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Abstract

The effects of different cooking methods (grilling, baking, frying, microwave cooking) on proximate
composition of anchovy (Engraulis encrasicolus Linnaeus 1758) were determined. Mean moisture, fat,
protein, ash, carbohydrate contents and calorie value of raw fish were 62.85%, 10.64%, 22.71%, 1.48% ,
2.31% and 195.88 kcal, respectively. On comparing the raw and cooked fish, the results indicated that
cooking methods had considerable effect on the proximate composition. The highest value of water
loss was found in fried anchovy (49.55%). Protein and fat contents of cooked anchovy by grilling,
baking, frying and microwaving were 25.55%, 17.51%; 22.58%, 20.54%; 24.44%, 23.30%; 22.63%,
22.34%, respectively. The highest protein, the lowest fat and energy contents were found in grilled fish;
therefore, grilling can be recommended as the best cooking method for healthy diet.
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PISIRME YONTEMLERININ KARADENIZ HAMSISININ
(Engraulis encrasicolus, Linnaeus 1758)
BESIN KOMPOZISYONU UZERINE ETKIiSi

Ozet

Calismada farkli pisirme yontemlerinin (1zgara, firinda pisirme, kizartma, mikrodalgada pisirme) hamsinin
(Engraulis encrasicolus, Linnaeus 1758) besin kompozisyonu Uzerine etkisi arastirilmistir. Cig baligin
ortalama su, yag, protein, kiil, karbonhidrat icerigi ve kalori degeri sirastyla; %62.85, %10.64, %22.71,
91.48, %2.31 ve 195.88 kcal’dir. Cig ve pismis baliklar karsilastirildiginda pisirme yontemlerinin balik
eti besin kompozisyonu lizerine dnemli derecede etkili oldugu saptanmustir. En yiiksek su kaybi kizartilan
hamside bulunmustur (%49.55). Izgarada, firinda, yagda ve mikrodalgada pisirilmis hamsilerin ortalama
protein ve yag icerikleri sirastyla; %25.55, %17.51; %22.58, %20.54; %24.44, %23.30; %22.63 ve
9%022.34’ttir. Saglikli beslenme icin en iyi pisirme metodu olarak, en yiiksek protein ve en dustik yag ve
enerji icerigine sahip olan 1zgara 6nerilebilir.

Anahtar kelimeler: Hamsi, pisirme yontemleri, besin kompozisyonu
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INTRODUCTION

All over the world, the significance of sea foods
has gained attention because of high content of
n-3 polyunsaturated fatty acids (n-3 PUFAs) such
as eicosapentaenoic acid (EPA; C20:5n-3) and
docosahexaenoic acid (DHA; C22:6n-3). These fatty
acids have beneficial effects on diseases such as
coronary heart disease (1), cancer (2), inflamma-
tory disease (3, 4). They also support brain deve-
lopment and function besides mental health (4).

Fish is usually cooked in different ways before
consumption. Cooking (boiling, baking, roasting,
frying and grilling) improves hygienic quality of
the food by inactivation of pathogenic microor-
ganisms and enhances digestibility and bio-ava-
ilability of nutrient in the digestive tract. Frying is
one of the oldest method of food preparation. It
improves the sensory quality of food by formation
of aroma compounds, attractive colour, crust and
texture (5). Cooking can be both beneficial and
detrimental to nutrient content of foods.

During cooking, chemical and physical reactions
take place which either improve or impair the food
nutritional value (e.g. digestibility is increased
because of protein denaturation in food) but the
content of thermolabile compounds, fat-soluble
vitamins or polyunsaturated fatty acids is often
reduced (5).

Total fish production in Turkey was reported as
646310 tons and 623000 tons in 2008 and 2009,
respectively. A significant portion (205000 tons)
of this harvest was anchovy (6). The amount of
total export and import of fish were 54500 tons
and 63000 tons in 2008, respectively. In 2008,
while the amount of fresh and chilled anchovy
exported was 8 tons, the amount of frozen
anchovy was 871 tons. In contrast with, the import
amount of fresh-chilled, dry-not smoked, salted-
brined-not smoked anchovy were informed as
7000 tons, 2 tons, 22 tons, respectively (7).
Anchovy is usually caught commercially by purse
seine between the November and January. It is a
fish in great demand especially in Black Sea region
of Turkey and generally consumed as fresh.

Although there are some researches on the
proximate composition and fatty acids of anchovy

(8-13), the available food composition tables
provide minimal data on nutritive values of cooked
anchovy. Therefore, the aim of this research
was to determine the effects of different cooking
methods (grilling, baking, frying, microwave
cooking) on proximate composition of anchovy.

MATERIAL AND METHODS

Anchovy (approximately 10 kg) used in this s-
tudy were purchased from a local fish market in
Sinop on November 24, 2009. They were kept in-
side the iced-boxes and transferred to the labora-
tory in 1 h. On arrival to the laboratory, fish were
washed with tap water to remove adhering blood
and slime. They were then prepared using common
household practices, namely eviscerating and
beheading. Cleaned fish were washed with tap
water several times to remove blood. Then, fish
were divided into five for cooking according to
different cooking methods.

The first group was uncooked. The other four
groups were cooked in the grill (180 °C, 30 min),
baked in the oven (170 °C, 35 min), fried (185 °C,
10 min) and in the microwave oven (2450 Mhz,
10 min). Sunflower oil was used for pan-frying.
Raw and cooked samples were homogenised in
blender and each group was analysed.

Chemical Analysis

The moisture (925.10) and crude ash (923.03)
contents were determined as described by AOAC
(14) and the crude protein content (960.52) was
calculated by converting the nitrogen content
determined by the Kjeldahl method (Nx6.25)
(14). Crude lipid content (991.36) was determined
by acid digestion prior to continuous extraction
using petroleum ether (b.p. 40-60 °C) in a Soxtec
system (15). Energy value was calculated by
Atwater method (16). The analyses were conducted
in triplicate.

Statistical Analysis

Statistical analyses were performed by Minitab
Release 13.20 (Minitab Inc., State College, PA).
One-way analysis of variance and Tukey test
were carried out on the means of wvalues.
The significance level was P<0.05.



RESULT AND DISCUSSION

The moisture, protein, ash and fat contents of
raw and cooked anchovy are presented in Table 1.

reported that the highest and the lowest lipid
content of anchovy harvested between January
and December were 13.9% in December, and
4.7% in March. According to these studies, it was

Table 1. Proximate composition and calorie values of raw and cooked anchovy

Moisture Crude Fat Crude Protein Crude Ash Carbohydrate Calorie
(%) (%) (%) (%) (keal)
Raw 62.86+0.03 10.64+0.04° 22.71£0.04° 1.48+0.01* 2.31+0.08* 195.88+0.25°
Grilled 54.630.07° 17.51£0.19° 25.55+0.16° 1.97+0.00° 0.33+0.01° 261.13+1.18°
Baked 52.83+0.03° 20.54+0.13° 22.58+0.18° 1.32+0.01° 2.73+0.29° 286.12+0.76°
Fried 49.55+0.08° 23.30+0.09° 24.44+0.16° 2.02+0.01° 0.68+0.00° 310.25+0.28°
Microwave cooked 52.50+0.06° 22.34+0.18° 22.63+0.09° 1.82+0.00° 0.72+0.04° 294.43+1.13°

Values are shown as mean tstandard error

la,b,..e: Within the column, values with different letters are significantly different (P<0.05).

The compositions of the different kinds of raw,
grilled, baked, fried and microwave cooked
samples are shown in Table 1. Proximate com-
position of raw anchovy was determined as
62.86% moisture, 10.64% crude lipid, 22.71%
crude protein, 1.48% crude ash, and 2.31%
carbohydrate. Energy value of raw anchovy was
195.88 kcal.

Rate of crude protein, crude lipid, moisture and
ash of anchovy were found to be different to rate
of crude protein (19.56%), crude lipid (4.72%) and
moisture (73.80%), to be similar to ash (1.39%)
content of anchovy (Engraulis encrasicolus)
reported by Ayas (17). In November, the moisture,
crude lipid, crude protein, ash, carbohydrate
content and energy value of anchovy was found
as 72.61%, 9.56%, 15.44%, 2.01%, 0.58% and
140kcal by Boran and Albayrak (18). Comparing
with this study, energy value of our sample was
found higher. This result may be due to higher
crude protein, crude lipid and carbohydrate
contents. Kaya and Turan (13) determined that
the crude protein content of anchovy ranged
from 17.24 to 16.94% during the catching season.
Karacam and Dizgiines (19) also reported that
crude protein content changes according to the
months (minimum 15.06% to maximum 18.91%).
Kaya and Turan (13) determined that the crude
lipid content of anchovy was maximum (18.57%)
in November and minimum (15.57%) in January.
Karacam and Diuzgines (19) found that the
highest and lowest crude lipid content of
anchovy (Engraulis encrasicolus) was 16.00% in
November, 3.10% in March. Gokoglu et. al. (9)

obvious that the lipid, protein, moisture, ash,
carbohydrate contents and energy value of
anchovy can change according to the seasons.

After cooking, moisture content in all treatments
(grilled, baked, fried, microwave cooked)
decreased while fat increased significantly
(P <0.05). These results were similar to those in
boiled and fried common Silver barb, Nile tilapia,
Walking catfish; in boiled and steamed Striped
catfish, in fried Spanish mackerel (20), fried,
oven-baked and grilled in Sardina pilchardus
(21), in oven-cooked and microwave cooked
Oncorbynchus mykiss (22), in fried, baked and
microwave-cooked Dicentrarcus labrax (23), in
fried Clarias gariepinus (24). Moisture contents
in baked and microwave cooked anchovy were
statistically similar (P >0.05). The lipid content in
all the treatments increased significantly (2 <0.05).
In all groups, grilled anchovy contained the
lowest lipid content (P<0.05). Our findings and
literature data (20, 21, 23, 25-27) indicate that the
frying produced higher water loss and lipid gain
than other cooking methods (P <0.05), mainly
due to the absorption of fat by fish during frying.
The protein content in raw, baked and microwave
cooked anchovy were similar (P >0.05). The
highest protein content was in grilled and fried
anchovy, respectively. This is in accordance with
the findings of Gokoglu et al (25) that fried and
microwave-cooked fish had significantly higher
protein than raw fish. In all groups except of
baked, crude ash content increased significantly
owing to water loss (P <0.05). In the previous
studies it was found that the processing and
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cooking methods had little or no effect on the
total minerals (20-27). After cooking, the highest
carbohydrate content was in baked anchovy and
all cooking methods were significantly different
in terms of calorie value (<0.05).

Several factors influence the nutritional content
of the food and the type and level of losses due
to processing. The heat and flow of gases cause
drying of the food item. This decreases the water
content thereby causing the changes associated
with dehydration such as increasing the protein
and fat concentration of the food (28). The nutrient
changes that occur during concentration will
depend on the contents of the mixture and the
temperature at which the process takes place.
Generally, there is a decrease in water content
and corresponding increase in other nutrients. In
our research, the highest protein, the lowest fat
content and calorie value were found in grilled
fish; therefore, grilling can be recommended as
the best cooking method for healthy diet.

REFERENCES

1. Harris WS, Von Shacky MDC. 2004. The
Omega-3 Index: A New Risk Factor for Death
From Coronary Heart Disease. Prev Med,
39:212-220.

2. Gerber M, Theiébaut A, Astorg P, Clavel-Chape-
lon F, Combe N. 2005. Dietary Fat, Fatty Acid
Composition and Risk of Cancer. Eur J Lipid Sci
Technol, 107:540-559.

3. Belluzzi A. 2001. n-3 and n-6 Fatty Acids for
the Treatment of Autoimmune Diseases. Eur J
Lipid Sci Technol, 103:399—-407.

4. Ruxton CH, Reed SC, Simpson MJA, Millington
KJ. 2004. The Health Benefits of Omega-3
Polyunsaturated Fatty Acids: A Review of the
Evidence. | Hum Nutr Diet, 17:449-459.

5. Bognar A. 1998. Comparative Study of Frying
to Other Cooking Techniques Influence on The
Nutritive Value. Grasas Aceites, 49:3-4.

6. TUIK, 2010. Prime Ministry, Turkey Statistical
Institute Newsletter Prime Ministry Publications,
Ankara.

7. TUIK, 2008. Fishery Statistics 2008. Prime
Ministry, Turkey Statistical Institute Newsletter
Prime Ministry Publications, Ankara.

8. Gliner S, Dincer B, Alemdak N, Colak A,
Tufekci M. 1998. Proximate Composition and
Selected Mineral Content of Commercially
Important Fish Species from the Black Sea. J Sci
Food Agr, 337-342.

9. Gokoglu N, Ozden O, Erkan N, Baygar T,
Metin S. 1999. Seasonal Variation in Fat Content
of Anchovy (Engraulis encrasicolus). Int | Food
Sci Technol, 34:401-402.

10. Saglik S, Imre S. 2001. w3 Fatty Acids in Some
Fish Species from Turkey. J Food Sci, 66:210-212.

11. Bayir A, Haliloglu H, Sirkecioglu AN, Aras
NM. 2006. Fatty Acid Composition in Some
Selected Marine Fish Species Living in Turkish
Waters. J Sci Food Agr, 86:163-168.

12. Zlatanos S, Laskaridis K. 2007. Seasonal
Variation in the Fatty Acid Composition of Three
Mediterranean Fish Sardine (Sardina pilchardus),
Anchovy (Engraulis encrasicholus) and Picarel
(Spicara smaris). Food Chem, 103:725-728.

13. Kaya Y, Turan H. 2010. Comparison of Protein,
Lipid and Fatty Acids Composition of Anchovy
(Engraulis encrasicolus L. 1758) During the
Commercial Catching Season. J Muscle Foods,
21:474-483.

14. AOAC 1995. Official Methods of Analysis of
AOAC International. 2 vols. 16th edition. Arlington,
VA, USA, Association of Analytical Communities.

15. AOAC 2005. Official Methods of Analysis of
AOAC International, 18th ed., Gaithersburg, MD.

16. Falch, E, Overrien, I, Solberg, C, Slizyte, R.
(2010). Composition and calories. In: L.M.L.,
Nollet, & F. Toldra, (Eds), Seafood and Seafood
Product Analysis. Part III (Chapter 16), pp 257-
288. New York. CRC Press. Taylor& Francies
Group. Boca Raton.



17. Ayas D. 2006. Gokkusagi Alabalig
(Oncorbyncus mykiss), Hamsi (Engraulis
encrasicolus) ve Sardalya (Sardina pilchardus)
'nin Sicak Titstilenmesi Sonrasindaki Kimyasal
Kompozisyon Oranlarindaki Degisimleri. E.U. Su
Uriinleri Dergisi, 23 (1/3):343-346.

18. Boran G, Albayrak N. 2004. Karadeniz Bolge-
sinin Yoresel Hamsi Yemekleri ve Hamsinin Besin
Miktarindaki Mevsimsel Degisim. Geleneksel
Gidalar Sempozyumu, Van.

19. Karacam H, Diizgiines E. 1988. Hamsi Balik-
larinda (Engraulis encrasicolus L. 1758) Net Et
Verimi ve Besin Analizleri Uzerine Bir Arastirma.
E.U. Su Uriinleri Dergisi, 5:100-107.

20. Puwastien P, Judprasong K, Kettwan E,
Vsanachitt K, Nakngamanong Y, Bhattacharjee L.
1999. Proximate Composition of Raw and
Cooked Thai Freshwater and Marine Fish. J Food
Compos Anal, 12:9-16.

21. Garc’a-Arias MT., Alvarez Pontes E., Garca-
Linaresa MC., Garc’a-Fernandez MC., Sanchez-
Muniz FJ. 2003. Cooking—freezing—reheating
(CFR) of sardine (Sardina pilchardus) fillets.
Effect of Different Cooking and Reheating
Procedures on the Proximate and Fatty Acid
Compositions. Food Chem, 83:349-356

22. Unusan N. 2007. Change in Proximate, Amino
Acid and Fatty Acid Contents in Muscle Tissue of
Rainbow Trout (Oncorbynchus mykiss) After
Cooking. Int J Food Sci Technol, 42:1087-1093.

23. Turkkan AU, Cakli S, Kilinc B. 2008. Effects
of Cooking Methods on the Proximate
Composition and Fatty Acid Composition of
Seabass (Dicentrarchus labrax, Linnaeus, 1758).
Food and Bioproducts Processing, 86:163-160.

24. Ersoy B, Ozeren A. 2009. The Effect of
Cooking Methods on Mineral and Vitamin
Contents of African Catfish. Food Chem, 115:419-
422,

25. Gokoglu N, Yerlikaya P, Cengiz E. 2004.
Effects of Cooking Methods on the Proximate
Composition and Mineral Contents of Rainbow
trout (Oncorbynchus mykiss). Food Chem, 84:19-
22.

26. Weber J, Bochi VC, Ribeiro CP, Victorio AM,
Emanuelli T. 2008. Effect of Different Cooking
Methods on the Oxidation, Proximate and Fatty
Acid Composition of Silver Catfish (Rbamdia
quelen) Fillets. Food Chem, 106:140-146.

27. HassabAlla AZ, Mohamed GF, Ibrahim HM,
AbdEIMageed MA. 2009. Frozen Cooked Catfish
Burger: Effect of Different Cooking Methods and
Storage on its Quality. Global Veterinaria,

3(3):216-220.

28. Morris A, Barnett A, Burrows OJ. 2004. Effect
of Processing on Nutrient Content of Foods.
Volume 37. No:3 (bttp.//amro.who.int/ English
JCENI/cfni-caj3 7No304-art-3.pdf) 15.07.2010.

75



