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ABSTRACT 

 
Scin This research was carried out to evaluate the physico-chemical quality criteria (the pH value, the WHC value, the TVB-N 

content, the TMA-N content and the TBA value) and nutritional quality characteristics; with regards the gross chemical composition, 

essential minerals content and amino acids composition, of crayfish tail flesh power (CTFP) and crayfish protein concentrate powder 
(CPCP), as well as to determine the effect of the incorporation of either the CTFP or the CPCP at different levels, as a new cheap source of 

animal protein, on quality characteristics of produced biscuit batches and potatoes puree tablets. The obtained results illustrated that the 

CTFP and the CPCP had a good physico-chemical quality. In addition that crayfish protein characterized with a good nutritional protein 
quality as it composed of all indispensable amino acids (IAAs); isoleucine, leucine, lysine, amino acids containing sulpher (methionine 

&cystine), aromatic amino acids (phenylalanine & tyrosine), valine and therionine, at concentrations of 6.50, 9.65, 7.56, 6.40, 7.13, 6.82 

and 2.73g/100g protein; respectively, which were higher than the corresponding concentrations in reference protein pattern of FAO/WHO, 
with the exception of threonine which was the first limiting indispensable amino acid in crayfish protein. Besides, the CTFP and the CPCP 

contained a considerable level of all determined essential minerals. The obtained results also showed the incorporation of either the CTFP 

or the CPCP into the wheat flour blend used for making biscuits at level up to 6% improved the most rheological properties of prepared 
biscuits dough batches and the physical, and sensory quality characteristics of the final biscuit products. Furthermore, the incorporation of 

the former crayfish protein products at concentration up to 10% improved the nutritional and the sensory quality attributes of potatoes 

puree tablets. Therefore, the present results recommended that it should be directed towards the utilization of crayfish protein products in 
food products fortification, especially cereal products up to the concentration of 6-10% depending upon the fortified food product. 

 

Key words: Crayfish, Physico-chemical quality, Nutritional quality, Chemical composition, Nutritive value, Sensory quality, Biscuits 
quality, Potato tablets, Fish protein concentrate, Essential minerals. 

 

 

INTRODUCTION 

 

Crayfish (Procambarusclarkii) sometime called 

craw fish, are fresh water crustacean resembling 

small lobsters. The fresh water crayfish had been 

introduced to the Egyptian Nile water recently and 

widely dispersed in Nile River and its tributaries all 

over Egypt [1,2]. Crayfish is a cheap source of 

protein and sea food similar to the much expensive 

shrimp and lobster, but much less in price and 

relatively short life span and fact that they lose the 

accumulation of heavy metals and chemical when 

they moult. Crayfish are flavorful nutrition and 

valuable human food (similar to lobster) and are sold 

in fish market.Crayfish are also eaten in Europe and 

China, but they are most popular in Louisiana, 

consumed in various dishes. The flesh of P. clarkii is 

recommended to stand as a source of animal protein 

for Egyptian Citizen and its carapace can be used as 

forage for animals. [2,3].The crayfish meat industry 

is responsible for a 120 million $/year impact on 

Louisiana’s economy, if Egypt can develop a similar 

industry, [4] the profits could be considerable. 

Fish Protein Concentrate (FPC) has been defined 

as the product resulting by removing of water and oil 

from fish, thus increasing the concentration of the 

protein and other nutrient materials. Also, it is an 

excellent source of highly digestible amino acids, but 

its costs normally limit its usage. However, it has 

poor functional properties [5,6]. Fish protein 

concentrate, when correctly processed met the 

desired requirements except nonfat milk powder. For 

example, fish rich in lysine and low in methionine 

supplement rice and other cereals which were rich in 

methionine and low in lysine. Moreover, the increase 

in the body weight is a desirable character in the 

growing children. Supplementing the diet with 2% 

CP during the pre pubertal period increased body 

weight [7].In the same time, most of the effort 

directed towards improving the diets of people is 

centered on the improvement of the protein content 

and quality of cereals by the addition of protein-rich 

foods, protein concentrates and/or essentials amino 

acids [8]. 

Thereby, in this study we determine the 

chemical quality and composition of crayfish as a 
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human food, not only to introduce a new high quality 

crustacean organism but also to add a new cheap 

source of animal proteins which we badly use. We 

also aim to assist in developing quality standard for 

fresh crayfish in Egypt and recommended rules as 

safety food and to produce acceptable foods to kids. 

The current investigation was carried out to evaluate 

the nutritional value of both crayfish tail flesh 

powder (CTFP), crayfish protein concentrate powder 

(CPCP) made from crayfish as well as biscuits 

supplemented with 3, 6 and 9% ratios of the CTFP or 

the CPCP and potatoes puree tablets supplemented 

with 5%, 10% and 15% ratios of the CTFP or the 

CPCP. 

 

Materials and Methods 

 

Materials: 

 

Two hundred fresh water crayfish, Procombarus 

clarkia, (45-50g for each) were collected a live from 

the river Nile in El-Kanter El-Khairea, El-Kalubia 

governorate, Egypt in October to December 2011. 

 

Technological Methods: 

 

Preparation of Fish Samples: The collected 

samples were transported life to laboratory and were 

immediately washed by tab water and directly 

submerged in ice slurry. Then, the crayfish samples 

were placed in boiling water for 5 min and cooled 

directly in iced water, crayfish were halls and heads 

were manually removed and processed to tails. 

Afterward, samples were rinsed with tap water and 

then divided into two lots. The first part was partially 

dried and then minced and completely dried in air 

oven drier to get crayfish tail flesh powder (CTFP). 

While, the second part was kept without drying for 

preparation of crayfish protein concentrate powder 

(CPCP). Both parts were packaged in polyethylene 

and then stored under freezing until further analysis 

and use according to the procedure of [9]. The 

prepared samples of the CTFP and the CPCP were 

dried individually in a thermostatically controlled 

oven with air fan 45-50°C and milled to pass through 

a 40 mesh/inch sieve, and then stored under freezing 

at -18±2 in polyethylene poushes for further use.   

 

2- Preparation of Blends Used in Supplemented 

Biscuit and Potato Puree Batches Production: 

 

Crayfish tail flesh powder (CTFP) or crayfish 

protein concentrate powder (CPCP) were made from 

crayfish and mixed with either wheat flour or 

potatoes puree to get blends at different levels to be 

produce blends used in the production of 

supplemented biscuit and potato puree batches  

 

a) Biscuit blend: 

 

Wheat flour (72% extraction rate) was well 

blended with crayfish tail flesh powder (CTFP) or 

crayfish protein concentrate powder (CPCP) to 

produce individual mixtures containing 3, 6 and 9% 

replacement levels to produce biscuits. 

 

b) Potatoes Puree Blends: 

 

Potatoes puree was well mixed with crayfish tail 

flesh powder (CTFP) or crayfish protein concentrate 

powder (CPCP) to prepare individual mixtures 

containing 5, 10 and 15% substitution levels to 

produce fried potatoes tablets. All samples were 

stored in polyethylene bags and kept at 3-4C
o
 until 

required. 

 

3- Biscuits Making: 

 

Blends containing different levels 0, 3, 6 and 9 

of the (CTFP) or (CPCP) were used to produce 

biscuits. Biscuits were prepared according to the 

procedure in the [10]. The ingredients included in 

wheat flour or blends were used as described by [11]. 

After baking, the biscuits were cooled to room 

temperature, packed in polyethylene poushes and 

sealed until analysis. 

 

4- Potatoes puree tablets making: 

 

potatoes tubers were prepared by leaching in 

boiled water at 90-100C
o
 for 15-20 min. tubers were 

taken from hot water and its skin has been removed 

and were marketed mashed tubers, after that the 

blends have been prepared and formed to tablets. 

 

 

Analytical methods: 

 

1) Determination of physico-chemical quality 

attributes for crayfish tail flesh powder (CTFP) and 

crayfish protein concentrate powder (CPCP): 

 

The pH value was estimated directly by using a 

digital Genco pH meter (609) according to the 

standard method of the [12]. The total volataile basic 

nitrogen (TVB-N) content was determined by steam 

distillation methods according to the [12] using 

micro-kjeldahl distillation unit and the obtained 

results were expressed as mg/100g dry matter. The 

trimethylamine nitrogen (TMA-N) content was 

determined by using the standard methods as 

described by the [12] and the obtained results were 

expressed as mg TMA-N/100g dray matter. 

Thiobarbturic acid value (TBA) value was 

determined calorimetrically according to the 

procedure of [13] and the current findings were 

expressed as mg malonaldehyde/kg dry matter. 

 

2) Gross chemical composition determination: 
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the gross chemical components, moisture, crude 

protein, crude fat, ash and crude fibers content for 

crayfish tail flesh protein and crayfish protein 

concentrate powders, as well as the protein content 

for produced biscuits and potatoes puree tablets were 

determined according to the standard methods of the 

[12]. Where, the total carbohydrates content was 

calculated by difference as follows: total 

carbohydrates content (%, on dry weight basis) = 100 

- (crude protein% + crude fat% + crude fibers% + 

ash%). 

 

3) Determination of minerals content: 

 

Tested minerals content of crayfish tail flesh 

powder (CTFP), crayfish protein concentrate powder 

(CPCP), fresh potato tubers puree and wheat flour 

were determined according to standard methods of 

the [12]. Macro elements (calcium and magnesium) 

and micro elements (iron, copper and zinc) contents 

were determined by using the atomic absorption 

spectrophotometer (Perkin Elmer, Model 3300, 

Germany). Phosphorous contents were determined 

colorimetrically based on measuring the optical 

density of the developed blue color of reduced 

molybdo-phosphoric complex formed in dilute 

sulphoric acid by using digital spectrophotometer 

according to standard method was described in [12]. 

 

4) Determination of amino acids pattern: 

 

Amino acids pattern for crayfish protein, potato 

tubers protein and wheat flour protein were 

determined by using high performance amino acids 

analyzer (Bekman 7300) according to the standard 

method described in [12]. Indispensable amino acid 

(IAAs) score was calculated in comparison to the 

reference protein pattern of [14] using the following 

equation: IAA score = mg of the IAA in tested 

protein × 100/mg of the IAA in the reference protein 

pattern. 

 

 

5) Determination of physical properties: 

 

Water holding capacity (WHC) and plasticity 

were measured as described by [15]. 

 

6) Determination of tested rheological properties for 

the dough of produced biscuits containing either the 

(CTFP) or the (CPCP): 

 

Rheological properties: water absorption%, 

arrival time (min), developing time (min), stability 

(min) and weakening value (BU) of biscuit dough 

batches made of wheat flour blends containing either 

the crayfish tail flesh protein (CTFP) or the crayfish 

protein concentrate powder (CPCP) at ratios 0, 3, 6 

and 9% were determined according to the standard 

methods of the [10] by farinograph apparatus (model 

type No. 81010 © Brabender® OHG, 1979, 

Germany). 

 

7) Determination of physical characteristic of 

produced biscuits: 

 

physical characteristics; diameter (D), Volume 

(V), thickness (T) of produced biscuit batches were 

determined according to the standard methods of [10] 

by using boclase instrument (Hl 474938, STECO, 

Germany). Spread ratio (D/T) for produced biscuits 

was calculated according to the standard method of 

the [10] by dividing the average value of biscuit 

diameter (D) on the average value of biscuit 

thickness (T). 

 

 

8)Sensory evaluation for produced biscuits and fried 

potatoes puree tablets: 

 

baking biscuits and fried potatoes puree tablets 

containing either the crayfish tail flesh protein 

(CTFP) or the crayfish protein concentrate powder 

(CPCP) at tested different ratios were evaluated 

sensory by ten trained panelists from the staff 

members of international research center, Giza, 

Egypt. According to the procedure of [16], the 

sensory evaluation was carried out for shape, color, 

taste, odor, crispness, structure and overall 

acceptability of produced biscuit batches and for 

color, taste, odor, texture, oiliness and overall 

acceptability of fried potatoes puree tablets. 

 

9)Color determinations: 

 

objective evaluation of biscuits surface color and 

potatoes puree tablets. Hunter (a*, b* and L*) 

parameters were measured using a spectro-

colorimeter (tristimuluscolour machine) with the CIE 

lab color scale (Hunter, Lab Scan XE- Reston VA, 

USA) in the reflection mode. The instrument was 

standardized (at each time) with white tile of Hunter 

Lab Color Standard (LX No. 16379): X= 72.26, Y= 

81.94 and Z= 88.14 (L*= 92.46; a*= -0.86; b*= -

0.16) as reported by [17]. 

 

10) Statistical Analysis: 

 

The obtained results of sensory evaluation were 

statistically analysed using SPSS statistical package 

(Version 9.05) according to [18]. Analysis of 

variance (ANOVA), Duncan’s multiple range test 

and least significant difference (LSD) was chosen to 

determine any significant difference among various 

treatments at p≤0.05. 

 

Results and Discussion 

 

I. Weight composition of Nile crayfish: 
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Weight composition of Nile crayfish is an 

important consideration in determining the final 

coast of a given product to evaluate crayfish as 

human food, and to ensure that all parts are 

processed in rational way. Data presented in table 1 

show weight composition of tested Nile crayfish.

 
Table 1: Average weight composition of red crayfish of the River Nile. 

% weight part Weight (g) Part 
100.0 

84.12 
15.89 

49.14 

41.33 
7.81 

Total weight 

Total inedible parts 
Tail meat 

*The obtained results represented the mean of results for triplicate determinations. 
 

As shown in Table 1 the average total weight of 

Nile crayfish was 49.14g and the data also shows that 

the total weight of inedible parts was about 41.33 g, 

84.12% of total weight. Also, the yield of raw tail 

meat of crayfish was about 7.81g with ratio 15.89%. 

Similar results were obtained by [19,20]. In this 

concern, it has been reported that the yield of red 

crayfish flesh varied considerably depending on 

species, period of intensive feeding, time of capture, 

amount of separated wastes and environmental 

conditions [9,4].  

 

II- Quality Characteristics of Crayfish Tail Flesh Powder (CTFP) 
and Crayfish Protein Concentrate Powder (CPCP): 

 

1) Physico-Chemical Quality Attributes Value (On Wet Weight 
Basis) of the CTFP and the CPCP: 

 

The obtained results of table 2 represented the 

physico-chemical quality attributes; the pH value, 

total volatile basic-nitrogen (TVB-N) content, 

trimethylamine-nitrogen (TMA-N) content, 

thiobarbituric acid (TBA) value and water holding 

capacity (WHC) value for crayfish tail flesh powder 

(CTFP) and crayfish protein concentrate (CPCP).

 
Table 2:Physico-chemical quality attributes Value, on wet weight basis, of the CTFP and the CPCP. 

 

Quality attributes 

Quality attributes* 

The CTFP The CPCP 

The pH value 
The WHC value (Cm3/0.3g) 

The TVB-N content (mg/100g) 

The TMA-N content (mg/100g) 
The TBA value (mg/kg) 

7.44 
6.60 

4.41 

1.87 
0.78 

7.90 
8.41 

9.50 

3.03 
0.16 

*The obtained results represented the mean of results for triplicate determinations. 
 

From the obtained data (Table 2), it could be 

illustrated that the physico-chemical quality 

attributes; the pH value, the WHC value (Cm
2
/0.3g), 

the TVB-N content, the TMA-N content and the 

TBA value (mg/Kg) were 7.44, 6.60, 4.41, 1.87 and 

078 for the powder of the edible portion of crayfish 

and were 7.90, 8.41, 9.50, 3.03 and 0.16 for the 

CPCP; respectively. Therefore, protein extraction 

process caused the increase in the water holding 

capacity (WHC) of the CPCP sample when 

compared with the CFTP sample. These results are in 

harmony with those reported by [20,21]. Also the 

most porous structure was formed during extraction 

as a result of removing some fatty matters and 

forming hydrogen bonds during the milling process 

of the CPCP. It may be the reason for more entrained 

water when compared with CTFP sample. 

Nevertheless, this excess water may not be bound in 

tissue which can be checked during determination of 

water holding capacity (WHC) of both samples. 

Moreover, the relative high differences in the TVB-N 

and the TMA-N contents between the CTFP and the 

CPCP may be due to the escaping of some of these 

components in solvents during protein extraction 

process to obtain crayfish protein concentrate [22]. 

 

2) Nutritional Quality Characteristics of the CTFP 

and the CPCP: 

 

a) Gross chemical composition of the (CTFP) and 

the (CPCP): 

 

The percentage of gross components; moisture, 

crude protein, crude fat, ash and carbohydrates 

content of crayfish tail flesh powder (CTFP) and 

crayfish protein concentrate powder (CPCP) were 

determined and the obtained results are tabulated as 

in Table 3. 

 
Table 3: Chemical composition of the (CTFP), (CPCP), potatoes puree and wheat flour. 

Component value (%)  

Component Wheat flour  

Potatoes tubers 

 

(CPCP) 

 

(CTFP) 

11.9 

12.1 

1.05 
0.65 

0.58 

85.62 

77.2 

7.62 

0.60 
4.02 

2.22 

85.52 

7.00 

87.8 

2.20 
9.22 

0.23 

0.55 

76.6 

83.7 

7.88 
6.30 

0.40 

0.72 

Moisture  

Crude protein*  

Crude fat*  
Ash* 

Crude fiber* 

Carbohydrates* 

*On dry weight basis; **The obtained results represented the mean of results for triplicate determinations. 
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As illustrated in Table 3, the (CTFP), (CPCP), 

potatoes tubers and wheat flour, used in the present 

study, contained moisture at levels of 76.6, 7.0, 77.2 

and 11.9%; respectively. On the other hand, the 

(CTFP), (CPCP), potatoes tubers and wheat flour 

were contained crude fibers at level of 0.40, 0.23, 

2.22 and 0.41%, on dry weight basis; respectively. 

The obtained data (Table 3) also showed that crude 

protein content of the CPCP (87.8%) was higher than 

that of the CTFP (83.7%) as the result of the 

concentration process of protein and the removal of 

other gross chemical components throughout the 

production process of protein concentrate, with 

regards crude fat content, that component percentage 

of the CPCP (2.20%) was much lower than that of 

the CTFP (7.88%). 

Concerning of the gross chemical composition 

for potatoes tubers and wheat flour, as shown in 

Table 3; crude protein, crude fat, ash, crude fibers 

and total carbohydrates contents were 7.62, 0.60, 

4.02, 2.22 and 85.52% for potatoes tubers, versus, 

12.1, 1.05, 0.65, 0.58 and 85.62% for wheat flour, on 

dry weight basis; respectively. Therefore, wheat flour 

and potatoes tubers were higher than both the CTFP 

and the CPCP in total carbohydrates content. In 

contrast, the CTFP and the CPCP had a higher 

content of crude protein, crude fat and ash than 

wheat flour and potatoes tubers. These results are in 

accordance with those found by  [23]. In this rank, it 

has been reported that chemical composition and 

nutritive values of crayfish are quite variable 

depending on several factors including species 

variety, nutritive degree, diet season of harvesting, 

local of catching and environmental conditions 

[24,25]. 

Concerning of wheat flour and potatoes tubers 

composition as shown in Table 3, it was found that 

wheat flour and potatoes were higher than CTFP and 

CPCP in carbohydrates content, while CTFP and 

CPCP were higher than both wheat flour and 

potatoes tubers in protein, fat and fiber contents.  

These results are in agreement with those reported by 

[26,27]. 

 

b) Minerals content of (mg/100g dry matter) of the 

CTFP and CPCP, compared with those for potatoes 

tubers and wheat flour: 

 

The results of Table 4 exhibit the concentration 

of tested minerals; Na, K, Ca, P, Mg, Fe, Cu, and Zn, 

of the CTFP and the CPCP, compared with those of 

both potatoes tubers and wheat flour. 

 
Table 4: Minerals concentration (mg/100g dry matter sample) of the CTFP and the CPCP, potatoes tuber and wheat flour. 

 

Minerals 

Minerals content (mg/100g dry matter sample) 
The CTFP The CPCP Potatoes tubers Wheat flour 

Na 
K 

Ca 

P 
Mg 

Fe 

Cu 
Zn 

214.6 
193.2 

149.1 

134.1 
54.5 

0.78 

0.51 
2.32 

186.4 
168.1 

137.0 

115.6 
46.40 

0.71 

0.35 
2.16 

120.1 
1500 

40.2 

120.1 
46.0 

3.04 

0.32 
1.61 

29.20 
155.44 

12.04 

118.26 
108.21 

0.68 

0.29 
0.35 

*The obtained results represented the mean of results for triplicate determinations. 
 

The obtained data in Table 4 showed that 

minerals content of CTFP was higher than those of 

the CPCP. Where, sodium, potassium, calcium, 

phosphorus, magnesium, iron, copper and zinc 

contents were found to be 214.6, 193.2, 149.1, 134.1, 

54.5, 0.78, 0.51 and 2.32 mg/100g dry sample for the 

CTFP, versus 186.4, 168.1, 137.0, 115.6, 46.4, 0.71, 

0.35 and 2.16 mg/100g dry sample for the CPCP; 

respectively. There upon, the former prepared 

crayfish products are considered as a good source for 

minerals, where the major minerals were Na, K, Ca, 

P and Mg. the results are in agreement with those 

reported by [6]. 

From the obtained results (Table 3), it could be 

illustrated that Na, Ca, P, Mg, Cu and Zn were lower 

than those in the CTFP and the CPCP. On the other 

hand, K and Fe in potatoes tubers (1500 and 3.04 

mg/100g; respectively) were higher than those in the 

CTFP (193.2 and 0.78 mg/100g; respectively) and 

the CPCP (168.1 and 0.71 mg/100g; respectively). 

Therefore, the addition of the CTFP and the CPCP to 

potatoes tubers fortified the blend with Ca, Mg, Cu 

and Zn minerals. On the other hand, wheat flour at 

72% extraction showed that Na, K, Ca, Fe and Zn 

contents were lower than those in the CTFP and the 

CPCP. While, minerals like P and Cu had a 

negligible difference, compared to the CTFP and the 

CPCP, but wheat flour had higher than Mg content 

than the CTFP and the CPCP. The present results are 

in agreement with those recorded by [28]. 

 

c) Nutritional quality of crayfish protein; compared 

with potatoes tubers and wheat flour proteins: 

 

Data given in Table 5 shows the amino acids 

composition (g/100g protein) of crayfish protein 

(CFP), compared with the amino acids composition 

of potato tubers and wheat flour proteins.
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Table 5: Amino acids composition of crayfish protein, potato tubers protein and wheat flour protein (g/100g protein); compared with the 

reference protein pattern of FAO/WHO. 

 

Amino acid 

Crayfish 

protein 

(g/100g) 

IAA 

score 

FAO/WHO 

g/100g protein 

potatoes protein 

(g/100g) 

 

IAA 

score 

Wheat flour 

 protein 

(g/100g) 

IAA score 

Isoleucine 
Leucine 

Lysine 

Meth + Cyst 
Pheny + Tyro 

Valine 

Therionine 

6.50 
9.65 

7.56 

6.40 
7.13 

6.82 

2.73 

162.5 
133.6 

137.5 

182.9 
118.8 

136.4 

68.25 

4.0 
7.0 

5.5 

3.5 
6.0 

5.0 

4.0 

4.05 
9.19 

7.75 

2.23 
9.20 

5.32 

5.31 

101.3 
131.3 

140.9 

63.7 
153.3 

106.4 

132.8 

3.04 
6.69 

1.99 

4.52 
8.26 

3.96 

3.33 

76.0 
95.6 

36.2 

129.1 
137.7 

79.2 

83.3 

Sum IAAs 46.79 -- 35.0 43.05 -- 31.79 -- 

Tryptophane 

Histidine 

Arginine 
Alanine 

Aspartic acid 

Glutamic acid 
Glycine 

Proline 

Serine 

1.29 

2.69 

12.34 
5.05 

11.94 

12.84 
5.52 

3.26 

3.38 

 

 

 

 

1.28 

2.34 

5.42 
5.39 

11.96 

12.95 
5.25 

6.55 

5.81 

 

 

1.22 

2.22 

4.89 
2.99 

5.86 

34.9 
4.21 

12.0 

4.82 

 

Sum. DAAs 61.48   62.26  73.11  

 

From the obtained results (Table 5), it could be 

illustrated that the CFP composed of all 

indispensable amino acids (IAAs); isoleucine, 

leucine, lysine, amino acids containing sulpher 

(methionine and cystine), aromatic amino acids 

(phenylalanine and tyrosine), valine and threonine at 

concentration of 6.50, 9.65, 7.56, 6.40, 7.13, 6.82 and 

2.73g/100g protein; respectively, which were higher 

than the corresponding concentrations in the 

reference protein pattern of [14], with the exception 

of threonine which was the first limiting 

indispensable amino acid in the CFP. Therefore, 

crayfish protein characterizes with good nutritional 

protein quality. These results are in accordance with 

those reported by [6,20]. On the other hand, crayfish 

protein contained the most indispensable amino acids 

at higher concentrations than those for the 

corresponding indispensable amino acids in potato 

tubers protein (4.05, 9.19, 7.75, 2.23, 9.20, 5.32 and 

5.31 g/100g protein; respectively) and wheat flour 

protein (3.04, 6.69, 1.99, 4.52, 8.26, 3.96 and 3.33 

g/100g protein; respectively) thereupon, it should be 

directed towards the utilization of the CFP in food 

products fortification with the IAAs, especially 

cereal products. These results are nearly in 

conformity with those found by [6,20,27]. 

 

III- Influence of the Incorporation of Either the 

CTFP or the CPCP on Quality Characteristics of 

Produced Biscuits and Potatoes Puree Tablets: 

 

1- Rheological Properties of prepared biscuits dough 

batches as affected by the incorporation of either the 

CTFP or the CPCP: 

 

The influence of the incorporation of either the 

CTFP or the CPCP at different levels (3, 6 and 9%) 

instead of wheat flour on some rheological 

properties; water absorption %, arrival time (min), 

developing time (min), stability (min) and weakening 

value (BU), of prepared biscuits dough batches was 

determined by the farinograph measurements, and 

the obtained results were recorded as in table 6.

 
Table 6: Influence of the incorporation of either the CTFP or the CPCP on the most import rheological properties biscuits dough batches: 

 
Incorporation treatment 

Rheological property value 

% Water 

absorption 

Arrival time 

(min) 

Developing time 

(min) 

Dough stability 

(min) 

Weakening 

value (BU) 

0% of the CTFP (Control) 

 
3% of the CTFP 

6% of the CTFP 

9% of the CTFP 

 

3% of the CPCP 

6% of the CPCP 
9% of the CPCP 

57.0 

 
58.5 

61.5 

63.5 

 

59.5 

61.5 
64.0 

2.0 

 
1.5 

1.0 

1.0 

 

1.5 

1.0 
1.0 

3.5 

 
4.0 

5.0 

6.5 

 

4.0 

5.5 
6.5 

4.00 

 
6.00 

8.00 

10.0 

 

7.00 

8.00 
11.0 

40 

 
60 

80 

90 

 

70 

90 
100 

 

As shown in Table 6, the water absorption of 

dough was increased with increasing the 

incorporation level of either the CTFP or the CPCP. 

In this concern, it has been reported that the 

differences in water absorption of dough are mainly 

caused by the greater number of hydroxyl groups 

exist in the high protein content which retain more 

water and therefore allow more water interactions 

with protein throughout the hydrogen bonding [29]. 

The obtained results (Table 6) also showed that the 

developing time (min), stability period (min) and the 

weakening value (BU) for prepared biscuits dough 
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batched exhibited the same gradual enhancement 

behavior by increasing the incorporation level from 

either the CTFP or the CPCP. On the contrast, the 

arrival time (min) of prepared biscuits dough batches 

was decreased by a half with addition 6 and 9% of 

either the CTFP or the CPCP; resulting in the 

increase of dough strength. These results are in 

nearly accordance with those found by [27,29]. 

 

2- Protein content (g/100g, on weight basis) of 

produced biscuits and potatoes puree tablets as 

affected by the incorporation of either the CTFP or 

the CPCP: 

 

The effects of incorporation of either the CTFP 

or the CPCP on protein content of produced biscuit 

batches and potatoes puree tablets was shown as in 

Table 7. 

 
Table 7: Influence of the CTFP or the CPCP addition on protein content (%/100g on dry weight basis) of produced biscuit batches and 

potatoes puree tablets. 

Produced biscuit batches Produced potatoes puree tablets. 

Incorporation treatment Protein 
content% 

Incorporation treatment Protein content% 

0% of the CTFP (Control) 

 
3% of the CTFP 

6% of the CTFP 

9% of the CTFP 

 

3% of the CPCP 

6% of the CPCP 
9% of the CPCP 

9.15 

 
11.60 

14.13 

16.08 

 

11.73 

14.41 
16.29 

0% of the CTFP (Control) 

 
5% of the CTFP 

10% of the CTFP 

15% of the CTFP 

 

5% of the CPCP 

10% of the CPCP 
15% of the CPCP 

7.28 

 
11.13 

14.87 

18.52 

 

11.30 

15.29 
19.08 

*The obtained results represented the mean of results for triplicate determinations. 
 

As illustrated in Table 7, the protein content of 

produced biscuit batches and potatoes puree tablets 

increased with increasing the incorporation level of 

either the CTFP or the CPCP. The control biscuit 

batch and potatoes puree tablets; no containing either 

the CTFP or the CPCP (control), had 9.15 and 

7.28%; on weight basis; respectively. In the case of 

supplemented biscuit batches with 3 and 9% of the 

CTFP, the protein content increased to 11.60 and 

16.08%; respectively, and to 11.73 and 16.29% in 

biscuit batches supplemented with either 3% or 9% 

of the CPCP; respectively. In case of the 

supplemented potatoes puree tablets, as shown in 

table 7, the protein content was increased to 11.13 

and 18.52% and to 11.30 and 19.08% by the 

incorporation of the CTFP or the CPCP at level of 5 

and 15%; respectively. The increase in protein 

content of the CTFP or the CPCP supplemented 

biscuits and potatoes tablets when compared with 

wheat flour and potatoes puree due to the appreciably 

higher protein content of the CTFP or the CPCP. The 

present results are in conformity with those obtained 

by [30] who reported that higher protein content was 

found in biscuits prepared from blends of wheat-raw 

and germinated mushroom powder. 

 

3- The most important physical characteristics of 

produced biscuit batches as affected by the 

incorporation of either the CTFP or the CPCP: 

 

The effect of incorporation of either the CTFP or 

the CPCP into the flour blends used for making the 

biscuit on the most important physical 

characteristics; diameter, thickness, spread ratio, 

weight, volume and specific volume, of produced 

biscuit batches was investigated and the obtained 

results were recorded as in table 8. 

 
Table 8: Influence of the (CTFP) or the (CPCP) on physical characteristics of produced biscuits batches. 

Incorporation treatment Diameter 

(mm) 

Thickness 

(mm) 

Spread 

ratio % 

Weight of 

three pieces 
(g/) 

Volume of 

three pieces 
(Cm3) 

Density 

(g/Cm3) 

0% of the CTFP (Control) 

 
3% of the CTFP 

6% of the CTFP 

9% of the CTFP 

 

3% of the CPCP 

6% of the CPCP 
9% of the CPCP 

64.5 

 
64.5 

64.5 

65.0 

 

64.5 

64.5 
64.5 

10 

 
10 

9.7 

9.6 

 

10 

10 
9.8 

6.45 

 
6.45 

6.65 

6.77 

 

6.45 

6.45 
6.58 

91.61 

 
91.90 

92.30 

92.60 

 

91.80 

92.00 
92.30 

140 

 
139 

137 

135 

 

139 

138 
136 

0.6544 

 
0.6612 

0.6737 

0.6859 

 

0.6604 

0.6667 
0.6787 

*The obtained results represented the mean of results for triplicate determinations. 
 

As evident in Table 8, the diameter, thickness 

and spread ratio values for the control biscuit batch 

were 64.5mm, 10mm and 6.45%; respectively. In 

addition that the former values were not changed 

considerably with incorporating of either the CTFP 

or the CPCP into the wheat flour blends used for 

making biscuit batches; even with the 9% addition 

level. Furthermore, the weight of three pieces and the 

specific volume values of produced biscuit batches 

were increased slightly from 91.61g and 0.6544 
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g/Cm
3
for control batch to 91.90; 92.60g and 0.6612; 

0.6859 g/Cm
3
 for produced biscuit batches made 

from wheat flour blends containing of either 3% or 

9% from the CTP, and to 91.80; 92.30g and 0.6640; 

0.6787g/Cm
3
 for produced biscuit batches made from 

flour blends containing of either 3% or 9% from the 

CPCP; respectively. This alteration could be 

attributed to the high water absorption capacity by 

fish protein. On the contrast, the produced biscuits, 

volume was decreased slightly with the incorporation 

of the CTFP and the CPCP from 140Cm
3
 for three 

pieces of the control to about 139 and 136 for the 

biscuit batches made from wheat flour blends 

containing of either 3% or 9% of the CTFP or the 

CPCP; respectively, as the result of weakness of the 

gluten network [27,31]. 

4- Color characteristics of produced biscuit batches 

as affected by the incorporation of either the CTFP 

or the CPCP: 

 

A color characteristics is considered a major 

criterion that affects the other quality criteria of the 

final biscuit product. Therefore, the effect of the 

incorporation of either crayfish tail flesh powder 

(CTFP) or the crayfish protein concentrate powder 

(CPCP) on color characteristics; Hunter values of 

whiteness (L), redness (a) and yellowness (b), value 

for the upper and the bottom surfaces of produced 

biscuit batches, and the obtained results were 

recorded as in table 9. 

 
Table 9: Color characteristics of produced biscuit batches as affected by the incorporation of either the CTFP or the CPCP. 

 

Incorporation treatment 

Color characteristics value 

Upper surface of biscuit bottom surface of biscuit 

L a b L a b 

0% of the CTFP (Control) 

 

3% of the CTFP 
6% of the CTFP 

9% of the CTFP 

 
3% of the CPCP 

6% of the CPCP 

9% of the CPCP 

60.52 

 

58.82 
57.50 

56.73 

 
58.71 

57.32 

56.59 

11.25 

 

12.68 
12.99 

13.32 

 
12.39 

12.75 

13.14 

25.52 

 

22.10 
25.14 

25.74 

 
21.93 

22.99 

25.56 

65.41 

 

65.71 
66.21 

67.45 

 
65.58 

66.05 

67.36 

10.52 

 

11.01 
11.54 

11.80 

 
10.88 

11.32 

11.65 

26.00 

 

25.72 
26.24 

26.99 

 
25.58 

25.02 

26.71 

*Color characteristic value represented the mean of results for triplicate samples. 

 

As shown in Table 9, the upper crust of all 

fortified biscuit batches had slightly lower L 

(whiteness) values, when compared with the control 

biscuit batch that made of 100% wheat flour, 

indicating the formation of the darker color on the 

upper surface of biscuit batches made from wheat 

flour blends containing either the CTFP or the CPCP; 

its due to increase of dietary fiber level [32,33]. 

Increasing the percentage of added the (CTFP) or the 

(CPCP) to wheat flours, led the values of whiteness 

(L), redness (a) and Yellow (b) to be slightly 

increased in all fortified samples. Subjective 

evaluations confirmed that the (CTFP) or the (CPCP) 

biscuits samples were darker, more red (a-values) 

than control samples. The results showed that the a-

values (redness) increased in the fortified biscuit 

samples with the increasing of the (CTFP) or the 

(CPCP) level from 3% to 9% (Table 9). The results 

are consistent with that obtained by [32,34]. 

 

5- Sensory quality characteristics of produced biscuit 

batches as affected by the incorporation of either the 

CTFP or the CPCP: 

 

The effect of incorporation of either the CTFP or 

the CPCP at different levels (3, 6 and 9%) on the 

judging scores of sensory quality characteristics; 

shape, color, taste, odor, crispness, texture and 

overall acceptability of produced biscuit batches was 

studied and the obtained results were as in table 10.

 
Table 10: Influence of the (CTFP) or the (CPCP) on sensory characteristics of produced biscuit batches. 

 

Incorporation treatment 

Mean of sensory characteristics score 

Shape Color Taste Odor Crispness Structure General  
acceptance 

0% of the CTFP (Control) 

 

3% of the CTFP 
6% of the CTFP 

9% of the CTFP 

 
3% of the CPCP 

6% of the CPCP 

9% of the CPCP 

9.5a 

 

9.5a 
9.5a 

9.3a 

 
9.4a 

9.5a 

9.2a 

9.0a 

 

9.0a 
8.5b 

8.0c 

 
9.0a 

9.0a 

8.4b 

10.0a 

 

8.5b 
7.0c 

5.5d 

 
9.0a 

7.0c 

6.0cd 

10.0a 

 

8.6b 
7.5c 

6.0d 

 
10.0a 

7.5c 

6.3d 

9.0a 

 

8.5a 
8.0b 

7.0c 

 
9.0a 

8.8a 

8.5a 

9.6a 

 

9.3a 
9.4a 

9.2a 

 
9.5a 

9.4a 

9.4a 

9.6a 

 

8.6b 
7.8c 

7.0d 

 
9.5a 

9.1a 

8.0c 

L.S.D** 0.51 0.6 1.21 1.5 0.61 0.45 0.51 

*Mean of sensory characteristic score: Mean of each organoleptic characteristic scores obtained from 10 panelists; the means within the 

same column having different superscripts are significantly varied (at p≤5). 
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From the obtained judging results (Table 10), it 

could be observed that the incorporation of the CTFP 

or the CPCP at levels of either 3% or 6% into wheat 

flour blend used in biscuit making did not cause any 

significant (at p≤5) deleterious effect on all tested 

organoleptic quality attributes of produced biscuit 

batches which exhibited the hedonic scale of very 

good or excellent judging scores (7.5-9.5) and better 

acceptability. But, the addition of the CTFP or the 

CPCP to the wheat flour blend at the level of 9% 

caused a significant (p≤5) reduction in the judging 

scores for the most evaluated organoleptic 

characteristics of produced biscuit batches. The taste 

and odor were negatively affected because of the 

appearance of the fish flavor in these batches. The 

present results are in accordance with those found by 

[30]. From the sensory evaluation results, it could be 

concluded that crayfish tail flesh CTFP and protein 

concentrate powders should be used in biscuit 

fortification at level up to 6% of wheat flour blend 

used in biscuit making. 

 

6- Sensory quality characteristics of fried potatoes 

puree tablets as affected by the incorporation of 

either the CTFP or the CPCP: 

 

The effect of incorporation of either the CTFP or 

the CPCP on sensory quality characteristics; color, 

taste, odor, texture, oily and overall acceptability, of 

fried potatoes puree tablets, and the obtained sensory 

judging scores were tabulated as in table 11.

 
Table 11: Influence of the (CTFP) or the (CPCP) on sensory characteristics of fried potatoes puree tablets: 

 

Incorporation treatment 

Mean of sensory characteristics score 

Color Taste Odor Texture Oily Overall 
acceptance 

0% of the CTFP (Control) 

 
3% of the CTFP 

6% of the CTFP 

9% of the CTFP 
 

3% of the CPCP 

6% of the CPCP 
9% of the CPCP 

10.0a 

 
9.0b 

8.0c 

8.0c 
 

9.0b 

8.5b 
8.0c 

9.0a 

 
8.0b 

8.0b 

7.0c 
 

9.0a 

9.0a 
8.0b 

9.0a 

 
8.0b 

7.5b 

7.0c 
 

9.0a 

9.0a 
8.2b 

9.2a 

 
9.0a 

8.5b 

7.8c 
 

8.9a 

8.5b 
8.1bc 

9.0a 

 
9.0a 

8.0b 

8.0b 
 

9.0a 

9.0a 
9.0a 

9.0a 

 
8.0b 

8.0b 

7.5c 
 

9.0a 

8.5b 
8.5b 

L.S.D** 0.91 0.85 0.88 0.38 0.92 0.40 

*Mean of sensory characteristic score: Mean of each organoleptic characteristic scores obtained from 10 panelists; the means within the 

same column having different superscripts are significantly varied (at p≤5). 
 

From the obtained results (Table 11), it could be 

illustrated that the sensory scores of the most 

evaluated organoleptic quality characteristics of fried 

potatoes puree tablets decreased slightly or not 

changed with increasing the incorporation level up to 

10% of either the CTFP or the CPCP, when 

compared to the control batch. Although the sensory 

judging scores of the most organolyptic quality 

properties of fortified potatoes puree tablets with 

either the CTFP or the CPCP up to 10% substitution 

level, the produced potatoes puree tablets had a good 

sensory quality and better acceptability. On the other 

hand, fried potatoes puree tablets containing 15% of 

either the CTFP or the CPCP exhibited a significant 

reduction in the judging scores of the organoleptic 

quality characteristics; especially taste and odor due 

to the fishy flavor properties naturally present in the 

incorporated fish proteins. From the present results 

for sensory evaluation of the fortified potatoes puree 

tablets, it could be concluded that the CTFP and the 

CPCP should be incorporated into the potatoes puree 

tablets up to the incorporation level of 10% from 

each. 

 

Conclusions: 

 

The results obtained indicated that the CTFP or 

the CPCP may be blended with wheat flour at levels 

as high as 3% of the CPCP without adversely 

affecting baking performance of biscuits, but with 

3% of the CTFP or 3 and 6% the CPCP samples were 

acceptable with slightly differences compared to 

control sample. While by addition of the CTFP or the 

CPCP to potatoes puree resulted in acceptable 

samples with slightly differences at 5% of the CTFP 

or 5 and 10% of the CPCP addition. However, the 

addition of the CTFP or the CPCP as a source of 

protein and minerals to wheat flour or potatoes puree 

affected the rheological, color and sensory 

characteristics of biscuits and potatoes puree tables in 

various ways. Biscuits and potatoes puree tablets 

containing the CTFP or the CPCP 5% of the CTFP or 

5 and 10% of the CPCP were high in protein, 

minerals and acceptable. The protein and minerals 

composition of these samples showed that protein, 

which plays a very important role in improving 

nutritional and sensory properties of biscuit and 

potatoes puree tablets, could be used for enriching 

the protein content of biscuits and potatoes puree 

tablets. These studies have shown the potential for 

developing protein and minerals-rich biscuits and 

potatoes puree tablets. 

 

Recommendation: 

 

The obtained results showed the importance of 

developing quality standard and recommended rules 

for fresh crayfish as a safe food in Egypt. The 
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crayfish meat industry could be a source with a great 

impact’s economy, if we can develop new industries 

depending on new cheap source of animal proteins 

by using crayfish tail flesh powder (CTFP) and 

crayfish protein concentrate powder (CPCP) to 

produce new high nutritional value food. Also, 

because of crayfish protein and minerals content, it 

can be used as a fish meal component. 
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