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Abstract – The main purpose of this study 

in order to estimate fat soluble vitamins contents 
Mackerel fillets from the northeastern coast of Tunisia. 
Retinol, α-tocophérol and cholecalciferol were 
analyzed using HPLC system. The experimental procedure 

used for extraction consisted on saponification, normal phase 
separation with UV and fluorescence detection for tocopherol 
and retinol. While cholecalciferol determination was carried 
out using reverse phase HPLC. Results showed that fillets of 

Scomber scombrus are a substantial natural source of A, D 
and E vitamins (6.54; 8.31; 445µg/100g). 
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I. INTRODUCTION

            
Sea food products are generally high in polyunsaturated 

fatty acids (PUFAs) mainly eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA), which have 
effects on human health such as the prevention of some 
cardiovascular diseases [1], hypertension, autoimmune 
disorder and cancer. They are also considered as a high 
source of vitamins and minerals [2]. Known as fat soluble 
vitamins, retinol, α-tocophérol and cholecalciferol 
contents differ largely between fish species.

Vitamin A activity is related to the presence of ret
and carotenoids. Fish species are able to transform easily 
carotenoids into vitamin A [3]. The most common pigment 
in fishes is asthaxanthine, which is an important 
carotenoid in salmon, shellfish and shrimps
species convert asthaxanthine, canthaxanthine and 
isozéaxanthine into β-carotene and then in retinol
retinal, in the intestine [6]. Retinol is found in the liver of 
marine and freshwater fish species, zeaxanthin and lutein 
were found as the main carotenoids in the eggs 
rainbow trout astaxanthin is the major carotenoid pigment 
responsible for its flesh pink color, while both astaxanthin 
and canthaxanthin are used for pigmenting farmed trout
[8]. Carotenoids have an important function as
related to fish’s communication; in fact fishes are able to 
change their color through both hormonal and neuronal 
control of chromatophores, where carotenoids represent
the major constituents [9]. 

Vitamin A has an antioxidant activity 
vision, bone and muscle growth and has an effect on many 
body functions such as gene transcription, reproduction, 
maintenance of healthy epithelial tissue
embryonic development and hematopoiesis. Also, it has an 
immune function and then protects the skin and the body 
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NTRODUCTION 
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fatty acids (PUFAs) mainly eicosapentaenoic acid (EPA) 
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effects on human health such as the prevention of some 

hypertension, autoimmune 
disorder and cancer. They are also considered as a high 

Known as fat soluble 
tocophérol and cholecalciferol 

contents differ largely between fish species. 
is related to the presence of retinol 
species are able to transform easily 

. The most common pigment 
in fishes is asthaxanthine, which is an important 
carotenoid in salmon, shellfish and shrimps [4]. Fish 
species convert asthaxanthine, canthaxanthine and 

carotene and then in retinol [5] via 
Retinol is found in the liver of 

marine and freshwater fish species, zeaxanthin and lutein 
arotenoids in the eggs [7]. In wild 

astaxanthin is the major carotenoid pigment 
responsible for its flesh pink color, while both astaxanthin 
and canthaxanthin are used for pigmenting farmed trout 

Carotenoids have an important function as pigments 
related to fish’s communication; in fact fishes are able to 
change their color through both hormonal and neuronal 

carotenoids represent 

Vitamin A has an antioxidant activity [10]; it promotes 
vision, bone and muscle growth and has an effect on many 
body functions such as gene transcription, reproduction, 
maintenance of healthy epithelial tissue [11] and 
embryonic development and hematopoiesis. Also, it has an 

tects the skin and the body 

against infections. Hypovitaminosis and hypervitaminosis 
A can lead to abortion and embryonic malformation

Vitamin E exists in different forms, (
tocopherols and their corresponding tocotrienols, each 
form has its own biological activity. Characterized by their 
antioxidant activity, tocopherols react with peroxide 
radicals, and inactivate them [13]
main and the most active form of vitamin E 
Considered as a natural antioxidant 
rancidity of oils and inhibits the process of per
of polyunsaturated fatty acids and cell membranes 
compounds [16]. Vitamin E cannot be synthesized by 
humans; food intake makes the highest contribution.

In marine organism α-tocopherol is the principal vitamin 
E with low concentration [17]
large number of factors as: storage, seasonal variations, 
characteristic of fish species and their diet composition 
[18]. 

Having some beneficial properties, it decreases the risks 
of cardiovascular diseases, cancer, and prevents the sexu
impotence [19]. In addition, vitamin E supplements play a 
role against diabetes and cystic 
used in the chemical industry as additive for food and 
cosmetic products [21].  

Vitamin D is referred to two fat soluble prohormones, 
vitamin D2 (ergocalciferol, derived from plants) and 
vitamin D3 (cholecalciferol, produced by animals); 
ingested vitamin D2 and endogenously produced D
converted to the biological active form of vi
human body [22]. Recent studies indicate
is more active than vitamin D2 [23]

Vitamin D is responsible for a wide range of functions, 
one of the well established is related to calcium absorption 
and homeostasis with the role in bone mineralization 
particularly in relation to rickets and osteomalacia 
tandem with calcium, vitamin D may be involved in the 
prevention of osteoporosis, fracture incidence and falls, 
particularly for old people [25],

Vitamin D deficiency induces many diseases including 
psoriasis, multiple sclerosis, inflammatory bowel diseases, 
diabetes, hypertension, cardiovascular diseases, and 
various cancers [27],[28]. An increased vitamin D status is 
linked to significant morbidity and mortality risk reduction
[29]. 

Foods that make the highest contrib
intakes of vitamin D is related to habitual dietary patterns 
and vary from country to another, however fish and fats, 
shellfish, fish liver oils, oily fish, egg yolk and mushrooms 
are considered as the richest sources of vitamin D 
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ypovitaminosis and hypervitaminosis 
A can lead to abortion and embryonic malformation [12]. 

Vitamin E exists in different forms, (α, β, γ, δ) 
tocopherols and their corresponding tocotrienols, each 
form has its own biological activity. Characterized by their 

tocopherols react with peroxide 
[13]. Alpha-tocopherol is the 

main and the most active form of vitamin E [14]. 
Considered as a natural antioxidant [15] it prevents the 
rancidity of oils and inhibits the process of per-oxidation 
of polyunsaturated fatty acids and cell membranes 

Vitamin E cannot be synthesized by 
humans; food intake makes the highest contribution. 

tocopherol is the principal vitamin 
[17]; which is influenced by a 

large number of factors as: storage, seasonal variations, 
characteristic of fish species and their diet composition 

Having some beneficial properties, it decreases the risks 
of cardiovascular diseases, cancer, and prevents the sexual 

In addition, vitamin E supplements play a 
role against diabetes and cystic fibrosis [20]; also, it is 
used in the chemical industry as additive for food and 

Vitamin D is referred to two fat soluble prohormones, 
(ergocalciferol, derived from plants) and 
(cholecalciferol, produced by animals); 

and endogenously produced D3 are 
converted to the biological active form of vitamin D, in 

Recent studies indicate that vitamin D3 
[23].  

Vitamin D is responsible for a wide range of functions, 
one of the well established is related to calcium absorption 
and homeostasis with the role in bone mineralization 

kets and osteomalacia [24], in 
tandem with calcium, vitamin D may be involved in the 
prevention of osteoporosis, fracture incidence and falls, 

,[26].   
Vitamin D deficiency induces many diseases including 

sclerosis, inflammatory bowel diseases, 
diabetes, hypertension, cardiovascular diseases, and 

. An increased vitamin D status is 
y and mortality risk reduction 

that make the highest contribution to dietary 
intakes of vitamin D is related to habitual dietary patterns 
and vary from country to another, however fish and fats, 
shellfish, fish liver oils, oily fish, egg yolk and mushrooms 
are considered as the richest sources of vitamin D [30]. 
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In sea food product, the only vitamin D determined is
vitamin D3. Fish accumulate only vitamin D
vitamin D2 into D3 [31] which concentration can vary 
significantly both between and within species and 
according to whether they are wild or farmed
tissues vitamin D originates from their feeding habits 
chain with phyto- and zooplankton, containing both of 
vitamin D2 and D3 [32]. 

The aim of this study is to investigate oil soluble 
vitamins in Atlantic mackerel fillets from the northeastern 
coast of Tunisia.  
 

II. MATERIAL AND METHODS

 

A. Biological material   
In order to quantify fat soluble vitamins composition in 

Scomber scombrus fillets, 10 to 20 selected fresh fishes 
caught during June 2011 from the northern east coast of 
Tunisia Bizerta region, the fishing harbor of (Zarzouna)
Specimens were randomly selected with an  
length and weight of 24.6cm and 81.17g
in the laboratory, samples were immediately washed 
several times and then eviscerated, filleted and mixed to 
provide the raw materials for recovery of lipid for oil
soluble vitamins analysis. All the analysis where carried 
out in triplicates.   
B. Chemicals and Standards  

Solvent used in the extraction process and 
chromatography analysis were for HPLC grade. The 
extractor solvents (hexane; ascorbic acid; 1, 4
petroleum ether; ethanol; potassium hydroxide; 
acetonitrile; 2-propanol) were purchased from Merck 
(Darmstadt, Germany). Internal standards (DL
tocopherol and tocopherol-isomers (β, 
purchased from Merck (Darmstadt, Germany), vitamin D
and D3 from Sigma Aldrich (Steinheim, Germany) and 
(all-trans-retinol) was purchased from Fluka 
(Buchs,Switzerland). 

For α-tocopherol, all-trans-retinol and vitamin D
D3 standard solutions were prepared in ethanol at the 
desired concentration then they were diluted in ethanol or 
n-hexane as appropriate. To avoid oxidation, these 
solutions were prepared in dark in the same day of the 
analysis and concentrations were confirmed 
spectrophotometrically, using known absorption 
coefficients of each vitamin. Quantification of each 
vitamin was done with the internal standard method and 
peak areas were identified by comparisons of retention 
times with those of standards used for vitamins 
determination. 
C. Analysis method    

1. Saponification and extraction  
Vitamins analysis was based on saponification and 

extraction of the unsaponifiable matter. Vitamin A, D and 
E contents determination was made according to the 
European standard: EN 12 823-1(2000); EN 12
and EN 12 822 (2000) respectively. In this
g of homogenized biomass samples were saponified into 
250 ml balloon by adding extraction solution (100 ml of 
ethanol, 50 ml of 50% KOH and 1g of ascorbic acid). The 
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according to whether they are wild or farmed. In fish 
tissues vitamin D originates from their feeding habits 

and zooplankton, containing both of 

s to investigate oil soluble 
vitamins in Atlantic mackerel fillets from the northeastern 

ETHODS 

In order to quantify fat soluble vitamins composition in 
s fillets, 10 to 20 selected fresh fishes 

caught during June 2011 from the northern east coast of 
g harbor of (Zarzouna). 

e randomly selected with an  average 
4.6cm and 81.17g.  When received 

in the laboratory, samples were immediately washed 
several times and then eviscerated, filleted and mixed to 
provide the raw materials for recovery of lipid for oil-
soluble vitamins analysis. All the analysis where carried 

Solvent used in the extraction process and 
chromatography analysis were for HPLC grade. The 
extractor solvents (hexane; ascorbic acid; 1, 4-dioxane; 
petroleum ether; ethanol; potassium hydroxide; 

propanol) were purchased from Merck 
(Darmstadt, Germany). Internal standards (DL-α-

isomers (β, γ, and δ) were 
from Merck (Darmstadt, Germany), vitamin D2 

from Sigma Aldrich (Steinheim, Germany) and 
retinol) was purchased from Fluka 

retinol and vitamin D2 and 
pared in ethanol at the 

desired concentration then they were diluted in ethanol or 
hexane as appropriate. To avoid oxidation, these 

solutions were prepared in dark in the same day of the 
analysis and concentrations were confirmed 

using known absorption 
coefficients of each vitamin. Quantification of each 
vitamin was done with the internal standard method and 
peak areas were identified by comparisons of retention 
times with those of standards used for vitamins 

Vitamins analysis was based on saponification and 
extraction of the unsaponifiable matter. Vitamin A, D and 
E contents determination was made according to the 

1(2000); EN 12 821 (2000) 
822 (2000) respectively. In this trend, 10 to 30 

g of homogenized biomass samples were saponified into 
250 ml balloon by adding extraction solution (100 ml of 
ethanol, 50 ml of 50% KOH and 1g of ascorbic acid). The 

solution was boiled in water bath (80°C) and the whole 
flask content was transferred in separatory funnel (500 ml) 
and 100 ml of distilled water and 150 ml of petroleum 
where  added. The solution was shaken to separate the 
layers. The organic layer was evaporated by rotary 
evaporator and then filtrated.  

The entire saponification procedure was practiced under 
nitrogen atmosphere in dark with avoidance as much 
possible direct light and with ascorbic acid addition as an 
antioxidant.  Aliquot of 20µl was injected in the HPLC 
system. Vitamin D saponifiction and extraction was 
performed exactly as described for retinol and 
tocopherol.  

For both vitamins A and E analysis, peak was identified 
by comparing with those of authentic standards and their 
contents were calculated on a weight basis. Peak 
identification and purity was operated
chromatography system with UV (all
fluorescence detections (tocopherols), for vitamin D 
compounds analysis, reverse-phase
UV detection was used after the semi
procedure. 
2. Semipreparative HPLC 

Purification and quantification of vitamins were carried 
out using normal phase HPLC, which consists on varian 
vista 5500 liquid chromatography System. Vitamin A 
injection volume was 20 μL; eluent A (980ml hexane, 20 
ml isopropanol); flow rate, 1 mL/min; fluorescence 
detector, excitation at 325 nm, emission at 480 nm; 
column (Maxsil 5 Silica 250×4.00 mm). 

For vitamin E we used the same chromatographic 
conditions but eluent A was composed of (970 ml hexane, 
30 ml 1,4 dioxane); flow rate, 1 
fluorescence detector, and excitation is at 293 nm, and the 
emission is at 326 nm; column (Maxsil 5 Silica 250×4.00 
mm); whereas technique applied for vitamin D is both of 
reversed-phase and normal-phase systems, in fact clean
semipreparative HPLC was performed first by a normal
phase analytical column with a mobile phase containing 
(propanol /n-hexane). Vitamin D and provitamin D 
fractions were collected separately and then evaporated 
and easily redissolved in the eluent for the analytical 
reversed-phase chromatography.
3. Analytical HPLC 

The analytical HPLC system consisted on a Varian vista 
liquid chromatography System with UV detector set at 265 
nm and a column (5mm, 25 cm×4.6 mm) with quard 
column (C18, Waters). Temperature of the column
was 25°C. Mobile phase contained 93% of methanol and 
7% of water. Flow rate of the mobile phase was 1 ml/min, 
and the injection volume was about 20 µl. Vitamin D
quantification was made using vitamin D
standard. Quantification was ba
Standard curves were obtained daily by standard 
injections. The variation of detector response and the 
retention times were obtained by standard injection.
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The analytical HPLC system consisted on a Varian vista 
liquid chromatography System with UV detector set at 265 
nm and a column (5mm, 25 cm×4.6 mm) with quard 
column (C18, Waters). Temperature of the column oven 
was 25°C. Mobile phase contained 93% of methanol and 
7% of water. Flow rate of the mobile phase was 1 ml/min, 
and the injection volume was about 20 µl. Vitamin D3 
quantification was made using vitamin D2 as an internal 
standard. Quantification was based on peak areas [33]. 
Standard curves were obtained daily by standard 
injections. The variation of detector response and the 
retention times were obtained by standard injection. 
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III. RESULTS 
      

The analytical chromatograms of the studied vit
are presented in (Figure 1). Using an internal standard for 
quantification of vitamin A, peak response was linear and 
the injection concentration contains retinol from 0.125 to 
2.5µg (R2 = 0.999).  

For vitamin D determination, peak area response was 
linear and tested range was from 0.001 to 0.2 µg (R
=0.998). As observed for vitamin A and D, the detector 
response of α-tocopherol was linear (R2 

(a) 
 

(b) 
 

(c) 
Fig.1. Analytical chromatograms of retinol (a), 

(b), and α-tocopherols (c) in Atlantic Mackerel fillets.
 

As indicated in (Table 1) Oil soluble vitamin contents in 
studied samples were high in vitamin E comparatively 
with retinol and vitamin D contents.  
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For vitamin D determination, peak area response was 
and tested range was from 0.001 to 0.2 µg (R2 

=0.998). As observed for vitamin A and D, the detector 
= 0.9999). 

 

 

 

etinol (a), vitamin D 
tocopherols (c) in Atlantic Mackerel fillets. 

As indicated in (Table 1) Oil soluble vitamin contents in 
studied samples were high in vitamin E comparatively 

Table 1: Values of Oil soluble vitamins in Mackerel fill
Means (±) Standard deviation

 Vitamin A Vitamin D
Content 
µg/100g 

6.54±(0.03) 8,31±(0.15)

 
IV. DISCUSSION

            
In our study, the obtained results of the analyzed 

vitamins were lower than those 
Atlantic mackerel [34] where 
tocopherol levels were about (430; 14.7 and 3300 
µg/100g). In mackerel liver, vitamin D ranges
28µg/100g [35], in fact our finding is included in this 
range (8.31 µg/100g). According to the UK Food Standard 
Agency [36] vitamin D content of raw Atlantic
is about 8.8 µg/100g, this value is in accordance with our 
finding, but comparatively with
Database [37] our value is lower than 16.1 µg/
study on Atlantic Mackerel [
content was about (41.6 ng/g) 
lower than our finding.  

When compared with other fish species 
(Pacific cod), it was found that vitamin A content was 
about 8μg/100g [39]; this value is close to our finding.
Horse Mackerel, vitamins 
141µg/100g and 0.773 mg/100g 
higher than results obtained in this data. 
herring fillets show that vitamin D and 
contents were about 8 and 7µg/100g respectively, whereas 
α-tocopherol content was about 6220 µg/100g
relative to our study were close to the
and cholecalciferol, whereas for vitam
our result are significantly lower.
muscles it was reported that vitamin E values ranging from 
(16 to 18µg/g) [42]. In Baltic herring vitamin D 
ranged from (5.7 to 15.4 µg/100g) 
analysis are included in this range

Farmed fishes may have additional 
diet [44]; and when they are fed diets with high
level it will be accumulated in all tissues, and a large 
portion is redistributed to ovary 

The diversity of values noted in the litera
differences with our results may be related to the influence 
of different factors such as the 
tissues, the different times and localities, geographic 
availability [46], the fishing seasons, the environmental 
factors, the biological cycle, 
maturity, the feeding habit, the size and the sex and the 
part of fish used for analysis [32
to affect variability in nutrient composition, particularly 
for vitamins [47]. Indeed, in our 
were caught in June, 2011. This period is related to the 
post spawning time in which lipid value decreases 
significantly. By another hand, fishes were very small 
(24.6 cm) and the analyzed mussels were section from the 
middle of the body and there was a mixture of dark and 
white tissue. Sampling period corresp
temperature, affecting its fatty acids composition and 
probably vitamin E requirement

V
it
 d

2
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1: Values of Oil soluble vitamins in Mackerel fillets: 
Means (±) Standard deviation 

Vitamin D Vitamin E 
8,31±(0.15) 445±(0.04) 
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vitamins were lower than those of other analysis made on 
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in fact our finding is included in this 

. According to the UK Food Standard 
vitamin D content of raw Atlantic Mackerel 

his value is in accordance with our 
but comparatively with US National Nutrient 

our value is lower than 16.1 µg/100g. Other 
[38] show that vitamin D 

content was about (41.6 ng/g) this value is significantly 

pared with other fish species as fin-fish 
found that vitamin A content was 

s value is close to our finding. In 
 A and E were about 

141µg/100g and 0.773 mg/100g [40], these values are 
higher than results obtained in this data. Study on Baltic 

vitamin D and all-trans-retinol 
contents were about 8 and 7µg/100g respectively, whereas 

tocopherol content was about 6220 µg/100g [41], values 
study were close to these results for retinol 

and cholecalciferol, whereas for vitamin E concentration 
gnificantly lower. However, in mackerel 

muscles it was reported that vitamin E values ranging from 
In Baltic herring vitamin D was 

from (5.7 to 15.4 µg/100g) [43] results of our 
are included in this range.  

may have additional α-tocopherol in their 
; and when they are fed diets with high vitamin E 

level it will be accumulated in all tissues, and a large 
portion is redistributed to ovary [45].  

The diversity of values noted in the literature and the 
differences with our results may be related to the influence 
of different factors such as the parts of the analyzed 
tissues, the different times and localities, geographic 

fishing seasons, the environmental 
biological cycle, physiological state and 

, the feeding habit, the size and the sex and the 
[32]. These factors are known 

to affect variability in nutrient composition, particularly 
. Indeed, in our study analyzed specimens 

were caught in June, 2011. This period is related to the 
post spawning time in which lipid value decreases 
significantly. By another hand, fishes were very small 
(24.6 cm) and the analyzed mussels were section from the 

e body and there was a mixture of dark and 
white tissue. Sampling period corresponded to high 

its fatty acids composition and 
probably vitamin E requirement [48]; likewise toxic 
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inorganic and organic contaminants [10]
of some antioxidants [49]. 
 

V. CONCLUSION 
           

We conclude that Atlantic mackerel muscle from the 
north east of Tunisia, represents a real substantial and 
natural source of oil soluble vitamins. Method used for 
extraction and separation with HPLC 
selective and sensitive detection of each vitamin studied in 
fish samples.  
 

ACKNOWLEDGMENT

           
The Authors thank scientific members of Central 

Laboratory of Analysis and Essays of Tunisia 
support and the realization of this work, and 
for her technical assistance. This collaboration is 
appreciated. 
 

REFERENCES 
 
[1] Von Schacky, C., William, S., Harris, B. 

benefits of omega-3 fatty acids. Cardiovascular Research. 73: 
310-315.  

[2] Varlık, C., Erkan, N., Baygar, T. (2004
Teknolojisi. İstanbul Universitesi Yayınları. p. 4

[3]  Olson, J.A. (1983). Formation and function of vitamin A. 
Porter JW and spurgeon SL Biosynthesis of isoprenoids 
Compounds. Wiley. New York.  2: 371-412. 

[4]  Elmadfa, I., Majchrzak, D. (1998): Carotenoide und Vitamin A 
in Fischproben. Zeitschrift fuÈr Ernahrungswissenschaft. 37:
207- 210. 

[5] Kitihara, T. (1983). Behaviour of carotenoids in the chum 
salmon (Oncorhynchus keta) during anadromous migration. 
Comparative Biochemistry Physiology. 76 (B):

[6] Lubzens, E., Lissauer, L.B., Levavi-Sivan
Sammar, M. (2003). Carotenoid and retinoid transport to 
oocytes and eggs: what is the role of retinol binding protein?. 
Molecular Aspects of Medicine. 24: 441–457. 

[7] Hata, M., Hata, M. (1971). Carotenoi pigments i goldfish 
(Carassius auratus): I. Composition and distribution of 
carotenoids. International Journal of Biochemistry

[8] Storebakken,T., Hong Kyoon, No.H. (1992)
Rainbow Trout. Aquacultre.100: 209–229. 

[9] Torrissen, O.J., Christiansen, R. (1995).
carotenoids in fish diets. Journal of Applied 
225–230.   

[10] Palace, V.P.,Werner, J. (2006). Vitamins A and E in the maternal 
diet influence egg quality and early life stage devel
fish. Scientia Marina. 70 (S2): 41- 57. 

[11] Gϋlkaç, M.D., Akpinar, G., Üstϋn, H.
Effects of vitamin A on doxorubicin-
aberrations in bone marrow cells of rats. Mutagenesis. 19(3):
231-236.  

[12] Smith, S.M., Dickman, E.D., Power, S.C, Lancman
Retinoids and their receptors in vertebra
Nutr. 128:467S–470S. 

[13] Nogala-Kalucka, M., Jozef Korczak, J., Wagner
I. (2004). Tocopherol composition of deodorization distillates 
and their antioxidative activity. Molecular Nutrition Food
Research. 48: 34–37.  

[14] Freitas, L., Ros, A.,  Assis, J., Richter,
Caram˜ao., EB. (2008). Pressurized liquid extraction of vitamin 
E from Brazilian grape seed oil Journal of Chromatography A. 
1200: 80–83.  

[15] Heinonen, M., Valsta, L., Anttolainen, M
Nen, L.H., Mutanen, M. (1997). Comparison between analyzed 
and calculated food composition data: carotenoids, retinoids, 

Copyright © 2014 IJAIR, All right reserved 
705 

International Journal of Agriculture Innovations and Research

Volume 3, Issue 3, ISSN (Online) 2319

contaminants [10] and concentration 

 

that Atlantic mackerel muscle from the 
north east of Tunisia, represents a real substantial and 
natural source of oil soluble vitamins. Method used for 
extraction and separation with HPLC system induce a 
selective and sensitive detection of each vitamin studied in 

CKNOWLEDGMENT 

The Authors thank scientific members of Central 
Analysis and Essays of Tunisia for their 

nd the realization of this work, and Khelil Ines 
This collaboration is greatly 

B. (2007). Cardiovascular 
ds. Cardiovascular Research. 73: 

2004). SuÜrünleri İşleme 
Yayınları. p. 4-47. 

J.A. (1983). Formation and function of vitamin A. In: 
Porter JW and spurgeon SL Biosynthesis of isoprenoids 

412.  
Carotenoide und Vitamin A 

fuÈr Ernahrungswissenschaft. 37: 

). Behaviour of carotenoids in the chum 
) during anadromous migration. 

. 76 (B): 97-101.  
Sivan, B., Avarre, J.C., 
retinoid transport to fish 

oocytes and eggs: what is the role of retinol binding protein?. 
457.  

1971). Carotenoi pigments i goldfish 
): I. Composition and distribution of 

Biochemistry. 2: 11–19.  
1992):  Pigmentation of 

229.  
1995). Requirements for 

Journal of Applied Ichthyology. 11: 

Vitamins A and E in the maternal 
diet influence egg quality and early life stage development in 

., Kanli, A.Ö. (2004). 
-induced chromosomal 

ns in bone marrow cells of rats. Mutagenesis. 19(3): 

C, Lancman, J. (1998). 
Retinoids and their receptors in vertebrate embryogenesis. J. 

, Wagner, K.H., Elmadfa, 

. Tocopherol composition of deodorization distillates 
Molecular Nutrition Food. 

, M.F., da Silva, A.L., 
EB. (2008). Pressurized liquid extraction of vitamin 

urnal of Chromatography A. 

M., Ovaskainen, M.L., 
M. (1997). Comparison between analyzed 

and calculated food composition data: carotenoids, retinoids, 

tocopherols, tocotrienols, fat, fatty acids, and ste
Compos. Anal. 10: 3–13. 

[16] Abidi, S.L. (2000). Chromatographic analysis of tocol 
lipid antioxidants.  J. Chromatogr .A

[17]  Kulås, E., Olsen, E., Robert, G
γ-, and δ-tocopherol on the distribution of volatile secondary 
oxidation products in fish oil. 
Technology. 104 (8):520–529. 

[18] Jooyandeh, H., Aberoumand, A. (
in Fish: Stabilizing Effect on Sensitive Nutrients: 
Journal of Scientific Research. 7 (2): 170

[19] Tucker, J.M., Townsend, D.M. (2005). Alpha tocopherol: roles 
in prevention and therapy of human disease.
Pharmacother .59(7): 380-7.  

[20] Nirungsan, K., Thongnopnua, 
performance liquid chromatographic method for endogenous 
tocopherol determination in human plasma. 
Chromatogr. 20: 774-781.  

[21] Meier, U., Gross, F., Trepp, 
Equilibrium Studies for the Carbon Dioxide/
(Vitamin E) System, Fluid Phase Equilibria. 92:

[22] O’Mahony, L., Stepien, M.
Brennan, L. (2011). The Potential Role of Vitamin D Enhanced 
Foods in Improving Vitamin D Status. Nutrients. 3(12):
104.  

[23] Barthel, HR.., Scharla, SH. (2003). Benefits beyond the bones
vitamin D against falls, cancer, hypertension and autoimmune 
diseases. Dtsch Med Wochenschr. 128 (9)
[24]Bhan, A., Rao, A.D., Rao
result of vitamin D deficiency. Endo
39: 321-331. 

[25] Avenell, A., Gillespie, W.J, Gillespie
(2009). Vitamin D and vitamin D analogues for preventing 
fractures associated with involutional and post
osteoporosis. Cochrane Database syst. CD000227.

[26] Lip, P., Bouillon, R., Van Schoor
Verschueren, S., Kuchuk, N., 
Reducing fracture risk with calcium and v
Endocrinol. 73: 277-285.  

[27] Holick, M.F. (2011). VitaminD: Evolutionary, physiological and 
health perspectives. Curr. Drug. Targets. 12:

[28] Chu, K.J., Lai, E.C., Yao, X.
X.H., Lu, C.D., Shi, J., Cheng
in chemoprevention of hepatocellular carcinoma after resection 
or ablation a systematic review and 
33:120-126.  

[29] Grant, W.B. (2011). An estimate of the global reduction in 
mortality rates through doubling vitamin D
Nutri. 65:1016-1026.  

[30] Kenkyukai, K.E.J. (2010). The National 
Survey in Japan; Daiichi-shuppan: Tokyo, Japan

[31] Holick, M.F. (2003). Vitamin D: A Millenium Perspective: 
Journal of Cellular Biochemistry. 88:

[32] Rao, D.S., Raghuramulu, N. (1999).
An Aquatic Habitat? J Nutr Sci Vitaminology (Tokyo).

[33] EN 12823-1: (2000) Foodstuffs 
high performance liquid chromatography 
of all-trans-retinol and 13-cis-
Standardization, Brussels, Belgium.

[34] EN 12821: (2000) Foodstuffs 
high performance liquid chromatography. Measurement of D2 
and D3. European Committee for Standardization, Brussels, 
Belgium. 

[35] EN 12822(2000): Foodstuffs-
high performance liquid chromatography
δ tocopherols. European Committee for Standardisation, 
Brussels, Belgium. 

[36] Mattila, P., Piironen, V., BaÈckman
Rauva, E., Koivistoinen, P. (1992). Determination of vitamin D3 
in egg yolk by high-performan
diode array detection. Journal of Fo
Analysis. 5: 281-290.  

[37] Bhuiyan, A., Ratynayake, W
Nutritional composition of raw and smoked Atlantic mackerel 
(Scomber scombrus): oil and water
Food Composition and Analysis. 6 (2)

International Journal of Agriculture Innovations and Research 

, ISSN (Online) 2319-1473 

tocopherols, tocotrienols, fat, fatty acids, and sterols. J. Food. 

Chromatographic analysis of tocol -derived 
J. Chromatogr .A. 881(1-2): 197-216. 

G., Ackman . (2002). Effect of α-, 
tocopherol on the distribution of volatile secondary 

 European .J. of Lipid Science and 
  

Jooyandeh, H., Aberoumand, A. ( 2011). A Natural Antioxidants 
in Fish: Stabilizing Effect on Sensitive Nutrients: Middle-East 
Journal of Scientific Research. 7 (2): 170-174. 

M. (2005). Alpha tocopherol: roles 
in prevention and therapy of human disease. Biomed 

 P. (2006). Simple and rapid high 
performance liquid chromatographic method for endogenous α-
tocopherol determination in human plasma. Biomed. 

 Ch. (1994). High Pressure Phase 
Equilibrium Studies for the Carbon Dioxide/α -Tocopherol 

Phase Equilibria. 92: 289-302.         
., Gibney, M.J., Nugent, A.P., 

L. (2011). The Potential Role of Vitamin D Enhanced 
amin D Status. Nutrients. 3(12): 1023-

, Scharla, SH. (2003). Benefits beyond the bones-
vitamin D against falls, cancer, hypertension and autoimmune 

Dtsch Med Wochenschr. 128 (9): 440-446.   
, Rao, D.S. (2010). Osteomalacia as a 

result of vitamin D deficiency. Endocrinol. Metab.Clini. N. Am. 

J, Gillespie, L.D., O’Connell, D. 
Vitamin D and vitamin D analogues for preventing 

fractures associated with involutional and post-menopausal 
osteoporosis. Cochrane Database syst. CD000227. 

, Van Schoor, N.M., Vanderschueren, D., 
, Milisen, K., Boonen, S. (2010). 

Reducing fracture risk with calcium and vitamin D. Clini. 

D: Evolutionary, physiological and 
ctives. Curr. Drug. Targets. 12: 4-18.  

.P., Zhang, H.W., Lau, W.Y., Fu, 
, Cheng, S.Q. (2010). Vitamin analogues 

in chemoprevention of hepatocellular carcinoma after resection 
or ablation a systematic review and meta-analysis. Asian.J.Surg. 

B. (2011). An estimate of the global reduction in 
mortality rates through doubling vitamin D levels. Eur.J.Clini. 

J. (2010). The National Health and Nutrition 
shuppan: Tokyo, Japan. 

F. (2003). Vitamin D: A Millenium Perspective: 
al of Cellular Biochemistry. 88: 296-307.  

N. (1999). Is Vitamin D Redundant in 
An Aquatic Habitat? J Nutr Sci Vitaminology (Tokyo).45(1):1-8. 

1: (2000) Foodstuffs – Determination of vitamin A by 
high performance liquid chromatography – Part 1: Measurement 

-retinol. European Committee for 
Standardization, Brussels, Belgium. 
EN 12821: (2000) Foodstuffs – Determination of vitamin D by 
high performance liquid chromatography. Measurement of D2 

ropean Committee for Standardization, Brussels, 

-Determination of vitamin E by 
high performance liquid chromatography, measerment of α, β, γ, 
 tocopherols. European Committee for Standardisation, 

, BaÈckman, C., Asunmaa, A., Uusi-
P. (1992). Determination of vitamin D3 

performance liquid chromatography with 
diode array detection. Journal of Food Composition and 

W.M.N., Ackman, R.G. (1993). 
Nutritional composition of raw and smoked Atlantic mackerel 

water-soluble vitamins. Journal of 
Food Composition and Analysis. 6 (2): 172–184.  



 
 
 

Copyright © 2014 IJAIR, All right reserved

[38] Egaas, E., Lambertsen, G. (1979). Naturally Occurring Vitamin 
D3 in fish products analyzed by HPLC using Vitamin D2 as an 
internal standard. International Journa
Research. 49: 35-42. 

[39] Food Standard Agency. (2002). Mccance and Widdowson’s the 
Composition of Foods Sixth Summary Edition; Royal Soci
Chemistry: Cambridge, UK.  

[40]  U.S. Departement of Agriculture A.R.S. USDA national 
database for standard reference. (2011). 

[41] Ostermeyer, U., Schmidt, T. (2006). Vitamin D and provitamin 
D in fish Determination by HPLC with electrochemical 
detection: European Food Research Technology. 222: 403

[42]  Dickey, L.E. (1991). Composition of foods: Raw, processed, 
prepared; 1990 supplement. Agriculture Handbook No. 8. US 
Department of Agriculture. 

[43] Erkan, N., Selçuk, A., Özkan, Ö. (2010). Amino Acid and 
Vitamin Composition of Raw and Cooked Horse
Anal Methods. 3: 269–275.  

[44]  Väänänen, P.S., Ollilainen, V., Mattila
Salmela Mölsä, E., Piironen, V. (2000)
analysis of fat-soluble vitamins in selected animal products after 
small-scale extraction. Food Chemistry. 71:

[45]  Mattila, P., Ronkainen, R., Lehikoinene, K
Effect of household cooking on the vitamin D content in fish, 
eggs, and wild mushroom. J. Food compos. Anal. 12:

[46] Ackman, R.G, Cormier, M.G. (1967). Α
Atlantic Fish and Shellfish with Particular Reference to Live
Holding Without Food. Journal of the Fisheries
of Canada.24(2):357-373. 

[47] Nettleton, J.A.,  Exler, J. (1992). Nutrients in Wild and Farmed 
Fish and Shellfish Journal of Food Science.57(2)

[48] King, I.B. (1985). Influence of vitamin E in reproduction in 
rainbow trout (Salmo gairdneri). Ph.D. thesis, Univ.Washington.

[49] Ersoy, B., Ozeren, A. (2009). The effect of cooking methods on 
mineral and vitamin contents of Afric
Chemistry. 115: 419-422. 

[50] Greenfield, H., Southgate, D.AT. (2003). Food composition data: 
Production, management and use (2nd ed.). Rome: FAO.

[51]  Hilton, J.W. (1989). The interaction of vitamins, minerals and 
diet composition in the diet of fish. Aquaculture. 

[52] Draper,H.H. (1980). Nutrients inter relationships International: 
L.J. Machlin Ed, Vitamin E. handbook of vitamins. 

288.Marcel Dekker, New York, (NY). 
 
AUTHOR’S PROFILE 
 

El Oudiani Salma 
Ph.D. Candidate in Fisheries Sciences, National 
Institute of Agricultural Sciences of Tunisia.
Email: salma.inat@yahoo.fr. 

  

Copyright © 2014 IJAIR, All right reserved 
706 

International Journal of Agriculture Innovations and Research

Volume 3, Issue 3, ISSN (Online) 2319

(1979). Naturally Occurring Vitamin 
D3 in fish products analyzed by HPLC using Vitamin D2 as an 
internal standard. International Journal of Vitaminology 

Mccance and Widdowson’s the 
Composition of Foods Sixth Summary Edition; Royal Society of 

U.S. Departement of Agriculture A.R.S. USDA national 

Vitamin D and provitamin 
D in fish Determination by HPLC with electrochemical 
detection: European Food Research Technology. 222: 403–413.  

of foods: Raw, processed, 
prepared; 1990 supplement. Agriculture Handbook No. 8. US 

Ö. (2010). Amino Acid and 
Vitamin Composition of Raw and Cooked Horse Mackerel. Food 

, Mattila, P., Lehikoinen, K., 
). Simultaneous HPLC 

soluble vitamins in selected animal products after 
extraction. Food Chemistry. 71: 535-543. 

K., Piironen, V. (1999). 
Effect of household cooking on the vitamin D content in fish, 

J. Food compos. Anal. 12: 153-160. 
G. (1967). Α-Tocopherol in some 

Atlantic Fish and Shellfish with Particular Reference to Live-
Holding Without Food. Journal of the Fisheries Research Board 

Nutrients in Wild and Farmed 
ience.57(2): 257–260.  

Influence of vitamin E in reproduction in 
). Ph.D. thesis, Univ.Washington. 

(2009). The effect of cooking methods on 
African catfish: Food 

AT. (2003). Food composition data: 
Production, management and use (2nd ed.). Rome: FAO. 

W. (1989). The interaction of vitamins, minerals and 
Aquaculture. 79: 223 -244.  

H. (1980). Nutrients inter relationships International: 
handbook of vitamins. 2nd Ed. 272-

Ph.D. Candidate in Fisheries Sciences, National 
Institute of Agricultural Sciences of Tunisia. 

International Journal of Agriculture Innovations and Research 

, ISSN (Online) 2319-1473 


