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ABSTRACT. In this study, raw chicken meatball samples were incorporated with apple, lemon and pea fibers at
different concentrations (0, 4, 8 and 12%). Their physicochemical properties were evaluated at different refriger-
ated storage time spots (1%, 5" and 10" days) while the fried samples were investigated with respect to their color,
technological and sensory properties. The results revealed that the physicochemical properties of raw samples were
significantly (P <0.05) affected by fiber type and concentration within the storage periods while color, technological
and sensory properties of the fried samples were also significantly changed (P <0.05) according to the fiber type and
concentration. Thiobarbutiric acid reactive substance values of raw samples incorporated with the fibers were observed
to be lower than those of the control samples at the end of the storage period, indicating that fiber addition could delay
lipid oxidation increasing their storage stability. Fiber addition affected the brightness (L* values), redness (a" values)
and yellowness (b* values) of both the raw and fried samples. Regarding technological properties of the fried samples,
fiber addition generally increased (P <0.05) frying yield, and moisture retention values up to 4%, followed by a de-
crease at further concentrations. Meatball diameter decreased by addition at level of 4% for all fiber types, but further
increase in the fiber concentration did not decrease these values. The maximum fat retention was observed in the fried
samples incorporated with the apple and lemon fibers at 12 % concentration. Sensory properties were affected by fiber
concentration up to 8%, which constituted the highest tolerated concentration. As a result, fiber addition positively
affected the physicochemical and technological properties of the meatballs, but this affect was strongly related to the
fiber type and its concentration.
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INTRODUCTION

ecently, consumers in developed societies have

been more interested in healthier diets. Food
manufacturers have increased their efforts to contrib-
ute to limit health problems such as diabetes, obesity,
and cardiovascular diseases by producing low-fat and
low-calorie chicken products (Tabarestani and Tehra-
ni, 2014). High-fat chicken products are also related
to the enzymatic (proteolytic deterioration), oxida-
tive, textural problems during storage period, leading
to changes in essential fatty acid and vitamin compo-
sition, decreasing the nutritional values of such prod-
ucts as well as deteriorating their sensory properties.
These problems cause financial losses for producers
and increase consumers’ health risks. Thus, many
studies have been conducted to improve the quality
and stability of these foods (Khalil, 2000; Mc-Carthy
et al., 2001; Castro et al., 2011; Ibrahim et al., 2011).

Addition of dietary fibers is one of the strategies
to overcome the aforementioned problems Dietary fi-
bers contribute healthier diet because a high-fiber diet
normalizes bowel movements, maintain bowel health,
lowers cholesterol levels and control blood sugar
levels, and helps in achieving healthy body weight.
Therefore, the trend for daily diets with high levels
of dietary fiber is the incentive to produce such prod-
ucts (Sarigoban et al., 2010). Dietary fibers are also
more attractive than other materials such as thicken-
ers and binders like starches, gums and whey protein
concentrate, etc. since they have lower cost and are
more available than the others. Fibers are known to
remarkably develop technological properties of meat
products due to their high water holding capacity,
which reveals their possibility to be also used in the
production of low-fat chicken meatballs. This appears
to be good strategy to improve textural and sensory
properties and to increase the shelf life of the chicken
meatballs by reducing the metabolites resulting from
spoilage. Accordingly, it was reported that the fibers
could be used to prevent deterioration of meat and
chicken products, increasing the quality of the final
products (Talukder and Sharma, 2010; Elleuch et al.,
2011; Pinero et al., 2008; Petracci et al., 2013).

In spite of the aforementioned beneficial health ef-
fects of the dietary fibers, their usage in meat formula-
tions, is depending on their functionality and interac-
tion with other ingredients in the formula. This limits
their usage in some aspects. Therefore, the possible
interactions of the dietary fibers with main compo-
nents of meat products should be determined in order

for them to play a key role on the functionality of final
products. The present work was undertaken to deter-
mine the effect of fiber type (apple, lemon and pea)
and concentration (0, 4, 8 and 12%) on physicochem-
ical properties of raw chicken meatballs at different
refrigeration storage periods (1%, 5" and 10™ days) as
well as on color, technological and sensory properties
of fried chicken meatballs.

MATERIALS AND METHODS

Materials

Apple fiber (moisture-9.3%, total dietary fi-
ber—70%, ash—1.40%, crude protein—6.8 %, crude
fat-2.1 %, water holding capacity 4 mL/g) and lem-
on fiber (moisture—5.6%, total dietary fiber—90%,
ash—1.60%, crude protein—2.2 %, crude fat-0.4 %,
water holding capacity 6 mL/g) were purchased from
Herbafood Co. (Herbafood Ingredients GmbH, Ger-
many). Pea fiber (moisture—5.99%, total dietary fi-
ber—70%, ash—4.30%, crude protein—7.2 %, crude
fat-2.6 %, water holding capacity 3.7 mL/g) was ob-
tained from Roquette Co. (France). Chicken breast
meat used in meatball production was obtained from
a local seller in Adiyaman, Turkey. Corn oil used
as a frying medium was procured from Yudum Co.
(Balikesir, Turkey). A mini fryer (Arzum, 246, Tur-
key) was used for frying operations.

Methods

Preparation of chicken meatballs

Chicken breast meats were kept and transferred at
-18 °C in plastic bags to laboratory. Before use in the
meatball production, they were thawed at 4 °C and
minced using a grinder machine (Tefal, Le Hachoir
1500, France). For preparation of the experimental
batches, 4750 g ground meat was mixed with 100 g
corn oil, 75 g salt, 50 g black pepper and 25 g cur-
ry and kneaded for 15 min to obtain a homogeneous
raw meatball mixture. Then, the dough was allocat-
ed into three groups and each of them was separately
added with dietary fibers (apple, lemon and pea) at
four different concentrations (0% (Control), 4%, 8%
and 12%, based on 100 g of the dough). Each sample
was re-kneaded and shaped into meatballs by round-
ing with hand at equal diameters (approx. 20 g weight
and 30 mm diameter for each sample, measured by
a digital caliper). Then, all the meatball samples
were separated into two groups as raw and cooked
meatballs. Forty meatballs were produced for each
treatment. The physicochemical analyses (pH, Thio-
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barbutiric Acid Reactive Substance, L*, a* and b*)
were conducted for the raw meatball samples placed
in polystyrene foam dishes, wrapped with stretch film
and stored at 4 °C and examined at certain storage
days (1%, 5" and 10" days). The color (L*, a* and b*),
technological (frying yield, reduction in diameter,
moisture retention and fat retention), and sensory (ap-
pearance, odor, taste and texture) analyses were per-
formed for the chicken meatball samples fried in 1 L
of corn oil at 180 °C for 5 min.

Determination of physicochemical analyses

The pH values of the samples were measured by
using pH meter (WTW 315 i set model, Weilhem,
Germany) after homogenization, as outlined (AOAC,
2002). The extent of oxidative rancidity (Thiobarbu-
tiric Acid Reactive Substance, TBARS) was deter-
mined as described by Tarladgis et al. (1969). The
absorbance was read at 538 nm (UV-160 A, UV-Visi-
ble Recording Spectrophotometer, Shimadzu, Tokyo,
Japan) against a reagent blank. The TBARS numbers
were expressed as mg of malon-dialdehyde (MDA/
kg) equivalents. Color measurements were conduct-
ed using a Minolta Chroma Meter CR-400 (Konica
Minolta, Inc., Osaka, Japan) with illuminant D65, 2°
observer, Diffuse/O mode, 8-mm aperture of the in-
strument for illumination and 8mm for measurement.
Prior to the measurements, a white reference tile
(L*=97-10, a*= —4-88, b*=7-04) was employed to
calibrate the instrument. The meatball samples were
subjected to air for at least 20 min at 25 °C before
the measurements. For each meatball sample, three
locations were measured in terms of L* (brightness),
a*(xred—green) and b*(xyellow—blue) color values
and the measurements were averaged and recorded
(Hunt et al., 1991).

Determination of technological properties

Frying yield

Frying yield of the meatball samples were calcu-
lated using the equation (Eq. (1)) employed by Mur-
phy et al (1975) and Tekin et al., 2010):

fried meatball weight
raw meatball weight

Frying yield % = x 100

(1

Reduction in diameter

The reduction in meatball diameter before and af-
ter frying was estimated by a digital caliper (Mitu-
toyo, Japan) using the following equation (Eq. (2)):

raw meatball diameter-
fried meatball diameter

Reduction in diameter % = x 100

raw meatball diameter

raw meatball diameter-
cooked meatball diameter

Reduction in diameter % = x 100

raw meatball diameter
(2)

Moisture retention

The amounts of moisture retained in the fried
meatballs per 100 g sample can be indicated by mois-
ture retention values. Moisture of raw and fried meat-
ball samples was determined by oven air method, as
outlined (AOAC, 2002). Moisture retention values
were calculated according to the following equation
(Eq. (3)) (Soltanizadeh and Ghiasi-Esfehani, 2015):

. o 0 .

Moisture retention % :mo?sture in fried meatball % . fr'ylng
moisture in raw meatball % = yield

3)

Fat retention

Fat retention values were calculated according to
the Eq. (4) (Tekin et al., 2010; Soltanizadeh and Ghi-
asi-Esfehani, 2015):

(fried weight x fat in fried meatball %)

Fat retention % = x 100

(raw weight x fat in raw meatball %)

“)

Sensory analysis

The acceptability of sensory profile of the fried
meatballs was evaluated by semi-trained 10 panellists
of age between 20 and 40. Each panellist was served
with 3 samples. Fried chicken meatballs were served
in a random order to the ten panellists. The panellists
were also served with water and cracker biscuits be-
tween the assessments to allow them to rinse properly
and neutralize carryover flavours. Panellists were en-
abled to sit in the different locations separated from
frying and preparation room. Panellists evaluated the
coded samples to reduce bias. The sensory properties
were evaluated using a hedonic scale for the appear-
ance, odor, taste, and texture. The values in the scale
indicated the following reactions: 1: dislike extremely
to 9: like extremely (Gokalp et al., 1999).
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Table 1. Effect of fiber type and concentration on physicochemical values of raw meatballs at different storage periods.

1% day

5t day 10" day

Fiber concentration

Fiber concentration Fiber concentration

Fiber Control Control

Control

0, 0, 0, 0, 0, o, 0, 0, 0,
type ov 4% 8% 12% ovy 4% 8% 12% 0% 4% 8% 12%
pH Apple  6.07:AY  5.820BX 555X 505X 5Q[aAZ 5 G7BY  SAINCZ 540X G 5[aAX 5QQUBX  54Q0CY 5 ]76DX
Lemon  6.074Y 576"BX 538X 5 [3DX  5Q[aAZ 5 7[sAX  §)7BX  40)CY G 5]aAX  5QQNBX 5 3GhCK 4 .Q]DV
Pea 6.07BY  6.09BY (.14MBX 619X 5Q]Z G O[MBY 609X G [2MXY G 5[sX (58X 609X G (DBY
TBARS  Apple  0.085%% 0.070°Z 0.095°%Y 0.195%7  0.345%Y 0.300Y 0.365Y 0.395Y  1.565"% 0.850BX (.865% (.845%X
MK [ oon  0.0857 0.1207 016547 01307 034547 04007 03254 0285AY ] .5650% 0. 765K (.6501X (.995X
Pea 0.085°CZ 0.275%Y (0.205%Z 0.185BY  0.3454Y (.3254Y (03154Y (.350°Y  [.565%X 1.020%CX ] 140X (.810%X
L* Apple  45.94% 40.65P5X 38.20MBCX 36.620CX  44.93:AXY 38 35eBY 3725WBCX 35.90bCK 42334V 37.56BY  34.810CY 34 66°CX
Lemon 45.94%X 45478X 46 16BX 48.50%X  44.93:XY 44 20%BY 44.629BXY 48.50AX 42 339BY 40.01°CZ 4] 63%BCY 47.29AY
Pea 45.94X 46.395X 47.954BX 50 8[24X 44 FIAXY 45 4]BX 45 §TBXY 48 0FAXY 4D 33BY 4D 4GBY  44.439BY 47,0104
a* Apple  1.500X 426X 525MBX 578X 23DV 260:CY 4119 4.56MY  1.320X 2.439Y  3.99MY 430
Lemon  1.50°4X [ 17°ABX ] Q5eABX () 770BX () 23eAY (0 QIPABY _008PABY _Q60BY 132X () ]3BY .0.38BCY () 75CY
Pea 15014 [ 320X [ 53bAX (0 73%BX () D3aAY () DQPBY () (QBAZ () [PAY | 3eAX | (j7bABX () 74BBCY () 3gbCXY
b Apple  16.74"% 15.18%% [3.96°CX [3.55°CX  ]5.243AX 14,04PABY 13 830ABX 3 08PBXY  ]4.89AX 330cABZ [2.420BY ]2.50BY
Lemon 16.74*X 17.854X [G.81%X ]7.33®AX  524eCX |7 543CX |7.05BX 20 564X  [4,89:CK [525BCY |G 858X 20 06X
Pea 16.74°X 18.09°BCX 19 230ABX () 528X |54aCX |7 67X [ I[BXY 20 384X  [4.89%CK |6 45X |7 46MBY | § 9gaax

*¢Within each column, different superscript lowercase letters show differences between the fiber types within each concentration
(p< 0.05). ~P'Within each row, different superscript uppercase letters show differences between the fiber concentrations within each
storage period (p < 0.05). **Within each row, different superscript uppercase letters show differences between the storage periods

with respect to same fiber type and concentration (p < 0.05).

Statistical analysis

The experimental procedure was repeated twice
with three replications. Data were subjected to statis-
tical analysis using JMP version 9.0.2 (SAS Institute,
Inc., Cary, USA). Least Significant Differences (LSD)
test was used to determine if the effects of factors on
the studied parameters were significant (p < 0.05).

RESULTS AND DISCUSSIONS

Effect of fiber type and concentration on
physicochemical properties of raw meatballs
Table 1 shows the effect of fiber type and concen-
tration on physicochemical values of raw meatballs at
different storage periods. As can be seen, pH values
were significantly (P <0.05) influenced by fiber addi-
tion to raw meatball samples, decreasing by addition
and apple and lemon fibers, but increasing by addi-
tion of pea fiber at the 1* and 5™ storage day. These
results could be expected due to malic and citric acid
contents of apple and lemon, respectively. On the oth-
er hand, these effects were strongly fiber-concentra-

tion dependent, implying that pH values were more
changed by further increase in the fiber concentration.
At the end of the 10" storage day, pH values of the all
raw samples were observed to decrease. In the liter-
ature different results were reported. Sanchez-Zapata
et al. (2010) determined the pH value of burgers pro-
cessed with tiger nut fiber in the range of 6.16-6.20
and observed that the fiber addition did not affect the
pH values of pork burgers.

TBARS values, an indicator of oxidation stabili-
ty of a food product, were observed to increase by
storage time (Table 1). This can be expected because
lipid oxidation increases by the storage time. At the
5™ storage day, fiber addition did have any remark-
able effect on the lipid oxidation of the raw samples,
while apple, lemon or pea fiber addition significantly
(P <0.05) limited the lipid oxidation of the raw sam-
ples at the 10* day of storage time, as revealed by
the lower TBARS values observed in the raw meat-
ball samples processed with the dietary fibers. When
the dietary fibers were compared with each other in
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terms of their performance to limit lipid oxidation in
the raw samples, it can be stated that all the fiber types
had almost similar effects, but at 4% concentration,
lemon and apple fibers retarded lipid oxidation more
effective than did pie fiber. Similar results were re-
ported in the literature. Cava et al. (2012) observed
that tomato fiber and beef root fibers addition reduced
the lipid oxidation in chicken products, reporting that
oxidation was fiber concentration-dependent. On the
other hand, they determined the TBARS values in the
range of 2.03-3.82 mg/kg at 10" day of storage (4°C).
In addition, higher TBARS values were reported by
Schormuller (1969) at the end of the storage period.
In our study, lower TBARS values were determined,
revealing that the studied fibers could successfully re-
tard lipid oxidation. Also, the TBARS values of the
raw meatballs in the end of the storage were deter-
mined at the levels of consumption that were given
between 0.7 to 1 mg/kg by Gokalp et al (1999).

The color properties of the raw meatballs were ex-
pressed as L* (brightness), a* (redness) and b* (yel-
lowness) in this study. The results are also presented
in Table 1 where it can be seen that apple fiber ad-
dition decreased (P <0.05) the brightness of the raw
meatball samples while lemon and pea fiber addition
generally increased the brightness (P <0.05) at all the
storage periods. These effects were concentration-de-
pendent. Accordingly, lemon and pea fiber addition
resulted in brighter raw product in almost all concen-
trations at all test time spots. An inverse trend was
observed in the redness values. In other words, apple
fiber addition increased (P <0.05) the redness of the
raw meatball samples while lemon and pea fiber ad-

dition decreased (P <0.05) at all the test time spots.
Similarly, these effects were also concentration-de-
pendent. Accordingly, apple fiber addition resulted in
redder raw product during storage. Regarding yellow-
ness of the raw meatball samples, the same phenom-
enon observed in the L* values; namely, apple fiber
addition decreased (P <0.05) the yellowness of the
raw meatball samples, while lemon and pea fiber ad-
dition generally increased (P <0.05) during storage.
These effects were also concentration-dependent.
Accordingly, lemon and pea fiber addition resulted in
yellower raw product in almost all concentrations at
all tst time spots during storage. Similar results were
observed by Aleson-Carbonel et al. (2005) who deter-
mined that the inclusion of fiber from citrus changed
color values of beef burgers.

Effect of fiber type and concentration on color
and technological properties of fried meatballs

Table 2 shows the effect of fiber type and concen-
tration on color properties of fried meatball samples.
As can be seen, a different phenomenon was observed
in the fried meatball samples in terms of the color val-
ues. Apple fiber addition resulted in darker, greener
and more bluish (P <0.05) product than did lemon and
pea fibers and this effect was prominent at increas-
ing concentration levels. In other words, lemon and
pea fiber addition resulted in brighter, redder and yel-
lower product than did apple fiber addition; however,
this effect was more prominent when the meatballs
were processed with pea fiber. Similar results were
reported by Allesson- Carbonell et al. (2005) and San-
chez-Zapata et al. (2010) for beef and pork burgers,
respectively.

Table 2. Effect of fiber type and concentration on color properties of fried meatballs.

Fiber concentration

Fiber type Control (0%) 4% 8% 12%
L Apple 41.214 29.70%® 25.58¢< 22.54¢<¢
Lemon 41.218 45.27°4 42,5248 39.97%®
Pea 41.21%¢ 43,95 46.10%® 49.87%4
a’ Apple 7.21%8 11.384 8.268 5.66¢
Lemon 7.21¢ 8.61%8 9.66* 9.3204
Pea 7.21%¢ 9.47% 11.454 11.85%
b* Apple 19.10% 11.73% 7.37 5.17P
Lemon 19.10%8 20.96* 19.87°48 18.65%
Pea 19.10¢ 20.75%® 22.23% 24.03*A

*¢Within each column, different superscript lowercase letters show differences between the fiber types within each concentration (p <
0.05). AP Within each row, different superscript uppercase letters show differences between the concentrations within each fiber (p <

0.05).
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Table 3. Effect of fiber type and concentration on technological properties of fried meatballs.

Fiber concentration

Technological properties  Fiber type Control (0%) 4% 8% 12%
Frying yield (%) Apple 86.048 90.594 83.49%¢ 79.09°P
Lemon 86.04*A 83.4504 77.158 78.81%8
Pea 86.04% 90.03% 87.69%8 86.278¢
Reduction in diameter (%)  Apple 6.30° -1.90%® -0.25:%8 1.5748
Lemon 6.30* -1.68%8 3.20%48 1.61248
Pea 6.30* -2.5238 -2.30%8 -2.87
Moisture retention (%) Apple 74.00%® 81.21 71.11%8 62.86°
Lemon 74.00*4 72.63% 61.348 56.29<
Pea 74.00%3 80.59* 78.444 74.20%8
Fat retention (%) Apple 3.58%8 3.37%8 3.31%8 4,744
Lemon 3.58® 3.05% 4,188 8.26*
Pea 3.58% 3.28AB 2.59%B¢ 2.36C

*<Within each column, different superscript lowercase letters show differences between the fiber types within each concentration (p <
0.05). ~“Within each row, different superscript uppercase letters show differences between the concentrations within each fiber (p <

0.05).

Effect of fiber type and concentration on techno-
logical properties of fried meatballs can be seen in
Table 3. As seen, frying yield of the meatball sam-
ples increased (P <0.05) with the addition of apple
and pea fibers at 4%. This was attributed to the ability
of apple and pea fibers to keep the moisture and fat
in the matrix. The mechanism responsible for mois-
ture and fat retention was suggested to be affiliated
with the swelling of the fibers, which would enable
them to absorb some fat and interact with the protein
in ground chicken to form a matrix. This phenomenon
finally was hypothesized to hinder the coalescence
and migration of fat out of the fried meatballs (Ander-
son and Berry, 2001). As a result, the apple and pea
fibers could be said to have high fat retention ability,
reducing the cooking loss and so increasing the frying
yield. However, further increase resulted in a decrease
in the frying yield of the meatball samples. This could
be ascribed to hard and friable structure caused by the
fact that the fiber addition in higher concentrations
gave rise to softer structure, finally leading to loss of
fat and moisture. It should be also pointed out here
that lemon fiber addition did not increase the frying
yield in spite of its high total fiber content (90 %).
This could have been due to the lowest pH values of
the raw meatball samples processed with lemon fiber
(Table 1). As can be seen from the table, the raw meat-
ball samples processed with lemon fiber had generally
the lowest pH values, which caused pH of the samples
to approach the isoelectric point of proteins where

moisture retention ability of the chicken proteins is
almost close to zero.

The effect of fiber type and concentration on re-
duction in diameter of the meatball samples can be
seen from Table 3. As can be clearly seen, the fiber
addition significantly (P <0.05) decreased the reduc-
tion in diameter values. This result could also be ex-
pected due to the fact that fibers have capability to
entrap fat and water, which led to a decrement in the
reduction in diameter of the meatball samples in this
study (Tekin et al., 2010). However, this effect was
prominent at 4 % concentration and further increase
in the fiber concentration did not change these values.
This implicated that the fiber addition decreased re-
duction in meatball diameter but further increase in
fiber concentration (8 and 12 %) did not significantly
change the diameters of meatballs. It is interesting to
report here that pea fiber addition even increased the
diameter of meatballs (Table 3). Similar results have
been previously reported for wheat, cellulose, oat, in-
ulin and carrot fibers (Kilincceker, 2017; Kilinggeker
and Kurt, 2018).

Moisture retention values were observed to be sig-
nificantly (P <0.05) affected by fiber type and con-
centration (Table 3). Apple and pea fibers increased
the moisture retention values. This could be similarly
affiliated with the effect of these fibers to increase wa-
ter retention ability of meatballs; namely, this result
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could be due the capability of the fibers to keep the
moisture in the matrix (Tekin et al., 2010). On the oth-
er hand, an inverse trend was also observed at their
further concentrations. Namely, after 8 % concentra-
tion, these fibers could not hold moisture; furthermore
at 12 % concentration, these fibers started to release
the moisture that they could hold at 4 % concentra-
tion. Same phenomenon could was not observed in
the meatball samples processed with lemon fiber. In-
crease in the level of lemon fiber resulted in decrease
of the moisture retention values. This could also be
attributed to the aforementioned explanation that the
raw meatball samples processed with lemon fiber had
generally the lowest pH values, leading pH of the
meatball samples to approach the isoelectric point
of proteins at which moisture retention ability of the
chicken proteins is almost close to zero.

Table 3 also presents the effect of fiber type and
concentration on the fat retention values of fried meat-
ball samples. The fat retention of meatballs increased
(P <0.05) with apple and lemon fiber addition. It was
reported that fat retention is a complex phenomenon
which is probably the result of several chemical and
physical mechanisms. In these mechanisms, proteins
are thought to be perfect fat binders since they have
double-functions in regards of fat interactions in which
non-polar side chains of proteins furnish sites for lip-
id—protein interactions and interfacial film formation.
Moreover, myofibrillar proteins gelation, which forms

three-dimensional matrix, hold fat (Zayas, 1997; An-
derson and Berry, 2001). In addition, fibers possess
some fat-holding properties (Sosulski and Cadden,
1982). Accordingly, in our study, further increase in
the apple and lemon fibers also increased the fat re-
tention of the patty samples (Table 3). This was due to
the dominant impact of these fibers to entrap fat. The
maximum fat retention could be achieved by addition
of lemon fiber at 12 % concentration. Briefly, it could
be concluded that the effects of apple and especially
lemon fibers were strongly dependent on the fiber lev-
el. Regarding the effect of pea fiber, the fat retention
values were observed to decrease by increase in the
pea fiber concentration, which reveals that pea fiber
was not an affective fiber source in increasing the fat
retention in the chicken meatballs.

The sensory properties of fried chicken meatballs

Sensory scores allocated for each sensory charac-
teristic are shown in Table 4. The sensory results from
the present study revealed that fiber addition did not
significantly influence the sensory scores for appear-
ance, color, odor, taste and texture. However, further
increase in fiber concentration caused a decrease in
these scores. In general, the panelists gave a lower
score to the chicken meatballs processed with the fi-
bers in the higher concentration (at 12%). Therefore,
addition of these fibers into the chicken meatballs
should be kept under 12 %.

Table 4. Effect of fiber type and concentration on sensory properties of fried meatballs.

Fiber concentration

Sensory properties Fiber type Control (0%) 4% 8% 12%
Appearance Apple 4,95% 4,658 5.20% 2.60°8
Lemon 4.95%® 5.70%8 6.40° 4.60°8
Pea 4.95%4 5.904 6.45% 7.354
Odor Apple 5.70:4 5.504 5.50% 4.00°8
Lemon 5.70%4 6.0024 5.7004 5.45%4
Pea 5.70%4 6.30%4 6.05 6.35%
Taste Apple 6.25% 6.00°4 5.70% 2.85%
Lemon 6.25%4 6.10 6.05%4 4.75%"8
Pea 6.25% 6.70 6.55% 6.204
Texture Apple 6.45 6.15% 6.25% 3.15%
Lemon 6.45%4 6.05B 5.85%8 4.65%8
Pea 6.45* 7.00°4 6.45 6.15%

*¢Within each column, different superscript lowercase letters show differences between the fiber types within each concentration (p <
0.05). A Within each row, different superscript uppercase letters show differences between the concentrations within each fiber (p <

0.05).
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CONCLUSION

Apple and pea fibers exhibited good performance
increasing the frying yield, reducing the diameter,
moisture and fat of chicken meatballs, while lemon
fiber had the best performance for increasing the fat
retention. In addition, these fibers did not negative-
ly affect the sensory properties of the fried chicken
meatballs at the concentrations 4 and 8%. Therefore,
these fibers might be a promising ingredient for the
development of low-fat meat products with improved
cooking properties at high-temperature processing as
well as for production of healthier products with high
fiber content. However, effect of fiber was concentra-
tion dependent and this should be taken into consider-

ation in applications in the meat industry. Therefore,
the results of this study may be useful for meat in-
dustry which aims to augment the product yield for
meatballs.
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