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Summary Wheat, cellulose and oat fibers were investigated in the production of chicken meat-
balls. pH, TBA, and color values were determined for raw samples at cold storage
for the 1%, 5™ and 10" days. Effects of fibers and its levels on the some technological
and sensory properties of fried meatballs were determined. Cellulose fiber and oat
fiber more improved the storage stability of raw samples than wheat fiber. Storage
increased the pH and TBA means whereas decreased L, a and b values, generally.
Cellulose fiber had better effect on color and technological properties of fried meat-
balls. Addition of wheat fiber and cellulose fiber decreased the frying yields. How-
ever, fiber addition decreased the diameter reductions, penetrometer values, and
some sensory properties of samples. Consequently, it can be said that the use of
cellulose fiber at 8 and 12 % levels is more advantageous than other samples.

Keywords: chicken meatball, wheat fiber, cellulose fiber, oat fiber, quality

Zusammenfassung Es wurden Hihnerfleischbéllchen mit Weizen-, Zellulose- und Haferfasern hergestellt
und untersucht. Bestimmt wurden die pH-, TBA- und Farbwerte der rohen Proben
wahrend einer Kihllagerung am 1., 5. und 10. Tag. Des Weiteren wurden die Aus-
wirkungen auf die technologischen und sensorischen Eigenschaften der gebratenen
Fleischballchen bestimmt. Zellulosefasern und Haferfasern verbesserten die Lager-
stabilitdt der rohen Proben stérker als Weizenfasern. Im Allgemeinen erhohte die
Lagerung den pH-Wert und die Thiobarbitursdure-Werte (TBA) deutlich und die
Farbwerte (L-, a- und b-Werte) erniedrigten sich. Zellulosefasern hatten eine bessere
Wirkung auf die Farbe und die technologischen Eigenschaften von gebratenen
Fleischballchen. Die Zugabe von Weizenfasern und Zellulosefasern verringerte die
Frittierausbeute. Die Zugabe der Fasern verringerte jedoch die Durchmesserab-
nahme, die Penetrometerwerte und einige sensorische Eigenschaften der Proben.
Es kann festgehalten werden, dass die Verwendung von Zellulosefasern bei 8 % und
12 % vorteilhafter ist, als bei anderen Proben.

Schliisselwdrter: Hihnerfleischbéllchen, Weizenfaser, Zellulosefaser, Haferfaser,
Qualitat
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Introduction

The demand for low-calorie chicken meat products has
much increased in recent years due to consumer’s interest
about diet foods. High fat content in these products may
cause obesity, high cholesterol, coronary heart disease and
some types of cancer (Khalil 2000; Kilincceker 2017).

Thus, manufacturers and scientists are trying to solve
these problems by reducing the fat levels in foods. They
want to improve some physical, chemical and sensory
characteristics by using some ingredients that are plant
based. Some proteins, gums, plant extracts and fibers are
examples of these ingredients. Functional properties of
these materials affect food production applications and
these properties depend on their sources (Sanchez-Zapata
et al. 2010; Petracci et al. 2013).

Especially, many researchers reported that the use of
different fibers improved quality properties of meat and
chicken meat products. These results are interpreted as a
result of water and fat binding properties of these fibers.
Additionally, they reported that antimicrobial and anti-
oxidant features of fibers also contribute easily to the
degradable food (Talukder and Sharma 2010; Cava et al.
2012; Gadekar et al. 2016)

During the manufacture of these products, fat can be
replaced by water and dietary fiber which increase chemi-
cal and textural properties and stability of storage (Cava et
al. 2012; Kilincceker and Yilmaz 2016).

After frying, cooking yield, diameter reduction and
color can be improved and moisture loss and fat level can
be decreased. In this way, the attraction of the product to
consumer are increased whereas economic losses can be
reduced (Talukder and Sharma 2010; Cava et al. 2012).

However, studies on chicken meat and dietary fibers are
thought to be inadequate. Thus, in this study, usage
possibilities of wheat fiber, cellulose fiber and oat fiber in
chicken meatballs were investigated. Also, various alterna-
tives were offered to consumer with different fiber levels.

Materials and Methods

Materials

Wheat fiber, cellulose fiber, and oat fiber purchased from
Kimbiotek Co. (Istanbul). Some properties of fibers are
summarized in table 1. Chicken breast fillets and other
materials were obtained from a local market and stored
under 4 °C until the experimental procedures. Fillets were
produced in an integrated slaughterhouse and air chilled
before packaging. All fillets were chopped to smaller pro-
portions and were minced using no:3 coded plate attached
meat grinder (Tefal, Le Hachoir 1500, France). Ingredients
and formulation for meatball designed to include: 9500 g
minced meat, 150 g salt (NaCl), 100 g black pepper (Irradi-
ated), 50 g curry and 200 g sunflower oil (Yudum, Turkey).
The mixture was kneaded for homogenization and set for
30 min under 4 °C. The mixture was separated into ten
groups. Groups were designed as supplement with 4, 8,
12 % of wheat fiber, cellulose fiber and oat fiber and no
treatment control group. Each group was divided into
equally two parts and meatballs (approx. 20 g weight and
30 mm diameter for each sample) were made from each
group. First group of meatballs was placed on plastic plates
and covered with stretch film, stored at 4 °C. pH, TBA and
color values of these samples were determined during

storage. Second group was used to determine some tech-
nological and sensorial properties of fried meatballs at
175 °C for 5 min.

Methods

Determination of pH, TBA (thiobarbutiric acid) Values and Color Measurement
pH values, thiobarbutiric acid (TBA) and, color analyzes
were performed on the 1%, 5" and 10" days of post-pro-
duction. pH values were measured with a pH meter (Orion
3-Star, Thermo fisher Scientific, Waltham, MA) after
homogenization ten grams of sample with 100 ml deionized
water for 1 min following the instructions outlined by
Ockerman (1985). Determination of the extent of oxidative
rancidity of the samples on the 1%, 5" and 10" days of
storage which was described by Tarladgis et al. (1960) was
used. For this purpose, the samples were blended in a
commercial blender. Then, ten grams of the blended
samples was mixed with 50 mL distilled water at 50 °C. The
homogenate was transferred to an 800-mL Kjeldahl flask.
It was added 48 mL of distilled water (50 °C) and 2 mL of
18 % HCI. The resulted mixture was heated, and the first
50 mL of distillate was collected. Five milliliters of the
distillate was added to 5 mL on TBA reagent, and was
heated in a boiling water bath for 35 min. The absorbance
was read at 538 nm (UV-160 A, UV-Visible Recording
Spectrophotometer, Shimadzu, Tokyo, Japan) against a
reagent blank. TBA results were expressed as mg of
malonaldehyde/kg samples. Color was measured by using a
portable colorimeter using Minolta Chroma Meter CR-400
(Konica Minolta, Inc., Japan) with illuminant D 65, 2° ob-
server, Diffuse/O mode, 8 mm aperture of the instrument
for illumination and 8 mm for measurement. The instru-
ment was calibrated with a white reference tile (L=97.10,
a=—4.88 and b=7.04) before the measurements. Color was
described according to CIELAB system as L (lightness), a
(redness), and b (yellowness) values (Dogan 2006).

Technological Properties and Sensory Evaluation

Chicken meatballs were evaluated for technological pro-
perties and sensory characteristics. For this purpose, meat-
balls were measured for weight, diameter, moisture and fat
values before and after frying in mini fryer (Tefal, Mouli-
nex Minuto AF100316). Additionally, penetrometer, color
and sensory evaluation were made after frying. Determina-
tion of cooking yield parameters.

Weights and diameters of meatballs before and after
frying were used to calculate frying yield and diameter
reduction parameters according to the equations 1 and 2
(Kilincceker 2017):

cooked meatball weight

raw meatball weight X100 M

Frying yield (%) =

raw meatball diameter - cooked meatball diameter .

raw meatball diameter 100 @

Diameter reduction (%) =

Moisture contents of raw and fried samples were deter-
mined by oven air method at 105+2 °C whereas fat contents
were evaluated by using soxhlet extraction method with n-
hexane (AOAC 2002). Moisture retention and fat absorp-
tion parameters were calculated according to the equations
3 and 4 (Soltanizadeh and Ghiasi-Esfahani 2015).

moisture in cooked meatball (%)

Moisture retention = —————
moisture in raw meathall (%)

x frying yield 6)

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe flr imr:livelyzachary

Journal of Food Safety and Food Quality 68, Heft 6 (2017), Seiten 125-146

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

135

Ausgabe fur imr:livelyzachary

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

Fat absorbtion = fat in cooked meatball (%) - fat in raw meatball (%)

Determination of Instrumental Hardness Values

Hardness is among the most important indicators in deter-
mining the meat tenderness quality. In measuring meat
hardness, the penetrometer test is widely used. For this
purpose, a penetrometer (Yiiksel Kaya Mechanics,
Turkey) equipped with a total of 56.2 g-load was used to
measure the hardness values according to ASTM D 1321
standard method. In order to measure the hardness of the
cooked meatballs at the end of 5 min after frying, a needle
was left to vertically free fall from the same distance for
each sample. The penetration depth was read as the mm
after 3 s of penetration.

Sensory Evaluation
Chicken meatballs were served warm (35 °C) in random
order to ten trained panelists (graduate students of Adiya-
man University, Department of Food Processing) 2 min
after frying. In preliminary sessions, trainings were made
for evaluation of the meatball treatments to the panelists.
Panelists assessed the sensory properties by using a hedonic
scale in terms of appearance, color, odor, flavor, and tex-
ture. Values in the scale indi-

fiber concentrations and storage generally affected pH
values of raw meatballs. Cellulose fiber and oat fiber decre-
ased pH values compared to wheat fiber. Addition of wheat
fiber increased pH values at 1*t and 5" days and addition of
cellulose fiber decreased it at 10" day. Storage also in-
creased pH values of raw meatballs. At the end of the 10"
day, lowest pH values were in samples with 8 % and 12 %
oat fiber as 6.20 and 6.18 (table 2).

Wheat fiber had more advantageous than other fibers
on TBA. Especially, addition of cellulose fiber decreased
TBA values at the end of the 5" storage day whereas
samples with cellulose and oat fibers had higher values than
control. However, TBA values increased during cold
storage. Lowest TBA results at the end of the 10" day were
determined in samples with 4 %, 8 % and 12 % wheat fiber
(in range of 0.12-0.14 mg malonaldehyde/kg samples,
table 2). In our results, oat fiber might decrease pH values
of the chicken meatballs because of its acidic character.

As the same, Kilincceker (2017) reported that storage
has a parallel connection with increasing of pH in raw
poultry products. Sanchez-Zapata (2010) found that
various concentrations of nut fiber in pork burger had not
effect on pH and they determined that pH values of

cate the following ratings: 1:
extreme dislike, 2: very much
dislike, 3: moderate dislike, 4:
slight dislike, 5: neutral, 6: like

9500 g minced chicken meat + 150 g salt + 100 g
black pepper + 50 g curry+ 200 g sunflower oil

slightly, 7: like moderately, 8: |

8% wheat
fiber

4% wheat

like very much, 9: like extre- e

mely (Gokalp et al. 1999).

Control

4%
cellulose
fiber

8%
cellulose
fiber

12%
cellulose
fiber

8% oat
fiber

4% oat
fiber

12%
wheat
fiber

12% oat

fiber

{

J

Statistical Analysis
The experimental procedure
was designed in two repli-

cations and three parallels. As
a factorial design, three

storage

Stability of raw samples during

Quality control and sensory

evaluation

different levels (4, 8, and 12 1

‘ R

I
%) of three different factors | 1" day || 5" day

(wheat, cellulose and oat fi- 0
bers) were studied. The re-
sults were evaluated by using
variance analyzes and impor-
tance was re-evaluated by
using Duncan Test (p<0.05).
It is summarized in Fig. 1.

Results and Discussion

The quality of chicken meat
and its products are affected
by protolithic and oxidative
deterioration that occurs
during storage. Ammonia in-

creases pH value whereas
oxidation of fatty acids cause
increasing of TBA value. They cause bad smell and taste.
Therefore pH and TBA levels can be used as indicators of
meat quality. Also, the color can be affected by these values
and it affects consumer’s choices. In addition, color can be
changed by additives and storage. Thus, it is suggested to de-
termine these properties periodically (Gokalp et al. 1999).
pH and TBA values of raw samples in different storage
times are shown in table 2. According to results, fiber type,

| | 10" day |
] Pre-frying Post-frying
I I
Weight Weight
measurement measurement
T I
Diameter Diameter
measurement measurement
I T
Moisture Moisture
T T
Total fat Total fat
I
Penetrometer
I
Color
T
Sensory
evaluation
FIGURE 1: Flow chart of chicken meatball formulations and analyses.
TABLE 1: Some properties of the fibers.
Fiber Moisture Particle size TFC
type (%) (um) (%)
Wheat 7 <250 93
Cellulose 7 <250 9%
QOat 7 <250 93

TFC: Total fiber content
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TABLE 2: Effect of fiber type and concentration on pH, TBA and color values of raw meatballs at different storage periods.

1¢t day Fiber concentration 5t day Fiber concentration 10t Fiber concentration

Fiber  Control Control Control
type (0 %) 4% 8 % 12 % (0 %) 4% 8 % 12 % 0 %) 4% 8 % 12 %
pH Wheat 6.052 6.12%" 6.18%" 6.3 6.10% 6.18% 6234 6254 6.24% 6.25 6.25% 6.28%
Cellulose ~ 6.05%" 6.06" 6074 6074 6.10% 6102 6,110 61184 6.24 637 6.24%% 6.224%
Oat 6.05*" 6.05% 6.03%" 6.01% 6.10% .08 6160 6.06%" 6.24% 6.24% 6.20* 6.18
TBA Wheat 0.075# 0,06 007 0.08* 0.1 0102 0122 0.1 0.1 0.1 014 0.14
mokg  Celulose 0075 0.09 008 0.08 0,128 014 0,138 009 0.12% 0.27¢ 0,198 021
Oat 0.075%  0.085 (.10 009 0124 008 009 0124 0.12% 0,234 023 023
L Wheat 3840 440X AGARC 4724 3892CK  A3BEEC AAQUPAEN 4G (3 39208 4026 4383 4478
Cellulose 3840 4564% 50219 5304 3892 450200 4940 5223 3922%¢ 4451 4302*% 5019
Oat 38408 4405AX ABSIAC A7APMC 389QCK 4D A3BC ASQQMX A5 TQMXY 39208K A1 A7MK 43450 43 80N
a Wheat 1,95 1,784 1,684 0,94 1330 131248 118 0.60° 1,00 0892 045+ 0.11%
Cellulose ~ 1.95% 1,500 117 0.77% 1334 1354 (.7508¢ 036 1,09 074 048 0,04
Oat 1,954 1,660 144 1.34% 1334 1,19 1,188 1,13 1,09 059 052 0,14
b Wheat 1339 17898¢ 19620 202708 1341DC 771 (927880 2028 (51350 164980 1ge9E 1969
Cellulose ~ 13390% 1918 21.81#%  2345% 1341 1899 22158 2396 1513% 19078 22044 2316
Oat 1339 180008% 19458 20950 1341DC 742X {9418 058 51380 17200 (g 8HAK 1019

< 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). "% Within each row, different superscript uppercase letters show differences between the storage periods with respect to same fiber type and concentration (p < 0.05).

TABLE 3: Effect of fiber type and concentration on color properties  at the acceptable level for consumption, reported by

Ausgabe fur imr:livelyzachary

of fried meatballs. Gokalp et al. (1999) range from 0.7 to 1 mg of ma-
Fiber concentration lonaldehyde/kg samples.

Fiber type  Control (0 %) 4% 8% 12 % Natural color of fiber and storage can affect color

L Wheat 4479 38,44 334 28782 of raw samples. So that consumer preference can be
Cellulose 44.79¢ 4338 50,96 537 affected during sale (Kilincceker and Yilmaz 2016).

Oat 4790 46.80% 4851 5076%  Color values of raw chicken meatballs were given in

a Wheat 5.7 11578 1319 1169¢  table 2. It understood that cellulose fiber was more
Cellulose 5.27% 3539 747¢ 837  advantageous than wheat fiber and oat fiber for L

Oat 5.27% 7.84% 8.25% 849"  and b values of raw samples. However, wheat fiber

b Wheat 1907 17728 14,06 11,070 and oat fiber shoved better results than cellulose
Cellulose 19.07% 19.710% 247 2.3 fiber for a values. Generally, addition of fiber

Oat 19.07% 21.36% 21,958 29" increased the L and b values of raw meatballs. Ho-

# 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).

samples was between 6.12-6.20. Yilmaz (2004) observed
that the pH of meatballs with 5, 10, 15, 20% rye bran were
in the range of 6.02-6.09. They said that the highest pH
values were obtained from samples with 10 % and 20 % rye
bran. Our results were higher than the ones in these studies
due to use of different fibers and storage conditions. In
another study, pH values of meat burgers with addition of
Aloe vera decreased in the end of the 7 days cold storage.
Also, our results were similar with Can (2012) who de-
termined that pH values of 5.9-6.4 on the 12" day cold
storage of chicken meatballs prepared with thyme oil and
they did not exceeded the consumption limit that pointed
by Gokalp et al. (1999) as 6.5.

In other studies, Kilincceker and Yilmaz (2016) said that
TBA values of chicken meatballs increased during cold
storage. Serdaroglu et al. (2005) determined that TBA
results of meatballs with legume flours were in the range of
0.67-0.82 mg of malonaldehyde/kg samples at 0" day and
1.99-2.55 mg of malonaldehyde/kg samples at 3™ month at
frozen storage (-18 °C). They said that TBA values of
samples were within the consumption limits. Cava et al.
(2012) found that tomato fiber and beet root fiber reduced
lipid oxidation of chicken products. They determined that
oxidation had a relation with types and levels of fibers.
They reported that TBA values were in the range of
2.03-3.82 mg of malonaldehyde/kg samples at 10" day cold
storage. Our results were lower than these values and were

wever a values decreased with fiber addition. Pro-
gressive storage decreased a and b values of some
samples. L values of samples with 8 % and 12 % cel-
lulose fiber were higher than other samples as 48.02 and
50.19 in the end of 10" day. Samples with 4 % wheat fiber
and 4 % cellulose fiber had higher a values as 0.89 and 0.74
at last storage day whereas samples with 8 % and 12 % cel-
lulose fiber have higher b values than others as 22.04 and
23.16, respectively (table 2).

In similar studies, Aleson-Carbonel et al. (2005) found
that samples prepared with lemon fiber showed differences
in color. Cava et al. (2012) said that L values of tomato fiber
and beet root fiber enriched meatballs are lower than inulin
enriched meatballs and control group. In this study, tomato
fiber increased the a values whereas beet root and inulin
fiber decreased the value of raw samples. Color values of
samples were in the range of 47.7-67.8 for L, 0.6-13.5 for a,
and 5.7-37.7 for b. Our results were generally lower than
the ones in this study. These differences were because of
different fibers and levels. Similarly, Kilincceker and
Yilmaz (2016) measured that L values of raw samples with
lemon fiber and pea fiber were higher than other. They said
that they also decreased during cold storage.

Similar to raw samples, the color of fried chicken meat-
balls is important for the consumer. Especially, goldish
color is appreciated in such products (Kilincceker 2017).
Color values of fried samples are presented in table 3.
According to table, it was understood that samples with
cellulose fiber had better L values than others whereas
wheat fiber had higher a values than samples with cellulose
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fiber and oat fiber. However, b values of samples
with cellulose fiber and oat fiber were higher than
with wheat fiber. Addition of wheat fiber decreased

Technological

of fried meatballs.

Fiber concentration

TABLE 4: Effect of fiber type and concentration on technological properties

L values of samples whereas addition of cellulose properties Fibertype  Control (0 %) 4% 8% 12 %
fiber and oat fiber increased. The a value of samples  fying yield Wheat 8) 25¢ 85,2004 83813 8) A<
with wheat fiber showed the fluctuating results with (%) Cellulose 82.25% 87.27% 84.02% 83.53¢
fiber addition and it increased with increase of Oat 82.253A 82234 82.10% 81.85%
concentrations for cellulose fiber and oat fiber.  Digmeter reduction Wheat 0.50% 2278 1,998 —1 508
Fiber addition decreased b values of samples with (%) Cellulose 0,50 04128 -1.01#8 232
wheat fiber. However, it increased this value of sam- QOat 050 0.03* -1.97% -0.52#
ples with cellulose fiber and oat fiber. The highest L penetrometer value Wheat 16.64% 125004 10,998 9,00
value was on sample surface with 12 % cellulose  (nm) Cellulose 16.64*% 1885 13578 10.39¢
fiber as 52.37. The highest a value was on surface Qat 16.64% 16.13% 10.73% 6.74%
with 8 % wheat fiber as 13.19 whereas samples with  \oisture retention value ~ Wheat 7250 75.30% 73.26% 68,87
12 % cellulose fiber and 12 % oat fiber had higher (%) Cellulose 72.50% 76,61 70.63 66.66°
b values than others as 23.23 and 22.98 (table 3). In Oat 7250 7131 68.79% 64.10%
similar studies; Kilincceker (2016) reported that Fat absorption value \Wheat 373% 5 g% 451% 5,88
natural colors of fibers are important for color of (%) Cellulose 373 4.21% 5.88% 519
fried chicken meatballs. He said that pea fiber and Qat 373 4,654 5.26% 505

oat fiber increased the lightness of meatballs. Also,
he found that addition of wheat fiber and apple fiber
increased a values and pea fiber increased b values
of the samples. Similarly, Yilmaz (2004) determined

#< 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).

TABLE 5: Effect of fiber type and concentration on sensory properties of

that 20 % rye bran increased lightness (L) of meat- fried meatballs.
balls. He reported that addition of rye bran increa-  S€nsery . Fiber concentration
sed b values whereas decreased a values of cooked  ProPerties fibeie PNt O ke Skiy 12X
meatballs. In another study, Yasarlar et al. (2007) Appearance Wheat 6'30:: 6'002 6'2532 450;?
found that meatballs with bran had lower L, a and b (C)gﬂulose g;geA E'ESBA 2'§8aA g;geA
values than control samples. ' ' ' ‘
Textural changes during cooking occur by pro- Color Wme‘?t 6'40:: 6'10:2 5'9522 4'35:2
tein denaturation in food, increase fat absorption ggtuose g'jgaA glgga/x gégﬂ Z‘ggag
and cause moisture loss. They also cause shrinking : : ' :
and hardening of product (Cava et al., 2012). Some Ocor \éwl]‘eft 6'60:: 6'602 640: 570&::
technological properties of samples prepared with Ogtu 0se g'ggaﬁ\ g'ggaf\ g'gga/& g'ggm
different fibers were indicated in table 4. Generally, : : ' :
it can be said that cellulose fiber was more advanta- € \évme?t gggi 5697332 6513553;5 Zgg:i
geous for frying yield, diameter reduction and pene- Ogtu 05 6'653‘\ 6753‘\ 5'753AB 4'70ag
trometer value. However, wheat fiber and cellulose ' ' ' '
fiber had better results than oat fiber for moisture U \évme?t ggsi 278:2 gg@fﬁ 550:2
retention whereas fiber type was not important for Ogtu 0se 6:623*\ 6:47103‘* 5:903,;3 j;gag

fat absorption (Table 4). Addition of fiber in meat-

balls decreased the frying yields for wheat fiber and
cellulose fiber. It did not change for oat fiber. Dia-
meter reductions of samples with wheat fiber increased
with fiber addition whereas it decreased with cellulose
fiber. However, diameters showed fluctuating results in
sample with oat fiber at different concentrations. Increa-
sing of fiber concentrations decreased the penetrometer
values and moisture retentions whereas it did not have an
effect on fat absorptions of fried chicken meatballs. Sam-
ples with 4 % wheat fiber and 4 % cellulose fiber had hig-
her frying yields than others as 85.20 % and 87.27 %. Lo-
west diameter reductions were in samples with 4 % wheat
fiber and 12 % cellulose fiber as —2.27 % and -2.32 % after
frying. The highest penetrometer value was in sample with
4 % cellulose fiber as 18.85 mm (table 4). Kilincceker and
Yilmaz (2016) determined that increase in the amount of
apple fiber and lemon fiber causes cracks and decreases
yield of chicken meatballs. However, pea fiber leads to
avoid hardening and reduces cracks and increases yield. Ta-
lukder and Sharma (2010) found that the cooking yield of
chicken meat patties prepared with wheat bran and oat
bran was affected by bran type and it increased with the
bran concentrations increased. In other studies; Sanchez-
Zapata et al. (2010) observed that addition of nut fiber in-

creased the cooking yield in pork burger. Soltanizadeh and
Ghiasai-Esfehani (2015) reported that Aloe vera caused
decrease in cooking loss and diameter reductions in beef
burgers. Aloe vera behaved as a hydrocolloid and suppor-
ted the quality of samples. Sanchez-Zapata et al. (2010)
found that nut fiber decreased diameter reductions of pork
burger. Similarly, Mansour and Khalil (1997) said that
wheat fiber decreased diameter reductions as compared to
control. There is a linear relationship between penetrome-
ter value and moisture content. Samples with 4% fibers had
higher penetrometer values than others because of their
softer structure. Yasarlar et al. (2007) also reported that the
firmness increased with more bran addition in meatballs.
Moisture and fat ratios were factors that affect the
texture and calorie of fried food. Frying process decreases
moisture content and increases fat content of product. This
is an undesirable condition for healthy eating. The manu-
facturers are trying to solve this problem by using various
materials such as fiber (Pinero et al. 2008). The highest
moisture retention value was in sample with 4 % cellulose
fiber as 76.61 % whereas fat absorption values of samples
were in the range of 3.73-5.88 % after frying (table 4).

#< 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).
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Similarly, Serdaroglu (2006) found that addition of oat
flour increased moisture retention values in beef patties.
Sanchez-Zapata et al. (2010) observed that nut fiber affec-
ted moisture retention of pork burgers. They said that
addition of 15 % fiber had higher moisture retention values
than 5 % and 10 % fiber in burger. Pinero et al. (2008) also
determined that addition of 13.45 % oat fiber in beef
patties increased the moisture retention. Similar results
were reported by Kurt and Kilincceker (2012) and Ulu
(2006) for moisture retentions. The reduction of moisture
retentions by increasing the fiber concentration in the fried
samples may be connected with increase in dry matter in
total mass. As shown in table 1, the fibers have a very low
water content. In other studies, Yasarlar et al. (2007) said
that 20 % rye bran decreased the fat content of meatballs
after cooking. Santhi and Kalaikannan (2014) reported that
increased level of oat flour in cooked chicken nuggets
decreased the fat ratios in samples. Mansour and Khalil
(1997) stated that beef burgers with wheat fibers had lower
fat ratios than control after cooking. In our study, the values
of moisture retention were similar to these results whereas
the fat absorption were not similar due to different treat-
ments.

The sensory quality of food is an important attribute for
the consumers. They affects the salability of the product
and the degree of liking during consumption. These fea-
tures should be evaluated because they are influenced by
the physical and chemical properties of the materials in
production (Kilincceker 2017). Fiber type was found to be
important for appearance at level of 8 % and odor at level
of 12 % whereas it did not have an effect on other sensory
properties (table 5). Addition of fiber decreased appearan-
ce scores at level of 12 % for wheat fiber and the color
scores at level of 12 % wheat fiber and oat fiber. Taste and
texture results also decreased with fiber addition. Samples
with 8 % wheat fiber and oat fiber had higher appearance
values as 6.25 and 6.30. Color scores of control and sample
with 8 % oat fiber were higher than the others as 6.40 and
6.35. The highest odor score was in sample with 4 % wheat
fiber and the control as 6.60. Samples with 4 % wheat fiber
and oat fiber had better results than others as 6.70 and 6.75
for taste. The highest texture scores were in sample with
4 % wheat fiber and cellulose fiber as 6.75 and 6.75, respec-
tively (table 5). Generally, sensory scores of fiber enriched
meatballs were lower than control group. Especially, they
formed hard structure at high fiber levels and decreased the
scores of panelists. However, some results are above 6 (like
slightly). Similarly, Mansour and Khalil (1997) determined
that fiber type affected the sensory quality of beef burgers
whereas fiber levels did not affect. Oliveira et al. (2016)
reported that apple fiber did not have an effect on some
sensory properties of chicken meatballs. Santhi and Kalai-
kannan (2014) found a decrease in some sensory features
with the addition of oat flour in chicken nuggets. Sanchez-
Zapata et al. (2010) said that addition of nut fiber in pork
burger did not have an effect on sensory qualities. How-
ever, there are studies that have positive findings about
fiber use in such products (Pinero et al. 2008; Gedekar et
al. 2016; Kilincceker and Yilmaz 2016.

Conclusion

It was found that the use of fibers in chicken meatball pro-
duction can be beneficial. Especially, cellulose fiber and oat

fibers more improved the storage stability of samples than
wheat fiber. Addition of wheat fiber increased pH values
whereas increasing of cellulose fiber decreased TBA values
of raw samples. However, addition of fibers increased L
and b values and decreased a values of raw meatballs.
Storage increased the pH and TBA means whereas de-
creased L, a and b values, generally. Cellulose fiber had
better effect on color and technological properties of fried
meatballs whereas use of different fibers may provide
advantages in different ways for sensory properties.
Addition of wheat fiber decreased L and b values of fried
samples whereas cellulose and oat fiber increased. In-
creasing of cellulose fiber in meatballs increased a values
of fried meatballs. Addition of wheat fiber and cellulose
fiber decreased the frying yields whereas fiber addition
decreased the diameter reductions, penetrometer values,
and some sensory properties of samples. Consequently, it
can be said that the use of cellulose fiber at 8 % and 12 %
levels is more advantageous than other samples.
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