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Abstract: Shrimp has accounted for a substantial share of crustacean utilization in recent years and processing results in the accumulation of 
solid trash, such as the head, shell, and tail parts. The accumulation of bio wastes without proper use has led to waste of materials, waste 
disposal issues, and environmental contamination. In this sequence, the present study was carried out with an aim to prepare biscuits 
supplemented with protein concentrate from shrimp head and shell waste to enhance their protein content.  The prepared biscuits along with 
shrimp waste were examined for various physicochemical and biochemical parameters along with organoleptic evaluation. Mineral profiling 
was also carried out to assess the presence of major minerals in the shrimp waste as well as biscuits prepared from it. The shrimp waste has 
significantly enhanced the protein as well as mineral content of biscuits, however, also enhanced TMA and TVB-N value which affects the shelf 
life of biscuits. All the biochemical findings were confirmed with the FT-IR analysis. Prepared biscuits were also subjected to a storage study of 
150 days at ambient temperature; and a significant variation was observed in physicochemical and biochemical composition as well as in the 
organoleptic properties of the biscuits within due course of time. At the end of the storage time, biscuits were quite  safe. Therefore, the present 
investigation can revolutionize shrimp farmers as well as shrimp processors for efficient utilization of shrimp head and shell waste into value-
added products and also to grasp more economic benefits.
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The world's largest industry for producing seafood, 

crustacean aquaculture, provides a food source high in 

protein. Shrimp and shrimp products are widely consumed all 

over the world and their demand is increasing yearly owing to 

their delicacy and nutritional value. The amount of shrimp 

produced globally was 5.03 million tons in 2020, and by 2025, 

it is predicted to reach 7.28 million tons with a compound 

annual growth rate of 6.1% from 2020 to 2025. More than 80 

percent of the world's shrimp produced in Asia and plays 

significant role in the shrimp farming industry (Mao et al., 

2017). In Asia, Thailand is the leading exporter of farmed 

shrimp exporting to the USA, Europe, Canada, Japan, and 

South Korea. Out of all the shrimp species, Litopenaeus 

vannamei, or Pacific white shrimp, is the most widely farmed 

species in Thailand. Shrimp are usually frozen, either with or 

without a shell, and are exported or kept based on the need 

from the market. About 50–60% of the solid waste is 

produced during processing as by-products, which include 

the head, viscera, shell, and other components. Additionally, 

the washing and cooking process produces pollution and 

wastewater (per ton of cooked shrimp, about one gallon is 

created). These by-products make up to 45–50% of the catch 

and, because of their uncontrolled discharge, they pollute the 

environment and provide disposal challenges. Shrimp waste 

is discarded in enormous numbers, which results in the loss 

of important and bioactive components, even though a 

limited amount is used as animal feed and an element in 

aquaculture feed formulation. 

The economics of shrimp producers as well as 

processors would benefit from the recovery of these valuable 

components from waste and their subsequent use in 

profitable goods. Due to the decrease in the disposal of 

shrimp waste, this would also help in lowering environmental 

contamination. Shrimp waste possesses valuable 

components, i.e., protein/peptides, chitin/chitosan, 

pigments, enzymes, lipids, minerals and vitamins. However, 

the sources and processing conditions affect the levels of 

every component. Shrimp biscuit, also known as "hae bee 

hiam" in Singapore, is a popular snack that originated from 

Southeast Asia. The biscuits are frequently consumed 

around the world and well preferred by all age groups. 

Therefore, it is very logical to opt for biscuits as a base 



material to develop such functional foods. Keeping these 

things in view, the present study was designed to utilize 

shrimp head and shell waste to prepare protein-

supplemented functional biscuits.

MATERIAL AND METHODS

Procurement and processing of shrimp: Pacific white 

shrimp ( ) was procured from a local Litopenaeus vannamei

Shrimp farm of Fatehabad, Haryana during the season 2022-

2023. The shrimps were transported to the laboratory, 

washed twice, and the head and shell were separated 

manually. The waste material was washed and dried using a 

lab scale oven (Equitron stream ) at 50°C for 4 to 6 7051-091

hr to a moisture content of 10 %. Then, the dried material was 

ground into a fine powder using a mixer (Havells vitonika, 

500w) and sieved (particle size<1 mm). The prepared 

powders were stored in a cool and dry place till further use.

Preparation of shrimp head and shell waste protein 

concentrate: The protein concentrate was prepared. The 

shrimp head and shell waste powder was mixed with distilled 

water (1:10 (w/v)) and stirred while maintaining a pH of 10-11 

using 0.1 N sodium hydroxide (NaOH). Then, the prepared 

mixture was heated at 80-90 °C for 1 to 2 h to facilitate protein 

extraction. The mixture was allowed to cool and filtered using 

filter paper to separate the liquid containing extracted 

proteins. Subsequently, the filtrates were acidified to pH of 4-

5 using 0.1 N hydrochloric acid (HCl) that allows the 

precipitation as well as the separation of proteins. The 

precipitates were filtered and dried in an oven (Equitron 

stream 7051-091) at a temperature of 50-60°C up to a 

moisture content of 10 %. Finally, the extracted protein 

concentrates were stored in a PET container. 

Preparation of functional biscuits: Biscuits were prepared 

by the modified method of Khan et al. (2014). The ingredients 

used for the preparation of biscuits i.e., shrimp waste protein 

concentrate (50g) (approximately 15 % of the total 

ingredients), wheat flour (150g) (approximately 50 % of the 

total ingredient), hydrogenated fat (40g), sugar (12g), ground 

sugar (12g), milk (50ml), baking powder (4g), and salt 

(0.010g), cardamom powder (10 g as a flavoring agent) were 

finely mixed and the dough was prepared using a lab scale 

planetary mixture (Hobart N-50). The dough so prepared was 

pressed into a flat sheet and were cut with help of die to give 

appropriate shape. Then, the biscuits were baked at 230 °C 

for 15-20 min, cooled for 3-5 min, and packed in LDPE 

pouches. The functional biscuits were evaluated up to 150 

days at a 30-day interval for their physicochemical, 

biochemical, and organoleptic properties

Physicochemical composition: Various physicochemical 

parameters ., moisture, crude protein, crude fat, pH, and viz

ash content of shrimp head and shell waste, shrimp waste 

protein concentrate, and shrimp biscuits were determined by 

standard methods, on dry weight basis . 

Moisture content was estimated using following formula:

Where, W1= Weight of sample before drying; W2= 

Weight of sample after drying in oven

To assess the pH of samples, 5 g of sample was ground 

with 50 ml distilled water using a pestle and mortar, samples 

were filtered and using a digital pH meter, the pH value was 

recorded. Crude protein determination was carried out using 

the micro Kjeldahl method. 

Where, N= Nitrogen (%); W=Weight of sample; 

6.25=conversion factor for protein

The Soxhlet extraction apparatus was used for the 

determination of crude fat content of samples. To estimate 

crude fiber, the fat free sample obtained after the estimation 

of fat was used. 

Where, W=weight of the sample; W1=weight of the 

crucible with sample after muffle furnace; W2= weight of the 

crucible with sample after oven drying

 Total carbohydrate content was calculated by 

subtracting the total of moisture, protein, crude fat, ash and 

crude fiber from 100. The total energy content was calculated  

by multiplying protein, crude fat and carbohydrate values 

obtained from analysis by their respective calorific value i.e., 

4, 9 and 4 respectively; and expressed as Kcal/100g. To 

estimate ash content, one gram of the sample was collected 

and burned on a hot plate in a pre-weighed silica crucible. 

The crucible was placed in muffle furnace at 650 °C for 5 h. 

Using the crucible's weight differential, the ash content was 

calculated and represented as a percentage.

Trimethylamine (TMA) and total volatile base nitrogen 

(TVB-N): To determine TMA content, 10g sample was 

extracted with trichloroacetic acid (TCA) (10 %) and filtered 

using Whatman No.1. Thereafter, 1 mL of the obtained 

supernatant was carefully pipetted into the outer compartment 

of the Conway micro-diffusion unit. In the inner chamber, 1ml 

of 0.01N H SO was added, followed by 1ml saturated 2 4 

potassium carbonate and 0.5 ml of formaldehyde solution in 

the outer chamber. The unit was set aside at room 

temperature for the night. In the inner chamber, titration was 

performed with 0.01N NaOH and blank in the same way 

without sample was also run. The results were expressed as 

mg of N/100 g of sample. In order to determine the TVB-N  

Moisture content (%) =
W1 – W2

W2
×100

Crude protein (%)=
N × 6.25

W

Fibre (%) =
W  – W2 1

W
×100
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content, 10 ml of TCA (20%) was used to homogenize 5 g of 

material. The homogenate was then filtered through 

Whatman No. 1 filter paper and brought to a 100 ml volume 

using distilled water. The filtrate was used for further analysis. 

The micro-Conway diffusion unit's edges were coated with 

petroleum jelly, and the inner chamber was filled with 1 ml of 

0.01 N H SO Additionally, the outer chamber was filled with 2 4. 

0.5 ml of normal potassium carbonate and 1 ml of TCA extract. 

Overnight, the unit was left untouched Tashiro's indicator was . 

used to titrate against standard 0.01 percent NaOH in order to 

calculate the amount of unreachable acid in the inner 

chamber. Blank was simultaneously prepared with 1 ml of 2 % 

TCA solution. TVB-N was expressed as mg of N/100g. 

Organoleptic evaluation: The samples of biscuits were 

evaluated for organoleptic quality on the basis of 

appearance, taste, texture, smell, overall acceptability on a 

9-point hedonic scale by the panels of semi-trained judges 

consisting 10 members, where, 9-Like extremely, 8-Like very 

much, 7-Like moderately, 6-Like slightly, 5-Neither like nor 

dislike, 4-Dislike, 3-Dislike moderately, 2-Dislike very much, 

1-Dislike extremely. The results of judges were recorded on a 

Performa and samples with highest average scores were 

marked as best. 

Mineral analysis: Using inductively coupled atomic 

absorption spectrometry (ICP-AAS), the minerals in the raw 

materials and shrimp biscuits were calculated. Exactly 250 

mg of dried sample was digested with 10 ml of diacid mixture 

(nitric acid and hydrogen peroxide in the ratio of 4:1) in a 

microwave digestion unit (Anton Paar multiwave 7501). The 

digested samples were dissolved in doubled distilled water 

and then filtered using Whatman filter paper no. 1. The 

volume of the filtrate was then made up to 25 ml with double 

distilled water and was used for the determination of minerals.

FT-IR (Fourier-transform infrared spectroscopy): Using 

an FT-IR spectrometer (Nicolet-6700, Thermo Electron 

Scientific Instruments Corporation, USA), the raw material 

and produced shrimp biscuits were qualitatively assessed. 

The spectra were recorded in the wave number range of 

4000-400/cm with a maximum resolution of 0.85/cm, and all 

samples were evaluated at an ambient temperature of 

29±3°C The measured spectra for the samples were . 

analyzed in accordance with the guidelines given by.

Statistical analysis: Statistical analysis was carried out 

using standard procedures with 16.0 (IBM, SPSS Inc., USA) 

software. Additionally, post hoc tests (Tukay's Multiple 

Range Test) were used to assess the data.

RESULTS AND DISCUSSION

Physicochemical and biochemical composition of 

shrimp head/shell waste and protein concentrate:   T he  

percent crude protein, crude fat, ash, moisture, crude fiber, 

carbohydrate and energy content of shrimp head and shell 

waste were 42.34, 7.31, 21.11, 13.94, 9.20, 6.10, and 259.55 

kcal/100g, respectively. Protein concentrate possessed 

protein, ash, moisture, total carbohydrate, and total crude fat 

content of 76.79, 11.17 9.11 2.16, and 0.77, percent , , 

whereas, the energy was 322.73 kcal/100g also observed 

similar trend. These findings provide insights into the 

nutritional composition of the extracted protein concentrate 

from shrimp head and shell waste. The relatively low levels of 

crude fat and carbohydrate content endorses the suitability of 

protein concentrate for certain dietary needs, such as low-

crude fat or low-carbohydrate diets.

The biochemical composition was assessed based on the 

TVB-N, TMA, and pH values of the shrimp head and shell 

waste. These parameters are often used as indicators of 

freshness and the absence of significant changes in these 

values suggests that the waste material is suitable for further 

processing. T he TVB-N, TMA, and pH of the shrimp head 

and shell waste were 8.42, 4.20, and 7.81mg/100gm, 

respectively. The TVB-N, TMA and pH values for protein 

concentrate were 7.23, 3.72, and 7.68 mg/100g, respectively 

(Table 1). The TVB-N was much lower than acceptable limit 

(30-40 mg N/100) reported that TMA value of the thawed 

shrimp head were of 17.76 mg/100g in fresh head of L. 

vannamei. Lower TMA values indicate that the raw material 

was fresh. Besides, pH is also an important parameter that 

affects the shelf life and quality of seafood products. The 

observed pH value also confirms that the shrimp waste is in 

favourable condition for utilization. 

Mineral composition of shrimp waste and shrimp 

biscuits: The phosphorous (P), potassium (K), sodium (Na), 

iron (Fe), copper (Cu), zinc (Zn), magnesium (Mg) and 

manganese (Mn) content of shrimp waste were 1094.35, 

610, 693, 19.74, 7.49, 4.38, 32.11, and 26.01mg/100g, 

respectively. The resulting shrimp biscuits still contain 

674.61, 400 and 1603.8mg/100g phosphorus, potassium 

and sodium. Additionally, 30.65, 29.31, 21, 1.99 and 

3.09mg/100g magnesium, iron, copper, and zinc were also 

enhanced due to addition of protein concentrate, showcasing 

the potential to create value-added food products from 

shrimp waste. Similar observations were reported by in the 

preparation of tapioca cookies by incorporation of fish 

carcass flour of different species. 

Shelf-life evaluation of the Biscuits incorporated with 

shrimp head and shell waste protein concentrate 

Effect of storage on physicochemical and biochemical 

composition of biscuits: Concerning physicochemical 

composition, the results showed a significant alteration in 

moisture, crude protein, crude fat, crude fiber, ash, 
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Parameters Shrimp head and shell 
waste powder

Shrimp waste protein 
concentrate

Shrimp biscuits Wheat flour

Physicochemical composition

Protein (%) 42.34 76.79 14.16 10.23

Crude fat (%) 7.31 0.77 16.14 1.33

Ash (%) 21.11 11.17 7.01 1.00

Moisture (%) 13.94 9.11 5.54 3.33

Crude fiber (%) 9.20 - 4.51 0.51

Carbohydrate (%) 6.10 2.16 52.64 83.6

Energy (kcal/100g) 259.55 322.73 331.76 364

Biochemical composition

TVB-N (mg/100g) 8.42 7.23 4.29 -

TMA (mg/100g) 4.20 3.72 2.19 -

pH 7.81 7.68 6.50 -

Mineral composition (mg/100g)

Phosphorous (P) 1094.35 - 674.61 108

Potassium (K) 610 - 400 107

Sodium (Na) 693 - 1603.8 2.00

Iron (Fe) 19.74 - 21.6 2.39

Copper (Cu) 7.49 - 1.99 0.22

Zinc (Zn) 4.38 - 3.09 2.22

Magnesium (Mg) 32.11 - 29.31 120.0

Manganese (Mn) 26.01 - 30.65 0.82

Table 1. Physicochemical, biochemical, and mineral composition of shrimp head and shell waste, protein concentrate, wheat 
flour, and functional biscuits

Storage
period (days)

Moisture
(%)

Protein
(%)

Crude fat
(%)

Crude fiber
(%)

Ash
(%)

Carbohydrate
(%)

Energy
(kcal/100g)*

0 5.54 14.16 16.14 4.51 7.01 52.64 331.76

30 5.89 13.96 16.016 4.46 6.99 52.68 330.64

60 6.24 13.71 15.88 4.38 6.95 52.82 329.67

90 6.64 13.41 15.73 4.29 6.90 53.01 328.65

120 7.07 13.04 15.55 4.20 6.83 53.30 327.57

150 7.52 12.61 15.35 4.11 6.76 53.65 326.44

Table 2.  Changes in physicochemical composition of biscuits during storage

carbohydrate content, and energy value; highlighting the 

impact of storage duration on the product. As the biscuits 

containing shrimp head and shell waste protein concentrate 

were stored, the moisture content gradually increased, 

suggesting that the packing material may have had a 

permeability error. The crude protein decreased gradually 

over storage period of 150 days. This gradual decrease in 

crude protein of shrimp waste biscuits here shown could be 

associated with the decrease in the available amino acids. 

The crude fat, crude fiber, and ash content of the biscuit 

exhibited negligible changes over time. These findings 

indicate that the biscuit maintained its dietary fiber and 

mineral content. The  demonstrated   carbohydrate content

non-significant increase.  Observed that in biscuits produced 

from breadfruit and wheat flours enriched with edible fish 

meal. The energy content of the biscuit remained consistent 

throughout the storage period. 

The biochemical composition, the analysis focused on 

TVB-N, TMA, and pH revealed significant changes in the 

biochemical parameters of the biscuits over time. The TVB-N 

content, an indicator of protein degradation and spoilage, 

increased gradually throughout the storage period might be 
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due to the increased microbial activity, the breakdown of 

large amounts of amino acids and an accelerated rate of 

deamination. Similarly, TMA is responsible for the 

characteristic "fishy" odor, also exhibited an upward trend 

during storage which was caused by degradation of protein 

and non-protein nitrogenous compound. The pH of the 

biscuits gradually decreased which may be due to the 

production of volatile compounds continuously after the 

baking process. 

Fig. 1. FT-IR analysis of (a) shrimp biscuit and (b) shrimp head and shell waste

Storage period (days) Appearance Taste/Flavour Texture Smell Overall acceptability

0 8.49 7.50 6.52 7.50 7.50

30 7.80 7.31 6.02 7.31 7.11

60 7.50 6.81 5.73 7.01 6.76

90 7.31 6.52 5.53 6.52 6.47

120 6.91 6.12 5.33 6.42 6.20

150 6.52 5.53 5.04 5.83 5.73

Table 4. Changes in organoleptic evaluation of biscuit during storage

Storage period
(Days)

TVB-N(mg/100g) TMA (mg/100g) pH

0 4.29 2.19 6.50

30 5.11 2.67 6.10

60 5.88 3.18 5.81

90 6.47 3.71 5.53

120 7.56 4.27 5.25

150 9.22 4.93 5.14

Table 3. Changes in biochemical composition of biscuits 
during storage

Changes in organoleptic scores of biscuits during 

storage: Over the course of the storage period, a significant  

decline was noted in every organoleptic characteristic of the 

biscuits. However, the overall acceptability of the biscuits 

remained relatively stable throughout the storage period. 

This finding suggests although the sensory qualities of the 

biscuits deteriorated during storage, consumers still were 

moderately acceptable. Similar results for organoleptic 

characteristics well observed in Biscuits fortified with Fish 

protein concentrate. 

FTIR studies of raw material and shrimp biscuits: Fourier 

Transform Infrared Spectrometry (FTIR) was used to identify 

functional groups as well as other fingerprint groups present 

in raw material and produced biscuits. Bands ranging from 

3675.16 to 3270.47/cm showed intramolecular bonded O-H 

stretching, indicating the presence of alcohol and hydroxyl 

groups in the sample. The bands around the 2925.55 to 

2852.61/cm indicate the presence of C-H stretching which 

indicates the presence of alkanes. The range of 2160.69 to 

2023.43/cm is known as C-C Stretching, and it indicates the 

825Characterization of Biscuits Fortified with Shrimp Waste Protein Concentrate



presence of alkynes. The bands ranging 1972.07/cm 

represents the C-H bending and indicates presence of 

aromatic compounds. The spectrum between 1702.41-

1743.48/cm represents C=O stretching which indicates the 

presence of conjugated acids and esters respectively. The 

range of 1623.35 to 1647.31 cm in the spectrum reveals C=C 

stretching, indicating  and -unsaturated ketone, alkane, α β

and conjugated alkane, in that sequence. The bands 

between 1558.70 to 1455.53/cm and 1378.98-1377.96/cm 

indicate the N-O stretching and C-H bending respectively 

which represents nitro compounds and aldehyde, 

respectively. The band area representing N-O stretching has 

increased in biscuits in comparison to shrimp head and shell 

waste which indicates the enrichment of various proteins as 

well as amino acids in the functional biscuits. The spectrum 

1307.96/cm indicates O-H bending which represents phenol 

and spectrum ranging from 1234.95 to 1149.03/cm indicates 

C-N stretching which represents Amines in sample. The 

spectrum 1025.17-1075.02/cm indicates C-F stretching 

claims the presence of fluoro compounds and peaks 952.29-

992.59/cm, 860.73/cm and 634.10/cm indicates C=C 

bending, C-Cl stretching and C-Br stretching which 

represents alkene and halo compounds respectively.   

Frequency range Absorption (cm )-1 Functional groups Compound class

Shrimp waste Shrimp biscuits

4000-3000 3675.16 - O-H stretching Alcohol

3270.47 3288.86 O-H stretching Alcohol

3000-2500 2925.55 2922.42 C-H stretching Alkane

- 2852.61 C-H stretching Alkane

2400-2000 2160.69 - CΞC stretching Alkyne

2023.43 - CΞC stretching Alkyne

2000-1650 1972.07 - C-H bending Aromatic compound

1702.41 1743.48 C=O stretching Conjugated acid, esters

1670-1600 1623.35 1647.31 C=C stretching α,β-unsaturated ketone, alkane, conjugated alkane

1600-1300 1558.70 1539.50 N-O stretching Nitro compound

1539.62 1455.53 N-O stretching Nitro compound

1378.98 1377.96 C-H bending Aldehyde

1400-1000 1307.96 - O-H bending Phenol

1234.95 1238.91 C-N stretching Amine

- 1149.03 C-N stretching Amine

1025.17 1075.02 C-F stretching Fluoro compound

1000-650 952.29 992.59 C=C bending Alkene

- 860.73 C-Cl stretching Halo compound

634.10 - C-Br stretching Halo compound

Table 5. FT-IR spectral table depicting absorption band, functional groups and compound class concerning shrimp waste and  
shrimp biscuits

CONCLUSION

 The present study successfully demonstrated the 

potential of utilizing shrimp ( ) head Litopenaeus vannamei

and shell waste as a valuable ingredient in the development 

o f  p ro te in - e nr ic h ed  fu nc t i on a l  b i s c u i t s .  The  

physicochemical analysis of Pacific white shrimp 

( ) head and shell waste revealed Litopenaeus vannamei

high protein, ash, and mineral content, including 

phosphorus ,sodium and iron . The shrimp protein 

concentrate showed an even higher protein content with 

reduced fat and moisture levels. Biscuits enriched with this 

shrimp waste demonstrated improved protein and fat levels 

compared to wheat flour along with enhanced mineral 

content. During 150 days of storage, the biscuits showed a 

significant decrease in protein and an increase in moisture, 

TVB-N  and TMA . Despite these changes, sensory scores 

for overall acceptability remained within acceptable limits 

until day 120. FT-IR analysis confirmed the presence of 

functional groups such as O–H, C–H, C=O, and N–O, 

indicating the retention of key bioactive compounds in both 

waste and biscuits. These findings demonstrate the 

nutritional enhancement and storage stability of biscuits 

enriched with shrimp processing by products. 

826 Chauhan et al



REFERENCES  

Abraha B, Mahmud A, Admassu H, Yang F, Tsighe N, Girmatsion M, 
Xia W, Magoha P, Yu P, Jiang Q and Xu Y 2018. Production and 
quality evaluation of biscuit incorporated with fish fillet protein 
concentrate. : 1000744. Journal of Nutrition & Food Sciences 8

Adeola AA, Bakare HA, Bamgbose O, Obadina AO, Afolabi WA O, 
Adegunwa MO, Akerele RA, Otesile I and Alamu E 2021. 
Changes in nutritional, texture, rancidity and microbiological 
properties of composite biscuits produced from breadfruit and 
wheat flours enriched with edible fish meal. Nigeria Agricultural 
Journal 52: 1-12.

Al-Hassan AA 2016. Utilization of waste: extraction and 
characterization of chitosan from shrimp byproducts. Civil and 
Environmental Research 8 (3): 117-123.

AOAC 2016. , 17th ed. ed, Association of Official Methods of Anaylsis
Official Analysis Chemists International. Association of Official 
Analytical Chemists, Washington, USA.

Azelee NIW, Dahiya D, Ayothiraman S, Noor NM, Abd Rasid ZI, 
Ramli ANM and Selvasembian R 2023. Sustainable valorization 
approaches on crustacean wastes for the extraction of chitin, 
bioactive compounds and their applications: A review. 
International journal of biological macromolecules 253 : 126492.

Bakare AH, Adeola AA, Otesile I, Obadina AO, Afolabi WA, 
Adegunwa MO, Akerele RA, Bamgbose OO and Alamu EO 
2020. Nutritional, Texture, and Sensory Properties of composite 
biscuits produced from breadfruit and wheat flours enriched with 
edible fish meal. : 6226-6246. Food Science and Nutrition 8

Bassig RA, Obinque AV, Nebres VT, Delos Santos VH, Peralta DM 
and Madrid AJJ 2021. Utilization of shrimp head wastes into 
powder form as raw material for value-added products. The 
Philippine Journal of Fisheries 28 (1): 181-190.

Bay M, Blas S, Cross H, South IR, Urias C, Sinaloa M, Post N and 
Zapopan BS 2013. Physicochemical, proximate composition, 
microbiological and sensory analysis of farmed and wild 
harvested white shrimp  (Boone 1931) Litopenaeus vannamei
Tissues. .Current Research Journal of Biological Sciences

Binalshikh-Abubkr T, Hanafiah MM and Das SK 2021. Proximate 
chemical composition of dried shrimp and tilapia waste bioflocs 
produced by two drying methods. Journal of Marine Science and 
Engineering 9: 1-16. 

Boi LG 2021. . Marshall Cavendish In a Straits-born Kitchen
International Asia Pte Ltd, Singapore.

Boyd CE, McNevin AA, Racine P, Tinh HQ, Minh HN, Viriyatum R, 
and Engle C 2017. Resource use assessment of shrimp, 
Litopenaeus vannamei and Penaeus monodon, production in 
Thailand and Vietnam.  Journal of the World Aquaculture Society
48(2): 201-226.

Canali G, Balestra F, GlicerinaV, Pasini F, Caboni MF and Romani S 
2020. Influence of different baking powders on physico-
chemical, sensory and volatile compounds in biscuits and their 
impact on textural modifications during soaking. Journal of Food 
Science and Technology 57 : 3864-3873.

de Souza MLR, Gasparino E, Goes ES, dos R, Coradini MF, Vieira 
VI, Oliveira GG, Matiucci MA, de Castro ACVJ, Siemer S, 
Fernandes VRT and Feihrmann AC 2022. Fish carcass flours 
from different species and their incorporation in tapioca cookies. 
Future Foods 5: 100132. 

Djellouli M, López-Caballero ME, Arancibia MY, Karam N and 
Martínez-Alvarez O 2020. Antioxidant and antimicrobial 
enhancement by reaction of protein hydrolysates derived from 
shrimp by-products with glucosamine. Waste and Biomass 
Valorization 11: 2491-2505. 

Eggink KM, Gonçalves R and Skov PV 2025. Shrimp processing 
waste in aquaculture feed: Nutritional value, applications, 
challenges, and prospects.  (1): Reviews in Aquaculture 17
e12975.

Freeman GH, Gomez KA and Gomez AA 1985. Statistical 
Procedures for Agricultural Research., Biometrics. John Wiley 

and Sons. https://doi.org/10.2307/2530673

Geremew H, Abdisa M and Goshu G 2020. Proximate composition of 
commercially important fish species in southern Gulf of Lake Tana, 
Ethiopia.  (1).Ethiopian Journal of Science and Technology 13

Ghaly AE, Ramakrishnan VV, Brooks MS, Budge SM and Dave D 
2013. Fish processing wastes as a potential source of proteins. 
Amino acids and oils: A critical review. Journal of Microbiology 
and Biochemical Technology 5 (4): 107-129.

Gómez-Estaca J, Alemán A, López-Caballero ME, Baccan GC, 
Montero P and Gómez-Guillén MC 2019. Bioaccessibility and 
antimicrobial properties of a shrimp demineralization extract 
blended with chitosan as wrapping material in ready-to-eat raw 
salmon. : 342-349. Food Chemistry 276

IMARC G 2022. , Share, Size, Growth, Global Industry Trends
Opportunity and Forecast for Pigeon peas.

Khan M, Rahman M, Rahman M and Alam AN 2014. Development of 
protein enriched shrimp croquette from shrimp industry wastes. 
Journal of the Bangladesh Agricutural University 11: 331-340. 

Liu D, Liang L, Xia W, Regenstein JM and Zhou P 2013. Biochemical 
and physical changes of grass carp (Ctenopharyngodon idella) 
fillets stored at -3 and 0°c. : 105-114. Food Chemistry 140

Liu Z, Liu Q, Wei S, Sun Q, Xia Q, Zhang D, Shi W, Ji H and Liu S 
2021. Quality and volatile compound analysis of shrimp heads 
during different temperature storage.  X 12, Food Chemistry
100156. 

Mæhre HK, Dalheim L, Edvinsen GK, Elvevoll EO and Jensen IJ 
2018. Protein determination - method matters. : 5.Foods 7

Mao X, Guo N, Sun J and Xue C 2017. Comprehensive utilization of 
shrimp waste based on biotechnological methods: A review. 
Journal of Cleaner Production 143: 814-823. 

Martínez AD 2014. : Planet Taco: A Global History of Mexican Food
By Jeffrey M. Pilcher, Food, Culture & Society. Oxford University 
Press. https://doi.org/10.2752/175174414x13871910531908

Minantyo H, Hariohoedojo A and Winarno PS 2017. Organoleptic 
testing of fish meatball fortified with various colored vegetables. 
In:  (Vol. 1818, No. 1). AIP AIP Conference Proceedings
Publishing.

Nair, S, Gagnon J, Pelletier C, Tchoukanova N, Zhang J, Ewart H S, 
Ewart K V, Jiao G and Wang Y 2017. Shrimp oil extracted from 
the shrimp processing waste reduces the development of insulin 
resistance and metabolic phenotypes in diet-induced obese 
rats. : 841-849. Applied Physiology Nutrition and Metabolism 42

Pathmandra WAM, Jinadasa BKKK, Jayawarden BC, Himali SMC 
and Vidanarachchi JK 2015. Application of quality index method, 
TMA, histamine and TVB-N to evaluate the quality of 
Katsuwonus pelam is stored in ice. National Archeives and 
Records Administration.

Paul T, Halder SK, Das A, Ghosh K, Mandal A, Payra P, Barman P, 
Das Mohapatra PK, Pati BR and Mondal KC 2015. Erratum to: 
Production of chitin and bioactive materials from Black tiger 
shrimp (Penaeus monodon) shell waste by the treatment of 
b a c t e r i a l  p r o t e a s e  c o c k t a i l .  .  3  B i o t e c h
https://doi.org/10.1007/s13205-014-0250-9

RossiN, Grosso C and Delerue-Matos C 2024. Shrimp waste 
upcycling: unveiling the potential of polysaccharides, proteins, 
carotenoids, and fatty acids with emphasis on extraction 
techniques and bioactive properties.  (4): 153.Marine Drugs 22

Senphan T, Benjakul S and Kishimura H 2014. Characteristics and 
antioxidative activity of carotenoprotein from shells of Pacific 
white shrimp extracted using hepatopancreas proteases. Food 
Bioscience 5: 54-63. 

Sila A, Ghlissi Z, Kamoun Z, Makni M, Nasri M, Bougatef A and 
Sahnoun Z 2015. Astaxanthin from shrimp by-products 
ameliorates nephropathy in diabetic rats. European Journal of 
Nutrition 54: 301-307. 

Sinthusamran S, Benjakul S, Kijroongrojana K and Prodpran T 2019. 
Chemical, physical, rheological and sensory properties of biscuit 
fortified with protein hydrolysate from cephalothorax of Pacific 

827Characterization of Biscuits Fortified with Shrimp Waste Protein Concentrate



white shrimp.  : 1145-Journal of Food Science and Technology 56
1154.

Sinthusamran S, Benjakul S, KijroongrojanaK, Prodpran T and 
Kishimura H 2020. Protein hydrolysates from pacific white 
shrimp cephalothorax manufactured with different processes: 
Compositions, characteristics and antioxidative activity. Waste 
and Biomass Valorization 11: 1657-1670. 

Stuart BH and Thomas PS 1995. Xylene swelling of polycarbonate 
studied using Fourier transform Raman spectroscopy. 
Spectrochimica Acta Part A: Molecular Spectroscopy 51: 2133-
2137. 

Sulieman A 2017. Fortification of biscuits with fish protein 
concentrate fortification of biscuits with fish protein concentrate. 
World Journal of Dairy and Food Sciences 9: 242-249.

Vázquez JA, Ramos P, Mirón J, Valcarcel J, Sotelo CG and Pérez-

Martín RI 2017. Production of chitin from penaeus vannamei by-
products to pilot plant scale using a combination of enzymatic 
and chemical processes and subsequent optimization of the 
chemical production of chitosan by response surface 
methodology. Marine Drugs : 180. 15

Zhuang S, Li Y, Hong H, Liu Y, Shu R and Luo Y 2020. Effects of ethyl 
lauroyl arginate hydrochloride on microbiota, quality and 
biochemical changes of container-cultured largemouth bass 
( ) fillets during storage at 4°C. Micropterus salmonides Food 
Chemistry 324: 126886. 

Zomorodian N, Javanshir S, Shariatifar N and Rostamnia S 2023. 
The effect of essential oil of Zataria multiflora incorporated 
chitosan (free form and Pickering emulsion) on microbial, 
chemical and sensory characteristics in salmon (Salmo trutta). 
Food Chemistry: 20X : 100999.

Received 22 May, 2025; Accepted 20 July, 2025

828 Chauhan et al


