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Abstract In the present study, Indian mackerel was dried

by microwave vacuum drying (MVD) method and com-

pared its physico chemical quality to mackerel dried by hot

air drying (HAD) method. Antioxidant effects of thyme oil

(TMO) and clove leaf oils (CLO) during storage were also

evaluated. Brine salted mackerel was dried in hot air oven

(50–55 �C) and microwave vacuum dryer (600 W and

600 Hg mm). For essential oil treatment, mackerel was

dipped in 0.75% TMO and CLO for 5 min. Moisture

content of MVD and HAD samples was reduced to

30–32% in 1.2 h and 12 h, respectively. Rehydration

ability and water absorption index of MVD samples were

significantly higher to that of HAD samples. Mackerel

dried by HAD showed significantly higher salt soluble and

water soluble protein nitrogen fractions than that of MVD

samples. Significantly higher hardness and chewiness val-

ues were observed for HAD samples. Color and appearance

of uncooked MVD sample was superior to that of HAD

samples. As per the results of PV and TBARS, TMO

exhibited better antioxidant effect compared to CLO. The

study demonstrated that fast drying can be achieved by

microwave vacuum dryer and it can produce dried fish

having better sensory and textural attributes.
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Introduction

Drying is an ancient technology used for preserving and

improving the storage stability of food. During drying

process, moisture content is reduced to an extent at which

bacteria cannot grow and decompose the food (Duan et al.

2011). In India, 15% of the total catch is preserved by

drying and the dried fish has good demand in domestic as

well as international markets. Traditionally, the fishermen

dry fish under sun which leading to a product of low

hygienic quality. Several methods of mechanical drying

have been developed for fish and fish products including

hot air oven drying, combination of solar energy and

mechanical drying, smoke drying, freeze drying, vacuum

drying, fluidized bed drying etc. Hot air drying is the

widely accepted drying method in the seafood industry as it

is easy to implement, less costly and is simple to operate

and maintain (Wang et al. 2013). However, hot air drying

has few drawbacks that it involves more energy con-

sumption and long drying period resulting in products of

inferior quality.

Microwave drying is a recent technique adopted for

drying vegetables and fruits (Paengkanya et al. 2015; Pu

and Sun 2017). Microwave is strongly penetrable and

because of this, food inside and outside is heated simul-

taneously along with a rise in temperature (Guo et al.

2017). In order to improve the drying rate and to enhance

the quality of final products, other input such as vacuum is

used in combination with microwave. Under vacuum, high

energy water molecules diffuse to the surface and evapo-

rate at a lower temperature. Hence, through microwave
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vacuum drying, high product quality can be achieved by

the low temperature and the rapid energy transfer of

microwave heating. Although many reports are available

pertaining to microwave vacuum drying of fruits and

vegetable, the studies on fish drying are not many and are

limited to drying characteristics (Fu et al. 2015; Hu et al.

2013; Darvishi et al. 2013). It is essential to examine the

physico-chemical qualities of the microwave vacuum dried

fishes so as to evaluate its potential to replace the common

drying techniques.

Indian mackerel is a medium pelagic fatty fish harvested

in huge quantity along the Indian coast. It is mostly con-

sumed fresh, refrigerated and exported in frozen condition.

Dried mackerel also attract good demand both in domestic

and international markets. Lipids of Indian mackerel are

reported to possess high degree of unsaturation, making it

highly susceptible to oxidation during thermal treatment. In

general, antioxidants are employed to reduce lipid oxida-

tion during processing and the interest on natural antioxi-

dants is greatly increasing because of the adverse health

impact of synthetic antioxidants. Essential oils (EOs) are

naturally occurring antioxidants/antimicrobials, classified

as generally regarded as safe (GRAS) and have been suc-

cessfully applied for many food products including fish

(Patel 2015). According to the literature review, clove leaf

oil and thyme oil are two among the most frequently used

essential oils for seafood applications and both have shown

to delay lipid oxidation and microbial growth in chilled fish

and fishery products. However, evaluation of these essen-

tial oils as antioxidant in dried fish, especially Indian

mackerel is not reported elsewhere. Hence, the present

study was aimed to evaluate the physicochemical charac-

teristics of microwave vacuum dried Indian mackerel and

also to assess the antioxidant effect of essential oils during

drying and further storage.

Materials and methods

Fresh Indian mackerel (average length 20 cm and average

weight 80 g) was purchased from Visakhapatnam harbor

and brought to the institute immediately in iced condition.

Essential oils [clove leaf oil (CLO) and thyme oil (TMO)]

were procured from Kancore Ingredients limited, Kerala,

India. Analytical grade chemicals and glass wares were

purchased from Merck, Sigma, Borosil etc.

In-vitro antioxidant activity of essential oils

Antioxidant activities of essential oils were assessed by

reducing power assay (Yildirim et al. 2001), DPPH free

radical scavenging assay (Ali et al. 2015) and ABTS free

radical scavenging assay (Arnao et al. 2001) following

slight modifications of the reported methods.

Preparation of dried fish

The fresh fish was dressed in butterfly style and cleaned

properly. The fishes were then brine salted in the ratio 4:1

(fish to salt) overnight, debrined and drained over mesh

tray. The brined fishes were then divided into 6 lots. Two

lots were dip treated in 0.75% CLO (1:1 fish to solution)

and another two lots were dip treated in 0.75% TMO

solution (v/v) for 5 min (1:1 fish to solution) and drained

over mesh tray. EO treated fishes were further divided into

2 batches; one batch was dried by hot air drying method

(HAD) in an air oven maintained at 55 ± 5 �C and another

batch was dried in a microwave vacuum dryer (MVD),

(600 W and 600 Hgmm) till the moisture content reduced

to 31–34%. Similarly, two batches of control samples

(dipped in potable water for 5 min) were dried by HAD

and MVD methods. Totally, six batches of dried fishes

were prepared and packed in LDPE packaging material for

further analysis.

Physico-chemical evaluation of dried fish

For comparison of physicochemical properties, control

samples dried by both the methods were chosen. Proximate

composition was analyzed by standard AOAC (1990)

methods. Salt content was determined by AOAC method

(AOAC 1975). pH of the ground samples (homogenizing

5 g sample in 20 ml distilled water) was determined by

using digital pH meter (LABMAN, LMPH-10). Water

soluble nitrogen and salt soluble nitrogen fractions were

extracted by Winton and Winton (1958) and Ironside and

Love (1958), respectively and nitrogen content of those

fractions was determined by micro-Kjeldhal method

(AOAC, 1975). Water absorption index was calculated

following the method of Anderson et al. (1969). Rehy-

dration kinetics assessment was carried out according to

Duan et al. (2011) with slight modifications. Three samples

each of known weight were soaked in water (1:30 ratio) at

40 �C for 1 h and samples were withdrawn at 10 min

interval to find out the gain in weight and moisture content

during soaking. Rehydration rate was expressed as the ratio

of weight of rehydrated sample to the weight of dried

sample. Moisture content at every 10 min was monitored to

analyse the moisture absorption characteristics. Rehydra-

tion kinetics was analysed by using Peleg model (1998)

using the following equation

X ¼ X0 þ t/K1 þ K2t

where X is the moisture content (g %) at a known process

time ‘t’ (min), X0 is the initial moisture content (g %), ‘t’ is
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the process time (min), K1 is the peleg rate constant and K2

is the Peleg capacity constant. Rehydration experiment was

done in triplicate.

Texture profile analysis was done using a food texture

analyser (Lloyd Instruments, AMETEK Ltd., Bognor

Regis, UK) as per Anderson et al. (1994) equipped with a

load cell of 50 N. For texture analysis, uniform samples

devoid of bones were cut from the dried fish and rehydrated

for 20 min. For measuring color values, only muscle was

collected and L*, a* and b* values of the ground muscle

sample were determined by Hunter’s colorimeter (Color-

Flex EZ, Hunter Lab, Reston, VA, USA). Sensory analysis

was done after rehydrating uniform pieces of the dried fish

for 20 min, followed by cooking for 5 min in boiling

water. A panel of 5 members have evaluated the sensory

attributes (color and appearance, odour, texure and flavor)

based on a 9 point hedonic scale (Amerine et al. 1965).

Score of individual attributes were summed up and divided

by total number of attributes to determine the overall

acceptability score.

Lipid oxidation

Lipid oxidation of the dried samples were evaluated by

measuring the amount of primary lipid oxidation products

i.e., hydroperoxides (Yildiz 2015) and one of the secondary

lipid oxidation products i.e., malonaldehyde (Tarladgis

et al. 1960). The results were expressed as peroxide value

(milliEq O2/kg sample) and TBARS (mg malonaldehyde/

kg sample), respectively. Lipid oxidation was monitored

for a period of 6 months storage at ambient temperature.

Statistical analysis

Statistical analysis of the data in triplicate was performed

by SPSS version 16. Analysis of variance was found out to

compare the data. Duncan’s multiple range test was per-

formed to find out the statistically significant difference at

5% level of significance.

Results and discussion

Antioxidant activity of essential oils

Since the in vitro activities of the EOs varies with method

of extraction, genotype, geographical origin, harvesting

period, season etc., it becomes essential to evaluate the

in vitro antioxidant activities of the essential oil before

every food application. Owing to their multifarious com-

position, antioxidant activities of essential oils are usually

ascertained by more than one assay. Assay evaluating the

scavenging of DPPH. and ABTS?. radicals are among the

most popular spectrophotometric methods for determina-

tion of the antioxidant capacity of food, beverages and

vegetable extracts. In the present study, CLO exhibited

higher free radical scavenging activities as measured from

ABTS and DPPH scavenging assays (Fig. 1). In fact, the

IC50 (the concentration required to scavenge 50% of the

free radical) value of DPPH scavenging assay shown by

CLO was less than half of that required by TMO. Similarly,

Zengin and Baysal (2015) also reported higher antioxidant

activity in clove oil compared to thyme oil. The antioxidant

activity of TMO and CLO is attributed to its major active

compound like eugenol in clove (Wei and Shibamoto,

2010) and m-thymol in thyme (Bozin et al. 2006). It is

often difficult to compare the result of antioxidant activities
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Fig. 1 In-vitro antioxidant activities of essential oils. a ABTS free

radical scavenging assay, b IC50 values of DPPH scavenging assay

and c metal reducing power
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with those reported in literature because of the differences

in methodologies followed and expression of results.

Reducing power assay measures another mechanism of

antioxidants i.e., the ability of an antioxidant to reduce

ferric ion to ferrous ion. The increase in absorbance indi-

cates increase in concentration of ferrous ions. i.e., higher

reducing power of the compounds. Unlike ABTS and

DPPH assays, reducing power of thyme oil followed the

similar trend of clove oil. It has been reported that the

reducing power might be due to hydrogen-donating ability

and is generally associated with the presence of reductones

(Duh 1998).

Physico chemical qualities of dried fish

Proximate composition and salt content

Proximate composition and few chemical qualities of

mackerel dried by hot air and microwave vacuum methods

are presented in Table 1. As observed from the table, there

was no significant difference between the protein, moisture

and fat content of MVD and HAD samples. However,

muscle of fishes dried in MVD had significantly higher ash

content (p\ 0.05) than those dried in hot air dryer which

may owe to the higher amount of salt present in MVD

samples. It was important to note that period of drying

required to reduce the moisture content to 31–34% in

microwave vacuum dryer and hot air dryer was 1.2 h and

12 h, respectively (moisture content of brine salted fishes

was 58.83%). In fact, a ten fold reduction in drying time

was achieved by microwave vacuum dryer. Similar to our

study, a higher drying rate is recorded for many products;

few of them are mushroom (Giri and Prasad, 2007) and

durian chips (Paengkanya et al. 2015), banana, grapes, and

carrot (Monteiro et al. 2015) and mango slices (Pu and Sun,

2017). Fu et al. (2015) could achieve a 27 fold reduction in

drying period for silver carp slices when dried by micro-

wave vacuum drying method compared to conventional

oven drying method. During microwave vacuum drying,

heat is simultaneously generated internally and externally,

liquid moisture get intensively evaporated and transported

to the surface leading to faster dehydration of the material

(Li et al. 2011).

Microwave vacuum dried fishes had significantly higher

(p\ 0.05) salt content in muscle than its counterparts dried

by hot air drying. After drying, HAD fishes developed a

white crusty salt film on the surface which was rid off by

touching; whereas such precipitation was not observed in

MVD samples. This point out that, during hot air drying

process, salt particles got precipitate over the surface.

Being a fast process and also because of the difference in

dehydration mechanisms, the aforementioned surface pre-

cipitation was not observed in MVD fishes, accounted for a

higher salt concentration in the muscle of the same.

Protein solubility

As shown in Table 1, microwave vacuum dried samples

showed significantly lower (p\ 0.05) water soluble and

salt soluble nitrogen fraction than HAD fishes. As the

protein solubility is mainly affected by denaturation, the

present result indicates that the extent of denaturation is

slightly higher in MVD samples. Information on micro-

wave induced changes on protein is scarce while most of

the reports are pertaining to microwave drying of vegeta-

bles/grains and fruits. Caprita and Caprita (2010) evaluated

the protein solubility of microwave heated and air oven

heated soy bean flour (SBF) and observed a rapid reduction

of solubility in microwave heated SBF protein. The authors

assume that the difference in solubility is because of the

difference in heating mechanism of microwave and oven

heating. Microwave heating begins within the cells and

molecules where water is present whereas in air forced

oven, heat transfers convectionally from outer surface to

inner side of the material. Iuliana et al. (2015) demon-

strated that microwave treatment reduced the protein con-

tent in cow milk as microwave heating transfer free

sulfhydril groups from soluble to insoluble fractions and

Table 1 Proximate

composition, salt, WSN and

SSN of dried mackerel

Parameters MVD HAD

Proximate composition

Moisture (%) 32.45 ± 1.2 31.11 ± 1.86

Protein (%) 44.53 ± 1.71 43.38 ± 1.26

Fat (%) 4.02 ± 0.38a 5.28 ± 0.74b

Ash (%) 21.61 ± 0.85b 17.9 ± 0.36a

Salt content (%) 20.43 ± 0.76b 15.03 ± 0.62a

Water soluble nitrogen (% wet weight) 11.25 ± 1.06 12.81 ± 0.89

Salt soluble nitrogen (% wet weight) 28.13 ± 1.64a 32.81 ± 1.29b

For each parameter, mean values (n = 3 with standard deviation) followed by different letters (a, b) denote

significant differences (p\ 0.05) between the sources
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those inaccessible sulfhydril groups become exposed dur-

ing protein unfolding, allowing new covalent inter and intra

molecular disulfide bonds. Additionally, a non thermal

effect of microwave on protein structural rearrangement is

reported by Porcelli et al. (1997). All these literature sug-

gests that the extent of protein structural alteration is more

during microwave heating.

Moisture absorption, WAI and rehydration kinetics

It is recommended that dried fish should have good rehy-

dration ability as they are mostly rehydrated before usage.

Rehydration rate of the dried samples is presented in

Fig. 2a and moisture absorption/rehydration (experimental

and predicted) is depicted in Fig. 2b. As seen in the

Fig. 2a, rehydration rate was higher for initial 20 min of

soaking period, there after rate of rehydration proceeded

slowly for both the samples. Microwave vacuum dried

samples had significantly higher (p\ 0.05) RR than HAD

mackerel during the period of soaking. Moisture absorption

as measured by the moisture content during rehydration

period followed the similar trend of RR where MVD fishes

exhibited elevated moisture absorption characteristic

(Fig. 2b). Increased level of moisture absorption during the

beginning of soaking period is attributed to surface

adsorption and capillary action (Seremet et al. 2016), while

the reduction after 30 min is attributed to the drop in

driving force required for moisture uptake when the rehy-

dration progresses and approaches the equilibrium (Mor-

eira et al. 2008). WAI also gives a measure of water uptake

by food, the value of which was significantly higher

(p\ 0.05) in MVD samples (2.6) than HAD sample (2.04).

This was in agreement with the finding of Hu et al. (2013)

where microwave vacuum dried meat gel from hair tail fish

exhibited higher WAI than those of oven dried gel.

The data of moisture absorption was fitted in Peleg

model which could explain the experimental data very well

with R2 values 0.99 for both the samples. The Peleg rate K1

is related to mass transfer rate i.e., lower the K1, higher the

moisture absorption (rehydration). Peleg capacity constant,

K2 is related to water retention capacity and maximum

moisture content after long rehydration time. K1 of MVD

mackerel (0.161) was significantly lower (p\ 0.05) to

HAD sample (0.283), indicating higher moisture uptake in

MVD samples. It has been accounted that microwave

vacuum drying develop a more porous product which can

be rehydrated more quickly than the air dried product (Giri

and Prasad, 2007). To the best of our knowledge, this is the

first report on rehydration characteristics of a whole

microwave vacuum dried fish. Higher rehydration rate is

reported for microwave dried mushroom (Giri and Prasad,

2007). There was no significant difference between the

absolute values of K2 of dried mackerel. This could be due

to the reason that, K2 is related to the rehydration tem-

perature and chemical composition of a material (Peleg

1998), which was not varied for the present experiment.

Sensory evaluation

Overall acceptability scores of cooked control and essential

oil treated samples are depicted in Fig. 2c. The figure,

score of control MVD samples was the highest among all

samples and that of TMO HAD sample was the lowest.

Panelists detected slightly higher essential oil odour in

MVD fishes compared to those dried under hot air method.

Among the two EOs, clove oil treated mackerel showed
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better acceptability than thyme oil treated samples. Thyme

oil treatment has given strong EO odour in the product, in

addition to imparting negative effect on its color attribute.

However, because of the advanced appearance and color,

MVD samples rated superior to HAD samples irrespective

of essential oil treatment.

Texture profile analysis

Generally, hardness, springiness, cohesiveness and chewi-

ness characterize the textural properties of dried fish while

hardness is the most important textural attribute. As evident

from Table 2, hardness was significantly influenced by the

drying methods. HAD mackerel exhibited higher values for

maximum force than did MVD, suggesting that HAD

samples are hardier than its counterpart dried in microwave

vacuum drier. One possible explanation for difference in

hardness can be the alterations in protein structure induced

by microwave heating. It has been proven that protein

denaturation tend to affect hardness (Lin et al. 2012). Our

results suggest that protein denaturation was slightly more

during microwave vacuum drying which could result in

softening of the tissue. It is also important to note that the

samples were rehydrated for 20 min prior to analysis and

the microwave vacuum dried samples absorbed more

moisture than did the hot air dried one, leading to more

moisture content and softness in the same. Wang et al.

(2013) also observed significantly lower hardness in

microwave vacuum dried restructured product from silver

carp.

Szczesniak (1963) defined sensorial cohesiveness as

‘‘the strength of the internal bonds making up the body of

the product’’ and springiness as ‘‘the rate at which a

deformed material goes back to its undeformed condition

after the deforming force is removed’’. Springiness and

cohesiveness values didn’t vary significantly among the

samples while chewiness and adhesiveness of HAD sam-

ples were significantly higher (p\ 0.05) than that of MVD

samples. There is a direct relationship between hardness

and chewiness of food material as higher hardness

increases the number of masticatory cycles required to

disrupt the muscle fibres before swallowing. Chumngoen

and Tan (2015) also agrees with our finding that harder the

product, the more chewy it is. Results of the present study

agrees with Wang et al. (2013) where the microwave

vacuum dried restructured fish products exhibited lowest

hardness, springiness, cohesivenes and chewiness values

compared to products dried by other methods including hot

air drying and vacuum drying. They also justify their

finding as a result of microstructural changes and better

rehydration rate of microwave vacuum dried samples.

Instrumental color analysis

Color is an important sensory attribute influencing the

appeal and acceptability of a material. Since essential oil is

expected to have a strong impact on color of the final

product, the instrumental L*, a*, and b* values of all the 6

products were analysed and the result is presented in

Table 3. L* indicate lightness with 100 being white and 0

being black; a* represent intensity of greenness (-) to

redness (?) and b* measures blueness (-) to yellowness

(?). The impact of drying methods was quite promising

seeing that the MAD mackerel had significantly higher L*

value (indicating whiteness) irrespective of the essential oil

treatment except in case of TMO treated mackerel. It is

assumed that long period of drying in hot air dryer aug-

mented non enzymatic browning reactions; leading to

significantly lower L* values of HAD dried mackerel.

Consequently, redness (? a*) was also significantly higher

(p\ 0.05) in hot air dried samples. Our findings are in

agreement with those of Wang et al. (2013) who reported

lower lightness and higher hardness values for microwave

vacuum dried restructured product from silver carp com-

pared to air dried products. It is also noted that charring did

not occur in microwave vacuum drying. Treatment with

TMO seems to have interfered with the color attributes

because the L* value of thyme oil treated samples were the

lowest compared to its counterparts. The value of a* of

TMO treated mackerel was significantly higher to that of

control and clove oil treated samples dried in microwave

vacuum dryer. Earlier, superior color of microwave/mi-

crowave vacuum/microwave air dried food products than

conventionally dried has been reported. Alibas (2007) and

Pu and Sun (2017) noticed superior color values for

microwave dried Pumkin slices and mango slices respec-

tively and Paengkanya et al. (2015) reported better color

attributes for microwave vacuum dried Durian chips.

Table 2 Instrumental textural attributes of mackerel dried by hot air and microwave vacuum drying methods

Parameter Hardness 1 (N) Springiness (mm) Cohesiveness Adhesiveness (kg F mm) Chewiness (N mm)

HAD 64.04 ± 16.10a 1.80 ± 0.377 0.29 ± 0.048 0.0067 ± 0.002a 32.84 ± 12.49a

MVD 103.47 ± 29.33b 1.89 ± 0.198 0.303 ± 0.025 0.033 ± 0.027b 58.64 ± 25.67b

Values are represented as mean ± SD (n = 6), different superscript in the same column denotes statistical difference (p\ 0.05)

J Food Sci Technol (April 2019) 56(4):1890–1898 1895

123



Lipid oxidation during storage

Lipid oxidation for essential oil treated and control dried

mackerel was monitored over 6 month storage at ambient

temperature. As seen from Fig. 3a, PV of TMO treated

fishes were significantly lower immediately after drying

and during storage. Control samples indicated more pri-

mary oxidation among all the samples. The values were

fluctuating and didn’t show a definite trend as the peroxides

are unstable and get oxidized further. In case of secondary

oxidation, there was no significant difference between

TBARS values among the samples immediately after dry-

ing (Fig. 3b). However, a gradual but significant increase

in TBARS was noticed in all samples during storage at

ambient temperature. Control samples dried by HAD and

MVD methods showed significantly higher (p\ 0.05)

oxidation compared to their counterparts. Similar to PV

result, TMO treated samples showed the lowest (p\ 0.05)

TBARS values during storage. It was also noticed that

TBARS values of MVD samples were slightly higher to

HAD samples irrespective of essential oil treatment. In

contrary to our results, Fu et al. (2015) reported milder

oxidation in MVD silver carp slices compared to hot air

dried slices (60–90 �C) while using lower microwave

power (up to 460 W for 7 min) than of the present study

(600 W for 1.2 h). It was appeared that because of the high

mass transfer efficiency of high microwave power used in

our study, fat also got exuded to the surface of MVD fishes,

making the lipid exposed and promoted its oxidation while

drying and upon further storage. This assumption was

confirmed from the result of proximate composition anal-

ysis where the muscle of MVD fishes had lower fat content

compared to HAD fishes (Table 1).

Both the essential oils significantly delayed lipid oxi-

dation of dried mackerel. In contrast to the in vitro

antioxidant activity thyme oil showed significantly higher

antioxidant effect compared to clove oil towards lipid

oxidation of mackerel dried under hot air and microwave

vacuum drying methods. This could be attributed to the

difference in sensitivity of various active compounds pre-

sent in thyme and clove oil towards microwave or thermal

energy. Thyme oil exhibited more antioxidant effect than

rosemary oil in lowering TBARS of hot smoked rainbow

trout during storage (Yildiz 2015). The limit of accept-

ability for TBARS is 2 mg MDA/kg sample, beyond which

the products tend to develop an objectionable odour and

taste (Connell 1990). Control samples have crossed this

limit at 4th month of storage and CLO treated samples

reached the limit at 6 months storage. TMO treated fishes

haven’t crossed this limit during the entire storage indi-

cating higher efficiency of thyme oil as antioxidant in fish

muscle.

Conclusion

The present study compared, physico-chemical character-

istics of microwave vacuum dried and conventionally dried

mackerel. The vacuum dried mackerel was superior in

color and appearance and other sensory attributes. Rehy-

dration and textural attributes of the microwave vacuum

dried mackerel were also superior to hot air oven dried

mackerel. Case hardening due to precipitation of salt over

the skin surface, a major quality defect in air drying

method was not observed during microwave vacuum dry-

ing. Essential oil treatment on inhibition of lipid oxidation

Table 3 Instrumental color attributes of mackerel dried by hot air

oven and microwave vacuum drying method

Parameter L* a* b*

Control HAD 69.96 ± 0.06a 3.95 ± 0.11bc 26.71 ± 0.33c

Control MVD 75.74 ± 0.15b 2.44 ± 0.37a 23.89 ± 0.63b

CLO HAD 68.88 ± 0.36a 4.27 ± 0.14c 26.86 ± 0.28c

CLO MVD 76.52 ± .32b 2.83 ± 0.14a 23.97 ± 0.42b

TMO HAD 67.63 ± 0.38a 3.41 ± 0.32b 22.35 ± 0.42a

TMO MVD 69.94 ± 0.30a 3.22 ± 0.31b 25.69 ± 0.28bc

Values are represented as mean ± SD (n = 5), different superscript in

the same column denotes statistical differences (p\ 0.05) between

the sources
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was evaluated over a period of 6 months where the thyme

oil showed good antioxidant activities in comparison to

clove oil in the muscle of dried mackerel. The study

revealed that drying period can be significantly reduced by

microwave vacuum drying, yielding a better quality pro-

duct compared to conventional drying method. However,

changes in microstructure of protein induced by thermal

and non thermal effect of microwave have to be further

investigated.
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