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SUMMARY :

A two factor Central Composite Design (CCD) was applied to study the major effectsand interactions
of processing variables such as olive oil (5-15%) and beetroot powder (1-5%) on cooking properties
of chicken patties. The addition of olive oil increased reduction in diameter, shrinkage and emulsion
stability values however, reduction in thickness, fat and moisture retention, cooking yield values
decreased as the amount of olive ail increased. On the other hand, the incorporation of beetroot
powder decreased reduction in thickness and diameter, shrinkage and emulsion stability. Cooking
yield and fat and moisture retention values were found to increase by the addition of beetroot
powder.
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eta vulgaris L., generally well-known as the red

beet or beetroot, isaroot vegetable grown al over

theworld. It isnot consumed frequently; however
beets can be eaten raw or roasted, frequently served in
soups or on salads. They contain betalains, which have
been used as natural colorants in food products such as
processed meat, ice cream, baked goods, candies and
yogurt (Delgado-Wargas et al., 2000 and Vereltziset al.,
1984). Beetroot hasal so been used asacolorant in some
ground meat products having low moisture content such
as salami sausages that do not contains SO, (Jackman

and Smith, 1996). Betalainsare believed to contain great
antioxidants, slow down cancer cell propagation and
increasing resistance of low-density lipoproteinsthat are
formed asaresult of oxidation (Kapadiaet al., 1996; Wu
et al., 2006; Tesoriere et al., 2004 and Gentile et al.,
2004).

Great work has been done in recent years to make
the processed meat industry better in order to improve
the nutritional quality of meat and recoup consumer’s
expectations. The partial or full replacement of animal
fat with vegetable oils in processed meat productsis a
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recent trend. This process has been found to be a
competent and successful approach to improve the
nutritional value of meat productsby declining saturated
fatty acid levelsand adding up natural antioxidants. Olive
oil which is known to be rich in monounsaturated fatty
acids-primarily oleic acid, have repressive effects on
tumor devel opment (Escrich et al., 2007) and it hasbeen
widely used as an animal fat replacer in meat products
exhibited good results in terms of nutritional value and
oxidative stability. Olive oil hasbeen studied asapartial
fat replacer in various meat products such as reduced-
fat frankfurters (Choi et al., 2010 and Lopez-L épez et
al., 2009), liver paté (Martin et al., 2008) and fermented
sausages (Muguerza et al., 2001).

The present work was dedi cated to study the effects
of freeze dried beetroot powder (1-5%) and olive oil (5-
15%) on cooking properties of cooked chicken patties.

EXPERIMENTAL METHODS
Preparation of freeze dried beetroot powder :
Beetroot was obtained from a local market and
freeze dried in a Virtis lyophiliser (model FM12XL).
Freeze dried beetroot was ground with a mill (0.025-
0.05 mm particle size) and stored in deep freezer at -
30°C until use.

Patty preparation :

L ean meat from chicken leg and chest was obtained
from alocal market (Dodhpur, Aligarh, U.P. India). All
subcutaneous fat was separated from the muscles and
the meat ground with a 3 mm plate grinder. The spice
mixture was then added to ground meat and two
ingredients were used in various proportions. The two
independent variables were olive oil and freeze dried
beetroot powder. Test ingredients (olive oil and freeze
dried beetroot powder) were mixed at levelsvarying from
5 to 15 per cent and 1 to 5 per cent, respectively.
Appropriate proportions of olive ail (5 %, 10 % and 15
%) and beetroot powder (1 %, 3 % and 5 %) were added
into each batch as shown in Table A. The emulsion was
kneaded for 15 min using small size commercia mixer
(Model 5K SM 150, KitchenAid, Michigan, USA). Patties
were cooked in a preheated electric grill set at 170-190°
C until core temperature of patties reached 75-80° C.
Core temperature of patties was monitored by water
proof digital thermometer. After cooking, patty samples
were allowed to cool to 25° C in room conditions and

then wrapped with polyethylene bags and frozen at -18°
C until further analysis.

Moisture retention :
Moistureretention of chicken pattieswas determined
by an equation given

)= (% Yield x% Moisturein cooked patty)

Moisture retention (%
100

Fat retention :
Fat retention was calculated according to the
following equation.

(Cooked weight x % Fat in cooked patty) X
(Raw weight x % Fat in raw patty)

Fat retention (%) = 100

Reduction in thickness and diameter :

The reduction in thickness and diameter of patties
wasdetermined withthehelp of adigital calliper (Mitutoyo,
Japan). The following equations were employed to
determine the reduction in thickness and diameter,
respectively.

Uncooked patty - Cooked patty

Reduction in thickness(%) = thickness thickness x 100

Uncooked patty thickness

Uncooked patty - Cooked patty

Reduction in diameter (%) = diameter dl.ameter x 100
Uncooked patty diameter

Shrinkage :
The given equation was used to determine
dimensional shrinkage of the patties
(Raw thickness — Cooked thickness) +

(Raw diameter — Cooked diameter)
(Raw thickness+ Raw diameter)

x 100

Shrinkage (%) =

Cooking yield :
Weight of sausage before and after cooking was
recorded and yield was expressed in percentage

Cooked patty weight

Cookingyield (%) = :
Uncooked patty weight

Emulsion stability :

Emulsion stability was determined using the method
of Baliga and Madaiah (1970). Twenty gram of meat
emulsion wastaken inlow density polyethylene bagsand
were put in athermostatically controlled water bath at
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Table A : Central composite design used to evaluate the effects of independent variables on cooking properties of chicken patties
Coded variables Uncoded variables
Std X1 X2 Oliveail (g) Beetroot powder (g)
1 -1 -1 5 1
2 1 -1 15 1
3 -1 1 5 5
4 1 1 15 5
5 -1 0 5 3
6 1 0 15 3
7 0 -1 10 1
8 0 1 10 5
9 0 0 10 3
10 0 0 10 3
11 0 0 10 3
12 0 0 10 3
13 0 0 10 3

X1, coded level of olive ail (% ); X, coded level of beetroot powder (%)

80+1°C for 20 min. The bagswere removed from water
bath, cut open and the cooked out fluid was drained out.
The cooked emulsion mass was weighed and expressed
as percentage.

Experimental design and data analysis :

Central Composite Design (CCD) was used to study
the effects of two independent variables namely, oliveoil
(5-15%) and beetroot powder (1-5%) (Table A).
Moisture retention, fat retention, reduction in thickness,
reduction in diameter, shrinkage, cooking yield and
emulsion stability were sel ected asthe dependent variables
for the combination of the two independent variables.
The experimental designs involved 13 experiments
including 5 replications of the central point. Experiments
were carried out in triplicates. The data obtained from
the CCD design wasfitted with asecond order polynomial
equation. Theequationisasfollows:

Y = BO+ZBIXI+ZBIIX +Z ZB” i ]

i j=i+l

whereY isthe predicted response; 3, isaconstant;
B, isthelinear co-efficient; B, isthequadratic co-efficient,
B; is the interaction co- eff|C|ent and X, and X, are
mdependent variables. The adequacy of the model was
determined by evaluating the lack of fit, co-efficient of
regression (R?) and the Fisher test value (F-value)
obtained from the analysis of variance (ANOVA).

EXPERIMENTAL FINDINGSAND ANALYSIS

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Moisture retention :

The effect of fat and beetroot powder on moisture
retention of pattiesisshowninFig. 1. Table 1 illustrates
that the linear effects of olive oil and beetroot powder
weresignificant (P< 0.001). Moistureretention of patties
decreased as the amount of fat increased (P < 0.001).
These results were consistent with that of Serdaroglu

Tablel1: Analysisof variance for physico-chemical characteristics of chicken patties developed with olive oil and beetr oot powder

Sum of

Mean

Model Mean +SD squares DF square F value Prob > F R? Adj. R?
Moisture retention Linear 53.55+0.22 2.23 2 112 23.92 0.0002 0.83 0.79
Fat retention Linear 79.37+2.26 195.75 2 97.88 19.09 0.0004 0.79 0.75
Thickness reduction Linear 9.39+0.78 57.89 2 28.94 4754 0.0001 0.90 0.89
Diameter reduction Linear 8.37+0.46 59.82 2 29.91 139.61 0.0001 0.97 0.96
Shrinkage Linear 8.51+0.46 33.65 2 16.83 81.08 0.0001 0.94 0.93
Cooking yield Linear 90.11+0.42 15.93 2 7.97 4453 0.0001 0.90 0.88
Emulsion stability Quadratic  92.74+0.37 9.22 5 1.84 13.74 0.0017 0.91 0.84

Significant at p < 0.001
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Moisture retention (%)

Beetroot powder (%)

Fig. 1:

and Degirmencioglu (2004) who found that increasing
fat levels in meatball formulations resulted in lower
moisture retention. On the other hand beetroot powder
increased moisture retention of patties (P < 0.001). This
might be due to the water holding capacity of beetroot
powder, thusincreasing the moisture retention of patties.
M aximum moisture retention of patties wasfound to be
54.40 per cent when 5 per cent beetroot powder and 5
per cent olive oil were used. Minimum moisture retention
of patties was found to be 52.66 per cent when 1 per
cent beetroot powder and 15 per cent olive oil were used.
It can be concluded from these results that minimum fat
and maximum beetroot powder is recommended to get
higher moi stureretentionin chicken patties. Thepredicted
model equation (Eq. 1) for moisture retention of patties
isgiven below, whereA: oliveoil, B: beetroot powder.
Moisture retention = + 53.55 - 0.37 *A + 0.48*B (1)

Fat retention :

Theresultsshowed that olive oil and beetroot powder
had significant effect on fat retention of patties (Table
1). Increasing fat levels found to decrease fat retention
values (P < 0.001) (Fig. 1). These results were found to
be consistent with results of Serdaroglu and

Fat retention (%)

4
olive ail (%) &
S

Beetroot powder (%)
Response surface graph of moisture and fat retention of the chicken patties containing olive oil and beetroot powder

increasing effect (P < 0.05) on fat retention values of
pattiesduetoitsoil holding capacity. Higher fat retention
wasfound when 5 per cent oliveoil and 5 per cent beetroot
powder were used in patty formulation. However, lower
fat retention values in patties were found when 15 per
cent olive oil and 1 per cent beetroot powder were used.
The predicted model equation (Eg. 2) for fat retention of
patties is given below, where A: olive ail, B: beetroot
powder.

FAt retention = + 79.37 - 5.25*A + 2.25*B ()]
Reduction in thickness and diameter :

Oliveoil and beetroot powder had asignificant effect
onthicknessreduction in cooked pattiesasshownin Table
1. Both Olive oil and beetroot powder significantly
decreased (P< 0.001 and P< 0.05, respectively) reduction
in thickness of patties as shown in Fig. 2. On the other
hand olive oil had significant effect on reduction in
diameter (P < 0.001). It increased the reduction in patty
diameter (Fig. 2). These results were in line with the
findings of Serdaroglu and Degirmencioglu (2004) who
confirmed that meatballs devel oped with 20 per cent fat
had the higher decrease in diameter. Beetroot
powder decreased the reduction in diameter (P < 0.01)

Degirmencioglu (2004) who determined that fat retention
decreased withincreasing fat levels. In addition, Mansour
and Khalil (1999) observed that morefat retainedin low-
fat patties as compared to high-fat patties during cooking.
On the other hand, increasing beetroot powder had an

(Fig. 2). Thismight bedueto thefact that beetroot powder
had ability to hold fat and water that contributed to a
decrease in the diameter reduction of the patty samples.

It was determined that the reduction in patty thickness
varied between 5.17 per cent and 13.78 per cent while
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olive oil and beetroot powder

that of diameter differed from 4.97 per cent to 12.54 per
cent within the investigated ranges of independent
parameters. Minimum and maximum reduction in patty
thicknesswasfound when 5 per cent oliveoil and 15 per
cent beetroot powder and 1 per cent olive oil and 5 per
cent beetroot powder were used in patty formulation,
respectively. On the other hand lowest reduction in patty
diameter was found when 5 per cent olive oil and 5 per
cent beetroot powder were utilized and maximum
reduction in patty diameter was found when 15 per cent
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Response surface graph of reduction in thickness, reduction in diameter and shrinkage of the chicken patties containing

oliveoil and 5 per cent beetroot powder were utilized in
patty formulation. The predicted model equation (Eg. 3
and 4) for thickness reduction and diameter reduction of
patties is given below, where A: olive oil, B: beetroot
powder.
Thickness (%)
Diameter (%)

= +0.39-2.96*A -0.94*B 3
= +8.37+3.040*A-0.86* B 4

Shrinkage :
Both fat and beetroot powder had asignificant (Table
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1) (P<0.0001 and P < 0.005, respectively) effect on the
shrinkage properties of patties. The effect of fat and
beetroot powder incorporation on shrinkage of pattiesis
shown in athree dimensional graph (Fig. 2). Theresults
of this study showed that the shrinkage rate varied
between 5.84 per cent and 11.82 per cent in the patty
sampl es. L east shrinkage (5.84%) was reported to occur
at fat = 5 per cent and beetroot powder = 5 per cent.
Maximum shrinkage (11.82%) was determined at fat =
15 per cent and beetroot powder = 1 per cent. Velioglu et
al. (2010) reported that the fat level affected cooked
hamburger patty shrinkage and reducing thefat level from
30 per cent to 10 per cent significantly reduced shrinkage.
Similar trend was observed in this study. Increasing the
fat per cent from 5 per cent to 15 per cent increased the
shrinkage val uesin patty samples. Also, It hasbeen found
from theresults of Younis and Ahmad (2015) that apple
pomace powder incorporated sausages cause significantly
less shrinkage compared to control sausage.

A model equation was detailed to predict the
shrinkage rate on the basis of oil and beetroot powder
content. Fitting of theinformation to different modelsand
their ensuing ANOVA demonstrated that shrinkage could
be anticipated by utilizing astraight model asthefunction
of independent parameters (Eq. 5), whereA: oliveail, B:
beetroot powder.

shrinkage (%) = +8.51 +2.20*A-0.88*B 5)

Cooking yield :
Cookingyieldisthemost critical factor for the meat

g
)
D
=
=)
<
£
8
O
o o AW
Olive oil (%) he \_\\. ',, 200
A \l'/.—”'-' 'LGQ
o A0

Beetroot powder (%)

manufacturing in forecasting the behaviour of products
in cooking dueto theinclusion of non-meat ingredientsor
other factors (Pietrasik and Li-Chan, 2002). Fig. 3
describestheimpacts of beetroot powder and oliveoil on
cooking yield of patty samples as three-dimensional
graphs. Beetroot powder wasthe variable, whichlinearly
affected cooking yield (P < 0.001). Beetroot powder
caused an increase in cooking yield of patty samples.
This might be due the capacity of beetroot powder to
retain the moisture and fat. According to the findings of
Yadav et al. (2016) cooking yieldincreased significantly
by the addition of tomato pomace powder. On the other
hand, cooking yield of patties was found to decrease
significantly (P < 0.001) by increasing the oil content.
Similar results were found by Jung and Joo (2013) in
pork patties which contained soybean oil. It was found
that the cooking yield of patties ranged from 87.60 per
cent and 92.60 per cent. Minimum cooking yield was
observed at fat = 10 per cent and beetroot powder = 1
per cent. Maximum cooking yield of patties was
determined at fat = 5 per cent and beetroot powder =5
per cent. The predicted model equation (Eq. 6) for cooking
yield of patties is given below, where A: alive ail, B:
beetroot powder.
Cooking yield = + 90.11 - 0.95*A + 1.32*B (6)

Emulsion stability :

Fig. 3 demonstrates the impact of oil and beetroot
powder on the emulsion stability on the different meat
emulsion groups examined. Both olive oil and beetroot

Emulsion stability (%)

Olive ail (%)

Beetroot powder (%)

Fig. 3: Response surface graph of cooking yield and emulsion stability of the chicken patties containing olive oil and beetroot

powder
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powder significantly (P<0.01) increased emulsion stability
of meat samples as shown in Table 1. According to the
findings of Pappaet al. (2000) a significant impact was
found on jelly and fat separation of low-fat frankfurters
prepared with different proportion of olive oil and pectin.
Similarly, emulsion stability of batters made with grape
seed oil and rice bran fibre was found to increase
significantly (Choi et al., 2010). However, Luruen a-
Martiynez et al. (2004) reported that there were no
significant differences in jelly and fat separation of
frankfurters devel oped with olive oil than those prepared
with same animal fat content. Tan et al. (2006) reported
that there was no fluid lossin stable meat batters after 1
h at 75°C carrying different fats indicating a strong
emulsion complex formation. The predicted model
equation for theemulsion stability of patties prepared with
oliveoil and beetroot powder isgiven below (Eg. 7), where

A: oliveoil, B: beetroot powder.
Emulsion stability = +92.49 +0.65*A +0.76*B +0.16*A*B -
0.53*A? +1.06*B? @)

Conclusion :

During thisstudy it wasfound that beetroot powder
and oliveoil showed positiveresultson cooking parameters
of chicken patties. Beetroot powder improved emulsion
stability, cooking yield, fat and moisture retention which
are believed to be crucial parameters in the production
of meat products. The developed models can be
employed to produce abest formulafor patty production.
It can be concluded from this study that animal fat can
bepartially or completely replaced by oliveoil not only to
produce alow fat meat product but also to obtain amore
healthy food dueto its high content of monounsaturated
fatty acidsand vitamin E. Thus, thefindings of thisstudy
could be beneficial for meat processing industries that
tend to enhance the product yield for patties using the
optimum levelsof olive oil and beetroot powder.
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