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1.0 Abstract

Sardines (Rastrineobola argentea), popularly known as “dagaa” is one of the leading
commercial fish species of Lake Victoria. The fatty fish species are attracting great attention
because they are good source of omega-3 polyunsaturated fatty acids which are vital for a wide
range of biological functions and are implicated in the prevention of numerous diseases. While
nutritionally valued omega-3 fatty acids are highly susceptible to oxidation during fish
processing due to their unsaturated nature. Oxidation reactions result in loss of omega-3 fatty
acids and production of undesired off-flavours which discourage consumption and limit
diversification of sardine products.Synthetic antioxidants may be used to prevent lipid oxidation
but have been claimed to be carcinogenic at higher levels. The replacement of synthetic
antioxidants with ones of natural origin is now in demand.

In this study, natural antioxidants rich extracts from clove buds were applied on sardines in a bid
to impede lipid oxidation during deep frying process. Lipid oxidation was assessed by peroxide
value (PV), volatile compounds and fatty acid profiles using Gas chromatograph (GC-MS and
GC-FID).The results showed that natural antioxidants from clove buds reduced peroxidation and
protected highly unsaturated omega-3 fatty acids from oxidation during deep frying process.
Total polyunsaturated fatty acids amounted 7.30 % in pre-treated deep fried sardines.Retention
of omega-3 fatty acids was 0.70 % more in pre-treated than untreated fish. Significantly lower
amounts of representative volatile compounds were produced in sardines pre-treated with clove
extracts. The study demonstrated feasibility to pre-treat sardines with natural antioxidants for

protecting omega-3 fatty acids against oxidation during deep frying.
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2.0 Introduction

Sardines (Rastrieobola argentea), popularly dagaa in Tanzania, are tiny, fatty freshwater fish
species of commercial importance in Lake Victoria. The species provide 72.30 % of the total
landings by weight on the Tanzanian side of the Lake (URT, 2015). Their proximate composition
varies due to environmental factors including the change of seasons and the resultant change of
food supply in the Lake (Kilema-Mukasa, 2012; Abdulkarim et al., 2016). Sardines are attracting
great attention because they are good source of polyunsaturated fatty acids (PUFAS) including
omega-3 which are vital for a wide range of biological functions. Omega-3 fatty acids are
implicated in the prevention of numerous diseases such as cardiovascular diseases, inflammation,
high blood pressure, atherosclerosis, thrombogenesis, cancer, skin diseases and are necessary for
the brain development in fetuses (Finley et al., 2001;Sidhu, 2003; Minhane et al., 2008;
Gladyshev et al., 2012).

Sardines are perceived negatively and considered as an inferior food for poor and pro-poor
communities despite its economic and nutritional values. This may be attributed to poor handling
and processing technologies along the sardine value chain. Roberts et al., (2014) found that
dagaa is richer in omega-3 fatty acids than Oreochromis niloticus, Tillapia zilliii and Lates
niloticus of Lake Victoria. Sun dried and fresh dagaa are reported to contain 18.50 to 20.88 %
and 13.5 to 21.2 % omega-3 fatty acids respectively (Mwanja et al., 2010; Masa et al., 2011,
Chaula et al., 2019).

Dagaa can be preserved by open sun drying, smoking and deep frying processes. The traditional
open sun drying of dagaa has significant effect on the composition and hence quality of the dried
product. Owaga et al. (2010) reported a significant decrease in total fat content (from 14.8 to
13.9 %) of dagaa after sun drying. Open sun drying process promotes lipid oxidation and in

some instances the production of secondary lipid oxidation products in sun dried sardines



exceeds acceptable levels with regard to development of off-flavour (Chaula et al., 2019). Off-
flavours emanating from lipid oxidation discourage consumption and limit diversification of sun
dried dagaa products. Deep frying has emerged as an important sardine value addition process.
Deep frying involves immersion of sardines in hot oil, typically at temperatures ranging from
165 to 195 °C. At such high temperatures, frying oils and lipids in fish undergo chemical
reactions including oxidation, polymerization and decomposition, resulting in off-flavours,
nutritional loss and other deteriorative changes (Naz et al., 2004; Secci et al., 2016). Lipid
fraction of deep fried sardines contains significantly lower amounts (16.56 and 8.46 % ) than
sun dried (29.29 and 20.88 % ) of PUFAs and omega-3 fatty acids respectively indicative of
oxidative damage of PUFAs during deep frying process (Chaula et al. 2019).

Commercially available synthetic compounds such as butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), and tert-butylhydroquinone (TBHQ) are known to be strong
antioxidants. However, different regulatory authorities such as the United States Food and Drug
Administration (FDA), the European Food Safety Authority (EFSA), and the World Food and
Agricultural organization (FAO) have placed limits on the amount of synthetic antioxidants
allowed for use in foods typically to levels at or below 200 ppm, due to their potential toxicity
(Ito et al., 1986; Zheng and Wang, 2001). Such relatively low concentrations allowed do not
provide sufficient protection against oxidative damage of PUFAs under frying conditions. Due to
safety concerns and increased consumer interest in natural products, nontoxic natural antioxi-
dants of plant origin could potentially be used at higher concentrations than 200 ppm for better
protection of PUFAs during frying process. Therefore, the development of strong antioxidants
that suppress oxidation and protect the nutritional quality of highly reactive PUFASs is now in
demand. In this study, natural antioxidants rich clove (Szygium aromaticum) extracts were

applied on sardines in a bid to impede lipid oxidation during deep frying process.



3.0 Materials and methods
3.1 Materials

Fresh whole dagaa (25Kg) were collected directly from fishermen at Kijiweni landing site at the
shore of Lake Victoria, Tanzania placed in ice in insulated boxes and transported to the National
Fish Quality Control Laboratory, Nyegezi, Mwanza for experiment. Dry clove (Szygium
aromaticum) buds were obtained from a local market in Zanzibar, transported at ambient

temperature to Mwanza and kept at 5 to 10°C in a refrigerator.

3.1.1 Preparation of clove water extracts

For water extraction, 5, 10 and 20 g grounded powder( to pass through a 250um sieve) of clove
buds were mixed with 1 L boiling water with continuous stirring to make 5, 10 and 20 g L™
concentrations of extracts. The mixtures were boiled for 15 min and subsequently cooled to

0-5 °C in a refrigerator thereafter gravity filtered to remove the particles present.
3.1.2 Preparation of deep fried dagaa

Fresh dagaa intended for deep frying were washed with portable water then soaked in clove
extracts (1:1 w/w) for 40 min and spread on wire mesh to drip dry in open sun for three hours,
thereafter deep fried in hot sunflower oil at 135-180 °C for 5 minutes. Fish samples without
clove pre-treatment were prepared in similar way and used as control. Each treatment experiment
consisted of four replicates. For each treatment experiment 100 g portion of whole fish was made
into mince using a mixer (Moulinex Moulinette S type 643 02 210, Hamburg, Germany).The fish

mince was then stored at -40°C awaiting analysis.



3.2 Methods

3.2.1 Dry matter content and lipid extraction

The dry matter content for fish samples was determined by weighing after drying a sample of
approximately 2 g of homogeneous fish mince at 105 °C for 18 h according to the AOAC (2012)

and results expressed as a percentage dry matter.

Lipids were extracted following the Bligh and Dyer method (1959) with modifications according
to lverson et al., 2001. The sample (5 g of fish mince) was homogenized in chloroform,
methanol, and water mixture (1:1:0.8 v/v) at the speed of 15,000 rpm for 90 sec using an Ultra
Turrax homogenizer (T25 Homogenizer, Staufen, German).The homogenate was centrifuged at
2,800 rpm at 18°C for 10 min using a centrifuge (Sigma 4K15, Osterode am Harz, German) to
obtain the extract (Chloroform phase).The lipid content was determined by gravimetry after

evaporation of chloroform and expressed as percentage of dried fish sample

3.2.2 Primary and secondary lipid oxidation products

Peroxide values (PV) of the lipid extracts were determined according to the method of Shantha
and Decker (1994) based on the formation of an iron—thiocyanate complex. The colored complex
was measured by spectrophotometer (Shimadzu UV1800, Shimadzu Scientific Instruments,
Columbia, MD) at 500 nm. The analysis was done in duplicate, and the results were expressed in
millequivalent peroxides/Kg oil (meq O,/Kg oil).

The secondary oxidation products were determined as volatile compounds from fish mince
collected using the dynamic headspace technique. The procedure was carried out using 1 g of
fish mince in which 30 mg of internal standard, 4-methyl-1-pentanol were added and mixed with
15 mL of distilled water. The volatiles were collected in Tenax GR tubes at 37 °C by purging

with nitrogen for 30 min at 150 mL/min. The tubes were flushed with nitrogen at 50 mL/min for



20 min to remove water. The trapped volatiles were desorbed from the Tenax tubes by heat (200
°C) using an automatic thermal desorber (ATD-400, PerkinElmer, Norwalk, CT), cryofocused on
a cold trap (—30 °C), released again at 220 °C, and led to a GC an Agilent 589011A model (Palo
Alto, CA, USA) equipped with a HP 5972 mass selective detector. Separation was done on a
DB1701 column (30 m x ID 0.25 mm x 0.5um film thickness, (J&W Scientific, Folsom,
CA).The carrier gas used was helium at flow rate of 1.3 mL/min. The oven temperature was
rising by 2.0 °C/min from initial temperature of 45 °C to 80 °C followed by an increase of 3.0
°C/min to 150 °C and finally increased by 12.0 °C/min to 240 °C. The individual compounds
were identified by MS-library searches and addition of the internal standard. Quantification was
done through calibration curve made by adding the standard directly on the Tenax tubes as
described by Nielsen et al. (2007). For the quantification, a stock solution of 19 volatiles was
prepared and a calibration curve was conducted in a range from 0 to 1.2 mg/g. The analysis was
carried out in triplicate.

3.2.3 Free fatty acids and fatty acid profiles

Free fatty acids (FFASs) content was determined by acidometric titration of the lipid extract using
NaOH (0.1 M). The FFAs content was calculated as oleic acid according to the AOCS (1998)
and results were reported as % oleic acid.

The fatty acid profiles of deep fried sardines were determined as fatty acid methyl esters
(FAMEs) according to the American Oil Chemists’ Society (AOCS) official method; Ce 1i-07
(AOCS, 2009). 1g of oil extract was evaporated to dryness under nitrogen. Thereafter, 100uL of
internal standard solution (2% w/v C23:0 in heptane), 200 uL of heptanes, 100 uL of toluene and
1 mL of boron trifluoride in methanol (BF3-MeOH) were added. Methylation was done in
microwave oven (Microwave 3000 SOLV, Anton Paar) for 10 min at 100°C and 500W and

cooled down for 5 min. 1 mL of saturated salt water (NaCl) and 0.7 mL of heptane with BHT



were added. The upper phase of the sample (around 0.7 mL) was transferred into vials. Samples
were analyzed by gas chromatography system (HP-5890 A, Agilent Technologies, Santa Clara,
CA, USA). FAMEs were separated and detected by the GC column Agilent DB-wax (10 m
x100p m x 0.1um), from Agilent Technologies (CA, USA). The carrier gas was helium with a
flow rate of 0.38 mL/min and an inlet pressure of 51psi. The oven temperature program for
separation was from 160 to 200°C, then from 200 to 220°C and from 220 to 240°C at 10.6°C
/min. All analyses were done in duplicate. The result of each fatty acid was expressed as g fatty

acid/100 g lipid.

3.2.4 Antioxidant activity of clove water extracts

3.2.4.1 Total phenolic content

The total phenolic compounds of the extracts were determined using Folin—Ciocalteu reagent by
a procedure described by Farvin and Jacobsen (2013) in which gallic acid was used as a
standard. The standard curve was prepared in distilled water at a concentration range of 0-125
pg/mL. The original extracts were diluted with water as necessary to fit within the standard
curve. The absorbance was read at 725 nm using UV-vis spectrophotometer and results reported
in ug gallic acid equivalent (ug GAE)/mL of clove water extracts. All measurements were
performed in duplicate.

3.2.4.2 Free radical scavenging ability

The free radical scavenging activities of clove water extracts were measured by utilizing the
stable radical, 1,1-diphenyl-2-picryl-hydrazil (DPPH) as described by Yang et al., 2008. The
solutions of prepared extracts were diluted with water (1:1 v/v).Diluted solutions (100uL) were
added to the microplate and mixed with 100uL of 0.1 mM DPPH in ethanol (96%). The mixtures

were shaken vigorously and maintained for 30 min at ambient temperature in the dark. The



absorbance of mixtures and the control (100pL DPPH solution + 100uL BHT) was measured at
517 nm against a reagent blank by using a UV—Vis spectrophotometer. The scavenging activity

was calculated as inhibition percent by using the following equation:

A, —A
Inhibition (%) = (1— SA 0

)xlOO
b

Where A is the absorbance of DPPH after reaction with antioxidant, Aq is the absorbance of
antioxidant and ethanol (blank) and Ay, is the absorbance of water and DPPH (blind).

3.2.4.3 Iron (Fe?") chelating ability

The ferrous ion chelating activity of clove extracts was measured as described by Farvin et al.
(2010) with 20 pL of 0.5 mM ferrous chloride and 20uL of 2.5 mM ferrozin being mixed with
100 pL of clove extracts. The mixture was allowed to equilibrate in the darkness at room
temperature for 10 min before measuring the absorbance. The decrease in the absorbance at 562
nm of the iron (I1)-ferrozin complex was measured. EDTA was used as the positive control and

the ability of the extracts to chelate Fe**was calculated using the equation:

A —(4 — Api
Fe?*chelatingactivity = < piank ~ (Asompt blind )> x 100

Aplank
Avlank IS the absorbance of blank (only iron chloride and Ferrozin), Asampie is the absorbance of

sample and Aupiing is the absorbance of blind (only antioxidant).



4.0 Statistical analysis

Data were analyzed using IBM SPSS (SPSS for Windows Version 20.0, 2013, IBM, Bethesda,
MD, USA). Data were reported as mean + standard deviation. Differences between means were
determined using one-way analysis of variance (one-way ANOV A) with Tukey’s HSD post hoc
test, according to the equal variance of different groups. The correlations among variables were
determined using a two tailed Pearson correlation coefficient. A p-value <0.05 was considered

statistically significant.

5.0 Results and Discussion

5.1 Antioxidant activity of clove water extracts

The clove water extracts analyzed in this study had total phenolic content levels in the range
from 18.18 -28.75 pgGAE/mL (Table 1). As expected the 20 g L™ extracts had significantly
higher total phenolic content than that of 5 and 10 g L™*. The total phenolic content did not
increase linearly with the amount of dry clove extracted in 1 L of water. This suggests that longer
time periods might be needed for efficient extraction of phenolic compounds when larger
amounts of clove powder are used. The recovery of phenolic compounds from plant matrices
during aqueous extraction is known to depend on factors such as temperature, extraction time
and solvent to solid ratio (Cam and Aaby, 2010). The ability of clove extracts to donate hydrogen
to the DPPH radical, ranged from 93 to 95 % .This could be due to higher phenolic content in
clove extracts. There was no linear relationship between total phenolic content and DPPH
suggesting presence of compounds other than phenolics (e.g flavonoids) that contributed to the

antioxidant activity of clove extract.



Table 1: Antioxidant capacity of clove water extracts

Extracts  Total phenolic content DPPH scavenging Fe?* chelating activity
(g/L) (LgGAE/mL) (% inhibition) (%)

CL5 18.18%+1.29 93.33°+0.21 14.74°+0.21

CL 10 25.94" +2.62 95.59" + 1.44 20.87%+ 0.43

CL 20 28.75° £1.35 94.34'+0.38 22.24"+0.32

CL: Clove, GAE: Gallic acid,5,10 and 20:Grams of clove extracted in 1 L water. Means marked

with different letters in a column are statistically significant.

The DPPH decreased from 95.59 to 94.34 % when the amounts of clove extracted in one litre of
hot water was increased from 10 to 20 g .This could be due to decrease in extraction efficiency
of phenolics in boiling water at concentration above 10 g/L (Slavin et al., 2016). Clove water
extract has been found to contain substantial amounts of phenolic compounds and powerful
antioxidant activity in linoleic acid emulsion with its iron chelating capacity being dependant on
concentration and type of solvent used (Giilgin et al., 2004). Essential oils of clove have been
tested in omega-6 and omega-3 fatty acids enriched food supplements and found to have high
radical scavenging activity, iron-chelating properties and higher hydrogen donating power than

the standard antioxidants BHT and a-tocopherol (Bag & Chattopadhyay, 2017).

5.2 Fat, free fatty acids and dry matter content

The dry matter content of clove was 86.40 % and there was no significant difference in mean dry
matter content of treated and untreated sardines (Table 2). Fat content in the samples ranged
from 39.42 to 41.69 %. Such high fat content in deep fried sardines is because during the process

oils tend to replace water in the product and thus, there is a correlation between initial water



content and oil uptake (Dana and Saguy, 2006). Free fatty acids in all samples were less than 1%
suggesting limited lipolysis because Lipolytic enzymes might have been inactivated at high

temperatures during deep frying process.

Table 2: Fat, free fatty acids and dry matter content in deep fried (DCL) sardines pre-treated with

clove water extracts

Sample Fat content (%) Free fatty acids (%) Dry matter (%)
DCL 0 39.99° + 0.36 0.48"+0.09 92.33"+1.13
DCL 5 41.69° + 0.89 0.879+0.06 89.78"+ 4.90
DCL 10 39.42° + 0.04 0.15'+ 0.01 90.93"+0.10
DCL 20 39.95° + 0.15 0.18' £ 0.02 90.68" + 1.60

5, 10 and 20: Grams of clove extracted in 1 L water. Means marked with different letters in a

column are statistically significant

5.3 Primary and secondary lipid oxidation products

The peroxide value (PV) and the volatiles analyses were used to determine the primary and
secondary lipid oxidation products in pre-treated fish and the control sardine samples. From
Figure 1, it can be seen that peroxidation was more pronounced untreated than pre-treated deep
fried sardines. The control samples had significantly higher peroxide values and concentrations
of most of representative volatile compounds than the clove pre-treated samples (Figure 1&2).
The peroxide values and the concentrations of volatile secondary oxidation products among
clove treated samples decreased as the amount of clove extracted in 1 L of water increased

indicating the effect of extract concentration on lipid oxidation. Soaking sardines in 5, 10 and 20



g L clove water extracts for 40 min prior to deep frying resulted in respectively 21.20, 10.70

and 11.20 % reduction of peroxide values in products relative to the control samples.
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Figure 1: Peroxide value (PV) in deep fried sardines pre treated with different doses of clove

extracts.

The pre-treatments resulted into remarkable decrease in concentrations of individual volatile
compounds, including 4-heptanal and t, t-2, 4-heptadienal (Figure 2) which are recognized as
decomposition products of EPA and DHA (Venkateshwarlu et al., 2004).These observations
indicate that lipid oxidation reactions were more pronounced in untreated than in clove treated
sardines. The peroxide value reduction and lower concentrations of volatile compounds in clove
treated samples suggest that phenolic compounds in the extracts played an anti-oxidative role
during processing. The anti-oxidative effect of phenolic compounds can be through different
mechanisms such as scavenging of free radicals, singlet oxygen quenching, oxygen scavenging,
metal chelation and inhibition of oxidizing enzymes (Shobana and Akhilender, 2000; Dudonné
et al., 2009). The use of whole spices and herbs or their extracts with strong antioxidant activity
(Gachkar et al. 2007) can control lipid oxidation in muscle food such as mullet fish, frozen chub

mackerel and smoked rainbow trout (Emir Coban et al. 2014). Clove essential oils have been



applied in smoked and vacuum packed rainbow trout (Oncorhynchus mykiss) during refrigerated

storage (at 2° C) resulting in reduction of peroxide values (Emir Coban and Patir, 2013).
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Figure 2: Concentration of representative volatile compounds in deep fried sardines pre-treated

with different doses of clove extracts

5.4 Polyunsaturated fatty acids

Lipid fractions of untreated sardines, contained significantly lower amounts (P<0.05) of PUFASs
(6.95 %) than those from sardines pre-treated with clove extracts with 7.03- 7.61 % PUFAs
(Figure 3). Clove pre-treatment prior to deep frying processes resulted into 0.67 % more
retention of total omega-3 fatty acids in the final products relative to untreated fish. With respect
to individual omega-3 fatty acids pre-treated samples had significantly higher content of DHA,

2.96 — 3.12 % in pre-treated deep fried than the control (untreated) which had 7 2.77 % of DHA.
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Figure 3: Fatty acid profiles in deep fried sardine pre-treated with different doses of clove

extracts. PUFAs; polyunsaturated fatty acids

Higher proportions of DHA and total PUFAs in lipid fractions of treated sardines are evidences
that natural antioxidants in clove extracts exert protective effect against lipid oxidation during
deep frying process.

Clove has been reported to have high phenolic content and antioxidant components with high
thermal stability (Shobana and Akhilender, 2000; Shan et al., 2005). The use of spices like clove
as natural antioxidant to protect lipids in meat and fish oil has been demonstrated (Falowo et al.,
2014; Shah et al., 2014). Improved retention of long chain polyunsaturated fats and preservation
of omega-3 fatty acids in oven dried sardine (R.argentae) pre-treated with clove water extracts
has also been shown (Slavin et al., 2016).Water extracts of clove are also reported to have as
strong peroxidation inhibitory effect as ethanol extract in linoleic acid emulsion (Giilgin et al.,
2004).The antioxidant activity of clove extracts may be attributed to strong hydrogen donating
ability, metal chelating ability, and effectiveness as free radicals scavenger. The major phenolic
compounds in clove are phenolic acids such as flavonol glucosides, phenolic volatile oils and
tannins, recovery of which is highly dependent on extraction conditions, differences in solvent

and extraction method (Wu et al., 2004; Shan et al., 2005; Dudonné et al., 2009).



6.0 Conclusion and recommendations

The present study evaluated the efficacy of clove water extracts to retard lipid oxidation during
deep frying of sardines. Pre-treatment of sardine with clove water extracts resulted in improved
retention of nutritionally valued long chain PUFAs, including the omega-3 fatty acids DHA.
However, the success of these pre-treatments to impede lipid oxidation may partly be attributed
to small size and weight of sardine fish. Further researches on other sources of antioxidants from
edible plant sources are needed. The researches should include investigation on the effects of
natural antioxidants applications on sensory attributes of pre treated sardines. The information
would be of interest during sardine product diversification through its incorporation into other

food product formulation at industrial scale.
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