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6. Design-Expert Statistical software
7. Quantitative Descriptive Analysis
8. Principal Component Analysis
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10. Fish balls
11. Fish mince
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1. By-product
2. Chicken Protein Isolate (CPI)
3. pH-shift technology

4. Wet protein
5. Protein powder
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Table 1 Design of experiment for optimizing 2 main components of fish balls containing fish mince
and chicken protein isolate and related responses

Component 1:

Run Fishomince Ci‘;;ﬁgﬁ“;gé;ﬂ Resp:)nse Response  Response Resg?nse

e isolate (%) Odor 2: Flavor  3: Texture Acceptance
1 35 35 65.9 58.85 64.11 64.43
2 24 46 61.75 40.50 58.94 55.11
3 20 50 72.31 67.70 68.81 69.18
4 20 50 72.34 68.71 68.82 69.18
5 35 35 65.93 58.85 64.11 64.43
6 50 20 87.90 87.21 91.26 87.71
7 50 20 87.91 86.22 91.26 87.71
8 46 24 81.98 85.60 78.91 76.81
9 50 20 87.90 87.24 91.26 87.71
10 31 39 74.61 73.16 74.62 73.63
11 42 28 77.92 74.71 76.43 69.51
12 28 42 77.64 77.90 76.90 79.32
13 20 50 72.32 67.72 68.81 69.18

The 2 mixture components, fish mince and chicken protein isolate, made up a total of 70% of the actual
formulation, with the complement being, fresh onion (10%), fresh garlic (1%), salt (1%), spices (0.5%), wheat
flour (4%), milk powder (3%), bread crumb (8.5%) and vegetable oil (2.5%) used to make up 100% of the
formulation.

Odor
None

Flavor
None

Figl A typical line scale used for sensory scoring

M oSle edd el o laasls 38 SF 1y el
o) bass cnd OS5 Y < SLpl A b))
3 bl (W Sl e Sl & bss gladise
oS (b1 e 4 WA0) TEls lsn ST s e
GME (08) anlis sslar o) ¥ sltel L ok sei A0S

1. Oven

yyi

(Y Jsdr) pom O3l o b 51 eslinad b o OLL S
s b bl S e b G 5 035 5 L1 wises oo
S5 0o L K e sl (i a el Dl o
DAY L5 8 (z0) @Ml ko o (g5, 5 aby e
L) wlis o Sl Cumbge S o3l b gbsol o3 S s
Sy Slel (ol ) doys w OF fas 5 (iShes




VAV 3TN0 655 AV lad

sly sl ;.jb.b 352 Olas

Ql{h)’)\ﬂ{jeﬂ e)]é)b.; é:lw)’\.: J)})JWJGM

W3 i gl wiges o gl 3l e LOT s 4l

Table 2 Lexicon for sensory attributes of fish balls [adapted from 19].

Sensory attribute Scale (0-100) Definitions

Odor

Spicy none [ much  Odor of spices, onion, etc.

Frying oil none | much Odor of fat from frying oil.

Rancid none | much Rancid odor can remind of cardboard, paints, nuts, etc.

Fish none | much Fish odor.

Frozen storage none | much Odor from frozen storage, old fish, etc.

Appearance

Wrinkle none | much Wrinkle on the surface of the fish balls.

Color (inside) light | dark  Is the color dark or light?

Texture

Softness firm | soft Softness in the first bite.

Cohesiveness Little (easy to take apart with a fork), Much (the inside of the burger is
Juiciness ‘.df‘y |I juiC}; ISry \(sample draws liquid from mouth), Juicy (Samples give away
Graininess none | much When rubbed against palate with tongue, grainy reminds of couscous
Rubbery none | much When‘chewing rubbery, springy.

Flavor

Spicy none | much Flavor of spices or onion.

Frying oil none | much Flavor from frying oil.

Rancid none | much Sign of decay.

Fish none | much Fish flavor.

Frozen storage

none | much

Flavor from long frozen storage.
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3. Peroxide value
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Fig 2Variations in odor (a), flavor (b), texture (c) and overall acceptance (d) of fish balls with varying
proportions of fish mince and chicken protein isolate in the mixture.
(e) Desirability of fish balls with varying proportions of fish mince and chicken protein isolate in the mixture.
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Table 3 Prediction values (suggested by the software) and actual values obtained from the panelists
for sensory responses of fish balls containing 20% fish mince and 50% chicken protein isolate

Response Odor Flavor Texture Overall acceptability
Prediction values 87.81 84.14 89.96 87.41

Actual obtained values 85.53 82.74 87.26 85.63

Pvalue NS NS NS NS
NS: not statistically significant (p>0.05). Actual obtained values are means of 16 evaluations.
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Table 4 Proximate analysis (%) of fish mince, chicken protein isolate and fish ball products

35 A PH o ol o 50 ki sal (1540 sk 5o

Sl S g 5 S g 4 ges

Index F'ish C!licken protein Sig, Fish balls Fi-sh‘balls Sig,
mince isolate (CPI) (control) containing CPI*
Protein 17.26+1.2 20.7540.05" p<0.05 19.01+0.51° 22.424+0.33? p<0.05
Moisture 78.8140.9 77.46+0.46 NS 61.32+1.01 60.94+0.04 NS
Fat 2.82+0.32° 0.85+0.34° p<0.05  7.02+0.24" 3.70+0.11° p<0.05
Ash 1.11£0.10 0.94+0.09 NS 2.63£0.17 2.01+0.07 NS
Carbohydra 0.0 0.0 NS 10.02+0.87 10.93+0.03 NS
pH 6.6+0.01% 5.7+£0.04° p<0.05 6.4+0.74 6.2+0.01 NS

Values are means of 3 analyses. Different Superscripts denote significant differences within a row (p<0.05).
Sig.: Significant, NS: not significant.* containing 20% chicken protein isolate and 50% fish mince.
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Fig 3TVB-N values of fish balls (control) and fish balls containing 20% clolicken protein isolate (CPI) and 50%
fish mince during 90 days storage at -18 C.
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Fig 4 Peroxide values of fish balls (control) and fish balls containing 20% ghicken protein isolate (CPI) and
50% fish mince during 90 days storage at -18 C.
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Fig 5 TBARS values of fish balls (control) and fish balls containing 20% cohicken protein isolate (CPI) and 50%
fish mince during 90 days storage at -18 C.
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Table 6 Average sensory scores (0-100) of fish balls samples

Sample S%i;(f: Fréfillng f&il:‘ Softness Cohessivenes Juiciness  Elasticity ?{;i::: oilirgai:f(g)r g;i,l:,
A0 9.08 9.58 10.25 9.16 9.66 8.50 5.41 9.41 8.58 8.01
Al 8.50 9.33 8.50 9.87 10.25 7.33 5.68 6.21 8.89 8.95
A2 8.91 8.41 8.18 8.25 10.87 7.75 5.08 8.41 9.15 7.83
A3 8.41 8.91 8.51 8.91 9.91 6.58 6.68 8.02 9.41 6.81
Sig. Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns
B0 8.41 8.42 11.00 7.58 10.25 7.33 5.58 8.66 8.33 8.51
B1 7.51 7.91 9.33 8.91 10.85 7.25 6.25 8.12 8.51 9.02
B2 7.16 8.41 8.50 9.25 9.66 7.66 5.41 7.58 9.41 8.33
B3 7.00 8.50 8.08 9.19 10.51 6.50 5.85 6.68 8.58 8.25
Sig. Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns

(A) Fish balls incorporated with 20% chicken protein isolate and 50% fish mince, and (B) Control fish balls;
Sig: Significant. Numbers 0 to 3 indicate storage months. NS: not significant.

Bi-plot
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F- frying oil
O- frying oil

T T T T T
7_1-0|r_0-8|r_ b b b
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Fig 6. Principal component analysis (PCA) describing sensory quality scores of fish balls incorporated with
20% chicken protein isolate, and 50% fish mince (A) and control fish balls (B), stored for 3 months at -18°C as
evaluated by a trained sensory panel. Numbers 0 to 3 indicate the storage months. O: odor, F: flavor.
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A combined application of D-mixture design model, Quantitative
Descriptive Analysis, and Principal Components Analysis, for
design and development of fish balls incorporated with chicken
protein isolate

Shaviklo, A. R."”, Abolghasemi, S. J.%, Mahdavi Adeli, H. R."

1. Department of Animal Products Processing, Animal Science Research institute of Iran, Agricultural
Research, Education and Extension Organization (AREEO), Karaj, Iran
2. Department of Fisheries, Talesh Branch, Islamic Azad University, Talesh, Iran

Optimum utilization of animal protein byproducts results in the use of maximum production capacity
in existing processing plants. The purpose of this research was to develop a new and ready-to-eat
product from fish mince and chicken protein isolate with desirable sensory characteristics by using the
D-optimal Mixture Design, Quantitative Anatomical Analysis (QDA), and Principal Components
Analysis (PCA). Initially, 13 prototypes containing different percentages of fish mince and chicken
protein isolate (totaling 70% of the product formulation) were prepared. After sensory evaluation by
QDA method, a prototype was selected as the optimum treatment, which included 50% fish mince and
20% chicken protein isolate and 30% other ingredients. The sensory stability of the optimum
prototype was investigated in comparison with the control treatment during 90 days of frozen storage.
Physicochemical analysis (pH, TVB-N, PV, and TBARS) and microbial tests were also used to
investigate the qualitative changes of the prototypes. The results showed that the optimum prototype
had better sensory and quality indexes than the control sample. This study introduces chicken protein
isolate as a new food ingredient. It also emphasizes the use of a combined application of QDA and
PCA analysis and the D-optimal Mixture Design model in designing and manufacturing a product
with the optimal formulation. Because these data will be applicable and valid for industrial-scale
production.

Keywords: Fish ball, Fish mince, Chicken protein isolate
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