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ABSTRACT 
 

Nowadays food industries were concentrating on substituting the use of synthetic natural “green” 

antioxidants. Therefore, the present study focused on lipid oxidations in dried salmon (Salmo salar) with 

and without natural antioxidants (garlic powder, cinnamon) during different storage conditions, and a 

comparison was made with a synthetic antioxidant Butylated hydroxytoluene (BHT). Minced salmon 

fillet mass was divided into four equal parts and each part was treated with natural antioxidant under 

study except the control. Each of these four parts was dried in two different ways, half portion oven-

dried and the other half portion freeze-dried. After 24 weeks, these samples were tested for peroxide 

value (PV), Thiobarbituric acid reactive substances (TBARS), total carbonyl content/water-soluble 

protein. According to the peroxide value (PV) results, it was noticed that the BHT was found to be the 

most effective antioxidant, followed by garlic and cinnamon for oven-dried salmon. Cinnamon was 

found to be more efficient than garlic in minimizing PV formation in freeze-dried salmon. In general, 

the initial study showed that freeze-drying was more efficient than oven drying. On the other hand, total 

carbonyl content for oven-dried salmon treated with cinnamon, garlic, and BHT, was found to be similar 

to the untreated salmon. Freeze-dried antioxidant treated salmon was generally found to possess more 

carbonyl content over time compared to the oven dried treated salmon.  

 

* Corresponding author 
 

 

KEYWORDS 

Antioxidant 

Lipid oxidation 

Dried salmon 

Storage 

Polyunsaturated fatty acids 

(PUFAs) 

E-mail: nazrulhaq59@gmail.com (Dr. Nazrul Haq) 

Peer review under responsibility of Journal of Experimental Biology and  

Agricultural Sciences. 

All the articles published by Journal of Experimental 

Biology and Agricultural Sciences are licensed under a 

Creative Commons Attribution-NonCommercial 4.0 

International License Based on a work at www.jebas.org. 

 

 

Production and Hosting by Horizon Publisher India [HPI] 

(http://www.horizonpublisherindia.in/). 

All rights reserved. 

http://www.jebas.org/
http://www.jebas.org/
http://www.jebas.org/
http://www.jebas.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.18006/2021.9(2).206.213&domain=pdf&date_stamp=2021-04-25


 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

The effect of “green” antioxidants on lipid oxidation in dried salmon (Salmo salar) during storage conditions         207 

 

 
1 Introduction  

Salmon is a good source of meat protein. It contains a high volume 

of polyunsaturated fatty acids (PUFAs) having several beneficial 

effects on human health. However, PUFAs are exceedingly prone 

to oxidation and their amount varies generally between different 

members of the family of salmon fish (Pereira de Abreu et al., 

2010). The changes brought by the oxidation of lipids/ fatty acids 

in food include changes in taste and odor, degradation of the 

texture, the performance of the muscle ultimately heading to 

reduced nutritional values (Al-juhaimi et al., 2018; Amaral et al., 

2018; Jacobsen et al., 2019). Fish proteins are highly vulnerable to 

contamination and aggregation with storage time and temperature 

that affect both texture and nutritional value of fish (Ocano-

Higuera et al.,  2011). All the reasons mentioned above give rise to 

a reduction in shelf life. 

Oxidative damage in the living organisms that affect lipids and 

proteins is controlled by two types of antioxidant systems. The first 

type is illustrated by the enzymes like superoxide dismutase 

(SOD), catalase (CAT), and peroxidases while the second set of 

antioxidants are mostly low molecular weight compounds that are 

soluble in both polar and non-polar solvents. Examples of water-

soluble antioxidants include ascorbate, polyphenols, and 

glutathione, while tocopherol and ubiquinol (reduced coenzyme Q) 

are soluble in apolar solvents (Pereira de Abreu et al., 2010).  

After death, fish flesh degrades immediately as a result of the 

collective as well as the synergistic effect of different mechanisms 

e.g. microbiological growth, endogenous enzyme activity, and 

lipid oxidation (Mathew & Prakash 2007; Komolka et al., 2020). 

Removal of hydrogen or appendage of oxygen-free radical signals 

the beginning of the lipid peroxidation chain reaction which 

culminates in the oxidative destruction of PUFAs. The role of 

antioxidants in food is to delay the commencement and the rate of 

oxidation. Generally, synthetic antioxidants like butylated 

hydroxyanisole, butylated hydroxytoluene, and propyl galate are 

used in the food industry (O´Sullivan et al., 2005). Nonetheless, 

synthetic antioxidants may be dangerous for health as they are 

reported to be carcinogenic (Dance-Barnes et al., 2009; Lobo et al., 

2010; Eskandani et al., 2014; Wang et al., 2016; Yang et al., 2018). 

Recently, nutrition studies have drawn attention to natural products 

playing the role of antioxidants due to their various benefits to 

health (Martínez-Graciá et al., 2015; Stagos 2020). Polyphenols 

from spices such as cloves, herbs like rosemary (Salvia 

rosmarinus) and oregano (Origanum vulgare), tea, blueberries, and 

red wine have been reported in the literature as natural antioxidants 

(Houhoula et al., 2003; Coccimiglio et al., 2016; Liu, et al., 2018; 

Nieto et al., 2018). It’s interesting to notice that, the reaction 

mechanism of “green” antioxidants involve scavenging of free 

radicals, chelation of transition metals and action as reducing 

agents; these compounds produce antioxidative enzymes and 

therefore protect important components of the cell, such as DNA, 

proteins, and membrane lipids from reactive oxygen species.  

Garlic (Allium sativum) has been studied for its prophylactic and 

therapeutic properties (Kabasakal et al., 2005). It has been recently 

reported that garlic contains sulphur and polyphenols which are 

related to antibacterial, antifungal, and antioxidant activity (Chung, 

2006; Pedraza-Chaverrí et al., 2007; Bozin et al., 2008; Mnayer et 

al., 2014; Suleria et al., 2015). It has also been reported that certain 

additives and nutrients interactions affect the antioxidant activity 

of fruits and vegetables (Cardelle-Cobas et al., 2005).  

Cinnamon (Cinnamomum verum) is another antioxidant that is 

widely used in food as a flavour and also for benefits to health 

(Shahid et al., 2018). Cinnamon has been reported to have 

antimicrobial activity in addition to anti-diabetes activity; reducing 

the cell viability of some cancer cell lines and for treating common 

colds (Murcia et al., 2004; Sun et al., 2016) ). Mancini-Filho & Van-

Koiij (1998) have been reported that cinnamon extracts reduced lipid 

peroxidation in the beta-carotene-linoleic acid; the antioxidant 

activity was similar to 100 ppm synthetic antioxidant (BHT). 

Further, Murcia et al. (2004) have reported that cinnamon extracts 

protected against lipid oxidation in liposomes caused by irradiation, 

by quenching hydroxyl radicals and hydrogen peroxide. 

Therefore, keeping in mind the adverse effects of synthetic 

antioxidants on human health and the possibility of using natural 

materials for the same, this study was undertaken with due 

consideration given to the effect of temperature on the processing of 

Salmon. In this paper, peroxide value (PV), thiobarbituric acid 

reactive substances (TBARS), carbonyl, and the water-soluble 

protein contents were determined/measured for oven and freeze-

dried treated Atlantic salmon (S. salar) with and without antioxidants 

of garlic, cinnamon and BHT at a different time of storage. 

2 Materials and methods 

2.1 Materials 

Atlantic salmon (S. salar: Salmonidae) fillets were bought in an 

icebox from M & J Seafood, Farnham, UK to the working 

laboratory. All chemicals used in this study were analytical grade 

and procured from BDH laboratories, Fischer Scientific, 

Loughborough, UK, or from Sigma Aldrich, Poole, UK. Powdered 

garlic and cinnamon were purchased from the local market 

(Guildford). 

2.2 Methods 

2.2.1 Sample preparation 

The salmon fillets were first minced and divided into four portions. 

Among these four, Portion A: salmon fillets treated with garlic 
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powder (500 ppm), portion B: salmon fillets treated with cinnamon 

(500 ppm), portion C: salmon fillets treated with BHT (250 ppm), 

and finally portion D: control with no added antioxidant. These 

four portions of treated salmon fillets were left in an oven set at 

70ºC for 10 days.  After that these samples were left outside at 

room temperature (22
o
C) for up to 24 weeks. Besides, the salmon 

fillets were treated as above, but instead of oven-drying, the four 

portions were left in a freezer at –80ºC for 1 day and transferred to 

a freeze drier, and left for 14 days. After that these samples were 

left at room temperature (at 22
o
C) for up to 24 weeks. All the tests 

were performed at time zero, and eventually at 1, 2, 4, 8, 12, 16, 

and 24 weeks. 

2.2.2 Determination of peroxide value (PV) 

Fish oil (0.5 g) was weighed into a conical flask, initially dried 

through blowing a stream of nitrogen gas, followed by the addition 

of chloroform (10 ml) and acetic acid (15 ml) than fresh potassium 

iodide (1 ml). The conical flask was then tightly closed and gently 

swirled to allow its contents to mix for 1 minute and kept in a dark 

cupboard for 1 minute. After this, starch solution (1 ml) and RO 

water (75 ml) were added and the solution titrated with 0.002 N 

sodium thiosulfate solution. An oil sample not from fish was used 

as control. The peroxide value was determined using the equation 

shown below (AOCS, 1996): 

PV =
 PVtitre − PVblank  x N x 1000

weight of the fat used
 

Where PV titre is the volume of sodium thiosulfate solution used 

in the sample in mL, PV blank is the volume of sodium thiosulfate 

solution used in blank and N is the concentration of thiosulfate 

solution. 

2.2.3 Thiobarbituric acid reactive substances (TBARS) 

A mixture containing the extracted fish oil (200 µl), absolute 

ethanol (10 ml) and 50 mM sodium phosphate buffer (10 mL, pH 

7.0) was placed in a glass tube and vortexed for one minute. A 

stock solution of 1,1,3,3-tetraethoxypropane (TEP) was prepared 

by weighing 200 ± 10 mg into a 100 ml volumetric flask and made 

up to the mark by using Milli Q water to give 2 mg/ml or 2000 

µg/ml. This was followed by the serial dilutions up to 40, 30, 20, 

10, and 5 µg/mL. Thiobarbituric acid reactive species (TBARS) 

were measured as follows: Firstly, 50 µl of the reaction mixture 

was mixed in a test tube with 800 µl distilled water, 200 µl of 8.1% 

sodium dodecyl sulphate, 1.5 ml of 0.8% thiobarbituric acid, and 

1.5 ml of 20% acetic acid (pH, 3.5) and secondly, 50 µl of the 

standard solution was mixed in a test tube with 800 µl distilled 

water, 200 µl 8.1% sodium dodecyl sulphate, 1.5 ml of 0.8% 

thiobarbituric acid and 1.5 ml of 20% acetic acid (pH, 3.5). These 

two solutions were mixed well and heated at 100 ºC for 60 

minutes, cooled centrifuged at 4300 x g for 10 minutes and the 

absorbance of their upper layers read at 532 nm. 

2.2.4 Carbonyl and the water-soluble protein measurements 

The total carbonyl content of protein was measured by using the 

method reported by Armenteros et al. (2009). A sample containing 

proteins (0.2 g) was added to 2 mL pyrophosphate buffer (pH 7.4) 

and homogenized for 30 seconds. The resulting mixture was 

divided into 2 equal portions of 1 ml each. In these two portions, 

the protein was precipitated by the addition of 1 mL of 10% 

trichloroacetic acid (TCA), centrifuged for 5 minutes at 5000 x g, 

and the supernatant was removed. Further, in this first portion, 1 

ml of 2N hydrochloric acid was added to measure protein 

concentration while in the second portion, 1 mL of 0.2% 2.4-

dinitrophenylhydrazine (DNPH) prepared in 2N HCl was used to 

measure the carbonyls. Both portions were left under room 

temperature for 1 hour and shaken after every 15 minutes, after 

this, both portions were precipitated by the addition of 1 mL 10% 

TCA followed by centrifugation for 5 minutes at 5000 x g. The 

precipitates were washed twice with 1 ml of 1:1 ethanol: ethyl 

acetate (v:v), shaken, and centrifuged for 5 minutes at 10,000 x g. 

Both resulting precipitates were dissolved in 1.5 ml of 20 mM 

sodium phosphate buffer (pH 6.5) containing 6 M guanidine 

hydrochloride, stirred, and centrifuged for 2 minutes at 5000 x g to 

remove insoluble fragments. Protein concentration was measured 

at 280 nm  (Perkin-Elmer System 2000 FT-Raman 

spectrophotometer with excitation from a Nd:YAG laser)  using 

BSA as standard and the carbonyls were measured at 370 nm and 

expressed as (A) in nmol of carbonyl per mg of protein by 

multiplying with an adsorption coefficient of protein hydrazones 

(21.0 mM
-1

cm
-1

). 

2.3 Statistical analysis 

The mean value and standard deviation were calculated for all 

experiments. Analysis of variance (ANOVA) using the two-way 

ANOVA with Bonferroni test. Graphpad prism 6 computer 

program was used to calculate the differences between the samples 

at the end of each time point during the 24 weeks and 30 days for 

the second batch. The level of significance was set for p<0.05. 

3 Results  

3.1 Peroxide Value (PV)  

3.1.1 Oven dried  

Results presented in figure 1 revealed that the PV value of Atlantic 

salmon treated in the garlic and cinnamon followed by heating was 

less than the untreated (control). The PV of the control quickly 

rose to reach a maximal peak after 2 weeks with a value of 45.60 
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meq/kg and this value was higher than the Atlantic salmon 

processed with garlic, cinnamon, and BHT. Up to 04 weeks, 

salmon processed with both garlic and cinnamon have the same 

degree of effect although slightly less effective than BHT. 

However, the PV value of garlic-treated salmon does not vary 

much after 04 weeks and decreases only very little from the 04
th
 

week (26.02 meq/kg)  to even after 24 weeks (22 meq/kg). 

Whereas in the case of cinnamon, PV values fluctuate from 26.02 

meq/kg (after 04 weeks) to 42.32 meq/kg on the 08
th
 week and 

24.18 meq/kg after 24 weeks of study. The PV value of Atlantic 

salmon treated with BHT was found to increase initially from 7.8 

meq/Kg at the beginning of the study to 23.97 meq/kg at 8 weeks 

and then decrease almost linearly to 14.43 meq/kg at 24 weeks. 

The PV value of Atlantic salmon that was used as the control (in 

the absence of garlic, cinnamon, and BHT) quickly rose and 

reaching to a maximal peak after 2 weeks with a value of 45.60 

meq/kg. This value was higher than that of Atlantic salmon 

processed with garlic, cinnamon, and BHT. For control, the PV 

value at the end of the study at 24
th
 weeks was found in between 

natural antioxidants (garlic as well as cinnamon) and the synthetic 

free radical scavenger BHT. 

From the results presented in the figure, it was very clear that BHT 

is the best antioxidant and this was followed by garlic and 

cinnamon, these two performed similarly till the 0-4 weeks and 

after 24 weeks. The observed trend suggested that garlic and 

cinnamon can be potent antioxidants and fractions could be used to 

boost their potential. 

3.1.2 Freeze dried  

The measurement of the PV value for freeze-dried Atlantic salmon 

in the presence and absence of garlic, cinnamon, and BHT showed 

a different trend as compared to the oven-dried Atlantic salmon. 

On comparing figures 1 and 2, it becomes very clear that freeze-

drying is a more effective way of processing Atlantic salmon 

irrespective of the presence or absence of garlic, cinnamon, and 

BHT. In figure 2, the magnitude of PV value at each stage during 

the entire study followed the sequence with control being highest, 

BHT lowest, and both garlic as well as cinnamon in the middle. 

The number of PV values measured in freeze-dried Atlantic 

salmon in the presence of both garlic and cinnamon was found to 

be almost equal for the whole study. BHT was found to be the 

most effective antioxidant among them, closely followed by garlic 

and cinnamon. The initial rise in the PV of all samples followed by 

a drop after 8 weeks aligned with the report by Sarkardei & Howell 

(2008); this was attributed to the formation of secondary oxidation 

products. 

3.2 Thiobarbutric acid reactive substances (TBARS) content  

3.2.1 Oven dried  

The concentration of TBARS in oven dried Atlantic salmon in the 

presence and absence of garlic, cinnamon and BHT is shown in 

figure 3. Results of the study revealed that between 0-4 weeks the 

formation of TBARS was higher in the control sample, after this, a 

drastic reduction in TBARS content was reported and it was 

reaching a low level at week 16. Among the three antioxidants 

used, BHT was found to be more effective in preventing the 

formation of TBARS in oven dried Atlantic salmon (p<0.05) 

during the first 8 weeks. TBARS levels in the presence of garlic 

 
Figure1 Peroxide values of oven treated salmon stored at 22

o
C 

for 24 weeks with and without of garlic (500 ppm), cinnamon 

(500 ppm) and BHT (250 ppm) 

 
Figure 2 Peroxide values of freeze dried treated salmon stored at 

22
o
C for 24 weeks with and without garlic (500 ppm), cinnamon 

(500 ppm) and BHT (250 ppm) 
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and cinnamon were found to be lower than those in BHT treated 

samples on 16
th
 week but this trend reversed on the 24

th
 week; 

however, garlic was more effective than cinnamon in preventing 

the formation of TBARS in oven dried Atlantic salmon up to 8 

weeks.  Cinnamon was found to be more effective than garlic after 

12-24 weeks. 

3.2.2 Freeze dried  

The Atlantic salmon processed by freeze drying in the presence 

and absence of garlic, cinnamon, and BHT produced less TBARS 

(Figure 4) than oven dried Atlantic salmon  (p<0.05). The 

performance of garlic, cinnamon, and BHT over time was similar 

in trend for oven and freeze dried Atlantic salmon in the presence 

and absence of garlic, cinnamon, and especially BHT. 

3.3 Carbonyl contents  

3.3.1 Oven dried 

Figure 5 depicts the carbonyl content produced when the Atlantic 

salmon was processed through oven drying in the presence and 

absence of garlic, cinnamon, and BHT. The amount of carbonyl 

produced by the preserved Atlantic salmon was almost same for 

the control and when, garlic, cinnamon, and BHT were added to 

oven-dried Atlantic salmon over 24 weeks. It is clear that the effect 

produced by BHT in lowering the amount of carbonyl formed 

although visible but is not statistically significant (p>0.05). Also, 

none of the anti-oxidants were effective enough to curb the 

production of carbonyls during storage. 

3.3.2 Freeze dried  

The carbonyl content produced by the Atlantic salmon processed 

by freeze drying in the presence or absence of garlic, cinnamon, 

and BHT are shown in figure 6. Freeze dried Atlantic salmon 

showed similar trends but with lower values than the oven dried 

Atlantic salmon in the presence of garlic, cinnamon and BHT. 

BHT was found to be marginally effective in lowering the amount 

of carbonyl content produced by the freeze dried Atlantic salmon 

stored for 24 weeks. 

 Figure 3 TBARS content of oven dried treated Atlantic 

salmon stored at 22
o
C for 24 weeks with and without of garlic 

(500 ppm), cinnamon (500 ppm) and BHT (250 ppm) 

 
Figure 4 TBARS content of freeze dried treated Atlantic 

salmon stored at 22
o
C for 24 weeks with and without of garlic 

(500 ppm), cinnamon (500 ppm) and BHT (250 ppm) 

 
Figure 5 Carbonyl content of oven dried Atlantic salmon 

stored at 22
o
C for 24 weeks with and without of garlic (500 

ppm), cinnamon (500 ppm) and BHT (250 ppm) 
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3.4 Protein content  

3.4.1 Oven dried  

The water soluble protein content in oven dried Atlantic salmon in 

the presence and absence of garlic, cinnamon and BHT reduced 

over time. A clear difference was observed from week 8, where the 

Atlantic salmon preserved using BHT had a higher protein content 

followed by that treated with garlic. Cinnamon did not protect the 

protein from denaturing, whereby on week 16 it was not 

significantly different from the lower protein content of the 

control. 

3.4.2 Freeze dried  

The water soluble protein content in stored freeze dried Atlantic 

salmon, in the presence or absence of garlic, cinnamon and BHT 

was higher when compared to the protein content of oven-dried 

Atlantic salmon. As observed in the figure, Atlantic salmon 

processed by oven-drying and freeze-drying in the presence of 

BHT and garlic was the same for 0-8 weeks and better than those 

processed with cinnamon as a preservative. After 8 weeks, BHT 

treated samples showed higher values of water soluble proteins 

than the control or samples treated with garlic and cinnamon are 

used as preservatives.  

4. Discussion 

It’s interesting to notice that, the reaction mechanism of garlic, 

cinnamon, and other antioxidants involve scavenging of free 

radicals, chelation of transition metals, and action as reducing 

agents; these compounds produce antioxidative enzymes and 

therefore protect important components of the cell, such as DNA, 

proteins, and membrane lipids from reactive oxygen species 

(Campêlo et al., 2019). 

Many previous studies reported the effect of the presence of some 

antioxidants like garlic powder, cinnamon, and BHT on lipid 

oxidation in some types of food under different conditions. 

Keeping this in mind Queiroz et al. (2009), reported that depending 

upon condition garlic antioxidant activity may either increase or 

decrease by heating. The study of Wen-qiong et al. (2013) related 

to the loss of activity to the fact that polyphenolic antioxidant 

compounds are destroyed or new Maillard reaction antioxidant 

products are formed during heat processing. Mancini-Filho & Van-

Koiij (1998) have reported that cinnamon extracts reduced lipid 

peroxidation in the b-carotene-linoleic acid; the antioxidant 

activity was similar to 100 ppm synthetic antioxidant (BHT). 

Further, Murcia et al. (2004) have reported that cinnamon extracts 

protected against lipid oxidation in liposomes caused by 

irradiation, by quenching hydroxyl radicals and hydrogen 

peroxide. Also, garlic or cinnamon, or other antioxidants can 

protect biologically important cellular components, like DNA, 

proteins, and membrane lipids, from reactive oxygen species. 

Antioxidants can scavenge free oxygen radicals, chelate transition 

metals, act as reducing agents, produce antioxidative enzymes and 

reduce oxidative enzymes, such as cyclooxygenase (Su et al., 

2007; Jacobsen et al., 2019).  Moreover, Del Mazo et al. (1999) 

reported a correlation between the decrease in the protein 

solubility, storage time, and temperature. On the other hand, some 

studies have reported that there is a link between the decrease in 

the extractability and solubility of proteins with the amounts of 

oxidized lipids bound to protein (Saeed & Howell, 2002; Xiong & 

Guo, 2021). Therefore, varied antioxidants and cryoprotectants 

have been applied beneficially to obstruct and stoppage protein 

denaturation and diminish texture changes during frozen storage 

(Badii & Howell, 2002). 

Conclusion  

The current study presents the results of an investigation on the 

lipid oxidations in dried salmon (S. salar) with and without 

antioxidants (garlic powder, cinnamon, and BHT) during different 

storage conditions. According to the peroxide value (PV) results, it 

was noticed that the BHT was found to be the most effective 

antioxidant, followed by garlic and cinnamon for oven-dried 

salmon. Cinnamon was found to be more efficient than garlic in 

minimizing PV formation in freeze-dried salmon. In general, the 

initial study showed that freeze-drying condition was more 

efficient than oven drying. On the other hand, total carbonyl 

content for oven-dried salmon treated with cinnamon, garlic, and 

BHT, was found to be similar to the untreated salmon. Freeze-

dried antioxidant treated salmon was generally found to possess 

more carbonyl content over time compared to the oven dried 

 
Figure 6 Carbonyl content of freeze dried Atlantic salmon 

stored at 22
o
C for 24 weeks with and without of garlic (500 

ppm), cinnamon (500 ppm) and BHT (250 ppm) 
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salmon. Similarly, freeze dried salmon was found to contain more 

carbonyl than the other samples treated with garlic and cinnamon, 

and BHT. Overall, based on the result of this study it could be said 

that these natural “green” antioxidants can be used either in 

combination with synthetic antioxidants or separately as an 

additive to decrease the rate of food spoilage due to oxidation. 
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