FAAEY} 7P = vehd 87 2EY] Axxhe
A7he gAY vgo] 1.18%, gaEE o
0.0352%, 3¢ gtafo] 3.17¢w 2412 714 =4 e
Wtk a*(FHAy) 7R BA vEld AxzAe #Hrke
AE5EA HEo] 0.86%, TEFY o] 0.0147%,
o] ghako] 523%A) -3.498 7FF @Al YEhtoH,
|TEES a*FME)E VIR AEEsEdd 158 &
olZQ1 Aol FHIAE WERAATHp<0.01)(Table 5).
b*ENZ ) 7P A JERd 87 2ES AxEdeS
A7be gy vlEo] 227%, #EF o]
0.0427%, F2e] ko] 514U 18342 71% =4 U
ettt b+ @Az 7Y SA Vet Alzzde Hot

_

Table 5. Analysis of variables for regression model of depen-
dent variables in preparation conditions for goat

milk yoghurt
F-Value
Conditions Citrus Citrus
Fructose
concentrate flavor
pH 17.33%%* 0.16 0.38
Viscosity 4.04* 0.85 3.76%
L* 1.48 1.40 1.31
a* 11.69%** 1.05 1.19
b* 41.24%** 0.22 1.70

o] Fhako] 4.06%Aw 7.558 7PY SHA UERton,
[TFEES] @M= /IR EEEAY 152 f
ARl Ao AJHAAE R ATHp<0.01)(Table 5).

wsfel sy 5y

AEEEN 0.5, 1.0, 1.5, 2.0, 2.5%), a3 &
250.01, 0.02, 0.03, 0.04, 0.05%), L BA}Tdo] dhek(3,
4, 5, 6, 7%)S @eletdA] A3 LER BH5F EA
< Table 60 TASIH T 255, ad, Ao H
7to) W} A& 5.0-6.9, ZAZFE 5.1-6.5, 9k 53-7.1, A
AR 718 EE 5.0-74, 2T AEHE 1.0-238 e
WRATH Table 6).

AE ATEES A 54 SAS TEIOHE F
3 3 AR AR Table 77+ 2L AFAZ Jepch 4
o] g R%] 0.96652 1% 5ol #9448 vl
Wolaz, AA)AQ) 7]13 52 R%] 0.89100.2 5% ol
oA oS Ve, 2kt digh R%] 0.9004
2 5% FesaA fo4S vERITH

Aol thet B 7R WA YERd 8 2B AR
7L Hrte AEEEde] v8o] 0.53%, dEde] &%
0] 0.0303%, 2] ko] 4.49%Aw 4.572 7P BHA
UENHTHTable 8). Aol gt J717} 7 =) vehd A
Z2220L UM AEEEH vlgo] 248%, 1HE%e
gaFo] 0.0329%, H3Y FFo] 5.26%Y™ 6.99= 7HF
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Table 6. Sensory characteristics of the yoghurts (N=8)
Condition Sensory characteristics
Exp. -
No. Citrus Citrus flavor Fructose Color Texture Taste Overe.!l.l Goaty
concentrate palatability flavor
1 1.0 0.02 4 5.0 5.8 5.9 5.8 2.3
2 1.0 0.02 6 5.3 5.9 6.9 6.9 1.8
3 1.0 0.04 4 53 5.8 53 54 2.0
4 1.0 0.04 6 5.4 6.3 6.6 6.9 1.5
5 2.0 0.02 4 6.4 53 5.5 5.6 1.6
6 2.0 0.02 6 6.3 6.0 6.4 6.1 1.4
7 2.0 0.04 4 6.4 6.0 6.0 6.1 1.6
8 2.0 0.04 6 6.8 6.5 6.5 7.0 1.4
9 1.5 0.03 5 5.8 5.5 5.4 5.8 1.8
10 1.5 0.03 5 5.9 6.1 6.3 6.3 1.5
11 0.5 0.03 5 4.6 5.3 5.4 5.0 1.9
12 2.5 0.03 5 6.9 6.0 6.1 5.9 1.6
13 1.5 0.01 5 6.0 5.6 5.8 6.0 1.8
14 1.5 0.05 5 5.8 6.1 6.0 6.1 14
15 1.5 0.03 3 54 5.1 4.8 5.0 2.0
16 1.5 0.03 7 59 6.4 7.1 7.4 1.0
Table 7. Polynomial equations calculated by RSM program for the yoghurt
Responses Rolynomial equations R? Significance
Color Y, = 5.8875+0.59375X,+0.03125X,+0.10625X;-0.025X,%+0.0125X,X, +0.0125X,2 0.9665 0.0009
-0.0125X,X,+0.0375X;X,-0.05X,’
Texture Y, = 5.89375+0.0875X,+0.1625X,+0.275X,-0.0375X,24+0.1X,X,+0.0125 0.7779 0.1571
X,24+0.075%,X,+0.025X,X,-0.0125X,2
Taste Yg=5.9875+0.06875X,+0.00625X,+0.51875X,-0.025X 2+0.1875X,X,+0.0125 X,? 0.8235 0.0903
-0.1125X,X,-0.0125X,X,+0.025X ;2
Overall palatability Y, =6.19375+0.1X,+0.075X,+0.55X,-0.15X,%4+0.225X,X,-0.15X,X,-0.1 X, X, 0.8910 0.0259
+0.0375X,?
Goaty flavor Y, = 1.664063-0.125X,-0.078125X,-0.21875X,+0.03125X,%+0.0625X,X, 0.9004 0.0203

-0.015625X,%+0.0625X,X,-0.03125X,?

X, : Citrus concentrate, X, : Citrus flavor, X, : Fructose.

Table 8. Predicted level of optimum preparation conditions for the maximized and minimized organoleptic properties of the
yoghurt by the ridge analysis of their response surface

Conditions

Sensory . Citrus concentrate Citrus flavor Fructose Estimated response

characteristics Morphology

Max Min Max Min Max Min Max Min

Color 248 0.53 0.0329 0.0303 5.26 4.49 6.99 4.57 Saddle point
Texture 1.96 1.91 0.0421 0.0217 6.30 3.38 6.73 5.20 Saddle point
Taste 1.24 0.94 0.0265 0.0349 6.90 3.41 7.17 4.83 Saddle point
Overall 1.47 0.78 0.0362 0.0363 6.90 3.76 7.54 4.61 Saddle point
Goaty 0.74 1.44 0.0231 0.0357 3.89 6.91 2.35 1.08 Saddle point

A Vehgom, =2 E9 A tigh Jrike gEEE
oHol) m} =R Fo|HQl AolE JERIH(p<0.01)(Table
).

227k ik By 7P 9HA vERd a2 E9] A
Z10e H7td ZEESde) vigo] 1.91%, 1HEEke
gteFo] 0.0217%, #e] o] 3.38%Yw 52002 73
A JERGTHTable 8). ZA7Hl Wigt Fr o) 744 =4
Uehd AzzAe #17td dEes99 vlEo] 1.96%,

¢}

O

t)i

k] kol 0.0421%, #49] ko] 6.30%YH 6.73
2 7P =A Jeigen, a72E] A7 g 3
7he 33 el wet Axe fFoFHQ Aol e
THp<0.10)(Table 9).

gl tigh Bt Jg @A vERd 27 2E] AEE
1 FA7HE AEESHY B0 094%, FEY T
o] 0.0349%, 2] ko] 3.41%Yu) 4.8307 7} ot
A WeTH(Table 8). 2ol Wiz Hrbt 71 A et
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Table 9. Analysis of variables for regression model of depen-
dent variables in preparation conditions for goat

milk yoghurt
F-Value
Conditions Citru Citrus
Fructose
concentrate flavor
Color 41.24%** 0.22 1.70
Texture 0.74 1.39 3.44*
Taste 0.68 0.42 6.43*
Overall palatability  2.11 1.10 9.78%**
Goaty flavor 3.57* 1.45 8.85%*

*: p<0.1, ¥* : p<0.05, ¥** : p<0.01.

O AzEAS AR GBEHAS gl 124%, BE
3o} ghEko] 0.0265%, 29 ko] 6.90%Uw 7.172

7P A Jepdor, avaEs) sl uid Brke %
2ol ma} 21291 AolS UERNZITHp<0.10)(Table

AAAR 7|zx0l ik HrPt 78 9A vERd 87
2E9 AzxZAL H7IE FEEFH9 vlEo| 0.78%,
7raeke] ol 0.0363%, e o] 3.76%Uul 4.61
2 7P B JERSTH(Table 8). AAAR] 715200 g
Bt 7B EA veRd AlxEAe FJrkE AEEEd
o] Hlgo] 1.47%, o] gl 0.0362%, 139 T
o] 6.90%Y™ 7.54% 7P =A4 JUElgoH, QT2 EQ]
AAZHR 713 =l 3t Hrhe A =l we 152
9521 AolE YERNATHp<0.01)(Table 9).

A7 7S 7 UERd SEES] Alxxde
718 ZAEEsFde vlgo] 0.74%, #EEF9 FEfol
0.0231%, o] &aFo] 3.89%Yw 2352 714 ZFshA
UERSTE 2FEA7E 718 FEkAl HrkE 82 ES] Ax
Z1e Hre daEessde] vlgo] 144%, a3 &
2Zo] 0.0357%, T3] ko] 6.91%Yn} 1.08% ¢ @

A Uehtor], areEse) Al td ke 39 3
ool W} 21531 2jo]S UERAZITHp<0.05)(Table 9)
2 o

e alo] Aropz) Az ke 4
22 s AEESAY 28 19 B
G RTEES Azsiglon, AxD g
a7=EY o5ty 54 ¥ B 54 2A]
| 714 gQlel om@}a =4

gul =
2 B FA viAle dFe = 3

F bk

S7=2ES HH AxIE *éﬂo}&’iv} Az 2hdr
2F2E9 olalsty B4 gloiME EEEA Wl
7} pH, A%, 9 FuS IET v«l A1 (p<0.01) 9
S Jehglon, B 544 soMe AEE5Y
o] 7P} Mel, el Hrprl AA A J|Exe] 1%
2 59490 (p<0.01) 4 etk ¥hEEH 4
93 AkkH o] Huigke 235, LS 1.082 FHlo)
2ol 7F UEld o™, AFHE FH4s 7| Wifdzde 7
EEZN 144%, 7rE3F 0.0357%, D FF 6.91%0]3AT}
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