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Abstract

To overcome the low popularity of common carp fish (Cyprinus
carpio), mainly the undesirable flavour and the presence of much spines
in flesh, processing of smoked comminuted flesh products as the fish
sausage seems to be the solution for such a problem. Smoking of carp
sausage was carried out by 4 methods which were 1) "T1" spraying or
liquid smoke aerosol method, 2) "T2" dipping or soaking for 20 seconds
in a 25% liquid smoke solution,3) "T3" direct mix where liquid smoke
was directly blended with the sausage ingraedients, and 4 "T4" where
spices, salt, starch and fat received separately a repeated spray
treatment with liquid smoke before sausage processing. Cooking of
sausage was carried out in water at 850C for 15 minutes. Analysis
revealed very slight differences between treatments with respect to the
moisture content, provided that sausage of T3 tended to have slightly
higher water content regardless of cooking; the latter caused some
decrease in the moisture content. Before as well as after cooking, T2
sausages had lower pH value (4.82-4.90) compared to the other
treatments; T1, T3, and T4 (5.81-5.99), while the control sample had
higher pH value (6.06 - 6.07); cooking increased the pH value except
the T2. Phenols followed the same trend of organic acids in tissues (as
indicated by the lower pH value); being higher for T2, followed by T1,
T4, T3, and control either before or after cooking; the later caused
marked loss of phenols with cooking water. Smoking treatments and
cooking did not affect the total volatile nitrogen (T.V.N) or thiobarbituric
acid (T.B.A) values of the fish sausage. Cooking yield and loss varied
within 1% for the different treatments. Water holding capacity (WHC)
and plasticity were evidently high for T2, sausage which also had the
lowest total bacterial count lipoltic and proteolytic bacteria either before
or after cooking, smoking as well as cooking were efficient in reducing
the bacterial loads. Best eating qualities as indicated by the panel test
were found for T2, which is suggested for commercial production.
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INTRODUCTION

The conventional method for production of the typical flavour in smoked prod-
ucts has been performed via exposing the product to smoke generated by the partial
combustion of certain hard wood or sawdust, This traditional method have many dis-
advanlages such as the depositing and penetration of unwanted and undesirable sub-
stances (Gorbatova et al., 1971). Therefore, there has been a good deal of activity
recently looking towards the prospect of developing proper substitutes. Also, better
and more economical procedures and means are needed for producing smoked prod-
ucts with the high smoked flavor quality. Recently, in certain countries the so called
smoked concentrates and accordingly liquid smoke became quit popular. Moreover,
the liquid smoke preparations, manufactured from wood pyrolsates are claimed to
show many advantages over the traditional smoking in a kiln including, elimination of
undesirable substances and non-functional materials, controlling of concentration of
coloring and flavoring compounds, uniformity of the smoked product, easiness of ap-
plication which could be applied by several methods, also, reducing the production
time, costs and the environmental pollution (Maga, 1988).

The versatility of liquid smoke condensate allows it to be applied by several
routes including; the external dip (Sink and Hsul, 1977 and Munker and Meyer,
1994), direct mix where liquid smoke used as an ingredient, aerosol (Wistreich,
1979 and Moghazy, 1994) and via indirect mix where liquid smoke absorbed in car-
riers such as spices, starch, salt and fat then added to the food product formula
(Toth and Pothast, 1984). Gorbatova et al.,, (1971) reported that the amount of add-
ed liquid smoke directly to the sausage formula, as an ingredient may range from
0.2 - 1.0% of the minced meat weight.

Sink and Hsul (1977) and Horner, (1992) found that the method of liquid
smoke application affect the amount of moisture, phenol and total volatile nitrogen
(T.V.N.) as well as the pH value and the thiobaribturic acid (T.B.A.) values; they
added that the liquid smoke as external and direct mix had a strong antioxidant ef-
fect. Moreover, the same authors noticed that T.V.N. and pH, both are highly affect-
ed by the amount of phenols. Also, Radetic et al., (1982) found that the water hold-
ing capacity (W.H.C.) was inversely related to the concentration of phenols in
smoked products. Moreover, Hassanin, (1993) reported that a decrease occurred in
the T.B.A. values of carp fish sausage after the smoking process, and this was at-
tributed to the antioxidative action of smoke phenols.
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From the microbiological aspect, oluski and zinvanovic, (1976) concluded that
liquid smoke prepartion, when used at levels up to 2% did not have bactericidal ef-
fect, on the other hand, Donnelly et al., (1982) noticed that liquid -smoke solutions
had bactericidal action and they supported their results by using pure cultures of
some test microorganisms. Munker and Meyer, (1994) proved that liquid smoke as
dip was preferred compared to liquid smoke-aerosols in smoking of fish products.
The same authors added that liquid smoke treatment appeared to have bactericidal as
well as bacteriostatic properties.

It is worth mentioning that carp fish production, although largely practiced in
fish cultures, it is not accepted by the Egyptian consumers, neither as a whole or as
fish fillets, due to flesh spines (thin intramuscular bones that penetrate the flesh it-
self), in addition to unpleasant flavour and the rapid development of fat rancidity
(Shabaan, 1994), thus, this fish species is facing marketing problems which riauire
the applicable solutions. Therefore, common carp fish was chosen to manufacture
new products.

The aim of this work is to find an applicable solution for the spines problem of
carp flesh as well as to study the effect of some methods of liquid smoke application
on the quality of smoked sausage manufactured from common carp. The effect of
cooking on the quality of the smoked sausage was also investigated. -

MATERIALS AND METHODS

Fresh common carp fish (Cyprinus carpio) was obtained from the local market
in Giza, A.R.E. The fresh fish was dressed and filleted (by removing head, fins, tail,
viscera and skin. Filets were washed and fellating). Carp fish sausage was prepared
by common method according to the following formulation: 70% minced fish flesh,
8% mutton fat (minced), 5% starch, 2% salt, 0.25% from each: black pepper,
white pepper, red pepper, nutmeg, cardamon and garlic 0.1% from each: cumin and
sugar, 0.3% sodium pyrophosphate and 13% water (as ice flakes). Liquid smoke was
produced and prepared as described by Moghazy, (1994). The various liquid smoke
treatments and method/ stage of application are described in Table 1.

The physical, chemical and microbiological characteristics were evaluated be-
fore and after the cooking process which was carried out by dipping the sausage
units in hot water (85°C) for 15 minutes, while the organoleptic evaluation was
carried out only after cooking. The moisture content was determined using the meth-
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od described by the A.0.A.C. (1985). Total volatile nitrogen (T.V.N.) was estimated
by the method of winton and winton (1958), while thiobarbituric acid value (T.B.A.),
as an indication for lipid oxidation, was assessed as described by pearson (1970).
Total phenols (mg/100g sample) were determined according to the method described
by Bratzler et al, (1969). The pH value was measured by a pH-meter according to
the method of krilova and liskovskaia (1961). Water holding capacity (W.H.C.) and
plasticity were measured according to the filter-press method of soloviev (1966).
Cooking loss and yield % were calculated as the percentage of weight change from
the raw to cooked state. As for the microbial load, twently grams of sample was ho-
mogenized and diluted in 180 ml of tryptic soy broth. Aerobic bacteria count was
performed according to A.P.H.A. (1971). Aerobic proteolytic microorganisms were
grown on gelatin agar medium, (Smith et al,, 1952) while lipolytic microorganisms
were grown on the nutrient emulsified oil agar (Difico manual, 1953).

Smoked samples were organoleptically evaluated after cooking (at 85°C for
15 minutes) where sausages removed from the hot water, placed in plates and then
served to a panel composed of 10 members of trained panelists to evaluate the
smoked samples with different methods of liquid smoke application> for appearance,
flavour odor, texture, color, and overall satisfaction according to Twigg et al.,
(1976) who recommended the following judging scale: 9 = best and 1 = poorest.

Data were analysed using the analysis of variance to evaluate the effect of
method of liquid smoke application on the palatability scores of fish sausage. Means
were compared by using least significant difference (L.S.D.) at 0.5 level (Steel and
Torrie, 1980).

RESULTS AND DISCUSSION

A. Chemical analysis:
a. Moisture content:

Data presented in table 2 show the moisture content of common carp sausage
as affected by the method of liquid smoking and cooking. It is evident that the mois-
ture content difference between treatments was actually small and mostly negligible
when the smoked samples are compared to the control sausage (not smoked); in this
concern, before cooking, the moisture content was 66.20 -66.77%, while it was
65.25 -65.96% in the cooked sausages. By cooking, the moisture content declined
possibly due to protein denaturation and the loss of water binding ability.
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Due to cooking, thermal denaturation occurred causing some loss of moisture
and accordingly shrinkage of samples, although such process was accompanied by
the slight increase of pH value.

Table 2. Effect of liquid smoke treatments and cooking on moisture % of carp fish

sausage.
Treatment Before cooking After cooking
9/100 g | % of chang¢ g/100 g % of change
Control (not smoked) 66.60 - 65.53 -—
T 66.39 -0.32 65.25 -0.43
T2 66.20 -0.60 65.33 -0.31
T3 66.77 +0.26 65.96 +0.66
T4 66.49 -0.17 65.41 -0.18
b. pH value:

Data in table 3 show the pH value of smoked sausage manufactured from com-
mon carp, as influenced by the methods of liquid smoking and cooking. It is clear that
the smoked samples (T1 - T4) had lower pH value than the control due to the pene-
tration of smoke liquid acids to sausages.

Table 3. Effect of liquid smoke treatments and cooking on the pH values of carp fish

sausage.
Theatment Before cooking After cooking
Control (not smoked) 6.06 6.07
T1 5.18 5.32
T2 4.90 4.82
T3 5.82 5.99
T4 5.79 5.94

Cooking resulted in increasing the pH values. This was previously explained by
protein denaturation (Horner, 1992). Nevertheless, for T2 sausage, slight decrease
in the pH occurred. This might be attributed to the presence of much acids before
cooking. The mentioned acids enhanced the hydrolysis of certain dipeptides at 850C
for 15 min to increase slightly some free amino acids, causing a very slight de-
crease of the pH value after cooking (by 0.08 units only). The increase of pH value in
other samples may also be ascribed by the loss of organic acids in the cooking wa-
ter.
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Before as well as after cooking, samples could be arranged in a descending or-
der according to their pH values as follows : control, T3, T4, T1 and T2.

c. Phenolic compounds:

The phenolic compounds contents of fish sausages as affected by the smoking
method and cooking are shown in table 4. It is evident that sausages of T2 had the
highest phenols before and after cooking. This indicate that such sample received
higher smoke compounds than the other treatments, which was also found for acids
as indicated by the pH value (Tables 3 and 4). While the control sample had lowere
phenols (Table 4) and lower acids (higher pH, table .3).

It is evident that cooking decreased the phenols possibly due to their separa-
tion to the cooking water. It may be claimed that, if phenols content is taken as a
quality index, the level of these compounds should be considered not only after cook-
ing, but also before cooking to control the process.

Table 4. Effect of liquid smoke treatments and cooking on total phenols (mg/100 g
sample) of carp fish sausage.

Trestment Before cooking After cooking
Control (not smoked) Traces Traces
4 5.10 2.52
T2 5.42 2.85
T3 2.22 1:12
T4 3.31 1.68

d. Total volatile nitrogen (T.V.N.):

Data presented in table 5 show the T.V.N. of common carp fish sausage as af-
fected by the smoking method and cooking. It seems that neither smoking method nor
the cooking affected the level of T.V.N. of fish sausage. Difference between lower
and higher T.V.N. values of fish sausage before cooking (15.93 - 17.30 mg/100 g)
was 1.37 mg/100 g, and after cooking, (16.50 - 18.55 mg/100 g) was 2.05 mg/
100 g. This indicate that differences due to treatments were extremely slight. Nev-
ertheless, cooked samples tended to show slightly higher T.V.N. contents than before
cooking, which might be ascribed to slight enhancement of low molecular weight ni-
trogen compounds by heating to 85°C. Within certain limits, sausage of T2 tended to
show low T.V.N. before and after cooking.
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Table 51 Effect of liquid smoke treatments and cooking on T.V.N. (mg/100 g sample)
of carp fish sausage.

Troapmene Before cooking After cooking
Control (not smoked) 17.30 18.55
T 16.50 1723
T2 15.93 16.50
T3 17.12 17.98
T4 16.81 17.72

e. Thiobarbituric acid value (T.B.A.):

Malonaldehyde content of fish sausage as affected by smoking method and
cooking is presented in table 6. As for the T.V.N., the T.B.A. value did not differ ac-
cording to smoking treatment or cooking ranging 0.32 - 0.61 mg malonaldehyde per
Kg sausage, difference by, 0.29 mg/Kg only).

Table 6. Effect of liquid smoke treatments and cooking on T.B.A. (mg/100 g sample)
of carp fish sausage.

Toesao Before cooking After cooking
Control (not smoked) 0.61 0.58
T 0.58 0.40
T2 0.55 0.38
T3 0.34 0.32
T4 0.43 0.42

B. Physical characteristics:
a. Cooking loss and yield of sausage:

Data presented in table 7 show the cooking loss and yield of common carp fish
sausage as affected by the smoking treatments and cooking. It could be observed that
the cooking loss was 2.41% for different samples, while the cooking yield was
96.59 - 97.59% showing a differences of only 1% for both. Best cooking yield was
found for T2 (97.59%), which showed also higher phenol (table 4), lower T.N.V.
(table 5) and lower pH value (table 3).
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Table 7. Effect of liquid smoke treatments and cooking on cooking loss and yield of
carp fish sausage.

Jeatment Cooking loss % Cooking yield %
Control (not smoked) 3.41 96.59
T 2.71 97.29
T2 2.41 97.59
T3 3.13 96.87
T4 3.03 96.97

b. Water holding capacity and plasticity:
1. Water holding capacity (W.H.C):

Data illustrated in table 8 show the W.H.C. and plasticity of common carp fish
sausage as influenced by the smoking treatments and cooking.

Table 8. Effect of liquid smoke treatments and cooking on water holding capacity
(W.H.C., cm2) and plasticity (cm2/0.3 g) of carp fish sausage.

Treatment Before cooking After cooking
W.H.C. | Plasticity W.H.C. Plasticity
Control (not smoked) 16 6.2 6.3 2.9
T1 8.2 2.6 4.1 2.9
T2 9.5 2.6 3.5 2.8
T3 2.8 5.0 3.9 25
T4 29 5.9 3.6 2.6

The results of W.H.C. before cooking indicate that smoking by different meth-
ods decrease the W.H.C. from 1.7 to 2.8 -9.5, which may be ascribed to absorption
of smoking liquid acids and accordingly the pH decline towards the isoelectric point
of protein resulting in less water binding ability. If we consider the level of phenols
table 4, as an index of smoke components, absorption including the acids (which re-
duce the pH and W.H.C.), it will be seen that highest phenols content (indicates indi-
rectly possible highest absorbed organic acid and lowest pH) was found for sausages
of T2 which had the lowest W.H.C. (9.5 cm2). The lowest phenols (highest pH) was
found for control sample which had the best W.H.C. (1.7 cm2). After cooking, how-
ever, the view was changed. The control sample had the lowest W.H.C. compared to
the smoked sausages; the reverse was noticed before cooking It seems that, during
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cooking, the acids in the smoked samples caused some hydrolysis of certain chemical
bonds which lead to better W.H.C. Anyhow, after cooking, samples of T2 showed the
best W.H.C.

2. Plasticity:

Before cooking, best plasticity was found for the control sample (6.2 cm2)
when compared to the smoked sausages (2.6 - 5.9 cm2). This is possibly due to ab-
sorption of acids, which caused some loss in protein solubility. This was also re-
corded for W.H.C. Therefore, before cooking, plasticity seems to be affected by the
W.H.C. and also the pH value. Anyway, T2 sausages in concern to plasticity was one
of the best three tested treatments.

C. Microbiological aspects of fish sausage:

Data of table 9 show the total aerobic bacterial count (T.A.B.C.), lipolytic bac-
teria and proteolytic bacteria of fish sausage as affected by smoking method and
cooking. It could be observed that before as well as after cooking, the bacterial load
was higher for the control sausage, while decreased in the smoked samples, which
could be ascribed by the effect of smoke components, which are lethal to sensitive
microorganism (Donnelly et al., 1982 and Munker and Meyer, 1994).

Table 9. Effect of liquid smoke treatments and cooking on some microbiological prop-
erties of carp fish sausage (c.f.u.*/g).

Treatment Before cooking After cooking
T.AB.C*™ | LBX** | PB** | TABC* | L.B*** PBAAE

Control (not smoked)| 2.0x105 |2.3x104 |5.0x103| 3.1x104 |3.5x103 | 7.8x102

T 3.5x104 |4.0x103 [1.1x103| 8.3x103 [1.0x103 | 6.0x102
T2 1.5x104 [1.0x103 |9.5x102| 4.0x103 |9.5x102 | 4.5x102
T3 4.8x104 | 5.0x103 [2.3x103| 9.0x103 [2.2x103 | 6.6x102
T4 5.0x104 |7.2x103 | 2.8x103} 9.5x103 | 3.5x103 7.7x102
* C.f.u = Cell forming unit. ** T.A.B.C. = Total aerobic bacteria count.
*** |.B. = Lipolytic bacteria. *¥** P B. = Proteolytic bacteria.

As expected, lipolytic and proteolytic bacteria represented a small part of the
total bacterial count, lipolytic and proteolytic bacteria are responsible for hydroly-
sis of both the lipids and protein of fish products. Therefore, smoking of fish sausag-
es, should favor the shalf life of mentioned products. The levels of T.A.B.C., lipolyt-
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ic B. and proteolytic B. were proportionally related to the smoke components ab-
sorbed in sausage. The lower the pH value (more absorbed acids) the higher the
phenols content and the lower the T.A.B.C., lipolytic B. and proteolytic B. counts
were found. If samples arranged in a descending order according to the level of bac-
teria (T.A.B.C., lipolytic B, and proteolytic B) the order obtained will be the same
for arrangement of samples in a descending order according to phenols and in an as-
cending order for pH; this order of arrangement will be as follows for mentioned
three parameters before and after cooking: control, T3, T4, T1 and T2. It is evident
that cooking was an efficient treatment to cause dramatic decline of the bacteria.
Moreover, T2, was the best treatment in regard to the microbiological counts.

D. Organoleptic evaluation of sausaques:

Average score for appearance, flavour, odor, texture, color and overall sat-
isfaction of common carp fish sausages as affected by the method of smoking and
cooking is shown in table 10. It could be observed that sausages of T3 and T4 were
of significantly lower values for all eating qualities under investigation, only the ap-
pearance of T3 and T4 were of lower non-significant scores, compared to T1.
Actually overall acceptability of sausages T3 and T4 was significantly inferior com-
pared to T1 and T2.

In regard to the sausages of T1 and T2, the later sample was better concern-
ing, appearance, flavour, odor, texture, color and overall satisfaction, although dif-
ferences were significant only for flavour. This indicated that sausages of T2 were
the best (compared to T1, T3 and T4). This treatment (T2) resulted in sausages with
higher yield and phenols content, lower pH, T.V.N. and bacterial load, thereby, it is
recommended for commercial production. In a separte paper, the storage stability of
different treatments at different temperatures will be published.

Table 10. Organoleptic evaluation of carp fish sausage smoked with different treat-
ments of liquid smoke application.

Treatment Average scores*
AZF:::aer- Flavor [ odor |Texture| Color | Overall satisfaction
T1 7.78a,b | 8.28a 8.44a | 8.56a 8.05a 8.22a
T2 8.44a | 8.83b | 8.48a | 8.78a | 8.15a 8.54a
T3 6.78b | 6.89c | 5.89b | 8.00a | 6.00b 6.87b
T4 7.00b | 7.06c | 6.72b | 8.33a | 6.83b 7.02b

* Means within the same column group followed by the same letter are not signifi-
cantly different (on level 0.05).
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