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Abstract
The current study aimed to optimize the process for ready- to- eat extruded fish pow-
der preparation and to ascertain the impact of two methods on fatty acid profiles. 
For the investigation, Labeo rohita (Rohu) fish was first minced, extruded, and mi-
crowave vacuum- dried. The results show that the yield for extruded fish powder 
(EFP) fluctuated from 22.32% to 29.07%. The maximum retention for docosahex-
aenoic acid (DHA), arachidonic acid (AA), and eicosapentaenoic acid (EPA) was 
3.24 ± 0.08 g/100 g lipids, 2.74 ± 0.05 g/100 g lipids, and 1.24 ± 0.09 g/100 g lipids, 
by using different extrusion parameters. Moreover, nonsignificant changes were ob-
served during 0 days, and 1 and 3 months of storage (at 4°C and 25°C) for DHA, 
AA, and EPA, whereas significant results were recorded for the samples stored for 
6 months at 25°C. Also, the maximum peroxide value (PV) and thiobarbituric acid re-
active substance values (TBARS) were 1.72 ± 0.04 meq/kg fat and 0.135 ± 0.008 mg 
malondialdehyde/kg fat. It is anticipated from the outcomes that the study will be 
helpful to prepare value- added food products in future studies.
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1  | INTRODUC TION

Fish is among the most common and nutritious seafood consumed 
throughout the globe. In Pakistan, the total fish production in the 
year 2017– 2018 was estimated as 482,000 million tons (Govt. 
of Pakistan, 2017). Among different fish varieties, Rohu is mostly 
consumed in Pakistan and India (Latif & Faheem, 2020), due to its 
nutritional and sensorial attributes. Numerous studies have proved 
the bioactive composition of fish meat which helps in preventing 
cardiovascular ailments, atherosclerosis, acts as antithrombotic, and 
functions against arrhythmia (Šimat et al., 2020; Ucak et al., 2021).

However, being perishable and high- fat content, the seafood is en-
listed in a highly perishable food class. Therefore, various processing 
technologies are being used to develop fish products for long- term 
consumption and storage. In addition to other sea processed prod-
ucts, fish powder (FP) consumption is increasing and it acts as an 
important ingredient for enriched foodstuff (Manzoor et al., 2021; 
Shaviklo et al., 2010). FP is reported to carry polyunsaturated fatty 
acids (PUFAs) including docosahexaenoic acid (DHA), arachidonic acid 
(AA), and eicosapentaenoic acid (EPA). The health- promoting fatty 
acid profile acts as antithrombotic and hypocholesterolemic, and per-
forms other physiological actions (Tocher, 2015). Furthermore, DHA 
is helpful for brain development (Echeverría et al., 2017) and eye ret-
ina of newborn children (Jacques et al., 2011). Similarly, AA acts as a 
precursor in products such as anandamide, isoprostanes, and epoxides 
(Tallima & El Ridi, 2018). The National Institute of the United States 
recommended 650 mg of fish fatty acids daily (Chew et al., 2015).

However, PUFAs are highly susceptible to oxidative which can 
render the quality of fish and make it unfit for consumption. Novel 
processing approaches helped to prepare FP, having a longer shelf 
life. Extrusion is one of the processing technologies in which high 
temperature and smear force are used to produce a product with im-
proved biochemical characteristics (Ahmad et al., 2020). This study 
aimed to process Rohu fish into dried extruded fish powder (EFP), 
with limited oxidation of bioactive fatty acids.

2  | MATERIAL S AND METHODS

2.1 | Procurement and preparation of fish meat

Rohu fish (1,400 ± 150 g) was purchased from the local market of 
Faisalabad, Pakistan. Fish guts (fins, head, and tail) were removed 
following deboning and mincing. A spinning blade grinder (Duronic 
CG250- 250W motor, UK) was used for mincing, then exposed to 
thermal extrusion, and finally, microwave vacuum- dried to form FP 
as the final product.

2.2 | Thermal extrusion

The twin- screw extruder was used for thermal extrusion (FMHE- 36; 
Hunan Fumake Engineering Technology Co., Ltd., Hunan, China). It 

had a screw width of 36 mm with a length to distance proportion 
of 24:1 and kick the bucket measurement of 36 × 4 mm. It had con-
trolled zones for thermal cooking with a temperature estimating test 
and a screw speed controller. The Box– Behnken design was used 
for the optimization. The conditions of barrel external temperature 
(BET) for the optimization ranging from 100 to 150°C, screw speed 
(SS) of 50– 150 rpm, feed flow rate (FFR) of 30– 90 kg/hr, feed mois-
ture content (FMC) of 10%– 30%, and FP 0%– 25%. Coding tech-
niques were used for the experimental design shown in Table 1.

2.3 | Microwave vacuum drying

For the drying of samples, a small- scale vacuum dryer (WZD2S; 
Nanjing Sanle, China) was employed. The equipment had the poten-
tial to dry 8– 12 kg fish samples in controlled temperature and pres-
sure. The dryer was adjusted to 1,300 W power, the frequency was 
set to 2,450 MHz frequency, and a sample was kept at 90 Pascal 
pressure for 4.5 hr (50°C). For keeping the quality of n- 3 and n- 6 
fatty acids in the finished product, low temperature and pressure 
were used in the study.

2.4 | Grinding and yield

Grinding was done to produce a homogenous particle size of pow-
der using a grinder (Duronic CG250- 250W motor, UK). The dried 
powder was successfully packed in polyethylene bags. The yield was 
calculated according to the AOAC method (923.07) (Latimer, 2012).

2.5 | Proximate analyses

Moisture content was analyzed using AACC Method No. 44- 15A 
(AACC, 2000). Protein content was determined by using AACC 
Method No. 46- 10 (AACC, 2000). By Soxtec System (Model: H- 2 
1045 Extraction Unit, Hoganas, Sweden), fat was determined AACC 
Method No. 30- 10 (AACC, 2000). By using AACC Method No. 32- 
10, carbohydrates (CHO) were measured (AACC, 2000). Using 
Muffle Furnace (MF- 1/02, PCSIR, Pakistan), mineral contents were 
determined according to AACC Method No. 08- 01 (AACC, 2000).

TA B L E  1   Codes and actual levels of independent variables for 
optimization of response factors determined by the Box– Behnken 
design

Independent variables Units

Coded levels

−1 0 +1

Barrel exit temperature (BET) °C 100 125 150

Feed flow rate (FFR) kg/hr 30 60 90

Screw speed (SS) rpm 50 100 150

Feed moisture content (FMC) % 10 20 30
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2.6 | Preparation of sample for fatty acid 
(FA) analysis

PUFAs of EFP were calculated according to AOAC, Method No. 
923.07 (Latimer, 2012). Fatty acid methyl esters (FAME) were synthe-
sized by following the method proposed by Carvalho et al. (2005). In 
the tube (16 × 150 mm), 1 g sample was taken in tube (16 × 150 mm) 
and then added 10 ml of hexane containing 0.1% butylated hydroxyl 
toluene. After that mixed by shaking and placed in an ultrasound 
water bath for 5 min. It was centrifuged at 1,500 g. The hexane was 
heated at 60°C to evaporate it from the sample mixture. Aspirated 
sample with nitrogen for 10 s, in 50 mg of sample, 1.0 ml toluene, 
and 2.0 ml boron trichloride– methanol. The samples were heated 
further at 60°C for 10 min. Finally, 2.0 ml of hexane and 2.0 ml of 
cooled water were added to a test tube for the extraction of FAME. 
The moisture was removed by adding anhydrous sodium sulfate, and 
dehydrated FAME was transferred to a volumetric flask (10 ml) and 
made up the volume with hexane.

2.7 | Gas chromatographic assessment

For GC analysis, 1.0 μl FAME sample was introduced with helium 
(as carrier gas) with a speed of 1 ml/min, whereas the column oven 
temperature was adjusted to 160°C with a gradual increase in 3°C/
min until it reaches 180°C. Additionally, the column oven tempera-
ture was raised from 180°C to 220°C at 1°C/min speed. At 220°C, it 
was kept for 7.5 min; furthermore, the split ratio was set at 50% with 
injector temperature of 240°C and detector temperature of 250°C.

2.8 | Retention of FAs

For FA retention calculations, the following equation was employed:

2.9 | Peroxide value analysis

A sample of 5 g FP was taken in a conical flask. 30 ml of acetic acid, 
20 ml chloroform, and 1 ml potassium iodide solution were added 
to it and stayed in a dark place for 30 min. 1 ml of starch solution 
(1%) and 50 ml of water were mixed into the solution. The final solu-
tion was then titrated with sodium thiosulfate solution (0.1 N) until 
the colorless endpoint is obtained (Ranganna, 1986). The following 
equation was used to determine the PV of FP.

2.10 | Thiobarbituric acid reactive substance 
(TBARS) test

For TBARS analysis, 5 g of sample was first homogenized with 
trichloroacetic acid (11%) for 1 min (at 5,400 g) using a homogenizer 
(IKA, Wilmington, USA). Then, the sample was kept in ice for 1 min 
followed by homogenization for 1 min again. Further, separation of 
homogenate was performed with Whatman's No. 1 and mixed 1 ml 
(20 mM) thiobarbituric acid followed by incubation for 20 hr (at 
25°C) in a darkroom. Finally, the absorbance was ascertained using 
a UV- 1800 spectrophotometer (Shimadzu, Kyoto, Japan) at 532 nm 
wavelength. The obtained results were calculated in mg of MDA/kg.

2.11 | Statistical analysis

The optimization of microwave and extrusion conditions was per-
formed through RSM using Design- Expert 11 software of statistics. 
The experiment analyses were conducted through the method of 
Montgomery (1991). All experiments were conducted in triplicates 
and average values were considered as mean values. The signifi-
cance of values was calculated statistically through mean using anal-
ysis of variance (ANOVA) at a probability of 0.05.

3  | RESULTS

3.1 | Yield and proximate composition of fish and 
EFP

The effects of thermal extrusion conditions of BET, SS, FFR, and 
FMC were examined for EFP preparation, yield, and retention of 
DHA, EPA, and AA. The average yield for EFP as a result of differ-
ent operating conditions differed from 22.32% to 29.07%. Whereas 
the total fat content was 9.62 ± 0.43% and the total crude protein 
was 67.28 ± 1.09% in EFP, the values for CHO, moisture, and ash 
were 11.55 ± 0.78%, 4.52 ± 0.31%, and 6.93 ± 0.90%, respectively 
(Table 2). The fatty acid profile of fish meat and EFP is presented 
in Table 3. The values for PUFAs, monounsaturated fatty acids 
(MUFAs), saturated fatty acids (SFAs), n- 3, and n- 6 in fresh fish were 
51.73 ± 2.87, 29.58 ± 1.43, 20.06 ± 1.7, 9.26 ± 0.99, and 10.39 ± 0.68, 
while for EFP, the values were reduced to 50.00 ± 0.64, 27.71 ± 1.26, 
17.98 ± 0.72, 8.28 ± 0.41, and 9.33 ± 0.28 (Table 3).

FAs retention ( % ) =
FAs present in the product after extrusion

FAs present in rawmaterial
× 100

PV =
Titrate value × Normality of Na2S2O3

Sample weight
× 1000

Labeo rohita 
(Rohu) Total fat (%) Total protein (%) Moisture (%) Ash (%)

Control 2.74 ± 0.13 14.94 ± 0.72 75.46 ± 1.71 2.41 ± 0.37

EFP 9.62 ± 0.43 67.28 ± 1.09 4.52 ± 0.31 8.93 ± 0.90

TA B L E  2   Proximate composition of 
Rohu fish and its powder prepared by 
microwave vacuum drying
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3.2 | Retention of DHA, EPA, and AA

The trend of various conditions on DHA, EPA, and AA values is 
presented in Tables 4- 6. An increasing trend of DHA, EPA, and 
AA retention was observed with decreasing temperature and 
increasing FMC. The minimum retention value for DHA was 
2.34 ± 0.04 g/100 g lipid at 150 BET, 100 SS, 60 FFR, and 10 FMC, 
while the maximum value was observed 3.24 ± 0.08 g/100 g lipids at 
100°C BET, 100 SS, 60 FFR, and at 30 FMC (Table 4). Similarly, the 
minimum value observed for EPA at 150 BET, 100 SS, 60 FFR, and 
10 FMC was 0.33 ± 0.003 g/100 g lipid and the maximum result was 
1.24 ± 0.09 g/100 g lipid at 100 BET, 100 SS, 60 FFR, and 30 FMC 
as displayed in Table 5. The lowest values estimated for AA were 
1.81 ± 0.06 g/100 g lipid at 150 BET, 100 SS, 60 FFR, and 10 FMC, 
while the highest estimation was 2.74 ± 0.05 g/100 g lipids at 100 
BET, 100 SS, 60 FFR, and 30 FMC.

Moreover, retention for DHA in extrusion processing runs 
carried out at 150 BET, 10 FMC, and 30 FMC were significantly 
(p < .05) different from DHA retained in runs carried out at 150 BET 
with 20 FMC, whereas the SS and FFR did not significantly affect 
the retention of DHA in the final product. The DHA retention val-
ues of a run at 150 BET with 10 FMC and 30 FMC were significantly 

(p < .05) different from each other and also different from the runs 
with 20 FMC but runs with 20 FMC were nonsignificant (p > .05) 
from each other (Table 4). With 125 BET and 10 FMC, the value of 
runs was nonsignificant (p > .05) from each other but different from 
others at a similar temperature and different FMC. With 20 FMC, 
the values of runs were nonsignificant (p > .05) from each other but 
significantly (p < .05) different from the runs with 10 FMC and 30 
FMC.

Similarly, the runs with 30 FMC having temperature were nonsig-
nificant (p > .05) from each other but significantly (p < .05) different 
from others (Table 4). The values for the runs at 100 BET with 10 
FMC and 30 FMC were significantly (p < .05) different from each 
other and also from the runs with 20 FMC, but the runs with 20 FMC 
had nonsignificant (p > .05) values from each other but these runs 
were significantly (p < .05) different from the runs with 10 FMC and 
30 FMC. The DHA retention was highest in the run with 100 BET 
and 30 FMC as displayed in Table 4. Similar to DHA, the retention 
values of EPA in the runs with 20 FMC and 150 BET were nonsig-
nificant (p > .05) from each other but significantly (p > .05) different 
from the runs with 10 FMC and 30 FMC (Table 5). The results for 
runs with 10 FMC and 30 FMC with a similar temperature for 150 
BET were significantly different from each other and also different 
from the runs with 20 FMC. The retention value of EPA in the runs 
with 125 BET and 20 FMC was nonsignificant (p > .05) between 
each other but significantly (p > .05) different from the runs with 
FMC of 10 and 30. The run values with 10 FMC were also nonsignif-
icant from each other but different from the rest two.

Similarly, the EPA retention in the runs with 30 FMC was nonsig-
nificant (p > .05) from each other but significantly (p > .05) different 
from the EPA values in the runs with 10 and 20 FMC. At 100 BET 
the values of the runs with 10, 20, and 30 FMC were significantly 
(p > .05) different from each other but the values in the runs with 
20 FMC were nonsignificant (p > .05) from each other as depicted in 
Table 5. The retention of the AA was also observed in three differ-
ent temperatures at 150 BET, 125 BET, and 100 BET. The values of 
the runs at 150 with 30, 10, and 20 FMC were significantly (p > .05) 
different from each other. The AA retention in the runs with 20 FMC 
with a similar temperature of 150 BET was nonsignificant (p > .05) 
from each other. When the BET was set at 125 BET the AA values 
in the runs with 10, 20, and 30 FMC were significantly (p > .05) dif-
ferent from each other but the values of runs with 20 FMC were 
nonsignificant from each other and this condition was similar for the 
runs with 10 FMC and 30 FMC. With 10 FMC and 30 FMC, the val-
ues of AA in the runs were different from each other and the values 
of the runs with 20 FMC were nonsignificant (p > .05) from each 
other and significantly (p > .05) different from the runs with 10 FMC 
and 30 FMC (Table 6).

3.3 | Storage stability of DHA, EPA, and AA

Storage stability of DHA, EPA, and AA was observed from 0 days 
to 1 month, 3 months, and 6 months at different processing 

TA B L E  3   Fatty acid profile in fresh Rohu fish and in fish powder 
(mg/100 g)

Fatty acid Control EFP

C14:0 2.47 ± 0.21 2.37 ± 0.05

C15:0 1.10 ± 0.07 1.04 ± 0.03

C16:0 33.09 ± 1.68 31.82 ± 0.31

C17:0 1.30 ± 0.04 1.27 ± 0.01

C18:0 13.12 ± 0.8 12.59 ± 0.15

C19:0 0.65 ± 0.05 0.62 ± 0.02

C20:0 0.29 ± 0.02 0.29 ± 0.07

C16:1 n- 7 0.70 ± 0.04 0.62 ± 0.09

C18:1 n- 9 26.91 ± 1.30 25.29 ± 1.13

C20:1 n- 9 1.97 ± 0.09 1.80 ± 0.04

C18: 2 n- 6 4.53 ± 0.52 3.98 ± 0.13

C18: 3 n- 3 2.91 ± 0.19 2.62 ± 0.19

C20:3 n- 7 0.41 ± 0.03 0.37 ± 0.03

C20:5 n- 3 (EPA) 1.32 ± 0.06 1.24 ± 0.03

C20:4 n- 6 (AA) 2.91 ± 0.12 2.74 ± 0.14

C24:4 n- 6 2.95 ± 0.16 2.61 ± 0.15

C25:5 n- 3 1.34 ± 0.37 1.18 ± 0.03

C22:6 n- 3 (DHA) 3.69 ± 0.43 3.24 ± 0.19

∑SFA 51.73 ± 2.87 50.00 ± 0.64

∑MUFA 29.58 ± 1.43 27.71 ± 1.26

∑PUFA 20.06 ± 1.7 17.98 ± 0.72

∑ n3 9.26 ± 0.99 8.28 ± 0.41

∑ n6 10.39 ± 0.68 9.33 ± 0.28

n3/n6 0.89 0.88
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conditions (with storage temperatures of 4°C and 25°C) (Tables 4- 
6). For DHA, there was nonsignificant (p > .05) change observed in 
1 month and 3 months at 4°C and 25°C, with different processing 
conditions, but on 6 months storage time, the significantly (p > .05) 
different values were observed at 25°C in different runs (5, 11, 13, 
16, 19, 24, 25, 26, 28 and 29). Under extrusion condition of 100 
BET with 10, 20, and 30 FMC, a significant (p > .05) change was de-
termined for DHA. Also, significant (p > .05) change for DHA was 
recorded for 125 BET with 30 FMC, at 25°C storage temperature, 
but nonsignificant (p > .05) results at 4°C for 6 months of stor-
age was determined. Nonsignificant (p > .05) changes observed in 
other processing conditions are presented in Table 4.

Furthermore, for EPA, significantly (p > .05) different estima-
tions were determined for 6 months of storage at 25°C with extru-
sion conditions of 100 BET using 10, 20, and 30 FMC in 11, 13, 16, 
19, 24, and 29 runs and with 5, 25, 26, and 28 runs.

Likewise, significant (p > .05) changes were also observed with 
extrusion conditions of 125 BET with 30 FMC. While nonsignificant 
(p > .05) changes were determined on 1 and 3 months at 4°C and 
25°C storage temperatures, on 6 months of storage at 4°C tempera-
ture, nonsignificant (p > .05) changes were recorded (Table 5).

Additionally, for AA, nonsignificant (p > .05) changes were de-
termined during 1, 3, and 6 (at 4°C) months of storage but a signifi-
cant (p > .05) change in the storage stability for AA was determined 
during 6 months at 25°C temperature. All the runs (11, 13, 16, 19, 
24, and 29) delivered a significant change in AA value. The extrusion 
conditions for these runs were 100 BET with 10, 20, and 30 FMC. 
The values in runs with 100 BET with 20 FMC were significantly 
(p > .05) different from the 10 FMC and 30 FMC results. The runs 
with 10 FMC and 30 FMC were also different from each other as 
depicted in Table 6. The runs with 100 BET and 30 FMC had greater 
AA values than the others. Therefore, it can be concluded that two 
factors (BET and FMC) affect the storage stability and retention of 
DHA, EPA, and AA in extrusion conditions.

3.4 | Oxidative stability of EFP

Maximum PV was noted as 1.72 ± 0.04 (at 0 days) with 150 BET 
and 10 FMC, while the minimum estimation was 1.08 ± 0.01 at 100 
BET and 30 FMC. Significantly different outcomes for PV were 
determined at 4°C and 25°C with different processing conditions 
(Table 7). Also, nonsignificant findings were recorded at 4°C and 
25°C using 1, 14, 15, and 18 runs with 150 BET and 20 FMC while 
at 150 BET (with 10 and 30 FMC) results were significantly (p > .05) 
changed from the others.

Similarly, the values in the runs with 125 BET and 20 FMC at 
4°C and 25°C were nonsignificantly different but in the runs with 
BET 125 and 10 FMC significantly (p > .05) changed from the oth-
ers whereas nonsignificantly changed from each other. Runs with 30 
FMC with 125 BET were also nonsignificantly different from each 
other but significantly (p > .05) different from the others with dis-
similar FMC and BET. The values in the runs with 100 BET with 10 

FMC and 30 FMC were significantly (p > .05) changed from each 
other and also from the others. Likewise, the values for 100 BET and 
20 FMC were nonsignificantly changed from each other but signifi-
cantly (p > .05) different from the others (Table 7).

The maximum value observed for TBARS at 0 days with 150 BET 
and 10 FMC was 0.135 ± 0.008 and the minimum value examined at 
100 BET and 30 FMC was 0.006 ± 0.001 as shown in Table 8. The 
values for TBARS at 4°C and 25°C were significantly different in 1, 3, 
and 6 months at different processing conditions (Table 8).

4  | DISCUSSION

In addition to other health benefits, fish and fish products are vital 
for cardiac health and the proper functions of the eye. Fish is a good 
source of PUFAs (DHA, AA, and EPA) which have gained consumer 
attention in the last three decades. Therefore, we processed fish 
into powder which was a colorless and odor product. Protein con-
tent dominates (75%) in the product with essential minerals and fat 
content; therefore, the EFP can be incorporated in food items as a 
source of protein, minerals, and fat. One type of fish differs from 
others due to the presence of long- chain PUFAs, DHA, or configura-
tion of the fatty acids profile.

However, the design of the dryer, liquid material, operating con-
ditions, and fish composition are responsible for the end product 
and dried powder (Deis, 1997). Keeping in view the importance of 
PUFAs for human health, we also studied their storage stability at 
two different temperatures (4°C and 25°C) for 1, 3, and 6 months 
with different processing conditions.

Some recent studies were also reported on the nutritional sig-
nificance of fish and fish products. For instance, Abbey et al. (2017) 
prepared FP from different species and determined 28 to 80 g/100 g 
crude proteins, 4.7 to 11.5/100 g crude fat, 3.4 to 14.2 g ash content, 
and 3.5 to 8.4 (g/100 g) moisture content, which were comparable 
with our findings. Also, carbohydrate content ranged from 5.39 to 
7.53 g/100 g, which was not comparable to our findings. The differ-
ence in results might be due to different processing conditions and 
types of fish used.

In another study, Pansawat et al. (2004) stated that the retention 
of EPA in fish, rice- based snacks was maximum at extreme condi-
tions of SS and FMC that are by the present study.

Whereas Kostadinović et al. (2016) stated that extrusion treat-
ment increases the amounts of DHA, we observed that with the 
increase in FMC, DHA also increases as BET decreases. Moreover, 
Björck and Asp (1983) revealed that the higher extrusion tempera-
ture can decrease the fat content in the final product and this con-
clusion can be comparable to current findings. This might be due to 
the expulsion of fumes at a higher temperature from fats. So, the 
change in parameters such as BET, SS, and FMC also affects the 
number of fats on different levels. BET and FMC variables affect the 
composition retention and storage stability of PUFAs.

Additionally, Fitzpatrick et al. (2004) also stated that storage condi-
tions may influence the levels of fat and the same trend was also noticed 
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in our study. With the change in BET, SS and FMC also change the levels 
of fat. Additionally, Lohani and Muthukumarappan (2017) evaluated ex-
truded products and stated that extrusion procedures help to increase 
the antioxidant activities and make the stable oxidation.

5  | CONCLUSION

Nowadays, the dried fish powder (FP) is extensively applied for the 
production of value- added foods for improvement in functional and 
nutritional value. The current study was designed to optimize the 
process for ready- to- eat extruded fish powder preparation, and then, 
its bioactive fatty acid profile was characterized. The Rohu fish meat 
was minced, extruded, and microwave vacuum- dried. Our results es-
tablished that thermal extrusion and microwave vacuum drying have 
the potential to improve the bioactive fatty acids, PV, and TBARS of 
FP. The findings show the importance of the proposed method for the 
food industry to prepare nutritious value- added functional products.
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