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Min Gyeong Kim

Graduate School of Education
Pukyong National University

Abstract

Recently, the eating patterns of Koreans are westernized amid the economic
growth. However, the westernized eating patterns may cause various diseases such
as overnutrition, obesity, and -others, which can- be often ~observed in school
foodservice. Furthermore,  westernized eating patterns increase the preference for
meat and manufactured foods, which result in unbalanced ‘diet. It ‘is imperatively
urgent to find a way to resolve such problems. Therefore, this study aimed to
develop new menu for ‘'middle school foodservice that may help meet the
preference for, food and improve health, ultimately promoting balanced diet for
students who have a high preference for meat.

Tofu is a good food for-adolescents who tend to -grow physically remarkably every
year as the food is rich._in" protein and mineral, .easy to digest, free from
cholesterol. Chicken meat is rich in all essential amino acid necessary for human
body, good source of proteins, and contains low fat and high contents of
unsaturated fat compared to other meats. This researcher made chicken meat-tofu
patty using the tofu, the vegetable protein that can replace meat protein, and

chicken meat that is preferred highly by students and contains low fat.

The response surface methodology(RSM) based on the mixture experiment design
was applied to attempt optimizing the ingredient mixing ratio of tofu and chicken
meat, which was followed by general ingredient analysis and nutritional quality

evaluation, and then a survey was conducted to find out the preference level.



Nutritional quality was conducted for the chicken meat patty containing tofu made

by the optimized mixing ratio, which was also subject to a comparable analysis in
comparison with the patty only from chicken meat. In the phase of nutritional
evaluation, a comparison was made between the optimized value and the control
group by analyzing the composition amino—acid and by measuring protein
digestibility (in vitro), computed protein efficiency ratio.

Texture profile analysis and sensory were tested and the correlation between the
texture profile value and sensory value was figured out. The correlation was
validated significant(p<0.05) except the fracturability, while correlation with hardness
which is the physical property value was found to be negative.

Optimum mixture ratio of CPT was 29.3g of tofu with 25.7g of. chicken meat, and
predicted sensory score was 6.66-for overall-acceptability. ‘On the analysis result of
overall acceptability by consumer test, sensory score of patty with optimum mixture
ratio was significantly(p<0.05) higher 6.62+0.75 for male students, 6.70£0.91 for
female students than those' of control(6.37+0.60, 5.98+0.77).

The protein ‘content(18.87+0.30, 71.72%) of the chicken -meat patty containing
tofu(CPT) was lower than. control(27.15+0.39, 78.72%), and the fat .content(3.74+0.06,
14.22%) of CPT was-higher than_control(1.64+0.14,.4.76%), .and the calorie(109.14
cal/100g) of CPT was lower than-eontrol(123.86 cal/100g).

The main amino acid of the optimized patty contained glutamic acid, the highest
content followed by aspartic acid, leucine, lysine, and arginine, while it contained
glutamic acid, the highest rate followed by acid, aspartic acid, lysine, leucine, and
arginine in the case of the control group.

In vitro protein digestibility of CPT(83.68%) was lower than those control(86.24%)
and computed protein efficiency ratio of CPT(1.97) was 1.97 lower than those
control(2.59).

Based on the results in the above, chicken meat patty containing tofu met the

preference of students, and furthermore, it did not contribute significantly to the

= Vil -



weight increase compared to the patty made only from meat in terms of nutrition
and is categorize into the food that is excellent from the standpoint of food
classification based on the protein efficiency, the chicken meat patty containing tofu
is expected to be useful in developing menu for school meals that can help bring

balance to the meat-centric diet.
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Table 1. Mixture ratio of five formulations of chicken meat

patties containing tofu.

Ingredients of patty(g)*

Formulation
1

Number Tofu Chicken meat Vegetables® Total(g)
XD X2) egetables otallg

. A4 13 5 60

9 385 165 5 60

5 33 29 5 60

4 2775 27.5 5 60

5 2 33 5 60

! Formulation numbers correspond to the numbers shown in figures.

jz Ground tofu ranged from 22 to 44, chicken meat ranged from 11 to 33.
® Mixed vegetables 5g — onion(1.94g), carrot(0.58g), chinese leek(0.2g),
whole egg(1.94g), table salt(0.15g), sesame 0il(0.19g).



3. X4 A A Texture Profile Analysis)

Patty 9] 22 E4L ZAFEH S AZE Texture Analyzer(TA-XT2i, Stable
Micro System, England)E& AF&35lo] Al59 A2 & HYE two bite
compression test® 103] ®b& FAskglow, ojwof AE7]7] &4 =&
Table 29} 2T}l Texture analyzerE AFE3lo] Ao]A| = force-time curve

ZHE TPA(texture profile analysis) parameterE =% 3dlo] 7]A %<l 7

o,

% (hardness), A A4 ((fracturability),  ©= A (springiness), <3

=] =

(cohesiveness), 24 ((gumminess), 2 &4l (chewiness)®] 54 % E Born

B3 we} EAEAtH(Born MC 1978; Szczesniak As 1975). 24 =
A T AR 2LE #AF54 54 HIl v 52 2F7] 95ty #
T4 BEA o B9 A AT F2 § 5E ol A& BE 1034 =

_10_



Table 2. Analytical condition of texture profile analysis.

TA-ST2i settings

Pre-test speed 3.0 mm/s
Test speed 1.0 mm/s
Post-test speed 3.0 mm/s
Distance 60.0% strain
Time 2.00 sec
Load cell 25—-1
Force 0.1kg
Temperature 40

! Texture Analyzer(Model TA-ST2i, Stable Micro System, England)

_11_
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AOAC Hol| we} 72 Adr7tddxzy, 2dWLS Semi-micro Keldahl
B, ZAYE Soxhlet M, 3E2 A4 JspPor AZFFAUATH(AOAC

1990).

52 @9 d F2F7}

52.1 FAoln A A

T/ ol =2k Felker®t Waine(Felker and Waine 1987)2] Hwof we}
6N HCLZ 110% sand bathollAl 24A1%F 7l¢=%3& & 72 553 A4
sodium citrate'. buffer(pH 2.2)= 10mlA &3t oln =2t 2547
(Biochrom 20, Pharmacia- Biotech)® = 4138l th.  Cysteine
1-octanol,H-O, 8.6M-urea-EDTA s-olution, NaBH,& Al 5] Y1 &35}
o 100%= FFolA 2A17F ®Wx]d & 1M phosphate-0.2N HCI solution,
acetone, DTNB/2M Tris-HCl bufferE #H7}ste] 312nmolA SHE=E =
st th. Tryptophane Spies?} Chamber®] ®WH(Spies and Chamber,

1948)e] wal 19N H2S04E Wi 2559 oFaoAl 18A17F HoF Hlx| s

-

% 0.04% NaNO.Z ¥ 580nmol A S3 =5 =t
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5.2.2 @A A38n Vitro)

il A3lg8  Satterlees 9] W (Satterlee 1977~1979)S H

ro

AOACH(AOAC 1982)e.2 =Astdivt. dxdWd 2= ANRC sodium
casinate® AFE3lR 2™  a-chymotrypsin(4l units/mg solid, SIGMA),
trypsin(14,600 BAEE units/mg solid, SIGMA) £ &4 1mlE 7}3te] 37
oA 10%3F 7heEs] Azl H, Streptomyces griceus protease(58

units/mg solids, SIGMA)& 55504 10%7F thA] 7heie A AS w9
pHE =43sta o3 2ol o8] Aitstsit.

% digestibility = 234.84 - 22.56X

X &% 71529 208 %52 pH

5.2.3 @9 & § &4 (C-PER; computed protein efficiency ratio)

okl al § 8H) = jnwitro digestibility 9t A o)Al B AN E Er)
Z gide] AS o &5 e T2 AOACAOAC 1982; 1990) %
Holl wral A AksF o
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Table 3. Texture profile analysis of chicken meat patties containing tofu.

Hardness Fracturability Springiness Cohesiveness Gumminess Chewiness Resilience
| 8063.53 10.13 0.76 0.33 3616.61 2730.54 0.07
+ 835.60" + 1.73" +.0.03" + (.04 +445.95" + 247.1%° + 0.01°
) ]766.72 10.75 QP 0.39 121.10 3004.37 0.08
+ 518.30" + (.54 #0.02% + 0.04" + 129.46° + 43456 + .02
. 10491.58 10.98 0.80 0.43 434650 3650.71 0.08
+ 765.03" + 0.96™ + 0,04 + 0.04™ + 676.91° + 570.74° + 0.01°
A 11124.79 11.31 0.78 0.46 499180 4399.87 0.09
+ 809.87" + 0.85" +.0.04™ + .03 +.923.281 + 255.01° + 0.02°
- 12150.73 11.54 0.81 058 7256.20 5351.09 0.11
+ 667.15° + 051" + (.04 + 0.09¢ + 206.75° + 544.407 + 0.01°

Values with different superscripts within the same column are significantly different(p<0.05, Duncan’s multiple range test).
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Table 4. Sensory score for sensory attribute of chicken meat patties containing tofu.

Color Odor Flavor Juiciness Hardness Chewiness

1 5.00£0.87 5.33£0.92 5.45+1.00° 6.79+0.82° 4.09+1.26° 5.00+1.32°

2 5.03+1.02 5.58+0.97" 5.85+0.97° 6.81+0.81¢ 4.88+1.24° 5.45+1.28"

3 5.1840.98 5.88+0.96% 6.61+0.93" 6.27+0.94¢ 5.09+0.91° 5.85+0.80"

4 5.30+1.16 6.06+1.03" 6.55£0.378 5.73+1.26" 5.33£0.99" 5.88+0.82"

5 5.45+0.83 5.8241.29% 5.88+1.05 5.03+0.88" 5.42+1.28" 5.55+0.87"
F-value 1.245 2.4347 8.604™ 18.961° 9.355™ 4.1977

1:

Values with different superscripts within the same column are significantly different(p<0.05, Duncan’s multiple range test).

Scale score :
X1: tofu,
X 44g,

1=dislike extremely, 5=neither dislike nor like and-9=like extremely “ p<0.05, ™ p<0.01
Xo: chicken meat

xXo 11g 2. x; 38.5g, xo 16.5¢g 3. x; 33g, X0 22g 4. x; 275g, xo 21bg 5 x1 22g, X9 33g
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Table 5. Regression for each dependent sensory attributes.

Dependent

. Predictive models R* p-value®
variables
Color y=4.193z, + 5.3004x, + 2.2644x . 0.4375 <.001
Odor y= 2.650x, + 1.788x, + 15.280z, 2, 0.2407 <.001
Flavor y=0.461z; —3.393x, + 31.881z,x, 0.5227 <.001
Juiciness y= 4.854@, —5.561x, + 24.1467,z, 0.7098 <.001
Hardness y=10.7002, + 20.870x, — 41.690z z, 0.7027 0.202
Chewiness y=3.713z, +10.109zx, — 3.9622 1, 0.7843 <.001

4 Statistically significant at the level of p-value presented.

x1 - tofu(Bean curd), X2 : chicken meat
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Figure 3. Predictive model for flavor of chicken meat patties

containing tofu(bean curd) from acceptability test.
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Figure 4. Predictive model for juiciness of chicken meat patties

containing tofu(bean curd) from acceptability test.
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containing tofu(bean curd) from acceptability test.
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Table 6. Correlations of chicken meat patties containing tofu

between sensory attributes and texture profile analysis.

Sensory attributes

Texture
profiles Juiciness Hardness Chewiness
Hard -0.587 -0.501 -0.407
ardness
(0.000) (0.000) (0.000)
Fracturabilit 0.488 0.410 0.448
racturabili
v (0.060) (0.345) (0.349)
Soring 0.661 0.848 0.840
ringiness
prng (0.001) (0.000) (0.000)
Cohesi 0.517 0.739 0.797
ohesiveness
(0.000) (0.000) (0.000)
o ) 0.581 0.771 0.780
umminess
(0.009) (0.000) (0.000)
Chewi 0.418 0.782 0.887
ewiness
(0.004) (0.000) (0.000)

Cell contents : Pearson correlations(p-value).
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Table 7. Sensory score for sensory attribute of chicken meat

patties containing tofu.

Juiciness Hardness Chewiness Overall
acceptability acceptability acceptability acceptability
5.30+0.81% 5.21+0.70° 5.79+0.78° 5.88+0.82°
5.70+0.85% 5.64+1.19> 6.00£0.79% 6.03+0.88%
6.61+0.90° 5.91£0.68% 6.15+0.83%° 6.45+0.94"
6.2740.80° 6.18+0.73¢ 6.3010.81" 6.76+0.75°
5.45+1.30° 5.39+0.79% 6.00£0.79% 6.214+1.14%
F-value 11,217 7.5 1:90 4.78"

Values with different superscripts within the-same column are significantly
different(p<0.05, Duncan’s multiple-range-test).

Scale score:1=dislike extremely, 5=neither dislike nor like and 9=like extremely
* p<0.01

X;: tofu, Xo: chicken meat

1: x; 44g, Xo 11g 2
4: xy 275g, xo 27bg 5:

x; 38.5g, x2 16.5g 3:
X1 22g, X2 33g

X) 33g, X2 22¢g
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Table 8. Regression for each dependent sensory attributes.

Dependent .o p) a
bl Predictive models R p—value
variables
Juiciness .
. y=—0.429z, — 6.334z, +39.049z,z, 0.4267 <001
accep
Hardness -
¢ y=—1.146x, — 3.894x, + 34.145x,x, 0.2877 <.001
accep
Chewiness .
t y="14.3022, + 3.359z, + 9.4322, 2, 0.2500 <001
accep
Overall b
. y=1.352z; —0.453z, + 24.712x, x, 0.3036 <.001
accep

4 Statistically " significant ' at the level of p-value presented.

x1: tofu, X2 chicken meat
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Figure 6. Predictive model for juiciness acceptability of chicken

meat patties containing tofu(bean curd) from acceptability test.
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Figure 7. Predictive model for hardness acceptability of chicken

meat patties containing tofu(bean curd) from acceptability test.
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Figure 8. Predictive model for chewiness acceptability of chicken

meat patties containing tofu(bean curd) from acceptability test.
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Figure 9. Predictive model for overall acceptability of chicken

meat patties containing tofu(bean curd) from acceptability test.

_38_



A3 Fgke /94 (p<0.01)d

S|
~

0.3036°] ™, 21k

ZFol7b ATk, Fig. 9el

)

7FA] o]

=]
=i

LHERU 2L

=

belch. el
1927} oAt} vl o]
66692

=

°

Z
AHz7

T
&5

= A4

}

0]
pul
-

(¢}

1

3}

[

3 et 59w

FEI7F 0537(2E3 ghHhd W 7}

N

N

%

o
X

O

2l zko] tH(Minitab |2000).

[e)

“(desirability function)”] ¥ o] &3t} o

Zk(targer value)

-
it

AN

[e)

=

Zr(lower value)

ol

)

N

1

Aol gk 25.7g)0]

A= gk 04672(%

_39_

Al
o

12 o] Zk 29.3g), St

-
R

[e]

7k 0.5328(
S tH(Figure 10).



-
0.68536 | o

[ ]:beancurd [ ]:chicken
0.70 0.60
[0.5328] [0.4672]

0.30

juici_a

v =6.5327
d =1.0000

hard_a

v =6.0896
d =0.78481

chew_a

Yy =6.2094
d =0.89472

overal

y =6.6602
d =1.0000

Figure 10. Response optimization curve for juiciness acceptability
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Table 9. Consumer acceptability scores of chicken meat patty(control) and chicken meat patty containing

tofu(CPT) with optimum mixture ratio.
Chewiness Overall
Appearance Flavor . ...
acceptability Acceptability
boy girl boy girl boy girl boy girl
5.75 5.72 6.19 6.24 6.08 5.82 6.37 598
Control
+0.68 +0.73 +0.79 +0.72 +0.74 +0.83 +0.60 0.77
573 5.78 6.25" 6.56 6.23% 6.28 6.62r 6.70
CPT +0.84 +0.76 £0.88 +0.73 +0.92 +0.86 +0.75 +0.91
(- 621 ) ( 666 )
t-value 0.19 1.69 259 4.46"

Scale score : 1=dislike extremely, 5=neither dislike nor like and 9=like extremely * p<0.05

¥ Non significant
( ) : Predictive sensory score
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Table 10. Proximate composition of control and CPT with optimum mixture ratio.

Moisture Crude Protein Crude Lipid Ash Calorie
(%) (%) (%) (%) (cal/100g)
20.14+0.13 0.95+0:11 1.26+0.04
Raw 76.32+0.04
(85.05) (4.01) (5.32)
Control
27.15%+0.39 1.64+0.14 1.25+0.26
Cooked 65.51£0.15 123.36
(78.72) (4.76) (3.62)
14.98+0.4 3.49+0.33 0.99+0.13
Raw 78.40%£0.06
(69.35) (16.16) (4.58)
CPT
18.87£0.30 3.74£0.06 1.05%+0.11
Cooked 73.69£0.30 109.14
(71.72) (14.22) (3.99)

Control : Chicken meat patty
CPT : Chicken meat patty containing tofu with optimum mixture ratio.
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phenylalanine(4.42g/16g' N), arginine(6.53g/16g N)+= control(9.50g/16g N,
4.01g/16g N, 15.13g/16g N, 3.42g/16g N, 4.14, 6.47g/16g N)XE.t} H| %
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Table 11. Total amino acid profile of chicken meat patty(control)

and CPT with optimum mixture ratio from acceptability. (g/16g N)

Amino acid Control CPT
Aspartic acid 9.50 991
Threonine 4.47 3.90
Serine 4.01 4.37
Glutamic acid 15.13 17.79
Proline 3.42 3.85
Glycine 4.25 4.04
Alanine 5.52 4.76
Valine 5.04 4.68
Isoleucine 4.98 4.67
Leucine 3.16 775
Tyrosine 3.37 3.00
Phenylalanine 4.14 442
Histidine 3.90 3.25
Lysine 8.65 7.16
Arginine 6.47 6.53
Methionine 3.95 3.08
Cystein 1.54 0.84
Tryptophan 1.72 1.53
Total 98.22 95.53

CPT : Chicken meat patty containing tofu with optimum mixture ratio.
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Table 12 Protein digestibility(in vitro) and C-PER of chicken

meat patty(control) and CPT patty with optimum mixture ratio.

Protein digestibility (%)

sample Control CPT
Raw 80.68+0.13 79.02+0.13
86.24+0.34 83.68+0.23
Cooked
(C-PER 2.59) (C-PER 1.97)

CPT : Chicken meat patty containing tofu with optimum mixture' ratio.
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