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ABSTRACT

Heat-set binders (polysaccharides) from different sources including
xanthan, carrageenan, arabic gum and glucan at 0.5 and 1.0% level were added to
improve the texture and cooking properties of carp fish (Cyprinus carpio) pattie.
Water holding capacity (WHC), plasticity, shrinkage, cooking loss, cooking yield,
hardness, water & fat retention and sensory characteristics were determined,

The addition of heat-set binders enhances the plasticity and WHC
especially when arabic gum was used at any concentration followed by glucan
then carrageenan and xanthan. All samples containing polysaccharides showed
significantly (p<0.01) less reduction in shrinkage reached to 7.86 and 8.53% for
fried and grilled fish pattie samples contained 1% of arabic gum, respectively,
The lowest cooking loss value appeared in fish pattie samples containing 1% of
arabic gum, reached 10.09% in fried fish pattie, on the other hand grilled common
carp fish pattic which contained 1% of arabic gum, glucan, carrageenan and
xanthan showed higher cooking yield as compared with fried pattie samples. The
addition of different heat-set binders significantly (p<0.01) reduced the hardaess
values of fish pattie samples, however, the lower value was achieved by addition
of 0.5 and 1% arabic gum for fried fish pattie samples. The highest recorded
percentage of water retention appeared in grilled fish pattie containing 1%
carrageenan followed by 1% glucan and finally 1% arabic gum, while the highest
percentage of fat retention was observed in fried fish paitie especially in samples
containing 0.5 and 1% of arabic gum.

The panel test indicated that significant (p<0.01) improvements in
sensory atiributes of samples contained different sources of heat-set binders. As
the concentration of heat-set binders increased, the scores of sensory attributes

were increased. The grilled fish patties received hlgher total scores and more
' acceptance than those fried patties.

Key words: carp fish — fish patties - polysaccharides — eating quality — physical
properties — sensory atiributes.
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INTRODUCTION

Fish and fishery play a significant role in the diet in many parts of
Africa often representing the main and more easily accessible form of animal
proteins in many rutal comununities. Post harvest losses of fish and fishery
products are high in many African countries (Taskaya et al., 2003). Fish is known
to be & great nutritional value for human consumption as their proteins has a high
biological value and contains all the essential amino acids.

Carp fish (Cyprinus carpio.) is produced largely from fish farms and is
unacceptable to the popular in the fresh form (Darweash 1996).

Fish burgers are acceptable fast food products by the consumers in the
world. Pattie products were developed in an attempt to increase the acceptability
and utilization of carp fish. The frying process was the major problem in fish
products. Frying oil imparts desirable flavor and textural properties to food, In
addition, uptake of undesirabie flavors and excess absorption of oil by the product
aiso occurred (Holownia et al., 2000). Moisture loss is a critical factor affecting
the quality of fried products. Several studies reported that many hydrocolloids,
long chain polymers; form gels can be used in frying to reduce oil absorption
(Mallikarjunan et af, 1995). Food hydrocolloids with thermal gelling or
thickening properties have been widely investigated. Adding food hydrocolloids
as dry ingredients is a practical way to lower oil uptake of deep- fat fried foods
(Funami ef al,, 1999). Gums are also used for stabilization of emulsions,
suspension of particuiates, control of crystallization and inhibition of synersis (the
release of water from fabricated foods) as reported by Glicksman, (1991). On the
other hand, Huffman and Shah (1995) found that use of carrageenan as binder and
stabilizer has also escalated in the processing industry for fish, poultry and meat
products such as patties and sausage.

Therefore, overall goal of our study to moenitor the eating quality and
cooking properties of fried or grilled carp fish patties as result of adding heat-set
binders (food polysaccharides) such as xanthan, carrageenan, arabic gum and
glucan.

MATERIALS AND METHODS

Fish:

Common carp (Cyprinus carpio.) samples were obtained from EL-
Sarwo farm, EL- Dakahlia governorate, National Institute of Oceanography and
Fisheries at 2005 season. The fish samples were put in ice box and transferred to
Food Science Department, Fac. of Agric., Ain Shams University for further
technological treatments and analysis.

Poiysaccharides: . .

Polysaccharides from different sources including xanthan (bacterial
source), carrageenan (seaweed source), Arabic gum (plant source) and glucan
were obtained from Sigma Chemicai Co. (st. Lonis, Mo.), USA.
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Preparation of fish patties; '
Fish patties were prepared according to the method descnbed by

Chandrasckhar and Mohite, (1978). The fish samples were washed, hand
deboned, manually cut to small pieces and washed again to get rid of any blood
traces, and then drained for a few minutes. Fish meat was ground through a 0.64
cm plate using a laboratory universal kitchen machine (Varimix — Spomeoasy,
Poland), then fish patties were prepared by blending minced fish with the
following ingredients:

Table (A): Recipe used in the preparing of fish pattie containing different
level of pol saccllandes

’ In_grcdlents Spices mixture
! Minced fish meat : . Black pepper42.0 g
Vegetabie oil . Cumin23.0 g
Starch . All spices 18.0 g
Sodium chloride . Clove2.0g

Sodium bicarbonate . Coriander 5.0 g

| Polyphosphate . Cubeb2.0g
Ouion ; Cardamom 2.0 g
Garlic . Red pepper 10g
Spices mixture’ :

To evaluate the effects of investigated different polysaccharide sources
(xanthan, carrageenan, arabic gum and glucan} 0.5 and 1.0 % of the
aforementioned polysaccharides per mixture of fish pattie ingredients were
mixied with minced fish meat and other additives. Mixing was carried out by the
mixing device of the Varimix Kitchen machine and 1 cm thick pattie style of 50 g
weight and 8.5 ¢cm diameter were formed by a manually operated forming
machine (NOAW - Affetacrane, Italy). Different fish pattie samples were stacked
with waxed paper between then, placed in polyethylene bags and kept frozen (at —
18°C) until analysis and cooking.

Cooking processes:

The two cocking methods selected in this study were frying and grilling.
Frying was carried out in an eclectrical fryer pan (Moutinex brand) using
sunflower oil at 150°C for 5 min, immediately removed and drained to remove
¢xcess oil. Grilling was conduced on a hot plate in a temperature controlled
drying oven at 160°C in each side of pattic for 10 minutes.

Analytical methods:
Moisture, crude protein (Nx6.25), ether extract and ash contents were

determined according to the A.O.A.C. (1995).

Percentages of cookmg loss, cooking yield, shrinkage and fat or water
retention were estimated according to Roland et af. (1981) where:
Raw weight - Cooked weight
% Cooking loss = X 100
Raw weight
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Cooking weight
% Cooking yield = X 100
Raw weight

Raw diameter — Cooked diameter
% Shrinkage = X100
: Raw diameter

Moisture or fat in cooked pattie
Water or fat retention = X yield
Moisture or fat in raw pattie

_ Hardness of different fish pattie samples was determined according to
Sanderson ef al. (1988), by measuring Tension Compression (T'C?). An anvil of 1
mm diameter was used to penetrate the sample at a crosshead speed of 250
mm/min. The results were calculated as g/cm®.

Water holding capacity (WHC) and plasticity of different fish pattie
samples were determined according to the method described by Volovinskaia and
Merkoolora (1958). Results were presented as cm” per 0.3 g sample.

Sensory attributes of the different fish pattiec were evaluated by a panel
group of ten members, randomly selected from the staff members of the Dep. of
Food Sci., Fac. of Agric., Ain Shams Univ. Panelists were asked to evaluate
appearance, color, odor, taste, tenderness, juiciness and overall acceptability
according to 9- point hedonic scale (Larmond, 1974).

The statistical analysis system (SAS 1996) was used to carry out mean
values, standard error in addition to an over all analysis of variance (ANOVA)
and least significant differences (LSD) at 0.01.

RESULTS AND DISCUSSION

Chemical composition of carp fish meat and prepared pattie:

Chemical composition of carp fish meat was summarized in Table (1).
Results showed that, carp fish meat contained 78.04 % (moisture), 80.97 %
(crude protein), 11,78 % (fat), 5.21 % (ash) and 2.05 % (nitrogen fre¢ extract) on
dry basis. These results are in agreement with those of Khaliaf (1986),Shaltout
(1989) and Ibrahim {1994) who mentioned that the values of moisture, protein, fat
and ash of fresh common carp fish were arounded 78.74%, 81.67%, 13.29% and
4.28%, respectively, While others were little varied with reviewed by Steffens e,
al (1991}, This varation occurring in the chemical composition and freshness
tests of common carp fish may be due to the intrinsic nature bearing upon
genetics, morphology and physiology or environmental relating to the living
conditions particularly the feeding types as reporied by Ibrahim (2004). From the
same table, it could be noticed the chemical composition of prepared fish patties
without any addition of polysaccharides. The protein content was 66.17%, while
the fat and ash content were 10.85 and 4.55%, respectively, in the same time the
free nitrogen extract was 18.43%.
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Table (1): Chemical composition of fresh common carp fish and prepared

80.97 =

0.200

Physical properties of carp fish patties:
Water Holding Capacity:

From Fig (1) it could be noticed that there was an effect of used
polysaccharides (xanthan, carrageenan, arabic gum and glucan) on water holding
capacity (WHC) of pattie sampies. Control patties showed the lowest WHC when
compared to other samples containing different polysaccharides. As the
concentration of polysaccharides was increased there was an improvement in
WHC values. i.e., it was reduced from 4.867 to 4.493 cm?/0.3 g as xanthan gum
was used in ratio from 0.5 to 1.0%, respectively. As seen in the same figure the
common carp fish patties containing carrageenan showed better WHC values than
that contained xanthan gum, it reached 4.107 and 4.493 cm?/0.3 g for samples
contained 1.0% of carrageenan and xanthan, respectively. These results coincided
with that of Wallingford and Labuza (1983) who found that carrageenan has the
highest water binding capacity followed by xanthan and guar gum, From the same
figure it could be easily concluded that the best polysaccharides in enhancement
WHC value of prepared fish pattie was arabic gum at ratio of 1.0 %.
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Fig (1): Water holding capacity values as cm*/0.3g of different common carp
fish pattie contained different ratios of polysaccharide.

Plasticity:

Plasticity values showed a pattern similar to that of WHC as seen in Fig
(2). Control samples appeared lower plasticity than those fish pattie samples
containing different polysaccharides. The addition of investigated
polysaccharides enhances the both plasticity and WHC especially when arabic
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gum was used at any concentration {0.5 or 1.0 %) followed by glucan then
carrageenan and finally xanthan,
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Fig (2): Plasticity values as cm?*/0.3g of different common carp fish pattie
contained different ratios of polysaccharide

Shrinkage:

From Table (2} it could be revealed that the all fish pattie samples had a
significant (p<0.01) reduction in diameter (shrinkage) due to the loss in fat and
moisture during frying or grilling. Control sarple showed the highest reduction
in diameter it reached 21.04 %.Generally, common carp fish pattie containing
different polysaccharides showed significant (p<0.01) less reduction in shrinkage,
where the shrinkage values were 12.54, 10.63 7.86 and 13,42% for fried fish patic
containing 1.0% of xanthan, carrageenan, arabic gum and glucan, respectively.
"On the other hand, the values of the same parameter were 11,96, 10.24, 8,53 and
11.50%.,respectively for grilled fish patiie sampies containing 1.0% of the
aforementioned polysaccharides. Such decrcase in shrinkage was lesser as
addition of polysaccharides improving the binding properties of restructured fish
products. These results are agreed with Huffman and Shah (1995). Concerning
cooking methods, the degrée of shrinkage was lower in grilled patties compared
with fried samples. These results are in accordance with that mentioried by
Mostafa ef al. (2002).

Cooking loss:

Cooking loss values of different fish pattie samples are given in Table
(2), it could be observed that the same trend in this criteria (cooking loss) was
similar to the observed trend of shrinkage. It could be seen that the control fish
pattie sample had higher cooking loss % followed by samples containing xanthan,
carrageenan, glucan and finally arabic gum, where the cooking loss of the
aforementioned fried pattie samples containing 1.0% of different polysaccharides
were 28, 26, 21, 18 and 10%, respeciively . This is due to the role of this
polysaccharides in retarding the losses of water and fat during cooking as proved
by Ulu, (20035). Who reported that the addition of 0.5 — 1.0 % carrageenan or guar
gum improved all cooking parameters for meatballs. The lowest cooking loss
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value was appeared in samples containing 1.0% of arabic gum,i.e. it reached 10%
in fried pattic samples. These observed results of cooking loss could be correlated
with the results of WHC of fish pattic samples containing the same level of
polysaccharides.

Cooking yield:

From Table (2) it could be concluded that the cooking yield of common
carp fish patties was significantly (p<0.01) affected by addition of investigated
polysaccharides. The lowest value was appeared in control ong either fried (71) or
grilled (73.51%). On the other hand, grilled common carp fish patties contained
1.0% of arabic gum, or glucan, or carrageenan, or xanthan showed higher cooking
yicld (89.09, 85.69, 85.88 and 77.55%), when compared with fried fish pattie
samples (90, 82, 79 and 74%), respectively. The enhancement of cooking yield of
those samples which contained such polysaccharides could be referred to the
batter dissolving and distribution of the gums in the pattie samples as reported by
Hanan, (2002). This could be improved the binding capacity of fish pattie
samples which resulted more cooking yield.

Table (2): Mean values of shrinkage, cocking loss and cooking yield of fried
and grilled common carp fish pattie contained different
olysacchariides

Fish sampl Fried pattie Grilled pattie
PI€S  Shrinkage | Ceoking | Cooking | Shrimkage | Cooking | Cooking
% Joss % yield % % loss % yield %
Control 21.04° 28* 719 1 1978% | 2649 | 73.51°
Xanthan 0.5 % 14.80° 28" 72 | 1369F | 2480°F | 75207
Xanthan 1.0 % 12.54° 26° 785 [ 11.96° | 22.45C | 7755
Carrageenan 0.5 % | 13.38" 23" 77% | 12705 | 20387 | 79.62°
Carrageenan 1.0% | 10.63° | 21" 79" 10.24" | 14.12" | 85.38
Arabicgum05% | 11.31° 157 85° 10.14% | 12.65° | 87.35°
Arabicgum 1.9% | 7.86" 10% 90" 853" [ 109137 ] 89.09"
Glucan 0.5 % 13405 | 197 81° | 12.76° | 16.95° | 83.05°
Giucan 1.0% 13.42% 18° 82% 11.50° | 14.31° | 85.69
LSD 0932 1358 [""1249 | 0694 | 0883 | 0.888

LSD: Least significant difference
Means with the same letters are not significantly different (p>0.01)

Texture (Hardness):

Texture analysis for fish and fish products are 1mportant paramgter for,
quality control and product development in the seafood industry. Numerous
mechanical methods have been used to measured texture of food products,
however there is little agreement on which is the best method (Coppes, et.al,
2002).

Table (3) represented the values of hardness obtained for the fried and
- grilled fish pattie sampies. The control fish pattie samples wlnch cooked by fried
or grilled showed a hardness values 760 and 660 g/ cm’, respectively. The
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addition of different polysaccharides significantly (p<0.01) reduced the hardness
values of fish pattie samples. The lower values were achieved by addition of 1 0
% and 0.5 % arabic gum for fried pattie samples being 217 and 270 g/ cm?,

respectively, where it was 238and 285g/ cm’, respectively for grilled fish pattie
samples. It could be noticed that, the gnllmg process decreased the hardness
value of both control sample and samples containing different sources of
polysaccharide. The arabic gum and carrageenan were the sunitable gums for
improving texture characteristics of fish patiies. These results agree with
statement achieved by Defreitas et al. (1997b) who montioned that carragecnan
dissolves throughout fish during processing and gel forms during cooling
enhancing texture properties of the products and improving product juiciness,
Both xanthan and glucan did not achieve the hardness values obtained by addition
of arabic gum and carrageenan. It could be explained by the low solubility of
these polysaccharides compared with that of arabic gum and carrageenan, :

Table (3): Hardness values of common carp fish pattie as affected by the
addition of dlfferent ratios of polysaccharides

F:sh attie samples ) " Hardness value as g[cm
P P Fried : Grilled

Control 760" 660"
Xanthan 0.5 % 413° 370%P
Xanthan 1.0 % 307°F 263F
Carrageenan 0.5 % 3970 33728

Carrageenan 1.0 % 35008 3005F
Arabic gum 0.5 % 270%F 285%F
Arabic gum 1.0 % 217 238F
Glucan 0.5 % : 537B - 4708
Glucan 1.0 %

LSD Least significant difference.
Means with the same letters are not significantly different (p<0.01)

‘Water and fat retention:

7 The obtained resuits from Table (4) revealed that the percentages of water
-and fat retention were 59 and 85% in fried common carp fish patties control sample,
respectively, while, the same parameters were 55 and 69%, respectively, for control
fish pattie samples cooked by grilling. From the same table it could be concluded that
there were significant (p<0.01) effects of such different polysaccharides on water
retention of fried common carp fish pattie samples. However grilled fish pattie
samples showed significant (p<0.01) different effect on water and fat retention. The
highest recorded percentages of water retention were appeared in grilled fish patties
containing 1 % carrageenan foilowed by 1 % glucan and finally 1 % arabic gum On
the other hand, both cooking methods showed significant (p<0.01) different effects on
both water & fat retention. The highest percentage of fat retention was observed in
fried common carp fish patties especially in samples containing 0.5 % and 1.0 % of
arabic gum Concerning to cooking methods the percentage of fat retention in fish
pamesampleswashlgherthanthatof@uedsampl&s These results are in accordance
of Mostafa, et.al,, (2002).
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Table {(4);: Water and fat retention of fried and grilled common carp fish
attie containing different ratios of polysaccharides

. . Fried Grilled
Fish pattie samples Water Fat Water Fat !
retention % | retention® | retention % | retention % ;
Control 39° 85°- 557 6y I
Xanthan 0.5 % 538 81° 569 708 |
Xanthar 1.8 % 52F 84° 59% 737 l
Carrageenan 0.5 % 538 865¢ 57° 79
Carrageenan 1.0 % 552 878 642 83% |
Arabic gum 0.5 % 570 91% 60°° 88%
Arabic gum 1.0 % 624 92* 615¢ 88"
Glucan 0.5 % 567 878 60° 822
Glucan 1.0% |- 58° 87" 62° §3°
LSD 1.441 2.459 1.254 2322

LSD: Least significant difference.
Means with the same letters are not significantly different (p>0.01)

Sensory evaluation of fried & griifed common carp fish patties:

Data in Table (5) revealed that the sensory properties of fried common
carp fish pattiecontaining different ratios of polysaccharides. As seen from this
Table it could be easily found that there was significant (p<0.01) effect of such
polysaccharides on sensory properties of fried samples. Fish pattic containing
polysaccharides were given higher ratings than the control samples for most
sensory attributes. As the concentration of polysaccharide is increased, the scores
of sensory attributes were increased i.e. tenderness was 9.0 and 9.4 for fish patties
containing carrageenan at 0.5 % and 1.0 %, respectively.

Table (5): Mean values of seasory attributes of fried commeon carp fish
atties containing different polysaccharides

Sensory attributcs
Fish sampies Appea- Ten- . Overall
_ rAnce Color | Odor | Taste derness Juiciness atln)c‘ehga-
Control 75 1 80 I 8§41 7.0° 7.7 78" 7.6~

Xanthan 0.5% | 7.6.- | 8.0° | 8.0 |78°] 80 | 8.0 | 7.8
Xanthan 1.0 % | 7.8°C | 7.6" | 8.2° |8.0°C| 82" | 8.4 | 8.0°07
Carrageenan0.5% | 8.4™ | 82" | 6" [ 86™ | 8.8 | 88™ 90"
Carrageenan L0% | 8.8™ | 84" [ 88" [ 88" [ 86~ | 88" %8
Arabicgum05% | 8.8 | 9.0° | 9.6 | 9.0° | 9.0°® 9.2% 932
Arabicgum 1.0 % | 0.0° | 8.8 | 9.4" | 927 | 94" 92" 92"
Glucan 0.5 % | 8.8° | 88" | 9.2° 186°C] 0.0°° | 9.0~ | 8.6
Glucan 1.0 % | 8.8 | 9.00 | 9.2° |84 °f 88°C | 88™© | B6>V
LSD 0.991 | 1.757 | 1.621 | 1.641| 1.120 | L.017 | 0.977

LSD: Least significant difference.
Means with the same lcilers are not significantly different (p>0.01)

Table (6) showed that the sensory evaluation of grilled different
common carp fish patties containing different ratios of polysaccharides. The
sensory panel assigned lower scores to control samples in comparison with fish
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pattie samples containing different polysaccharides. There was an enhancement in
sensory attributes which appeared in samples containing arabic gum followed by
carrageenan and xanthan, these results were agreed will with reported by (Hanan
2002). Generally, there were significant (p<0.01} improvements in sensory
attributes of grilled common carp fish pattie contained polysaccharides. The
grilled common carp fish pattic received higher total scores and were more
acceptable than those cooked by frying,

Table (6): Mean values of sensory attributes of grilled common carp fish

Tender-

QOdor | Taste ness

7.8 | 788 | 78F
8.4°°C) 8 4°P | 8 8T
887 86| 9.0

9.0" | 8.6 8.6°°C
92% [ 94 | 96"

8818 928
8.8°F

8.00°C
8.0

LSD: Least significant difference
Means with the same leiters are pot significantly different (p>0.01)

CONCLUSIONS

The obtained results showed that common carp fish can be successfully
utilized for the production of low cost, nutritionally and high quality attributes
fish pattie. Incorporation of different investigated polysaccharides (xanthan,
carrageenan, arabic gum and glucan) was beneficial in improving physical and
sensory characteristics at each investigated level (0.5 and 1.0%). Cooking
prepared fish pattie samples by grilling method can be recommended as highly
sensory cooking method.
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