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Processing Optimization of Seasoned Chicken Sauce Using

Plackett-Burman and Response Surface Methodology

Hyun—Woo Jung

Department of Food Industrial Engineering
Graduate School of Global Fisheries

Pukyong National University

Abstract

There are many changes in the food industries in the ongoing COVID-19
pandemic. Due to the COVID-19, the development of retort food and the
delivery culture have grown rapidly due to restrictions on the number of
restaurants and customer. Restaurants that had not previously delivered

changed to deliver their products during the COVID-19.

Therefore, in order to make the taste of chicken sauce from 2Chadak(bland
name) more competitive, we used a statistical method that saves time and

money to screen how the ingredients affect the preference of the sauce. After



manufacturing the sauces by Plackett-Burman design, sensory evaluation
was carried out to get a result that ketchup, red chili powder, soy sauce and
water are key factors affecting color, viscosity, saltiness, acidity, and spicy
taste. In addition, we have confirmed that numbers of factors affect likability
were red pepper powder, syrup, sugar, sesame seeds, and water. Of the 12
sources created using the Plackett—-Burman design, source 3 scored the
highest favorability score, with a pH of 4,66 and a sugar rate of 51.3 brix (%).
In addition, the brightness (L) value was 16.0, the redness (a) value was 3.6,
and the yellowness (b) value was —1.1. The percentage of sauces received
the most in the evaluation to choose the most preferred flavor is 18.2%
ketchup, 9.1% water, 7.9% soy sauce, 5.2% pepper, 5.2% pepper, 5.5% sugar,
49.1% garlic, 1.8% syrup, and 1.8% syrup. In chapter 2, three of the factors
that influence the favorability of the material in chapter 1 (red pepper powder,
sugar, sesame seeds) were selected and 15 sources were manufactured using
Box-Behnken design model (BBD-RSM) among the response surface
methods (BBD-RSM) and then functional evaluation. With the results of the
sensuality evaluation, we learned about the effect of the material on the
likability of the source and obtained the optimized amount of ingredients.
Experiment results showed that the 15th sauce was rated the highest
favorability, and the ingredient ratio of the 15th sauce was 20% tomato
ketchup, 10% water, 7% soy sauce, and red pepper powder 5%, sugar 3%,
garlic 6%, syrup 47% sesame seeds 1% sesame oil 1% rated the best. The
source 15 was measured pH4.55, 17.2 L value, 5.4 redness (a), 0.3 yellowness
(b) and 51.9 Brix. The response of optimization for favorability was estimated
as the maximum value, 29,15g sugar of red pepper powder was found to be
the most likable when added 8.77g breaking 21.57g. We believe that this

study will help self-employed people and cooking as a basis for developing

vi



sources and improving quality by using statistical methods to minimize time

and cost consumption with fewer experiments.
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2. A3 vy
2.1 Plackett-Burman 2 A (PBD)E o] &3 JI X7 AA A%

Plackett-Burman design < % A 82} Plackett ¢ Burman ©] 1946 d 9
Mg AR ORE AP x7] GANA Fas 845 AEsk=T AHE
Hoh(Plackett, Burman, 1946). 8.Q1(factor)¥ =(leveD o2 5 g 1}vk
< BA3le] 5 82 (factor)S screening & =~ 9l AHEAA AE AlE
Mol T Y A9 F(run)E 4 9 #5=7F ©vf. 22 (factor) 2 7l
A AT WA A o] Tk, Lol mhel 2 W 59 F(run)= 4 3o

A 48 B 7A] AAT = k. P et SAkA AH L9512

Aol A ARE-H AL QL Ao H| &S Farste] THEQITH(Table 1).



Table 1. Recipe used for chicken sauce in Plackett-Burman design (PBD)

Ingredients Quantity (%)
Tomato ketchup 20
Water 10
Soy sauce 7
Chili powder 5
Sugar 3
Garlic 6
Starch syrup 47
Sesame 1
Sesame oil 1

B Ao = AT A = Plackett-Burman design & A3t &

#HE BAste] F 29¢1S screening 7] 93 Minitab(Minitab® 20.3



97HA 81 AH 1, =x2, H8xs, L5 x7HaBxs, "Hexe, =7, Zxs,
N Exe) Y o ARgtows Alxd 220 ¥ B 231 A(Y), &
(Y, BBHY,), ABHY,), "W28HYs), S (Y= AT o] &
2152 Plackett-Burman design & AF-&3}e] 9 Q21 (factor), 2 ==(level)

o7 3}o] 12 run &2 A A3 tHTable 2).

g A 22 AZPHE AY B G 0FATF Y vhs BR ) 2]
$2 93BG 0 vhE ARE AGSAT -1 2 EFud 5L

S eI = @2 7 (low) o, +1'2 7TZFEY B2 &S e
T 2 T (highlo 2 st Al 228 S s HRyu, 2014). '-1'3} + 1
o] A5 42 o5 ZH(Table 3).

Table 2. Variables and twelve runs of PBD model

Tomato Soy Chili . Starch Sesame
Water Sugar Garlic Sesame .
ketchup sauce powder syrup oil




1 -1 -1 -1 -1 -1 -1 -1 -1 -1
2 -1 -1 -1 +1 +1  +1 -1 +1 +1
3 -1 -1 +1 +1 +1 -1 +1 +1 -1
4 +1 -1 -1 -1 +1  +1 +1 -1 +1
5) +1 +1 +1 -1 +1  +1 -1 +1 -1
6 -1 +1 +1 =Sl Hia -1 -1 +1
7 +1 +1 =1 +1 -1 = ri +1 +1
8 +1 +4 ~1 F 1 . < T -1 -1
9 -1 il -1 -1 — A 1 +1 +1 -1
10 +1 11 +1 l R 1 +1 +1 +1
11 -1 +1 +1 +1 Fol st 1 +1 -1 +1
12 +1 -1 £ 1 Ll 31 981 ~] -1 -1

Table 3. Low and high amounts of ingredients in PBD model

(Unit: gram)




Experimental

Ingredients -1 +1
no.
1 Tomato ketchup 120 144
2 Water 60 76
3 Soy sauce 44 52
4 Chili powder 26 34
5 Sugar 16 24
6 Garlic 36 44
7 Starch syrup 300 324
8 Sesame 4 12
9 Sesame oll 2 6

2.2 Box-Behnken design(BBD)¢] ¥h$-¥HE A (Response surface
methodology; RSM)<- o] &3k I X7 &2 A=
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Table 4. Recipe used for chicken sauce in Box-Behnken design (BBD)

Ingredients Quantity(gram)
Tomato ketchup 132
Water 68
Soy sauce 48
Garlic 40
Starch syrup 312
Sesame oil 6

12



Table 5. Variables and fifteen runs of BBD model

No Chili powder Sugar Sesame
1 -1 -1 0
2 +1 -1 0
3 -1 1 0
4 +1 +1 0
g £ 0 -1
6 1 0 -1
7 -1 0 +1
8 1 0 1
9 0 - -1
10 0 +1 -1
11 0 . o
12 0 +1 1
13 0 0 0
14 0 0 0
15 0 0 0
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Table 6. Low and high amounts of ingredients in BBD model

(Unit: gram)

Experimental Ingredients 1 0 +1
no.

1 Chili powder 26 30 34

2 Sugar 16 20 24

3 Sesame 4 8 12

14
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Fig. 1. Sensory evaluation sheet of chicken sauce in PBD model.
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Fig. 2. Sensory evaluation sheet of chicken sauce in BBD model.
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3. 4% ¢ 1#&

3.1 PBD & °]&3% FIX 22 A& a3
Plackett-Burman Design & AFg-3}o] A28k Axko] A
(Table 7). M=) 15.3~16.2 92 SAHACH M (a)ghS
3.1~4.8 o2 YElY FANE(h)= -1.6~ -0.

Ay
ol
o

o
o1
oL
L
4
i
=
i)

3.2 BBD-RSM & ©| &3 I &2 A= A A3
o AE 5A Ayo]ti(Table 8). =(L)#h-2 16.2~17.8 92 54
Hom A% (a)ghe 4.8~7.2 195 YERTh A E(b)E 0.8~ 0.5
B9 E vEbs T

d

3.3 PBD & |83 ¥EX7 22 FE 2 pHEH A7

= 2 pHS5A Aotk (Table 9). w8 G+ 51.7 & YElsa A
& o] Y= 498~52.9 2 =AH UL pH = Ul x 4.48 2 YEISEO

M A9 pHE 4.21~4,742 SR HA.

3.4 BBD-RSM < o] &3 3= 2 pHSA A7
T 4 pH 54 A¥olth(Table 10). G=+= 49.1~52.6 &2 SAHF AT},
pHE 4.21~4,74 & =35},
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Table 7. Hunter’s color values of chicken sauce in PBD model

No L a b

ol 15.9+0.38° 3.6£0.35% ~1.3+0.60"
1 16.0+0.35% 3.1+0.26° -1.4+0.06™
2 15.3+0.17¢ 3.2+0.47¢¢ -1.6+0.12
3 16.0+0.06%>¢ SAGED J o -1.1+£0.15"
4 154 H0B0° 4.3+0.60%" -1.5+0.67™
5 16.2+0.10° 4.6+0.12% -0.9£1.42%"
6 15.840.36%¢ 4.0+0.442> -1.3+£0.57™
7 1575+0.30°%§ 3.8£0.68% -1.4+0.46™
8 15.940.46> 4.8+0.31° -0.6+0.10°
9 15.4+0.06"¢ 3.5£0.46¢ -0.5+1.78%
10 15.8+0.47> 4.340.75%< -1.240.12%
11 15.940.40% 3.8+0.15% -1.1£0.12%
12 15.4+0.20% 3.5+0.31%> -1.5+0.38"

a~d\eans with different letters in superscripts are significantly different

(P < 0.05) by LSD multiple comparison test.
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Table 8. Hunter’s color values of chicken sauce in BBD model.

No L a b

1 17.8+0.23% 7.2+1.83% 0.4+0.06%
2 16.540.15P¢d 5.9+0.17% -0.24+0.21%
3 16.2+0.17¢ 4.840.49° -0.84+0.15"
4 17.7+0.06° 5.1£0.25° -0.4+0.36%
5 17.04+0.382b¢de 5.2+0.59° 0.0£0.80%
6 172 K0 (56 5.840.25% -0.4+0.35%
7 16.74 0.15Pcde 4 N 5B -0.74+0.23"
8 17.440.10%® 6.9£0.62° 0.240.38%
9 16.5+0.35P¢d 5.3+0.49" -0.3+0.30%
10 16.31+0.32¢4¢ 5.3+0.36° -0.740.40°
11 17.1£0.402<4 6.1+0.66% 0.5+0.64%
12 17.440.17% 5.8+0.26% 0.3+£0.17%
13 16.74+0.12bcd 5.9+0.40% -0.4+0.32%
14 16.2+0.25% 4.940.25° -0.3£0.82%
15 17.240.35%¢ 5.4+0.29° 0.3+0.21°2

¥“*Means with different letters in superscripts are significantly
different (P < 0.05) by LSD multiple comparison test.
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Table 9. Sugar contents and pH of chicken sauce in PBD model

o Brix (%) oLl

o, 51.7+1.21° 1.48+0.05"
! 50.842.30"° 4.5140.02%>
’ 51.0£0.40"° 4.63£0.08%
’ 51.3%£1.90%° 4.66+0.10%
! 50.942.57%° 4.32£0.01¢
° 51.241.44% 4.6140.04*
0 52.3£0.12% 4.54+0.06™°
! 50.1+1.67" 4.58+0.10™"
° Saar0i2 4.22+40.12¢
? 52.4%0.26% 4.69%0.05°

10 49.8+1.27¢ 4.2140.08¢

H 53.140.25 4.74%0.17°

12 51.1£1.44% 4.39£0.07"¢

“d\Means with different letters in superscripts are significantly

different (P < 0.05) by LSD multiple comparison test.
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Table 10. Sugar contents and pH of chicken sauce in BBD model

No Brix (%) pH
1 50.1+£1.49%¢ 4.56+0.07"
2 50.0£2.03%¢ 4.56+0.05"
3 52.5+1.19% 4.56+0.04"
4 51.3+£0.81%° 4.60£0.13%¢
5 52.6+1.04% 4.53+0.07"
6 50.6+0.61%¢ 4.62+0.08%
7 50.340.85%° 4.56+0.03%
8 50.0%3.24" 4.454+0.06¢
9 51.3+£1.78%¢ 4,53+0.07"
10 51.5+£2.29%¢ 4.60£0.10%°
11 AT LN 4.59+0.14%>
12 51.84+1.62%¢ 4.7340.12°
13 51.6+£1.17%¢ 4.56+0.06"
14 51.0£1.51%¢ 4.63+0.07%
15 51.9+1.41%¢ 4.55+0.06"

““Means with different letters in superscripts are significantly

different (P < 0.05) by LSD multiple comparison test.
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Table 11. Sensory responses of tasty chicken sauce in PBD model

No Color Viscosity Salty taste Sourness Spicy Favorability
1 4.3240.78"  3.32£0.78%  3.68+0.78" 3.86+£1.28"  3.50+1.14™  4.09+1.38"°
2 4.14£0.94"  4.824£0.96*°  3.91£0.97* 3.77£1.11"  3.91£0.92"  4.36+1.29"
3 4.27+0.83*  4.00£0.69*  3.82+1.01*° 4.05+1.21*°* 4.14+1.13*  4.45+1.34
4 3.95£1.09%"  3.73+£0.83"¢ 4.00+1.23* 4.27+1.16*°  3.59+0.96®  3.82+1.56*°
5 3.68+1.04"  3.27+0.88%" 4.00+0.87* 4.18+1.53*  3.36+1.22"  3.91£1.27*°
6 4.05+0.79"*  2.91£0.81°"  4.23£1.27* 3.73£1.16™  3.55+0.91"  3.73+1.42"°
7 3.86+0.64""  4.36£1.05" = 4.00£1.23* 3.82£1.50™ 3.86+1.17*  4.18+1.56"°
8 4.00£0.69*"  3.64£1.18°  3.73£1.03" 3.50£1.22°  3.91£1.23"  3.59+1.33"
9 3.86+0.56°"  2.64+0.79" = 3.77£0.92* 4.09£1.06®  3.32£1.36°  3.45+1.37°
10 3.68+0.65"  2.91+1.23"¢ 4.00+1.07* 4.184+1.18"  3.36+1.05"  3.64%1.36*°
11 4.14£0.99"°  3.68+£1.09"° 4.05£1.09* 3.45+1.18"  3.41£1.47°  3.68+1.43"°
12 3.95+0.72°  4.274£0.98"° 4.18+1.18" 4.32+£1.46*  3.86+£1.04™  3.82+1.44"°

IMeans with different letters in superscripts are significantly

different (P < 0.05) by LSD multiple comparison test.
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Table 12. Sensory responses of tasty chicken sauce in BBD model

No Color viscosity Spicy Salty taste Favorability
1 451+1,48>%  4.06+1.39%  3.82+1.53*¢  4.244+1.35"  5.09+0.86°"
2  5.03%£1.63"  4.85+£1.33" 4.124+1.37* 3.97+1.27¢ 4.68+0.78%
3 4.7541.28%¢1 3.91+1.42%  4.00+1.40™  4.61+£1.40°  5.45+0.85"°
4 5.24+1.37° 4.944L 5210 § 2 201997 4.06+1.41%¢  4.77+0.87%
5  4.75+£1.48% 3.70£1.31°  3.4041.44° 4.24+1.35"¢  4.8140.85%
6 5.12+1.32*  4.79+1.20" 4.46+1.46° 4.03£1.33"¢  4.63%0.73°
7  5.06+1.46® = 3.70£1.60°  3.88+1.37*  4.40+1.14*™  5.0440.72°
8  4.974+1.43*™ 510+£1.40°  4.03+1.29%™ = 4.03+£1.58"¢  4.96+0.84%
9 5.09%1.36™ ' 4.30+£1.43% 394+1.41%™  4.00£1.30"™  4.78+0.75%
10 4.58+1.64*%  4.40+1.22"¢ 3.88+1.25"°  4.33+1.51*¢ 5.14+0.83"
11 44241527  4.2841.38™% 3.70+£1.29* 4.36+1.27*¢  4.86+0.83%
12 4.15+1.48¢ 4.06+£1.28%  3.64%1.34" 4.67+1.34° 5.50+0.86%"
13 4.3+1.53% 4.00£1.46%  3.54%1.38" 4.64+1.34"  55940.80"
14 4.70+1.60"7 4.814+1.67*¢ 3.82+1.36"  4.57+1.28%¢  577+0.87°
15 4.46+1.62°¢  4.18+1.29°%  4.19+1.45% 4.55+1.30"  5.81+0.85

¥“*Means with different letters in superscripts are significantly

different (P < 0.05) by LSD multiple comparison test.
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Main Effects Screener for Y1
Summary Report

Data Means
Look for panels with large differences between levels.

Tomato Ket Water Soy Sauce
[ N
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T T T T T T
1 1 - 1 -1 1
Chifl Poyd Sugar Garlc

Al
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414

Fig. 3. Plot of main effects on red color of sauce.
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Main Effects Screener for Y2
Summary Report
Data Means
Look for panels with large differences between levels. Effects Pareto
Isolates the most important effects.
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Fig. 4. Plot of main effects on viscosity of sauce.
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Main Effects Screener for Y3
Summary Report
Data Means
Look for panels with large differences between levels. Effects Pareto
Isolates the most important effects.
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Fig. 5. Plot of main effects on salty taste of sauce.
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Main Effects Screener for Y4
Summary Report
Data Means
Look for panels with large differences between levels. Effects Pareto
Isolates the most important effects.
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Fig. 6. Plot of main effects on sourness of sauce.
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Main Effects Screener for Y5
Summary Report
Data Means
Look for panels with large differences between levels. Effects Pareto
Isolates the most important effects.
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Fig. 7. Plot of main effects on spicy of sauce.
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Main Effects Screener for Y6
Summary Report
Data Means
Look for panels with large differences between levels. Effects Pareto

Isolates the most important effects.
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Fig. 8. Plot of main effects on favorability of sauce.
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7he] SHWG axrbE, AR, e bl e 4= AT Hd
7F H= HA ] v &S F-3H7] 918 BBD-RSM & o] 83te] 1571 A3
= AAst AsHIL T IHALE FEUTE LU, A, AAE 5EE
== Minitab(Minitab® 20.3 64-bit)E ©]-&-3}o] L&}t 1 A3 5 ¢HH
o] AGATE 0932924 AHAAE 93.29% Y= Aoz e

t}. Model ¢ P-value = 0.018, Linear 2] P-value + 0.032% Y€} 5
frolgmol A - o m gk xfol 7} gl thH(Table 13).

ANOVA Aol ofsl] A=l ofefje] 817 W42 S3tmeh ux7he, A
g, 7ol HAE A st AR 5 At
Favorability = -30.02 +1.778 Chili powder +0.793 Sugar + 0.301 Sesame

- 0.02912 Chili powder*Chili powder = 0.01634 Sugar*Sugar
- 0.02486 Sesamex*Sesame —0.00426 Chili powder*Sugar

+0.00142 Chili powder*Sesame + 0.00426 Sugar*Sesame

ANOVA &7 "ol EdA B e} a7 A%, 749 #A =
3D plot contours & A&} tH(Fig. 9 ~ 11).
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Table 13. Analysis of variance (ANOVA) for the analysis of the BBD

model used to navigate the favorability of chicken sauce

Source

DF AdjSS Adj MS F-Value P-Value
Model 9 2.09793  0.233104 7.73 0.018
Linear 3 0.62190  0.207300 6.87 0.032
Chili power 1 0.23244  0.232438 7.71 0.039
Sugar 1 0.26446  0.264463 8.77 0.031
Sesame 18~ 02500 Y&0. 1L£5060 4.14 0.097
Square 3 1.43678 0.478926 15.88 0.005
Chili powder*Chili power 1  0.80149  0.801494 26.57 0.004
Sugar*Sugar 1 0.25223  0.252225 8.36 0.034
Sesame*Sesame 1 0.58408  0.584075 19.36 0.007
2-Way Interaction SN0 O 07013085 0.43 0.738
Chili powder*Sugar 1 0.01860  0.018595 0.62 0.468
Chili powder*Sesame 1 0.00207  0.002066 0.07 0.804
Sugar*Sesame 1 0.01860 0.018595 0.62 0.468

Error 5 0.15083  0.030165
Lack-of-Fit 3 0.12190  0.040634 2.81 0.273

Pure Error 2 0.02893  0.014463

Total 14 2.24876

R-squared=0.9329; Adj R-squared=0.8122; Pred R-squared=0.1037
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Surface Plot of Favorability vs Sugar, Chii power

Hold Values
Sesame 8

§7 ‘

Favorabilty 4%
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48
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Fig. 9. Surface plot of favorability vs sugar, chili power.
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Surface Plot of Favorability vs Sesame, Chili power

Hold Values
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50 | "
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/
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2%0 , /
2~.' ) "0
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Fig. 10. Surface plot of favorability vs sesame, chili power.
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Surface Plot of Favorability vs Sesame, Sugar

Hold Values
Chili power 30

575
50/ |
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525
500
- /" 15 Sesame
T i 1.
15 =ty 50
200
25
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Fig. 11. Surface plot of favorability vs sesame, sugar.
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Interaction Plot for Favorabilit
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Fig. 12. Factorial plots for favorability.
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Fig. 13. Multiple response prediction.
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Table 14. Ranking evaluation of final products in BBD model

2nd 3rd Total

1st

No

10

10
11
12
13
14

15

33 33 99

33

Total
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