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ABSTRACT

In this work mackerel fish (Scomber scombrus) was used. Two methods of
shape preparation (butterfly and gutted), low percentage of salting (3% salt), dry and
wet salting methods, treatments with sodium erythorbate, potassium sorbate as
antioxidants and natamax as antifungal agent were carried out.

After cold smoking all samples were packaged in carton boxes lined with
parchment paper and stored at room temperature (24°C). After smoking process, the
organoleptic evaluation indicated that the prepared samples as butterfly shape had
the best quality specially the dry salted samples. The physicochemical properties
showed that the moisture content, water activity and pH values of butterfly shape
decreased more than those of gutted shape, while salt and ash contents were higher
in butterfly than those of gutted shape. The butterflied samples kept the highest
percentage of protein content. The results indicate that the prepared samples as
butterflied shape had the longest shelf-life (24 and 27 days) for dry and wet salted
samples, respectively compared with gutted shape samples which it had 14 days
shelf-life for both salting methods. All that samples dry and wet salted, butterfly and
gutted shapes which had longest shelf-life were the samples treated with both of
sodium erythorbate and natamax

INTRODUCTION

Smoking is one of the oldest methods of fish preservation, it is less
expensive than other methods and preferred product to Egyptian consumers.
The smoked fish production in Egypt was mainly depended on imported
herring. In this investigation, mackerel fish was chosen in steed of herring fish
because it's cheaper than herring fish, and also it contains a suitable fat ratio.
Ahmed (1991)reported that the ash content and also salt (NaCl) were
increased attributing to the addition of salting mixture and the loss of water
during smoking process. Hussein et al. (1980) reported that after salting of
horse mackerel in saturated brine solution for 3 min, the sodium chloride
increased from 0.64 to 7.46%, while the total nitrogen (TN), total soluble
nitrogen (TSN) and amino nitrogen (AN) contents decreased by 23.87, 22.45
and 25.93% of original values, respectively. Chiau and Chai (1985) reported
that the smoking process reduced moisture content, while it highly increased
ash, however lipid and protein content slightly decreased.

Etman (1985), and Hammad (1985) reported that total volatile nitrogen,
trimethylamine nitrogen and amino nitrogen tended to increase during
storage, according to the storage conditions, i.e. temperature and time. This
could be mainly due to hydrolysis and autolysis of proteins.
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MATERIALS AND METHODS
Materials:
Fish: Imported mackerel fish (Scomber scombrus) obtained from the Food
Star Comp. for Import and Export, Alexandria, Egypt.
Antioxidant: as sodium erythorbate (SE), and antifungal agents: Natamax
(NM) which consists of (natamicin, and lactose by ratio 1:1), potassium
sorbate (PS) obtained from Egyptian Promoting Center (EPC), Cairo,
Egypt.
Salt: Sodium chloride grade No. 2 produced by El-Nasr Salines Company.
Smoke source: Sawdust and shaves of beech wood used in proportion
(1:1 wiw), respectively.

Methods:
Preparation of fish samples:

The frozen fish were thawed at room temperature (24°C) for 4 hours to
internal fish temperature of -2 : 0°C and then was divided into two groups.
The first group was only gutted, while the second was dressed as a butterfly.

Treatment with antioxidant:

The two groups were immersed for 5 min into sodium erythorbate (SE)
solution (30 gm/L). Each of the forward groups were divided into two
subgroups for salting process. The first two subgroups were salted by dry
method and the others were salted by wet method.

Salting:
Wet salting:

The gutted and butterflied samples were immersed in saturated brine
solution (400 gm NacCl/lliter) for 30 and 15 min. at room temperature,
respectively. All samples were rinsed with the tap water.

Dry salting:

The other gutted and butterflied samples were dry-salted with a mixture
which composed of 96% salt, 2% spices, 2% sugar at a ratio of 1 salting
mixture : 3 fish (w/w) for 30 and 15 min at room temperature, respectively.
The mixture of spices composed of hot paprika, sweet paprika, black pepper,
cumin and thimath. All samples were washed with the tap water to remove the
excess of dry salt.

Treatment with antifungal agents:

The two groups (gutted and butterflied samples) were treated with
antifungal agents during the dry salting process by mixing potassium sorbate
(PS) as 3% from the added salt or 4 g of natamax / kg fish. In the case of wet
salting, the samples were dipped into 1.2% potassium sorbate (PS) solution
or/and into 4000 ppm natamax solution for 5 min after salting.

Drying:
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The salted and treated samples were kept on a net shelves and allowed
to drain and semi-dried for over night (16 hours) inside ventilated room at
(24°C) before smoking process.

Smoking:

The fish samples were smoked in smoking kilns using sawdust and
shaves of beech wood at 27°C for 24 hours at the Seafood's Misr Company
for Fish Trading and Processing, Kafr EI-Sheikh, Egypt.

Packaging:

All samples were packaged in carbon boxes provided with parchment
paper and stored at room temperature (24°C).
Analytical procedures:

Preparation of samples for analysis:

Samples were beheaded, skinned and dressed. The backbone with ribs
drived out. The cut fillets of raw fish only clipped in 1% chilled brine solution to
remove the excess blood. All samples were passed through a meat chopper
twice. The ground samples were packaged into polypropylene sacks and

stored at -18°C for analysis.
Chemical determinations:

The moisture content, crude protein content, crude fat, ash, sodium
chloride, free amino nitrogen (FAN) were determined using methods
described by A.O.A.C. (1990). Total soluble nitrogen (TSN) was extracted
according to the method mentioned by El-Garbawi and Dugan (1965), the
obtained extract was used for the determination of total soluble nitrogen
(TSN) as described by A.O.A.C. (1990). Non-protein nitrogen (NPN) was
determined by the method of Jacobs (1962). Total volatile nitrogen (TVN) was
determined according to the method of Mwansyemela (1973). pH value of fish
slurry was determined at room temperature according to the method of Aitken
et al. (1962). Water activity (a,,) was calculated by the equation mentioned by
Demeyer (1979).

Sensory evaluation

Smoked fish were sensory evaluated by ten panelists from the
members of Food Industries Dept., Fac. of Agric., Mansoura Univ., according
to Atlant NIRO evaluation method which described by Shehata (1980).

RESULTS AND DISCUSSION

Evaluation of smoked mackerel fish immediately after processing:

The sensory evaluation of smoked mackerel fish prepared as butterfly
and gutted shape (Table 1) indicated that the dry salted butterflied is the best
sample. It has a highest score, which has a superior taste (10) and texture (5)
were found in this treatment. It was observed that the high composite score
(32.5) was naticed for this treatment, while the gutted samples has (30.5) for
the same dry salted samples. Also, the wet salted fish prepared as butterfly
realises (31), while the same wet salted fish prepared as gutted has (29)
composite score.
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Table 1. Sensory evaluation of smoked mackerel fish after smoking
process at zero time.

Preparation shape
Sensory Final Gutted Butterfly
Properties score Dry W?t Dr_y W?t
Salting method Salting | Salting [ Salting
method | method |method
Appearance 5 4.0 4.0 4.5 4.5
Color 5 4.5 4.5 4.0 4.0
Texture 5 4.5 4.0 5.0 4.5
Taste 10 9.0 8.0 10.0 9.0
Odor 10 8.5 8.5 9.0 9.0
Composite score 35 30.5 29.1 32.5 31.0

On the other hand, the physico-chemical properties also indicate that
the moisture content decreased in all samples compared with raw fish as a
result of salting and smoking (Table 2). The decrease was higher at the case
of butterfly shape, when was dry salted than the gutted shape. This may be
due to the relative greater surface area of the butterfly shape. This result is in
agreement of those obtained by Hussein et al. (1980). On the other hand, the
salt content in all samples increased, the percentage of salt was around 3%,
this percentage is one of the aims of this investigation. The increase was
more in the dry salted butterfly than the gutted shape. Ash content was also
increased as a result of dehydration causing by salting and smoking (Chian
and Chai, 1985). Ash content of the butterfly shape was higher, specially in
dry salted samples than the gutted dry or in wet salted samples. The water
activity (a,,) decreased for all smoked samples compared with the initial value
(0.9986). The water activity (a,,) of butterfly shape were less than that of the
gutted shape. All the above parameters indicated the reason that the dry
salted butterfly shape had a longest shelf-life.

About the protein content of smoked fish, it was lower in the smoked
fish than the raw fish. The butterfly shape kept the highest percentage of
protein content. It was remarked that the wet salted fish as butterfly shape
had a higher percentage of protein content than the dry salted butterfly shape.
It may be due to the loss of some salt soluble proteinbs during dry salting
(Hammad, 1985).

Non-protein nitrogen (NPN), total volatile nitrogen (TVN) and free amino
nitrogen (FAN)increased after smoking for all samples. This may be due to
the activity of enzymatic hydrolysis of protein by the smoking temperature
(Plahar et al., 1991). The pH value of smoked fish decreased from 6.4 for raw
fish to 6.30, 6.25 for dry and wet gutted smoked fish and to 5.8, 5.7 for dry
and wet butterfly smoked fish, respectively. These results proved that the
butterfly shape were exposed to the action of organic acids which generated
during the smoking process than the gutted shape.

The fat content increased in all samples, this increment may be due to
the loss a part of water content throughout drying and smoking processes.

358



J. Agric Sci. Mansoura Univ., 27(1), January, 2002.

On the other hand, it could be noticed that fat content is higher in dry
salted than in wet salted for both gutted and butterfly shape. It may be due to
the more leaching of some of water content caused by dry salting method.

Evaluation of smoked mackerel fish at the end of shelf-life:

The results in Tables (3 and 4) showed that the butterflied samples had
longer shelf-life (24 and 27 days) for dry and wet salted samples, respectively
than the gutted samples which showed 14 days for both of dry and wet salted
method. The increase of shelf-life in the wet salted than the dry salted
butterfly shape may be due to the perferability of antifungal agents and
antioxidant absorption during salting at the liquid phase.

All that samples, dry and wet salted butterflied and gutted samples,
which had longer shelf-life, were the treated samples with sodium erythorbate
and natamax. The another variations of treatment with antioxidant and
antifungal agents had a shorter shelf-life.

The water content decreased with different rates (Table 3), the
percentage of water losses (as percentage of the initial water content) were
7.9 and 41.86 for dry and wet gutted shape , 18.61 and 23.07% for dry and
wet butterfly shape, respectively. This decreasing water content may be due
to the decrease of water holding capacity as a result of continuous autolysis of
protein and then the decrease of water holding, and evaporation of water
during semi-drying and smoking processes (Etman, 1985), separation of
some fluid as drip, increased sodium chloride of fish tissues (Karara et al.,
1981). The different of decrease of water content which were higher in the
butterflied than gutted shape fish may be due to the relative greater surface
area of the butterflied than the gutted shape.

Also, it could be noticed that the amount of salt content continuously
increased during the shelf-life period. This may be due to the adverse
relationship between the amount of sodium chloride and water content and to
the loss of a part of dry matter (as volatile substances) (Chian and Chai,
1985). Data in Table (3) revealed also that the dry and wet salted butterflied
samples showed lower water activity values (0.943 and 0.942, respectively)
than that of both dry and wet salted gutted samples (0.957). It may be due to
the higher rate of water content in the gutted shape at the end of it's shelf-life.
All these factors "higher salt content, lower water content and lower water
activity" indicate the longer shelf-life of the prepared samples as butterfly.
Data in Table (4) indicated the FAN, NPN, and TVN were increased during
the storage period in all samples, but in different rates, which it was more in
the butterflied samples than the gutted samples specially the NPN and TVN.
This increase in TNPN and VN content could be attributed to the degree of
decomposition of protein constituents by the effect of the protolytic enzymes
on the tissues and by the microbial contamination, which may occur during
the storage periods. This result is in agreement with Etman (1985), and
Hammad(1985).
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Increases of FAN and NPN were more in the wet salted samples
than the dry-salted samples. From Table (4), it could be seen a clearly
increase in pH value for fish samples prepared as butterflied, and a slight
increase for fish samples prepared as gutted. This increase in pH value may
be due to the increase of FAN and TVN during storage period.

CONCLUSION

Preparation fish for smoking processing as butterfly shape with dry
salting method is more acceptable method whether for its panel properties or
for its physico-chemical properties and long shelf-life, which using sodium
erythorbate 30 g/liter and natamax 4 g/kg fish. This work needs more study
using another packaging methods and refrigeration storage

REFERENCES

Ahmed, G.F. (1991). Technochemical comparison on some frozen fish. M.Sc.
Thesis, Food Sci. Dept., Fac. of Agric., Ain Shams Univ., Egypt.

Aitken, A.; J.C. Cresy; I.LF. Renny and C.A. Voyle (1962). Effect of drying
temperature in the accelerated freeze-drying of park. J. Sci. Fd. Agric.,
13(8):439-442.

A.O.A.C. (1990). Official Methods of Analysis. 13" Ed. Association of Official
Analytical Chemists, Washington DC, USA.

Chiau, C.Y. and T. Chai (1985). Smoked dog fish processing and its
refrigerated storage stability. J. Food Sci., 50:1348-1350.

Demeyer, D. (1979). Comparison between calculated and measured values
of water activity (ay,) in dry sausage. Fleishwirt., 59(7):973.

El-Gharbawi, I.M. and L.R. Dugan (1965). Stability of nitrogenous compounds
and lipid during storage of freeze dried beef. J. Fd. Sci., 30(5):817-822.

Etman, M.H.A. (1985). Chemical and technological studies on smoked fish.
M.Sc. Thesis, Fac. of Agric., Suez Canal Univ., Egypt.

Hammad, A.A.l. (1985). Chemical, physical and microbiological changes in
different fish products preserved by different methods including
irradiation. Ph.D. Thesis, Fac. of Agric., Cairo Univ.

Hussein, M.A.; H.B. Doma; T.H. Dessouki and H.A. Shehata (1980). Effect of
processing and storage on some chemical and organoleptic properties
of canned mackerel fish in oil aromatized with smoke liquid. Mansoura
J. Agric. Sci., 15:148-157.

Jacobs, M.B. (1962). The Chemical Analysis of Food and Food Products.
Third Edition. D. Van Nostrand Company, Inc.

Karara, H.R.; E.K. Moustafa; H.B. Zouail and A.Y. Abdel-Rahman (1981).
Chemical quality of hot smoked dog fish fillets as affected by storage
temperature. Alex. J. Agric. Res., 29(3):1225-1235.

Mwansyemela, N.R. (1973). Report on studies of routine analysis for food
chemistry at the institute for fisher products. TNO Ijmuden. Hoilland
from 2" April — 15 Sept.

362



J. Agric Sci. Mansoura Univ., 27(1), January, 2002.

Plahar, W.A.; R.D. Pace and J.Y. Lu (1991). Effect of storage condition on the
quality of smoked dried herring. J. Food Prot., 67(2):114-119.

Shehata, H.R. (1980). Chemical and technological studies on fish and fish
products. M.Sc. Thesis, Fac. of Agric., Mansoura Univ., Egypt.

Adaal) Sy Skal) e dadla 3 jib g 3aga Ao adiaill Jalgo (iary il
- &) Mada Fgdas — (ed dada Sl = gl A&l leaa

il gaed) daaa  H gaed)
3 guaial) daaly — Ao 3l Ads — Ll clelial) and

Jac) 235 Scomber scomberus  JaSkall @llad Jandl 128 8 a2iin)
A phadiuly wolall o5 Gutted  JSall5 Butterfly Sl oy sy ey
Sl sl aladiad ae dda jll g A8l ¢ Gy yla gLl s YT aladall mle (0 duiaidia
il ylaill slaeS €Al 5 50uS CalaliaeS a gausli sl by gt ¢ 2 52 gl

il JS e ¢ ol e il aay 3auSY1 Cilaliae aladin) Sl
Ales 2ay 5 48 5a0 5 ) ya da oy (o iy e L G315k Ak 53 S e
e saad) Ll Ldle calian cilinal sa cpald o (5500 ol jLid) ¢ pelal cpaatl)
A Ay Hhll Aaleal) el Aalia g putterfly JSS

rellia o Al s ) Julatl) ilis ¢ il
butterfly JS& e saxall Ll 4 pH Jlsa, Sl Ll g 4 )l & pats
v gutted S84 e saedll Al e
+ gutted ) e butterfly ) 8 abe L5 Y G @l 3 pSall e
sl (e el Ay putterfly 48yl saeal) @lland) Culadia)
as2butterfly  (asm YV ¢ Y£) Glimd Ll Jphal dpadliall 5 558 o) gl @yl
A el 20 Hadly « sl e dda ) Ay ylall g Adlad) 3 Hhall daleal) dllau

sl Skl S a g ) € LgiaDla s 5 of Cusgutted

Capedal Sl A ) g dalal) 45y ylally Aaled)) gutted s butterfly ) calisll @lls S
¢ SRl 5 o g3 geall il g ) e g3 il g A Cliaal) BaSla s J gkl 3 58

363



J. Agric. Sci. Mansoura Univ., 27(1): 355 - 363, 2002.



J. Agric. Sci. Mansoura Univ., 27(1): 355 - 363, 2002.

Table 2. Physico-chemical properties of smoked mackerel fish after smoking process at zero time on wet weight
basis.
Parameters
Preparation Saltin ) ) NPN

o] Moisture Salt Ash . Protein TVN FAN Fat

shape Methods (%) (%) (%) aw (%) Mg/1009 | 1911009 | Mgaoog | PH (%)
Raw fish -- 67.65 0.317 1.03 0.9986 16.18 106.12 13.06 42.38 6.40 15.14
Gutted Dry 58.39 3.01 7.83 0.9703 13.37 125.67 37.37 77.81 6.30 20.41
Wet 60.50 2.87 6.49 0.9727 14.32 117.64 31.78 65.14 6.25 18.69
Butterflied Dry 52.87 3.09 9.98 0.9660 14.57 135.27 26.39 69.76 5.80 22.58
Wet 55.39 3.03 8.38 0.9684 15.95 124.90 29.66 74.94 5.70 20.28

* ayy = Water activity.

Table 3. Some chemical properties of smoked mackerel fish stored at room temperature (24¢C) at the end of shelf-

life.
Dry salting gutted fish Wet salting gutted fish Dry salting butterflied fish Wet salting butterflied fish
Treat. | SPe |vosure| sat | |shefflife | Moswre | Salt | _ |Shelflife | Mostre | Salt| _ - |Shelfife| Moswe | Sait |
Day ) | (%) w day (%) (%) w day @ | (%) W Day (%) (%) w
1 - 58.39 | 3.01 |0.9703 - 60.50 | 2.89 [0.9727 - 52.87 |3.09|0.9660 - 55.39 | 3.83 | 0.9684
2 5 55.32 | 7.83 |0.9630 5 53.00 | 7.70 [0.9600 5 48.87 |7.42|0.9540 5 49.19 | 7.09 0.9570
3 5 55.02 | 7.66 |0.9640 5 56.16 | 7.70 [0.9650 6 49.29 |7.20|0.9570 8 46.36 | 7.15 | 0.9510
4 10 53.21 | 8.11 |0.9530| 10 52.67 | 7.99 [0.9580| 21 49.05 |7.63|0.9530| 23 46.32 | 7.56 | 0.9480
5 14 53.73 | 8.43 |0.9570 14 51.51 7.71 |0.9570 24 43.03 [7.34]0.9430 27 42.61 7.34 0.9420
6 10 52.37 | 7.73 |0.9580| 10 53.09 | 7.57 |0.9610 10 46.81 |7.22|0.9520| 10 46.69 | 7.18 | 0.9510
7 10 52.91 | 7.47 |0.9610| 10 51.64 | 7.38 [0.9590| 11 44.34 |7.29|0.9460| 14 4510 | 7.22 0.9480

. Smoked fish.

A WNPEP

. Control (at zero time).

. Smoked fish treated with SE.
. Smoked fish treated with NM.

5. Smoked fish treated with SE + NM.
6. Smoked fish treated with PS.
7. Smoked fish treated with PS + NM.
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Table 4. Free amino nitrogen, non - protein nitrogen and total volatile nitrogen of smoked mackerel fish samples
(mg/100g) at the end of shelf-life (in days) at room temperature (24¢C)

Smoked mackerel fish
Treat. Dry salting gutted fish Wet salting gutted fish Dry salting butterflied fish | Wet salting butterflied fish
Shelf Shelf Shelf Shelf
life FAN | NPN | TVN life FAN NPN | TVN Life | FAN | NPN | TVN life |FAN| NPN | TVN
day day Day day
1 - 78 126 | 37.87 - 65 118 | 31.78 - 70 135 | 26.39 - 75 | 125 | 29.66
2 5 334 675 | 91.29 5 317 703 | 88.36 5 284 | 972 | 86.39 5 269 | 613 | 91.59
3 5 348 641 | 85.31 5 325 632 | 79.97 6 297 | 621 | 87.99 8 341\ 717 | 117.3
4 10 366 974 | 99.66 10 334 887 | 93.94 21 413 | 1156 | 105.8 23 43311104 | 124.6
5 14 392 997 105.4 14 363 960 | 100.1 24 328 | 1137 | 162.2 27 3791126 | 177.1
6 10 348 | 1103 | 96.34 10 364 1089 | 100.1 10 321 | 1053 | 102.7 10 3271|1016 | 100.6
7 10 324 974 | 93.99 10 314 995 | 88.46 11 327 11089 | 119.9 14 340] 1204 | 130.4
1. Control (at zero time). 5. Smoked fish treated with SE + NM.
2. Control sample. 6. Smoked fish treated with PS.
3. Smoked fish treated with SE. 7. Smoked fish treated with PS + NM.

4. Smoked fish treated with NM.
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