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Abstract:  
The effect of different types (wheat fiber (WF) and ap-
ple fiber (AF)) of fibers and different sizes of wheat fi-
bers (WF 200 and WF 400) on the quality of fish patties 
during storage was determined. Chemical quality (pH, 
TVB-N mg N/100g, TBA mg malonaldehyde/kg) in-
strumental (color, texture parameters and expressible 
moisture), sensory, and microbiological analysis (yeast 
and mold, total aerobic plate count) of fish patties were 
done to determine the effects of the fibers. Functional 
properties (WRC and FAC) of dietary fibers were also 
determined. Group control, WF 200 and WF 400 ex-
ceeded the consumption limits at day 3 while group AF 
400 exceeded the consumption limits at day 5. 

Keywords: Fiber, Fish patties, Chemical quality, 
Sensory, Expressible moisture, 
Microbiology 
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Introduction 

The most widespread, extensively advertised, and 
consumed dietary fiber products are those derived 
from cereals (breakfast cereals, bakery products, 
biscuits, etc). However, over the past decade high 
dietary fiber materials from fruits (citrus, apple, 
and others) are being introduced in the market 
(Saura- Calixto 1998). Nymann et al (1987) wrote 
that in addition to wheat bran, the major source of 
dietary fibers, others sources such as fruits and 
vegetables have been found (Massiot and Renard 
1997). Cho and Dreher (2001) wrote that the addi-
tion of fiber in the diet has been recommended 
strongly because it significantly reduces the risk of 
colon cancer, obesity and cardiovascular disease 
(Selgas et al 2005). Dietary fibers are not only de-
sirable for their nutritional properties but also for 
their functional and technological properties 
(Aleson- Carbonell et al 2005). Different types of 
dietary fibers such as pea, apple, sugar beet, soy 
and citrus fibers as well as inulin and gums are 
now incorporated into foods for their nutritional 
properties or for their functional and technological 
properties (e.g. gelling or thickening properties) 
(Thebaudin et al 1997).  Adding apple fiber as a 
source of dietary fiber into fish mince based prod-
ucts has not been studied. Apple fiber and apple 
pomace can be used in cakes, muffins (Chen et al 
1988; Massodi et al 2002; Sudha et al 2007), and 
bread (Chen et al 1988; Masoodi and Chauhan 
1998; Gomez et al 2003). The objective of the 
study was to determine the different size and types 
of dietary fiber on the quality of fish patties stored 
at between 0-4ºC. 

Materials and Methods      

Material 

Frozen saithe (Pollachius virens) with a 2 months 
storage period was used as raw material. After be-
ing thawed at 4ºC during night, they were minced 
by using a Kitchen Aid KPM5 Professional meat 
grinder (St. Joseph, MI, USA). Ingredients (0.9% 
salt, 0.5% red pepper, 0.4% black pepper, 0.1% 
powdered onion and 0.1% garlic, 1.3%  dried pars-
ley, 0.5% cummin) were added. They were mixed 
and were divided into 4 groups. For this study Vi-
tacel (Orion Nişasta ve Kimya San. Tic. A.Ş., 
Izmir, Turkey) wheat fiber with different sizes and 
Vitacel apple fiber were used. Groups were for-
mulated as follows: Group 1: Control without fi-
ber, Group 2 (WF 200): Addition of 3% of wheat 
fiber 200 with particles 250 µm long and 25 µm 
wide. Group 3 (WF 400): Addition of 3% of wheat 

fiber 400 with particles 500 µm long and 25 µm 
wide. Group 4 (AF 400): Addition of 3% of apple 
fiber 400 with particles 500 µm long and 25 µm 
wide    After being homogenized with the ingredi-
ents, they were shaped manually and stored at be-
tween 0-4 ºC. 

Analytical Methods 

Dietary Fiber Functional Properties 

Water retention capacity (WRC) was measured 
following the method of Ang (1991). Samples (2 
g) were mixed with distilled water (30 mL), cen-
trifuged 2000g for 20 min and the excess superna-
tant was recovered. WRC was expressed as grams 
of water retained per gram of dry sample.Fat ad-
sorption capacity (FAC). According to the method 
of Caprez et al (1986) FAC was measured as oil 
retention capacity (Sanchez- Alanso et al 2007b). 
Samples (0.5 g) were mixed with sun- flower oil 
(10 mL), left overnight at room temperature and 
centrifuged for 10 min at 3000g. The excess su-
pernatant was decanted and FAC was expressed as 
grams of oil retained per gram of dry sample. 

Physical and Chemical Quality Analysis of Fish 
Patties 

Thiobarbituric acid, TBA, mg malonaldehyde/kg 
(Tarladgis et al 1960), total volatile base-nitrogen, 
TVB-N, mg N/100g (Vyncke 1996) and pH values 
of fillets were measured (ASU 1980).  The pH 
value was recorded using a Hanna 211 model pH 
meter (Cluj-Napoca, Romania).  

Instrumental Analysis 

Color measurements were performed on saithe 
patties by using a Dr. Lange Spectro Pen ®. The 
color was measured on each 10 fish patties with 
repeating 3 times using different parts of the sur-
face.  In the CIE L*a*b* system, L* denotes light-
ness on a scale from 0 to 100 from black to white; 
a* denotes (+) red or (–) green; b* denotes (+) yel-
low or (–) blue (Schubring et al, 2003).  

The measurement of the texture properties (texture 
profile analysis or TPA) of fish patties was per-
formed using a TA.XT Plus Texture Analyser 
(Stable Micro Systems, Godalming, UK) 
equipped with a flat cylindrical plunger (5 cm di-
ameter). All TPA measurements were repeated 10 
times (Schubring and Oehlenschlager 1997). Ad-
ditionally, texture measurements on fish patties 
and the penetration force of homogenized patties 
were also determined using the TA.XTPlus fitted 
with a spiked aeration plunger equipped with 8 
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small cylinders, diameter 3 mm each, which are 
arranged in two different squares.  Measurements 
were repeated three times (Schubring, 2001).   

WHC was characterized by measuring EM, which 
means the quantity of liquid squeezed from fish 
patties up a compression (Jonsson et al 2001). EM 
was determined using a modification of the filter 
paper press method as described elsewhere (Schu-
bring et al 2003). Samples were pressed between 
paired filter sheets (Schleicher & Schuell 2043 A, 
7x7 cm) and parallel plates using a texture ana-
lyser TA.XTPlus (stable micro systems, Godalm-
ing, UK). WHC was determined as the expressible 
moisture, calculated as %=100 (initial weight-fi-
nal weight)/initial weight.  

Sensory Analysis 

Sensory analysis of cooked fish patties were done 
by 5 trained panelists according to Yanar and Fen-
ercioglu (1999) and Vanitha et al (2013) with 
slight modifications. Fish patties were cooked in 
the oven at 135ºC just before serving to the panel-
ists and panelists were asked to evaluate the fish 
patties according to appearance, texture, odor, fla-
vor, juiciness, and overall quality with 10 point 
scale test. The observation was converted to 
equivalent numerical scores and a sensory score of 
4 was taken as the borderline of overall accepta-
bility. 

Microbiological Analysis 

For all microbial counts, 10 g of fish patties were 
weighed and transferred into 90 mL of 0.1% pep-
tone water (Oxoid, Basingstoke, UK), and sam-
ples were homogenized in a Stomacher (IUL In-
struments, Barcelona, Spain) for 1 min. From the 
prepared dilutions, total aerobic plate (AP) count 
and yeast-mold (YM) count were carried out. Plate 
Count Agar (PCA, Oxoid CM 325) was used for 
AP with incubation period of 30°C/24-48 while 
Potato Dextrose Agar (PDA, Oxoid CM 139) was 
used for YM count with incubation period of 
30°C/3-5 days (Harrigan and McCance 1976). 

Statistical Analysis 

Data were subjected to one way analysis of vari-
ance (ANOVA) followed by Tukey and Duncan 
test to determine the significant differences 
(P<0.05) between mean values (SPSS 9.05). 

Results and Discussion 

Dietary Fiber Functional Properties 

While the long dietary fiber had a more open struc-
ture, the structure of the short one was more dense 
and absorbed less water than the long one 
(Sanchez- Alonso et al 2007b). Thebaudin et al 
(1997) reported that particle size effects fat ab-
sorption capacity and wheat bran fibers have a 
high FAC, especially at larger particle size which 
is same with our results. Functional properties of 
apple fiber AF 400, WF 200 and WF 400 was 
given in table 1. WF 400 have significantly higher 
FAC values than group with WF 200. Similar re-
sults have been reported by Sanchez Alanso, et al 
(2006) and Sanchez- Alonso et al (2007b). 

Table 1. Functional properties of wheat and apple 
fiber 

 Groups WRC (g/g) FAC(g/g) 

WF 400 10.24±1.32a 8.13±0.10 a 

WF 200 6.17±0.00 b 4.69±0.12 b 

AF 400 3.40±0.02 c 1.47±0.05 c 

* means in the same column with the same letter do not 
differ significantly  at the level of 0.05 significance. 

Physical and Chemical Quality Analysis 

Physical and chemical quality changes of fish pat-
ties during storage were given in table 2. pH val-
ues of the control group and  AF 400 decreased 
significantly at the end of the storage period 
(p<0.05), while pH values of group with WF 200 
and WF 400 increased significantly at the end of 
the storage period (p<0.05). 

TVB-N is used for determination of the spoilage 
level of fish during the storage period 

(Oehlenschlager 1997). The level of 35 mg/100 g 
has been considered the upper limit, any level 
above 35mg/100g in fishery products are consid-
ered spoiled (Ludorff and Meyer 1973, Schormül-
ler, 1968). TVB-N values of all groups increased 
significantly during the storage period. And group 
control, WF 200 and WF 400 exceeded the con-
sumption limits according to TVB-N at day 5. 
While AF 400 was determined as still consumable 
at day 5.  Yerlikaya et al (2005) reported that ini-
tial TVB-N value of fish patties produced from an-
chovy increased   during the 6 days of refrigerated 
storage but did not exceed the throughout the stor-
age. Gökoğlu (19994) reported that TVB-N values 
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of fish patties made from mackerel increased dur-
ing the storage and exceeded the acceptable limits 
at day 10. Quantification of the amount of MDA 
by thiobarbituric acid (TBA) has been widely used 
as a parameter for the extent of oxidative deterio-
ration of meat products (Kebede et al 2007). Ac-
cording to TBA results, no significant differences 
were determined between the groups and even at 
the end of the storage period, they were still found 
as in perfect quality (Schormüller 1968, 1969). 

Our present TBA results are similar with those of 
Sanchez Alanso et al (2006). They reported that no 
significant variation in the determination of the 
TBA index throughout frozen storage in the dif-
ferent lots for both types of muscles with and with-
out fiber. Yanar and Fenercioğlu (1999) reported 
that TBA values of fish balls prepared from carp 
flesh did not exceed the acceptable limits during 
frozen storage.  

 
Table 2. Chemical quality changes during storage period of fish patties 

Groups 
 Storage

(days) 
pH 

 
TVB-N 

 (mg/100g) 
TBA 

(mg malonaldehyde/kg) 
 Raw 6.45±0.01 18.03±0.51 2.89±3.44 

C
on

tr
ol

  0 6.51±0.01a1 19.21±1.35 a1 0.54±0.08 a1 
 3 6.46±0.02 b1 24.24±0.51 b1 0.67±0.20 a1 
 5 6.35±0.01 c1 40.20±2.71 c1 0.81±0.18 a1 

A
F

 4
00

  0 6.42±0.01 a2 19.51±0.89 a1 0.57±0.04 a1 
 3 6.34±0.02 b2 22.46±0.51 b2 0.66±0.13 a1 
 5 6.21±0.01 c2 30.15±0.89 c2 1.05±0.37 a1 

W
F

20
0  0 6.56±0.01 a1 18.32±0.51 a1 0.34±0.06 a2 

 3 6.51±0.01 b3 30.44±0.51 b3 0.47±0.01 ab1 
 5 7.06±0.01 c3 68.27±41.23 c3 0.58±0.11 b1 

W
F

40
0  0 6.50±0.05 a1 18.03±0.51 a1 0.44±0.06 a12 

 3 6.46±0.02 a1 31.33±0.51 b3 0.73±0.39 a1 
 5 7.12±0.01 b4 65.91±2.23 c3 0.74±0.13 a1 

*a,b,c: different letters in the same column for an attribute of a group show a significant difference (p<0.05). 
 1,2,3: different numbers in the same column for the same storage day show a significant difference(p<0.05). 
 n: 3 (arithmetic mean ±SD) 

Instrumental Analysis 

Changes in color parameters during storage period 
were given in table 3. L*(lightness) and b* (yel-
lowness) values of WF 200 and WF 400 were sig-
nificantly higher than the values of group control 
and AF 400 during the storage period (p<0.05). 
Sanchez Alanso et al. (2007b) reported that the ad-
dition of wheat fiber increased the b* value signif-
icantly. a*(redness) values of group with apple fi-
ber were slightly higher than the other groups dur-
ing the storage period (p>0.05). The color of die-
tary fibers influenced the color of fish patties.  The 
differences in color may affect the consumer pref-
erence.  

Changes in expressible moisture was given in ta-
ble 4. When comparing expressible moisture of 
the groups at the end of the storage period, group 
control has the lowest expressible moisture 
(means highest water holding capacity) (p<0.05). 

These results are comparable to that reported by 
Sanchez Alanso et al (2006) and Sanchez Alanso 
et al (2007b). They reported that   water binding 
capacity was lower in samples containing wheat 
dietary fiber as an ingredient than in control sam-
ple. The proportion of bound water did not change 
significantly when different particle size of wheat 
dietary fiber was used which was the same as the 
result of the present study.  

Changes in texture parameters during storage pe-
riod were given in table 5. Hardness value of WF 
200 increased while AF 400 decreased signifi-
cantly at the end of the storage period (p<0.05). 
WF 400 and control were harder than the other 
groups. When comparing adhesiveness and 
springiness values, no significant differences were 
determined during shelf life of each group. Ac-
cording to resilience values, trends were not con-
sistent when comparing groups.  
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Table 3. Changes in color parameters during storage period of fish patties. 
 
 

Color 
parameters 

 
Storage Period (day)s 

 
0 

 
3 

 
5 

Control L*       38.32±1.20a1        34.02±1.73 b1 36.28±1.45 c1 
            a* 05.70±1.28 a1 04.56±0.83 b1  04.66±0.64 ab1 
            b* 18.24±1.93 a1 16.73±1.60 ab1 16.39±1.65 b1 

AF400  L* 38.35±1.50 a1 34.88±2.93 b1 36.62±1.36 ab1 
           a* 07.64±1.04 a2 06.13±1.24 b2 06.19±0.99 b2 
           b* 19.73±1.40 a1 18.70±1.26 ab12 17.66±1.66 b1 

WF 200 L* 44.28±1.79 a2 40.96±1.50 b2 44.41±1.85 a2 
            a* 05.97±0.60 ab12 05.19±0.66 a12 06.00±0.87 b2 

               b* 22.02±0.96 a2 20.05±1.17 b2 20.5±1.59 b2 
WF 400  L* 46.26±3.05 a2 40.75±2.55 b2 43.38±1.44 b2 
               a* 06.62±0.77 a2 5.25±0.96 b12   05.73±1.35 b12 
               b* 22.03±2.26 a2 19.51±2.36 b2    21.58±1.85 ab2 

**:  Means in the same column with the same number in the same day in the same attribute do not differ 
significantly at the level of 0.05 significance. 

    Means in the same row with the same letter in the same attribute do not differ significantly at the level of 
0.05 significance.   n: 3 (arithmetic mean ±SD) 

 
Table 4. Expressible moisture values of fish patties 

Groups 1.Day 5.Day 
Control 3.10±0.34 a3 0.89±0.29 b1 
AF400 4.11±0.59 a23  2.60 ±0.51 b2 
WF200 6.69±1.40 a1 3.04±0.67 b2 
WF400 5.97±0.64a12 2.91±0.78 b2 

*  means in the same row with the same letter do not differ significantly  at the level of 0.05 significance. 
means in the same column with the same lnumber do not differ significantly  at the level of 0.05 significance. 

 
Table 5. Changes in texture parameters during storage period 

Groups 
Storage 
(days) Hardness (N) Adhesiveness Springiness Cohesiveness Chewiness Resilience 

 
Control 

0 92.38±3.40a1 -0.04±0.08 a1 0.73±0.07 a1 0.55±0.04 a1 36.08±4.27 a12 0.17±0.01 a12 
3 108.32±5.12 b1 -0.63±0.57 a1 0.73±0.13 a1 0.54±0.08 a1 41.80±4.66 a1 0.18±0.06 a12 
5 100.18±7.71 a1 -1.28±1.47 a1 0.72±0.11 a1 0.54±0.04 a1 40.86±5.69 a1 0.18±0.02 a1 

 

AF400 
0 77.42±4.15 a2 -0.03±0.02 a2 0.74±0.06 a1 0.54±0.02 a1 30.54±2.96 a1 0.14±0.01 a1 
3 86.26±4.41 b2 -0.01±0.01 a1 0.72±0.02 a1 0.54±0.08 a1 34.15±2.55 b2 0.15±0.01 a1 
5 62.39±4.03 c2 -0.63±0.57 b12 0.79±0.04 b1 0.71±0.03 b2 35.47±2.82 b1 0.26±0.03 b2 

        
 0 82.37±5.72a2 -0.01±0.01 a1 0.70±0.14 a1 0.65±0.08 ab2 36.66±3.43 a23 0.23±0.07 a2 

WF 200 3 81.80±4.03 a2 0.00±0.00 a1 0.74±0.20 a1 0.69±0.07 a2 44.26±3.63 b1 0.25±0.10 a23 
 5 91.95±2.33 b1 -1.28±1.47 a2 0.78±0.01 a1 0.58±0.04 b1 39.14±4.83 ab1 0.30±0.04 a1 
        
 0 98.05±6.7a1 -0.01±0.00 a1 0.70±0.17 a1 0.64±0.09 a2 45.02±4.87 a3 0.20±0.09 a12 

WF 400 3 93.57±7.52 b1 -0.01±0.01 a1 0.81±0.02 a1 0.73±0.03 b2 46.19±3.28 b1 0.30±0.04 b3 
 5 96.11±4.92 a1 -0.24±0.34 a12 0.72±0.10 a1 0.61±0.06 a1 40.82±3.76 a1 0.21±0.05 a1 

*: Means in the same column with the same number in the same day in the same attribute do not differ significantly 
at the level of 0.05 significance. 

   Means in the same column  with the same letter in the same group do not differ significantly at the level of 0.05 
significance.   n: 3 (arithmetic mean±SD) 
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Sensory Analysis 

Changes in sensory parameters during storage was 
given in table 6.  Sensory scores were only rec-
orded for fish patties that had not exceeded the mi-
crobiological limit value of 6 log cfu/g (Kılınç, 
2007; Kaba et al. 2012) According to sensory pa-
rameters and overall quality scores, group with ap-
ple fiber were slightly higher than the other 
groups. Panelists also mentioned that no fruity 
taste in fish patties with AF 400 was determined. 
It seems that it lost its fruity odor in the fish pat-
ties.  It might be because of adding other ingredi-
ents (salt, red pepper, black pepper, onion, garlic, 
parsley, and cumin) and/or the amount of those in-
gredients.  

Microbiological Analysis 

Changes in AP counts of fish patties were given in 
Table 7. AP count is generally used as an accepta-
bility index for fish and fish products because of 
the bacterial effects in spoilage (Jeon et al., 2002; 
Çoban and Özpolat, 2013). The inital AP count of 
fish patties was 5.22–5.94 log CFU/g. Significant 
differences (P <0.05) were determined between 
the groups (Table 7). The lowest AP counts were 
observed in the fish patties with AF 400 as com-
pared to other groups during whole storage period 

at 0-4°C. At the time of spoilage, AP count was 
determined as 106–107 cfu/g in fish products (Ul-
rike et al. 2000; Sehgal et al. 2011). In the present 
study, fish patties with WF 400, WF 200 and con-
trol samples spoiled at 3 days while fish patties 
with AF 400 spoiled at 5 days of storage. TVB-N 
is one of the most widely used indices of fish and 
fish product quality. Although TVB-N values of 
fish patties increased with the growth of microor-
ganisms by the storage period, all groups except 
one with AF 400 exceeded the consumption limits 
according to TVB-N results at day 5.  Changes in 
YM counts of fish patties were given Table 8. The 
inital YM count of fish patties was 2.08–2.98 log 
CFU/g. Similar to the AP counts, the lowest YM 
counts were observed in the fish patties with AF 
400 during whole storage period at 0-4°C Kilinc 
(2009) did not detect any yeasts and molds in an-
chovy patties during refrigerated storage period. 
However, Guran et al (2015) determined YM 
counts in fish patties during the storage at 4°C as 
2.48 (0. day), 2.89 (2. day) and 3.20 (4. day). In 
that study, results of sensory evaluation showed 
that the shelf life of fish patties was 4 days. Our 
results were almost similar to the findings of that 
study. It must be noted that a good correlation was 
noted between   microbiological (AP) and chemi-
cal parameters (TVB-N) of all groups. 

 

Table 6. Changes in sensory parameters during storage period of fish patties 

Groups 
Storage 
(days) Appearance Odour Texture Juiciness Flavour 

Overall 
Quality 

 
Control 

0 8.75±0.50a1 7.75±0.96 a1 7.50±0.58 a1 7.00±1.41 a1 7.25±0.50 a1 7.75±0.96 a1 
3 7.75±1.26 a1 7.25±0.50 a1 7.00±0.82 a1 6.25±0.50 a1 6.75±0.50 a1 7.00±0.82 a1 
5 ** ** ** ** ** ** 

 

AF 400 
0 8.75±1.26 a1 9.25±0.50 a1 7.75±0.96 a1 7.50±1.00 a1 8.25±1.71 a1 8.25±1.50 a1 
3 7.75±1.26 a1 8.00±0.82 a1 7.75±1.26 a1 7.00±0.82 a1 7.25±1.26 a1 7.25±1.26 a1 
5 ** ** ** ** ** ** 

 0 7.50±1.00 a 8.00±0.82 a 7.75±1.26 a 7.50±1.29 a 8.00±0.82 a 8.00±0.82 a 
WF 200 3 ** ** ** ** ** ** 

 5 ** ** ** ** ** ** 
 0 7.25±0.96 a 8.25±1.50 a 7.25±0.96 a 7.25±1.50 a 7.50±0.58 a 7.75±0.96 a 

WF 400 3 ** ** ** ** ** ** 
 5 ** ** ** ** ** ** 
*:  Means in the same column with the same number in the same day in the same attribute do not differ 

significantly at the level of 0.05 significance. 
    Means in the same column with the same letter in the same attribute do not differ significantly at the level of 

0.05 significance. n: 3 (arithmetic mean±SD) 
**:  According to microbiological results, they passed the consumption limits. 
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Table 7. Changes in total aerobic plate (AP) counts of fish patties stored at (0-4ºC) 
 Storage Period (day)  
 1 3 5 

Control 5.23±0.03a 6.31±0.12 b 6.68±0.09 b 
AF 400 5.28±0.08 a 5.44±0.02 a 6.02±0.02 a 
WF 200 5.22±0.05 a 6.71±0.08c 7.93±0.10 c 
WF 400 5.94±0.03b 7.73±0.12d 8.93±0.04d 

* means in the same column with the same letter do not differ significantly  at the level of 0.05 significance. 
 
Table 8. Changes in yeast mold counts of fish patties stored at (0-4 ºC) 

 Storage Period (day)  
 1 3 5 

Control 2.98±0.03b 3.32±0.07 c 3.59±0.08 c 
AF 400 2.08±0.03 a 2.69±0.01 a 2.86±0.04 a 
WF 200 2.20±0.26 a 3.45±0.04 d 3.71±0.03 d 
WF 400 2.23±0.20 a 3.07±0.06 b 3.38±0.03 b 

* means in the same column with the same letter do not differ significantly at the level of 0.05 significance. 

 

Conclusion 

Apple fibers have been incorporated into bakery 
products. According to the results of the present 
study, it can be also incorporated into fishery prod-
ucts which are not common. According to the pre-
sent study adding apple fiber to fish patties pro-
long shelf life at 0-4ºC. 
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