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Abstract

The purpose of this study was to determined the optimal mixing condition of two different amounts of tomato powder (A), and starch
(B) for the preparation of sausage prepared with tomato powder was determined. The content of lycopene was 3 mg/g. The experiment was
designed according to the central composite design of response surface, which showed 10 experimental points including 2 replicates for
tomato powder and starch, The physiochemical, mechanical, antioxidant activity and sensory characteristics of samples were measured. The
results of the physiochemical, mechanical and antioxidant activity analysis of each sample, including pH, moisture content, color L, color a,
color b, hardness, chewiness and cohesiveness, total phenolic content and DPPH free radical scavenging activity showed significant
differences. The sensory measurements were significantly different in color, flavor, chewiness, overall quality, The optimum formulation,

which was calculated using the numerical and graphical method, was determined to be 4.26 g tomato powder and 7.51 g starch.
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Table 1. Experimental design for sausage prepared with tomato powder by response surface design

Sample Factors Meat Fat Garlic Salt Pepper Nutmeg
No, Tomato powder (g) Starch (g) (9) (9) (9) (9) (9) (9)
1 1 2 100 15 0.6 24 0.25 0.05
2 8 2 100 15 0.6 24 0.25 0.05
3 1 12 100 15 0.6 24 0.25 0.05
4 8 12 100 15 0.6 24 0.25 0.05
5 1 7 100 15 0.6 24 0.25 0.05
6 8 7 100 15 0.6 24 0.25 0.05
7 45 2 100 15 0.6 24 0.25 0.05
8 45 12 100 15 0.6 24 0.25 0.05
9 45 7 100 15 0.6 24 0.25 0.05
10 45 7 100 15 0.6 24 0.25 0.05
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Table 2 Physiochemical characteristics of sausage prepared with tomato powder by response surface design Mean=£S D,
Responses
Sample No. Tomato Powder  Starch Sweetness Salinity Moisture content
(9) (9 pH (%/Brix) ) )
1 1 2 5.20£0.02 1.70£0.10 0.20£0.01 63.66%0.51
2 8 2 5.85%0.01 1.37£0.06 0.17£0.01 61.69%0.50
3 1 12 5.67£0.02 1.3310.06 0.19+0.01 60.05%0.50
4 8 12 5.27%0.01 1.57£0.06 0.18%0.01 58.81£0.50
5 1 7 5.75%£0.02 1.33£0.06 0.18%0.00 61.50+0.50
6 8 7 5.20%+0.01 1.57+0.06 0.20+0.01 59.82£0.50
7 45 2 5.37£0.02 1.57%0.06 0.21+0.01 62.0210.50
8 45 12 5.46£0.01 1.43%0.06 0.20+0.01 60.2210.50
9 45 7 5.40£0.01 1.47+0.06 0.20+0.00 62.01£0.50
10 45 7 5.40£0.02 1.40£0.00 0.20+0.00 61.56+0.50
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Table 3. Analysis

of predicted model equation for physiochemical characteristics of sausage prepared with tomato powder
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EDERT Mot 2AIRIQ MEZA A} o ehletaty

Mean®S D,

Response Model Mean+S.D. R—squared” F—valueZ) Prob)F Polynomial equations)
-0.27A-3.333E-003B
pH Linear 5.46%0.076 0.9141 37274 0.0002 33335003
+5.46
+0.025A-0.052B+0.14AB
Sweetness 2FI 1.47%0.079 0.7295 5.39* 0.1437 147
-3.333E-003A-1.667E
Salinity Quadratic 0.19+0.012 0.5576 1.01 05111 -033B+5,000E-033AB
-0.016A%-7 143E-004B"
Moisture content Linear 61.13£0.57 0.8725 23,954 0.0007 -0.82A-1,38B+61.13

I)0§R2§l, close to 1 indicates the regression line fits the model.
e p € 0,05, ** p ( 0.001
¥A * Tomato powder, B : Starch
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29l AFRE HYPYTHTable 3). Table 39 3]HAL Aurw (Table 3). Kim IS 5(2009b)¢] AT-oXe ErfERZES A7}
Perturbation Perturbation
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T : : A 3 i i
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e B B
I A é : i 1
Figure 1. Perturbation plot and response surface plot for the effect of tomato powder(A) and starch(B) on

physiochemical characteristics of sausage prepared with tomato powder,
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Table 4, Mechanical characteristics of sausage prepared with tomato powder at various conditions by response surface design Mean®S.D,
Tomato Responses”
Sample No, Powder Starch Springi Cohesi
(9) (9 Color L Color a Color b Hardness pringl Chewiness onesive
—ness —ness
3,645.00 3,276.67
1 1 2 64.83+1.0/ 8.20%+0.7 2428+1.64 ’ 1.10£0.17 ’ 0.82£0.01
BELO 3 +264.06 +483.03
3,304.97 6,292.16
2 8 2 57.70+0.21 18.6210.32 43234120 ’ 27013 .42 ’ 0.71£0.11
> 2 BB +44721 3 £79773
3 1 12 60.86£0.41 8.86£0.53 27.68£2.19 472400 3.03£3.25 14,070.00 0.88%+0.01
T T T £735.90 R +469.00 T
427397 3,522.87
4 8 12 54.36+1.54 19.36+0.47 444241 49 ' 1.02£0.0 ’ 0.8110.02
>3 o3 4 +166.61 5 +133.68
4,543.40 12,851.20
5 1 63.45+0.21 8.46+0.2 25371058 ’ 53+3.4 ’ 0.86%0.01
5 7 3.45+0. . .27 5.37£0.5 +61041 3.53+3.43 +518.84 . X
3,768.70 2,747.21
6 8 56.64+0.25 18.84+0.66 43.87*1 ' 1.00£0.01 ’ 0.73%0.0
7 56. 25 X X 3.87£1.99 18135 X X £28.66 .73%0.03
4,172.80 5,085.68
7 45 2 60.74%0.45 15.06£0.44 3040.62 T 1.68+1.18 T 0.8310.01
Y 23 +303,32 +686.97 )
6,092.27 13,357.90
8 45 12 56.00%0.53 16.36+0.42 41.43+0.64 ’ 2.44%2.42 3,357.9 0.81+0.04
+161.04 +913.80
4,994.33 4,188.55
45 7 58.04t1.0 15.23+0.82 28.82+1.04 1.01+0.01 0.81£0.0
? 5 523 +£88002.08 +660.20 3
5,201.37 4,309.88
10 4 434046 15.90+0.1 40.95+0.16 ' 1.02+0.0 ’ 0.8110.01
S5 7 59.43%0.46 5.90+£0.19 95=%0. +723.36 X .03 440,15 . X

UL (white +100 <> 0 black), a (red +60 <> -60 green), b (yellow +60 <> -60 blue)
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Table 5, Analysis of predicted model equation for mechanical characteristics of sausage prepared with tomato powder

Response” Model Mean=£S.D, R—Squaredz) F-value” Prob)F Polynomial equation‘”
Color L Linear 59.20+0.84 09502 673" €0.0001 341A-2.01B+59 21
Color a Quadratic 14.49+0.29 0.9980 30928 €0.0001 +5'22A§0'4SB+? 020AB

1.94A%+0.12B°+15 57

Color b Linear 35941421 0.0036 14017 0.0036 +9 03A+1.12B+35.94
-260.79A+661.25B

Hardness Quadratic 4,472.084300.21 0.9416 12,89 0.0141 -27 50AB-1058 23A°
-81.74B°+5156,06

o i -0.49A+0,17B-0 90AB

Springiness 2F1 1.85£0.80 0.5607 2,55 0.1515 185
Chewiness 2F1 7,036.21%2,793.96 07478 593 0.0316 2939 27A+2616,04B
’ ' -3390.65AB+7036.21
-414,74A+31 68B-4.09AB

Gumminess Quadratic 2,709.85+1,046.59 0.5803 111 0.4743 +1325 34A°+1325 34B°

+1675.48

Cohesiveness Linear 0.81+0,027 0.7965 1370 0.0038 -0.052A+0,023B+0.81

UL (white +100 < 0 black), a (red +60 <> -60 green), b (yellow +60 «» 60 blue)
Y0<R2<1, close to 1 indicates the regression line fits the model,

I p € 0.001, " p €001, p (005

“A : Tomato powder, B @ Starch
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Figure 2. Perturbation plot and response surface plot for the effect of tomato powder(A) and starch(B) on

mechanical characteristics of sausage prepared with tomato powder,
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2) ZAZ(Texture)

Enfeid H7b AR 2AZE 24 A= Table 49}
2t} AE+ quadratic modelo] XA E QO H(Table 4), #2
2l AF(p(0.05% YERITHTable 5). Table 59] 3]H21&
T3 AT Fol aAAY Aol P F FFE
o yeston], AE®)e] Arhgel UHrE et 5
7Feh AL, ErtERE ()9 7ol sUHErE Awrt 57
sitht §43] HAdhe AgS HAoh(Figure 2). ol HE
H7rgol Woldas XA ddHor FEFFo] Yot
A AEE S7MAIIE Aeg debE™, Picha DH(1987)¢] <
TolA EntEZE f713F, 715 9 Be s ek gl
o] a7] g Ao A3tE Fv= 4 A
EntERT rbe] BoldsE Aurt Hadhe Ade
Aokl AT 4 Qloh mdk AR AR Al o] AAA
2 AgetnR EntE 29 Hriko] Slshd AFE el
aet Berh ad Zow AlmdEdh 3432 2F1 model
o] A= o (Table 5) F24Ql AoE UERATH(p(0.05).
ARB) A7EFe]l S7HEEE AEe F4 S
W2 BEvEEEA)S S RS dale Ae
gelgt # QlAthFigure 2). 3L linear Rlo] e
o m(Table 35), #2220 S YERNAtHp(0.05). EFlER
HA)9] A7kl S7HEESE S440] STk R A
B H7tol S7IEFE S0l Hadste ZoR vE
Wt} (Figure 2).

X
rr
N

b

2l e ErlERY W A4 F E

A A= Table 63 2t} EnERT Hy}
AR = ZYHE TS quadratic modelo] AAE] O
1, p-valuerx (0.00012 &0 2 el tHTable 7). Table
79] 32 AEY ErlERDA)9] Hrbge] F T
= g o 2 9FE vAE AS & 5 Ui Figure 3
9] perturbation plot¥} ¥FFEHIMNS AHE Ay EvlER
Z)e] s7EE F Febe g9 34 SURE
BEE B, Aw®e 1 o] EsE & EYdE

AC)
5,
s
ok
e
S U

Fgol evbs] frashs A& & 5 Ak Kim MJ2011)9]
AFoME kst 7gol w2 AFoR dEld AT, X,
2 77} 1,587 mg/g, 1.406 mg/g, 1.023 mg/ge] HE TS
Kol BEnlERe] giksl 7)Ao 45s Fld & 9l
Atk olFE ErnfERTe =2 e RS Holy] uwjiEd
Table 63 & ZAFE Hval Als €}

Table 6, Antioxidant activity of sausage prepared with tomato

powder by response surface design Mean=S D,
Responses
Tomato
Sample Powder Starch  Total phenolic DPPH free radical
No. (9) (@) content scavenging activity
(mg/g) (%)
1 1 2 0.42%0.01 22974055
2 8 2 0.94£0.12 57.76£1.22
3 1 12 0.43+0.00 17.84+1.20
4 8 12 0.81£0.05 45.01+2.56
5 1 7 0.44%0.02 23.49+1.27
6 8 7 0.87£0.02 46,28+3.29
7 45 2 0.69£0.03 34.66+1,07
8 45 12 0.67+0.07 37.82+7.88
9 45 7 0.69£0.04 40.22£0.60
10 45 7 0.69+0.05 33.12%1.41

2) DPPH A4 2z £7%

7} 10709 AR e ErfERT 7} AA)A|9] DrPH
A Bz 2A% 4 dIe Table 63 b, EvfERT
A7} AAIAe] DPPH AR HUZ A% linear model©]
AAEPD O™ pvalues 0.00022 fFolFoz YeEltal R2Fk
L 091512 2ol ZgAo] A ATHTable 7). Table 79
3AAS AuEd ErlERda)e] HAE(B)ETE DPPH A
gz 24T o 2 JFS vHeE AS & F Uk

AAE 2o )3k perturbation plot¥} HFEFEH IFA L
Figure 33 Zomw EnEEwWA)Y Hrlgke] Z71E-E

Table 7. Analysis of predicted model equation for antioxidant activity of sausage prepared with tomato powder

Response Model MeanxS.DD. R—squared” F—valuez) Prob)F Polynomial equation3)
Total Quadati 0664001 09978 35025 0.0001 +0,22A-0.023B-0.035AB
uadratic 6010, . . . 2
phenolic content -0.032A%-7.143E-003B7+0.69
DPPH B
Linear 35921404 09151 37.74 0.0002 +14.12A-2.45B+35.92

free radical scavenging activity

PO<R’<1, close to 1 indicates the regression line fits the model.
e
p ¢ 0.001
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Figure 3. Perturbation plot and response surface plot for the effect of tomato powder(A) and starch(B) on

antioxidant activity characteristics of sausage prepared with tomato powder,

DPPH At 2tz &75e $4= §43] S7kskaltt. ©f
oF g dE®)e Hrbel $71dS DPPH A #huZ
2ATE FadhE BES YERIRITE Basuny AM 5(2009)
o] AToME EntE golzdle] =¥ DPPH Ay iUz
2ATES SHT A, golmde] st E854E $4%0)
FroHon F713 A%E Heo] B AFAzel AR A
Boltk ol¢} e Avw EnlERwW] Hrlsko] Zret

5 PAsksol 7§43 ke Ag FAT & At

£

tlo

—
6. BsH =4

EolEpws) e SHNE Azd 2 08 244
Lo, 0, Reele, 4R, AnEel JERd qE 38
o slgshe H5E Table 8% Zrh Adgte AL
Table 9¢] AAIBFAL, 52 S 3t perturbation plot
I} - FHEA-S Figure 490 A|ASHITH

A (Colon)ol] th3+ 71 %=E 3.04~5.628 HAS Yehion
(Table 8), quadratic Rdlo] MAEATE p-valuer 0.0148%
o2l A= HJrK(Table 9). Figure 49] perturbation

plos} WSEERUS AN EoERREs ARE)
ol FNFH JEEE L o] ashe A

FH(Flavor)oll thgt 713w 3.24~5929] H9E UERY
O ™(Table 8), quadratic E&o] MAFJUT} p-valuer 0.0144
2 fojdel AE Barhrable 9. & A4 e
& A5Ee A EolRe] Fojd o 2 ¥ v
Az AL ¢ % AUt Fawe 4904 Fol Azw e
perturbation plot?} BHERHSN S v Ay EvfEdw
(el Aitol Frheel weh Fzst Flal B39
B2 AT B 5 ANW AR Bl Fhes
2 JEEE 9k 2kt daste A9} e

R8I (Chewiness)ol| T3 7|3 %E 2.40~5.9274 9] H¢
= Yehdlo™(Table 8), quadratic Zdo] MAE} p-value
T 0.04092 A AFHE BHAH(Table 9). 37204
Bt AlFES A A7, EnfERdo] P ¢ &
FE A AE & F U Figure 400 VERRSIE
perturbation plot¥# WHS-EHAITHS AR Ay ErlERd
W& M7kl 3785 E 7awrt Frlsttrt 348l 7

Table 8. Sensory characteristics of sausage prepared with tomato powder at various conditions by response surface design Mean=£S.D,
Sample No, Tomato Powder Starch Responses
(@) ) Color Flavor Tenderness Chewiness Overall quality
1 1 2 3.04£1.46 3.40%1.22 352£1.29 4.00+1.66 3.60+1.44
2 8 2 3.56+1.39 3.40%1.58 3.6411.75 256£1.29 2.76£1.39
3 1 12 344119 3.68+£1.49 3.64%141 432£1.70 3.52+1.26
4 8 12 312+147 372+151 376+1.56 2841140 3.00%+1,38
5 1 7 3441142 3.76+1.48 408+1.53 441153 372%1.24
6 8 7 387135 324+123 324167 24%1.08 3.08+1,.22
7 45 2 4371132 480£1.19 432+152 412+124 452%1.45
8 45 12 437+1.39 5.20£1.08 480£1.26 4.72+140 5.16£1.21
9 45 7 5.62£0.95 5.76+0.78 5924081 5.841+0.85 6.12+0.60
10 45 7 5.62+0.94 5.92+0.76 6.12£0.73 5.92+0.64 6.28%0.74

Minimum & Maximum score for each statement is 1-7,
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Table 9. Analysis of predicted model equation for sensory test of sausage prepared with tomato powder

Response Model Mean=®S.D, R—squared” F-value? Prob)F Polynomial equationa)
Col Quadrati 405%0.35 09399 1252 00148 #O.LLAG.0075- 0035 02148
olor uadratic +
B ' ' ' -1A46A™0.74B+5 37
2
. -0.080A+0.17B+0.010AB-1.83A
Flavor Quadratic 429038 0.9409 12.73 0.0144 )
-0.33B+5.59
Tend Quadrati 430£0,62 0.8297 39 0.1060 1.104+0.12B+0.000AB-1 54
enderness uadratic +
R ' ' ' -0,64B7+5 61
Chewi Quadrati 4112059 0.880 205 00409 -0.82A+0.20B-1.000E-002AB
ewiness uadratic +
S : o ‘ 1.63A%0.61B%+5 45
2
. -0.33A+0.13B+0.080AB-2.13A"
Overall li drati 4181048 0.938 1221 0.015
erall quality Quadratic 9385 55 0.69BH5.86
P0<R’<1, close to 1 indicates the regression line fits the model.
P b (0,05
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Figure 4. Perturbation plot and response surface plot for the effect of tomato powder(A) and starch(B) on sensory

characteristics of sausage prepared with tomato powder,
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Figure 5. Perturbation plot, response surface plot, and overlay plot for the effect of tomato powder (A) and

starch (B) on desirability of sausage prepared with tomato powder,
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