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Abstract:

The influence of stabilized wheat bran enrichment on
the nutritional and sensorial properties of leavened and
unleavened flat bread was studied. Wheat bran was sta-
bilized with three applications (hot air oven, microwave
and autoclave). The stabilization methods affected the
physical characteristics of bazlama (thickness, spread
factor) and yufka (diameter, thickness, spread factor)
samples. In bazlama samples, substitution of stabilized
wheat bran (SWB) lead to significant decrease in L*
and increase in a* and b* values compared to the con-
trol bazlama. While autoclave and microwave stabili-
zation methods are the most effective methods to de-
crease the phytic acid content for bazlama samples, for
yufka samples; autoclave stabilization is the best. The
mineral content (Ca, K, Mg, Mn, P, Fe and Zn) of ba-
zlama and yufka samples significantly (p<0.05) in-
creased with SWB substitution. Thus, autoclave stabi-
lization could be used for wheat bran stabilization to
improve the nutritional quality of bazlama and yufka
samples.
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Introduction

Flat bread, the most widely consumed bread type
in the world, made with flour, water and salt. Ba-
zlama and yufka are two types of flat bread; ba-
zlama is different from yufka because it is leav-
ened and thicker and also have smaller diameter
and shorter shelf life. Qarooni (1996) classified
flat breads into two groups as single layered and
double layered (pita, baladi, etc.), also single lay-
ered flat breads is consisted of two class as leav-
ened (lavas, pide, barbari etc.) and unleavened
(yufka, parotta, etc.). There are a lot of flat bread
type studied like chapati, roti and taftoon (Iranian
flat bread), two layered or single layered flat
bread, bazari, leavened and unleavened flat bread,
sangak, tanok and lavosh. (Reinhold, 1971,
Basman and Koksel, 1999; Hariri et al., 2000;
Nandini and Salimath 2001; Azizi et al., 2003;
Brathen and Knutsen 2005; Izydorczyk et al.,
2008). There has been considerable attention to a
bread fortification all over the world. Fiber rich
fractions used for the fortification of breads and
flat breads (Izydorczyk et al., 2008; Izydorczyk
and Mcmillan, 2011; Noort et al., 2010; Phimolsi-
ripol et al., 2012; Wang et al., 2002). Flat breads
is more suitable for fortification with fiber than
pan breads because of more modest flour quality
requirements (Qarooni et al., 1992). Wheat germ
and bran substitution in flour is important to make
flat bread processes especially dough rheology
and sheeting of flat bread. The flat bread quality
improves with flour extraction rate up to an opti-
mum level of 82%, and also particle size of wheat
bran is important paramater, therefore finest bran
particles gave superior softness and smoother
crust of flat bread (Qarooni, 1996).

Wheat bran, a by-product of dry milling of wheat
grains for the production of white flour, is an im-
portant source of vitamins, good quality proteins
(albumins and globulins) minerals (Ca, Fe, Zn,
etc.), antioxidants and dietary fibre (Dexter et al.,
1994a; 1994b). During the storage, rancidification
can reduce the nutritional value of food (Walde-
mar, 1990; Thomas, 2005), and cause some qual-
ity changes, involving flavor, texture, and appear-
ance (Eriksson, 1987). Due to the possibility of
rapid rancidity there is a necessity for stabiliza-
tion. For this purpose, microwave, autoclaving
steaming, roasting, toasting, infrared heating, pac-
kaging and antioxidant treatment were applied
(Allen and Hamilton, 1989; Frankel, 1995; Gard-
ner, 1995; Srivastava et al., 2007). In our previous

study, effect of stabilization treatments (micro-
wave, infra-red and ultraviolet) to wheat kernel on
the storage stability and qualitative properties of
whole wheat flours were investigated. For this
purpose, thio-barbituric acid (TBA) test was per-
formed to indicate the extent of oxidative rancidity
of the samples. In inhibition of rancid develop-
ment of whole wheat flour, microwave treatment
was found the most effective method (Elgiin et al.
2012). In our other previous study, microwave
heating and autoclaving of fine branny fractions
into remixed whole wheat flours gave satisfactory
storage stability, flour and bread qualities for 90
days’ storage time compared with the untreated
whole wheat flour (Elgiin et al., 2011).

In this study the effects of addition different stabi-
lization process applied wheat bran on nutritional
and sensorial quality of leavened (bazlama) and
unleavened flat bread (yufka) is determined.

Materials and Methods
Materials

Wheat bran was obtained from Altiapa Milling
Trade Inc, Turkey, and then three different stabili-
zation applications were applied to it. For using in
bazlama and yufka production, wheat flour (ash:
0.57%, protein: 13.5%, Farinograph parameters;
water absorption: 60%, development time: 6 min.,
stability: 10 min., softening degree 60 B.U., L*:
94.91; a*: -0.68; b*: 8.52), whole wheat flour (ash:
1.47% protein: 15.25%, Farinograph parameters;
water absorption: 65.1%, development time: 7.1
min., stability: 4.6 min., softening degree 71 B.U.,
L*:86.22; a*: 0.61; b*: 10.12), powder sugar, salt,
yeast, were purchased local market in Konya, Tur-
key.

Stabilization processes

Wheat bran was stabilized with three different
applications after milling with hammer mill with
0.5 mm sieve (Perten, LM 3100, Perten Instru-
ments AB, Huddinge, Sweden). First application
is applied in the hot air oven (HAO) at 150°C for
20 min, and the second application is applied with
domestic microwave oven (MW) at 800W for 3
min and third application (AC) is applied with au-
toclave bags in autoclave at 121°C for 90 min to
wheat bran. Then, SWB samples were cooled
down in the tray about 30 min to reach room tem-
perature. The samples were placed into the pol-
yethylene bags and kept in a cooler. Each stabili-
zation processes were applied in duplicate. And
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the mixture of these two batches was used for anal-
ysis.

Bazlama production

The bazlama and yufka were prepared according
to the formulas in Table 1. Flat breads were pre-
pared in triplicate and some modifications on
dough were done according to the bazlama pro-
duction method described by Akbas (2000). Ba-
zlama containing no bran and whole wheat flour
were used as the control samples. In our pre-trials,
wheat bran can be used at 15% level successfully
for bazlama and yutka was determined. The ingre-
dients of bazlama were mixed in a Hobart mixer
(Hobart N50, Canada Instruments, and North
York, Ontario, Canada) to obtain optimum dough
development. Water absorption was determined
using the Farinograph-E (Brabender GmbH and
Co KG, Duisburg, Germany) equipped with a 300
g mixing bowl (AACCI 54-21, 2000). Water ab-
sorption of flat bread flour mix (with SWB) varied
between 62.6 and 64.1% (HAO: 64.1%, MW:
63.2% and AUT: 62.6%). The highest water ab-
sorption was observed with flat bread flour mix
fortified with hot air oven SWB. Fiber-rich frac-
tions have ability to absorb considerable amounts
of water (Kasprzak and Rzedzicki, 2010; Rosell et
al., 2010).

Mixed dough was fermented at 30°C and 85% rel-
ative humidity in Niive KD 200 for 1 hour. After
1-hour fermenting, the dough was divided by hand
into 2 equal parts. Each part rested at room tem-
perature for 6 min. After 6 min resting, dough was
flattened in trays into sheets of 17cm diameter and
10 mm thickness. The samples were baked with
the preheated electric sac (1500W) for 8 min (for
one surface 4 min, 4 min for the other surface).
The loaves were measured after the bazlama was
cooled down to room temperature. Bazlama sam-
ples were placed in polyethylene bags and stored
at room temperature until tested.

Yufka production

Yufka doughs were prepared with some modifica-
tions in the method given by Bagsman and Koksel
(2001). Yufka containing no bran and whole
wheat flour were used as the control yufka samp-
les. All yufka ingredients were mixed in a Hobart
mixer (Hobart N50, Canada Instruments, and
North York, Ontario, Canada) to obtain optimum
dough development. Yufka dough divided into
four equal pieces, shaped like a ball and rested at
30°C for 30 min in order to gain enough water ab-
sorption for starch and proteins in dough after
mixing, and then sheeted with the help of a hand
rolling pin to 1 mm thickness. Sheeted dough
pieces baked on preheated electric sac (Otm, San
Ltd. Sti, Konya, Turkey) at 280+5°C for 1 min. Af-
ter baking, yufka samples were cooled at room
temperature, and then placed in polyethylene bags.

Physical attributes

120 min after the baking, physical properties
(color, diameter, thickness, spread ratio) of ba-
zlama and yufka samples were evaluated. The ba-
zlama and yufka surface color was measured in-
strumentally using a Minolta CR-400 (Konica Mi-
nolta Sensing, Inc., Osaka, Japan) colorimeter.
The results were expressed in terms of L* (light-
ness), a* (redness to greenness) and b* (yellow-
ness to blueness), according to the CIELab sys-
tem. Hue angle (tan-' b* a*'") and Saturation index
(SI) ((a* *+ b*?) ') of the samples were calculated
from a* and b* values.

To measure the thickness of bazlama and yutka
samples, a digital micrometer (0.001 mm, Mi-
tutoyo, Minoto-Ku, Tokyo, Japan) was used. Di-
ameter values were measured with an ordinary
ruler. An average of six readings was recorded as
bazlama and yufka diameter and thickness. Spread
factor was then calculated as diameter divided
by thickness of the bazlama and yufka samples.

Table 1. Formulation of bazlama and yufka samples (%)

Ingredients Bazlama Yufka
Wheat flour 100 100
Salt 1.5 1.5
Vital gluten 1.4 1.4
SSL 0.5 0.5
Powder sugar 1 -
Yeast 2.5 -
Stabilized wheat bran 15 15
Water Variable Variable
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Chemical and nutritional properties

The bazlama and yufka samples were analyzed for
their moisture, crude ash and crude protein using
standard methods (AACC, 1990). An inductive
coupled plasma atomic emission spectrometry
(ICP-AES) (Vista series, Varian International AG,
Zug, Switzerland) was used to determine the min-
eral (Ca, K, Mg, Mn, P, Na, Fe and Zn) contents
of the bazlama and yufka samples (Bubert and Ha-
genah, 1987). Phytic acid and phytate phosphorus
content of bazlama and yutka samples were deter-
mined by the method of Haugh and Lantzsch
(1983). The sample was extracted by adding 10
mL 0.2 N Hydrochloric acid to 0.3 g sample and
then shaking in shaker at room temperature for 3
hours. 0.5 mL of extracted sample was boiled with
1 mL ferric ammonium sulphate solution for half
an hour, and then cooled. Phytate phosphorous in
the supernatant was measured as the decrease in
absorbance of iron content using 2 mL 2,2-bipyri-
dine solution at 519 nm with a spectrophotometer
(UV-Vis mini spectrophotometer 1240, Shi-
madzu, Kyoto, Japan).

Sensory properties

To determine sensory properties of bazlama and
yufka samples, thirty-five panelists ranging in age
from 25 to 40 with nonsmokers from Food Engi-
neering Department at Necmettin Erbakan Uni-
versity in Turkey were asked to score the bazlama
in terms of color/appearance, shape symmetry,
taste/flavor, porosity and chewiness, the yufka in
terms of color, shape symmetry, taste/flavor, ten-
derness and chewiness using 9-point hedonic scale
with 1-2 dislike, 5 acceptable, 8-9 like extremely.
The samples were assigned three digit random
codes and served to the panelists. Each replicate
was presented over 2 days to each panelist.

Statistical analysis

JMP statistical package software (Version 5.0.1.a,
SAS Institute. Inc. Cary, NC, USA) was used to
perform statistical analyses. Data were assessed
by analysis of variance. Tukey HSD test was used
to separate means. Significance was accepted at
p<0.05 throughout the analysis.

Results and Discussion

Dimensions of SWB supplemented bazlama and
yufka samples

Dimensions of SWB supplemented bazlama and
yufka samples were shown in Table 2. Diameter

values ranged between 15.3 - 15.6 cm cm for con-
trol bazlama and MW-SWB added bazlama sam-
ples respectively. There was not significant
(p>0.05) difference between the bazlama samples
in terms of diameter factor. But in yufka samples
AC-SWB added yufka samples gave the highest
diameter values. Thickness values of bazlama and
yufka samples varied from 1.14 cm to 1.48 cm and
0.71 cm to 0.97 cm respectively. While SWB
added bazlama samples gave statistically (p<0.05)
lower thickness values compared to the control ba-
zlama samples, spread factor of SWB added ba-
zlama samples were higher than control and WWF
control bazlama samples.

Loaf volume is the most effective parameters in
the estimation of wheat and flour quality. In the
study of Elgiin et al. (2011), the positive effects of
the MW and AC methods on loaf volume were de-
termined and the highest spesific volume value
was obtained with MW stabilized branny fraction
flour mixes.

Bazlama samples made whole wheat flour gave
lower spread factor than bazlama made with SWB.
Levent and Bilgigli (2012) stated that substitution
of wheat flour with resistant starch increased the
diameter and decreased the thickness when com-
pared to the control bazlama, lavas and yufka sam-
ple. While microwave SWB added yufka samples
showed significantly similar thickness values with
control yufka, hot air oven and AC-SWB added
yufka samples showed the lowest thickness values
among all yufka samples. In literature, the substi-
tution of wheat bran and wheat germ fractions re-
sulted in smaller volume or lesser thickness of bis-
cuits and bread has been reported by Rao et al.,
(1980); Sidhu et al., (2001); Gomez et al., (2012)
and Curti et al., (2013). It may be due to the weak-
ened structure of bread dough diluted with non-
gluten components such as wheat bran. ANOVA
results showed a difference in the spread factor be-
tween control bazlama and SWB added bazlama
samples, and also control yutka and SWB added
yufka samples (p<0.05). The control bazlama and
yufka samples showed lower spread factor values
than SWB added bazlama samples. The highest
spread factor values were observed with SWB by
all stabilization methods added bazlama samples
and autoclaved SWB added yufka samples.
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Table 2. Dimensions of SWB supplemented bazlama and yufka samples

Bazlama samples Diameter (cm) Thickness (cm) Spread Factor
Control bazlama 153+037a 1.48+0.03 a 10.3+£0.05¢
Control WWF bazlama 154+021a 1.30+0.03 b 11.9+0.21b
Stabilization H(?t air oven 154+044 a 1.20 = 0.04 be 12.8+0.09 a
process Microwave 156+041a 1.14+0.03 c 13.6+£0.02 a
Autoclave 154+0.51a 1.16+£0.03 c 13.2+£0.12a
Yufka samples Diameter (cm) Thickness (cm) Spread Factor
Control yufka 39.6 048 Db 0.83£0.04Db 47.7+£1.86¢
Control WWF yufka 39.7+0.57 b 097+0.01a 40.9+0.01d
Stabilization H(?t air oven 393+0.52¢ 0.75+0.03 ¢ 52.4+1.28Db
process Microwave 37.3+£047d 0.82+£0.01b 455+£022¢
Autoclave 43.1£0.54a 0.71+0.03 c 60.7+1.66a

The means with the same letter in column are not significantly different (p<0.05). WWEF: Whole wheat flour,

SWB; Stabilized wheat bran

Color attributes of SWB supplemented bazlama
and yufka samples

The bazlama color significantly decreased for lig-
htness (L*) and hue angle values. Significant
(p<0.05) increase in redness was observed with
SWB addition compared to the control bazlama
sample. Color values (L*, a* and b*) were measu-
red as 66.14; 6.68 and 19.45 for HAO-SWB;
68.14; 6.28 and 18.35 for MW-SWB and 56.04;
7.84 and 20.39 for AC-SWB. The addition of
SWB resulted in darker bazlama product that is
attributed to the color changes brought about by
the SWB substitution for wheat flour (Table 3). As
expected, SWB colour intensity affected the col-
our of the end product, bazlama and yufka. It was
also verified by Almeida et al., (2013) that wheat
bran is the fibre source that has a greatest effect
such as reducing lightness and hue angle, increa-
sing chroma, making darker crumb color, due to
its inherent color. Pinarli et al., (2004) reported
that microwave application on wheat germ, decre-
ased the lightness, increased the redness values
compared to the control samples. Demir and Elgiin
(2013) reported that stabilization applications
such as autoclave and microwave on whole wheat
flour increased the redness (a*) values of bread
crumb and crust colour compared to the control
samples. Autoclaved SWB addition gave the
lowest lightness values to bazlama and yutka
samples. Stabilization of wheat bran showed a
decrease in yellowness and saturation index accor-
ding to control whole wheat flour bazlama sample,
but an increase according to control bazlama
sample, and also control whole wheat flour baz-

lama gave the highest b* and saturation index va-
lues in all bazlama samples. In yufka samples,
using whole wheat flour resulted in lower lig-
htness and yellowness values.

Microwave treatment showed lower redness, yel-
lowness and saturation index values of SWB ad-
ded yufka samples than the other stabilization pro-
cesses, while higher yellowness and saturation in-
dex values observed in AC-SWB added yufka
samples than the other stabilization methods.

Chemical and nutritional properties of SWB
supplemented bazlama and yufka samples

Crude ash, crude protein, phytate phosphorus and
phytic acid analysis results of bazlama and yufka
samples are presented in Table 4. It has been re-
ported that wheat bran contains higher protein
(13.65%), ash (4.32%), Ca (543 mg/100g), Cu
(0.91 mg/100g), Fe (10.0 mg/100g), K (1388.6
mg/100g), Mg (3349 mg/100g), Mn (7.39
mg/100g),P (640.9 mg/100g), Zn (5.10 mg/100g)
and phytic acid (3116 mg/100g) content than
wheat flour (Bilgicli et al., 2006). According to re-
sults presented in Table 4, SWB added bazlama
and yufka samples had higher crude ash, phytate
phosphorus and phytic acid content in comparison
to control bazlama and yufka samples. And also
more ash content means more mineral content
(Delahaye et al., 2005). This means that with SWB
addition, the nutritional quality of bazlama and
yufka improved. Similar crude ash amounts obta-
ined with using whole wheat flour and SWB in flat
breads. Other studies carried out wheat germ and
wheat bran, several authors reported (Srivastava et
al., 2007; Porres et al.,, 2003; Nandeesh et al.,
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2011) that the ash content increase with mic-
rowave and autoclave treatments. Crude protein
did not show statistically significant (p<0.05) dif-
ferences, the sample shows 12.36%, 12.87%
12.45%, 12.81% and 12.64% for control, whole
wheat flour control, hot air oven, microwave and
autoclave SWB added bazlama respectively. Simi-
lar results had been reported by Demir and Elgiin
(2014). It may be due to a closer crude protein
content of wheat flour and the SWB. Yadav et al.,
(2010) stated that stabilization treatments on
whole wheat flour increase the dry matter, and also
Moran et al., (1968) and Zhao et al., (2007) stated
that microwave application increased the dry mat-
ter and also increased the ash content of applied to
the product. But there were significant (p<0.05)
differences among phytate phosphorus and phytic
acid contents of bazlama and yufka samples accor-
ding to stabilization process. Bazlama samples
gave lower phytic acid and phytate phosphorus
content than yufka samples, this is due to phytase
activity of bakers' yeast containing of bazlama. In
general, yeast addition results in an intensive deg-
radation of phytic acid (Lasztity and Lasztity,
1990). It is believed that foods is higher nutritional
value due to the containing a minimum amount of

phytic acid as an anti-nutritional compound. Mic-
rowave and autoclave stabilization processes
showed higher loss of phytate phosphorus and
phytic acid content of bazlama samples than hot
air oven stabilization process. Therefore, autoc-
lave treatment in SWB added yufka samples as
shown in the present study seems to be an effec-
tive treatment to decrease phytate among all stabi-
lization processes. A research studied by Ozkaya
(2004), coarse and fine wheat bran samples were
dephytinised with three different methods (by add-
ing yeast, by adding malt flour, by applying auto-
claving process) and investigated the changes of
phytic acid and phytate phosphorus ratios. Among
three methods, the highest phytic acid degradation
was achieved through autoclaving method (Oz-
kaya, 2004). Demir and Elgiin (2014) stated that
the best reduction of the phytic acid content were
obtained by autoclave and microwave stabiliza-
tion methods among all stabilization methods due
to the thermal process (autoclave, microwave, IR
and UV-C). Also Sharma and Sehgal, (1992) re-
ported that phytic acid is relatively heat stable, for
its destruction; prolonged autoclaving process can
be apply effectively.

Table 3. Color attributes of SWB supplemented bazlama and yufka samples

L* a* b* Saturation Hue

Bazlama samples index angle
Control bazlama 7521+031a 144+0.16¢ 8.03+0.13d 8.72+0.20d 79.83+0.92 a
Control WWF bazlama 70.39£0.24b 3.81+005b 22.82+0.10a 24.65 £0.13a 80.54+0.08 a
Stabilization Hot air oven 68.59+037c¢ 526+021a 21.15+£0.16b 23.63+£0.25b 76.03+0.44b
Microwave 69.27+0.71bc 478+028a 2043+0.18¢c 22.69+0.31c¢ 76.83 £0.64 b
process Autoclave  6335+0.58d 534+023a 20.02+£011c 2253+021c  75.07+0.52b

Yufka samples L* a* b* Sazﬁga:;mn ;Illglfe
Control yufka 83.72+0.23a 1.95+033b 18.74+0.20a 19.69+0.35a 84.06+0.92a
Control WWF yufka 81.56+£0.61c 2.58+031a 1425+021d 1549+036d 79.74+1.06d
Stabilization Hot air oven 8225+041b 243+025a 1491+0.18¢ 16.08+0.30¢ 80.74+0.84 ¢
Microwave 82.73+£0.51b 2.12+020b 1434+0.18d 1536+0.28d 81.59+0.67b
process Autoclave  78.55+£047d 240+034a 1527+0.16b 1643+£0.31b 81.07+ 1.15be

The means with the same letter in column are not significantly different (p<0.05). WWF: Whole wheat flour,
SWB; Stabilized wheat bran
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Table 4. Crude ash, crude protein, phytate phosphorus and phytic acid content of SWB supplemented
bazlama and yufka samples
Crude pro- Phytate phos- Phytic
Bazlama samples Crude ash tein phorus acid (mg/100g)
(%) (%) (mg/100g)
Control bazlama 1.68£0.03b 1236+0.14a 16.58 £7.00 ¢ 58.80£24.82 ¢
Control WWF bazlama 2.62+0.04a 12.87+0.16a  218.00+4.75b 773.03 £ 16.85b
e . Hot air oven 235+0.04a 12.45+£0.14a 257.02+3.22a 911.40+1141a
Stabilization .
process Microwave 239+£0.06a 12.81+0.11a 221.49+£9.00b  78540+£31.90b
Autoclave 237+0.04a 12.64+0.08a 212.01+4.67b  751.80+16.57b
Crude pro- Phytate phos- Phytic
Yufka samples Crude ash tein phorus acid (mg/100g)
(%) (%) (mg/100g)
Control yufka 1.62+£0.03¢c 11.85+0.17b  66.33+6.23¢ 235.20+22.10e
Control WWF yufka 248+0.01a 12.58+0.11a 231.58+4.24c¢ 821.18 £15.02 ¢
Stabilization Hot air oven 222+£0.06b 1233+0.13a 281.89+747a 1003.79+26.49 a
Microwave 230+£0.04b 12.53+0.10a 267.68+842b  949.20+29.87b
process Autoclave 227+£0.03b  1249+0.16a  214.38+9.81d  760.20 + 34.80 d

The means with the same letter in column are not significantly different (p<0.05). Values are based on dry mat-
ter. WWEF: Whole wheat flour, SWB; Stabilized wheat bran

Table. 5 Mineral content of SWB supplemented bazlama and yufka samples(mg/100g)

Bazlama samples Calcium Potassium Magnesium Manganese
Control bazlama 2452+ 1.19¢ 231.30+1.22d 32.92+1.15d 0.78£0.04 c
Control WWF bazlama 3976 £+ 1.53ab 477.90+2.13ab 5626+ 1.18¢ 1.41+0.08b
Stabili Hot air oven 3792+ 1.40a 46197+127b 120.10+1.20a 249+£0.04a
con ;);ff;ss Microwave 4345+ 1.12b  48224+1.16¢c 12934+107b  2.67+0.03a
Autoclave 4158 +120ab 47421+1.15a 12822+1.22a 2.62+0.05a
Yufka samples Calcium Potassium Magnesium Manganese
Control yufka 2555+150 e 22468+1.13e 3536+133e¢ 0.83+0.04d
Control WWF yufka 4028146 ¢ 411.36+132c¢c  53.12+£1.27d 1.56 £ 0.04 c
o Hot air oven 3263+1.15d 389.34+124d 10454+122¢ 2.16£0.04b
Stabilization .
process Microwave 4465+141a 41862+1.12a 11447+1.19a 2.35+0.04a
Autoclave 4154+£132b  41474+1.27b 111.55+1.29b 2.33+0.03a
Bazlama samples Sodium Phosphorus Iron Zinc
Control bazlama 686.03+2.15b 20045+1.81d 232+0.10c¢ 0.79+0.03 ¢
Control WWF bazlama 656.54+4.65¢ 207.03+2.39d 2.86+0.03 a 2.244+0.04 a
e Hot air oven  749.74+2.36a 409.83+1.92a 348+0.11a 1.55+0.02b
Stabilization .
process Microwave 756.69+3.51a 438.73+£1.87c 382+0.11a 1.63+0.03 b
Autoclave 754.83+334a 41890+1.75b 351+£0.13a 1.62+0.02b
Yufka samples Sodium Phosphorus Iron Zinc
Control yufka 611.98+4.58b 22444+197e¢ 236+0.11e 0.860.02¢
Control WWF yufka 471.01+191d 22634+1.57d 3.64+0.10b 2.11+0.03 a
g . Hot air oven  578.52+4.44c 34597+1.88c¢ 291+£0.11d 1.35+0.03d
Stabilization .
process Microwave 631.78£3.35a 394.88+1.68a 4.80+0.13a 1.45+0.04b
Autoclave 62996 £345a 37033+1.77b 327+0.13¢ 1.42+0.03 c

The means with the same letter in column are not significantly different (p<0.05). Values are based on dry mat-
ter. WWEF: Whole wheat flour, SWB; Stabilized wheat bran
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Substitution of wheat bran for wheat flour, the mi-
neral elements particularly calcium, potassium,
magnessium, manganese, sodium, phosphorus,
iron and zinc content was increased and improved
the nutritional quality characteristics of bazlama
and yufka samples.

It is normally expected that the mineral content of
wheat bran was relatively high, Ca, K, Mg, Mn,
Na, P, Fe and Zn values of bazlama and yufka en-
riched with SWB samples were found to be high
as well. Hot air oven, microwave and autoclave
stabilization of wheat bran showed significantly
(p<0.05) similar manganese, sodium, iron and
zinc contents of bazlama samples. Microwave sta-
bilization process showed the lower calcium, po-
tassium, magnesium and phosphorus content of
bazlama samples among all stabilization proces-
ses, also in yufka samples the highest calcium, po-
tassium, magnesium, phosphorus and iron content
obtained with microwave SWB added yufka
samples. In literature ultraviolet, autoclave, infra-
red and microwave applications increase or pro-
tect the mineral content of food products
(Mccurdy, 1992; Yue et al., 1998; Porres et al.,
2003; Nandeesh et al., 2011; Demir and Elgiin
2014). Also Porres et al., (2003) reported that au-
toclave stabilization application (at 120°C,
101325,01 Pa, 30 min) on lentil increased the ash
content from 3.4 to 3.5%, and, consequently the
calcium content increased from 691 to 736 mg/kg.

Sensorial attributes of SWB supplemented
bazlama and yufka samples

Faridi and Rubenthaler (1984) made quality clas-
sification for pita breads. Homogeneity of upper
and under surfaces; soft, moist, shiny and white
crumb; glossy gold brown colored crust; high spe-
cific volume and low reological value comes from
the criteria used in quality classification for pita.
But there is no scientific classification and for baz-
lama and yufka breads. Pita, leavened and double
layered flat bread, is different from bazlama
(single layered) and yufka (unleavened) among
the flat breads.

Figure 1A presented the hedonic sensory evalua-
tion scores for the parameters of color/appearance,
shape/symmetry, taste/flavour, porosity and
chewiness for bazlama samples. Substitution of
SWB by different stabilization processes with
wheat flour significantly (p<0.05) affected the
sensory properties of bazlama and yufka samples.
The best color/appearance was achieved by cont-
rol bazlama, however SWB addition in bazlama

formulation lowered the surface color/appearance
scores of bazlama. This may be due to the natural
color of wheat bran directly affected the color of
flat breads. Control and hot air oven SWB added
bazlama samples gave similar and higher
shape/symmetry scores than the other bazlama
samples. Control bazlama possessed the highest
scores for color appearance. All stabilization met-
hods gave significantly (p<0.01) similar and lower
color/appearance scores than control bazlama and
whole wheat flour control sample. Supplemanta-
tion of hot air oven SWB gave the best shape/sym-
metry properties among all bazlama samples inc-
lude the control samples.

Porosity scores significantly (p<0.05) decreased
by substitution of SWB with different stabilization
processes, moreover, the lowest porosity and
taste/flavour scores obtained with microwave
SWB bazlama. The panellists gave the highest
chewiness score for bazlama substituted with au-
toclave SWB. Also Yildiz and Bilgigli (2012) re-
ported that addition of whole wheat flour posi-
tively affected the chewiness and elasticity of the
lavas and higher elasticity and chewiness scores
obtained with 40% whole buckwheat flour addi-
tion level than control sample. Caprez et al.,
(1986) stated that the largest effects of the thermal
treatments of wheat bran were rheological changes
observed in the Farinograph. Figure 1B presented
color, shape/symmetry, taste/flavour, tenderness
and chewiness for yufka samples. Figure 1B
showed that surface color of hot air oven SWB ad-
ded yufka sample did not differ from control
sample and they were evaluated as better than ot-
her yufka samples. Except the microwave SWB
added yutka samples, all the yufka samples gave
similar shape/symmetry scores. It was observed
that microwave SWB addition in yufka showed
the adverse effect on color, shape/symmetry, taste,
tenderness and chewiness characteristics and also
hot air oven and autoclave stabilization processes
demonstrated similar and better sensory characte-
ristics than microwave stabilization process. But
according to taste, tenderness, and chewiness,
control yufka sample showed the highest scores in
all yutka samples.
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Figure 1. A) Sensory attributes of SWB supple-
mented bazlama and B) yufka samples

Conclusion

Dimensions (diameter, thickness and spread fac-
tor) and color attributes (L*, a*, b*, SI and Hue
angle) of the yufka samples were significantly in-
fluenced by the substitution of SWB. Stabilization
processes statistically (p<0.05) affected color pro-
perties of bazlama samples, but whole wheat flour
control bazlama sample gave the highest b* values
of bazlama in all bazlama samples. Higher crude
ash, phytate phosphorus content in comparison to
control bazlama and yufka samples were observed
with SWB added bazlama and yufka samples. The
higher loss of phytate phosphorus and phytic acid
contents of bazlama samples were achieved by
microwave and autoclave stabilization processes
than hot air oven stabilization process. The autoc-
lave treatment had a greater effect on the phytic
acid loss of yufka samples than those of stabiliza-
tion processes. This study demonstrated that hot
air oven SWB added bazlama samples gave higher
shape/symmetry scores than the other bazlama
samples substituted SWB by other stabilization
treatments for wheat flour. Autoclave SWB subs-
titution can be good alternative to improve the nut-
ritional properties of flat breads.
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Oz:

Bu caligmada yenge¢ surimi, istakoz surimi ve flime Norveg
somonundan yapilan susilerin duyusal 6zellikleri, besin kom-
pozisyonu, TVB-N degeri, pH, su aktivitesi, renk ve mikro-
biyolojik kalitesi incelenmistir. En yiiksek protein degeri
%4.26 olarak fiime somonlu suside tespit edilmistir. TVB-N
degerleri depolama siiresince yenge¢ surimi ile yapilan susi-
lerde 1.36-2.07 mg/100g, istakoz surimili susilerde 1.37-1.39
mg/100g ve fiime somondan yapilan susilerde ise 2.06-2.78
mg/100g arasinda degismistir. Yenge¢ surimi, istakoz surimi
ve fiime somondan yapilan susinin ilk giin pH degerleri sira-
styla; 5.33, 5.56 ve 5.31 olarak Ol¢iilmiistiir. Bu degerler de-
polamanin son giinii sirasiyla; 4.49, 4.39 ve 4.74 degerlerine
diismiistiir. Su aktivitesi degerleri tiim gruplarda 0.958-0.973
arasinda de@ismistir. L" degerleri tiim gruplarda 43.94-55.82,
a" degerleri 0.43-1.99 ve b" degerleri 2.85-7.95 arasinda be-
lirlenmistir. Tiim gruplarda en yiiksek ve en diisiik mikrobi-
yolojik degerler toplam mezofilik aerobik bakteriler i¢in
2.61-5.44 log kob/g, toplam psikrofilik acrobik bakteriler i¢in
2.53-5.39 log kob/g, toplam maya-kiif igin 2.52-5.44 log
kob/g ve toplam koliform bakteriler i¢in 3-3.52 log kob/g ola-
rak bulunmustur. Yapilan analizlerde E. coli’ye rastlanma-
migtir. Surimi ve fiime somondan yapilan susilerin raf omrii
7 giin olarak tespit edilmistir.

Anahtar Kelimeler: Makizusi, Yenge¢ surimi, Istakoz su-
rimi, Fiime Norveg somonu, Raf 6mrii

Abstract:

The Sensory, Chemical and Microbiological
Quality of Makizushi Produced with Crab Surimi,
Lobster Surimi and Smoked Norway Salmon at 4
+1°C

In this study was determined of sushi’s sensory properties,
nutritional composition, TVB-N value, pH, water activity, co-
lor and microbiological quality produced with crab surimi,
lobster surimi and smoked Norway salmon. The highest pro-
tein value was determined smoked salmon sushi as 4.26%.
The TVB-N values were varied between 1.36 to 2.07
mg/100g in sushi’s produced with crab surimi, 1.37 to 1.39
mg/100g in sushi’s produced with lobster surimi and 2.06 to
2.78 mg/100 g in sushi’s produced with smoked salmon du-
ring storage. The pH values sushi’s produced with crab su-
rimi, lobster surimi and smoked Norway salmon were measu-
red as 5.33, 5.56 and 5.31 the first day of storage, respecti-
vely. These values decreased 4.49, 4.39 and 4.74 at the end of
the storage, respectively. The water activity values changed
between 0.958-0.973 all the groups. The L* values 43.94-
55.82, a" values 0.43- 1.99 and b" values between 2.85- 7.95
were determined all the groups. The highest and lowest mic-
robiological values in all the groups were found in the total
mesophilic aerobic bacteria as 2.61-5.44 log cfu/g, psycrop-
hile aerobic bacteria as 2.53-5.39 log cfu/g, total yeast-mold
as 2.52-5.44 log cfu/g and total coliform bacteria as 3-3.52
log cfu/g. The E. coli was not observed in the study. The
shelf-life of sushi produced with surimi and smoked salmon
was determined as 7 days.

Makizushi, Crab surimi, Lobster surimi, Smo-
ked Norway salmon, Shelf-life
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Giris

Susi, sirke ve ¢esitli lezzetlendiricilerle hazirlanan
piring karigimi ile ¢ogunlukla ¢ig su iriinlerinin
birlesiminden olusan geleneksel bir Japon yeme-
gidir (Atanassova ve ark., 2008). Biitiin balik tiir-
leri olmamakla birlikte, susi yapilirken balik ¢ig
olarak kullanilir. Diger igerikler pismis, haglan-
mis, sotelenmis ya da marine edilmis olabilmekte-
dir (Steften ve ark., 2010). Taze sebze olarak ice-
risinde salatalik, yesil sogan ve avakado kullanila-
bilmektedir (Hoel ve ark., 2015). Vejeteryan cesit-
lerinin yani sira ton baligi (¢esitli tiirler), somon,
yilan balig1 ve diger pek ¢ok balik tiirleriyle bera-
ber karides ve yengeg gibi tiirler ile tiiketime su-
nulabilmektedir. Susi tiiketimi Amerika ve diger
iilkelerde hizla artmakta ve 6zel restaurantlar ve
susi barlarm yam sira bakkal ve biifelerde de bu-
lunmaktadir (Corson, 2007; Burger ve ark., 2014).

Susi tipleri nigiri, maki ve temaki olmak tizere ti¢
ana gruba ayrilabilir. Nigirizusi genellikle ¢ig ba-
lik, somon yumurtalari, pismis karides ya da piring
iizerine dilimlenmis yumurta (pismis) olarak ser-
vis edilir vegift halinde tiikketime sunulur (Ano-
nim, 2016; Feng, 2012). Makizusi ayn1 zamanda
rulo susi olarak da bilinmektedir. Tasarim ve su-
num seklinin ¢ok yonliiliigii sebebiyle susi fanlar
arasinda ¢ok popiilerdir. Cig balik tiikketmekle ilis-
kili olarak fiziksel ya da psikolojik mide bulanti-
sin1 tamamen yok eden memnun edici bir lezzet
rulo malzemesinde birlestiginden dolay1 susi ye-
meye yeni baglayanlar 6zellikle maki rulolarini
cezbedici bulmaktadirlar. Makizusi piring ve yo-
sun (nori) ile sarilarak 6 ya da 8 lokma biiyiiklii-
giinde pargalara dilimlenmektedir. Ucgiincii tip
sugi‘temaki’ ya da ‘handroll’ olarak adlandiril-
maktadir. Temakizusi el ile kiilah seklinde saril-
maktadir. Genellikle biliylilk parca sebzeler ve
fiime somon igermektedir (Feng, 2012).

Susi genellikle yapildiktan hemen sonra servis
edilen bir gida iriiniidiir. Ancak yiiksek tiiketici
talebi nedeniyle endiistriyel iiretimin gerekli ol-
dugu distliniilmektedir (Simpson ve ark., 2008).
Literatiirde susinin raf omriiniin arastirildigi ¢ok
az sayida ¢alisma mevcuttur (Simpson ve ark.,
2008; Mol ve ark., 2014). Restaurantlar, oteller ve
siipermarketler gilinliik paketlenmis susi {iretimini
saglayabilmektedirler. Ancak benzin istasyonlar
ve perakendeciler gibi kiiciik satis noktalar1 giin-
liik {iretim saglayamamaktadir. Isvigre’de bir susi
iretim tesisinin giinliik 25.000-35.000 paket susi
urettigi bildirilmistir. Bu liretimde isleme sekline
gore raf 6mrii 3 giin ile 7 giin olan iki tip paketlen-
mis susi iiretildigi belirtilmektedir (Steffen ve ark.,

2010). Raf 6mrii ¢aligmalarinin az olmasinin yani
sira daha ¢ok susinin mikrobiyolojik kalitesinin
arastirildig1 ¢alismalara rastlanmistir (Muscolino
ve ark., 2014; Leisner ve ark., 2014; Migueis ve
ark., 2015; Lorentzen ve ark., 2012; Skjerdal ve
ark., 2014; Hoel ve ark., 2015).

Cesitli balik ve kabuklu tiirlerinden elde edildigin-
den dolay1 yiiksek oranda omega-3 iceren susinin
kan basincini diistirdiigii, viicuttaki kotii kolestrolii
azalttigi, hormon dengesi sagladigi, metaboliz-
may1 hizlandirdigy, sindirime yardimei oldugu ve
kemikleri ve bagisiklik sistemini giiclendirdigi be-
lirtilmektedir (Anonim, 2016a). Ayrica yapi-
minda kullanilan deniz yosununun (nori) yiiksek
miktarlarda kalsiyum, magnezyum, fosfor, demir,
iyot ve sodyum ile A, B1, C ve E vitaminlerini
icerdigi, kanserle savagmaya yardimei oldugu bil-
dirilmistir (Anonim, 1996).

Susinin besinsel degeri ve sagliga faydalarinin
yani sira civa zehirlenmesi ve biyolojik kontami-
nantlar gibi ciddi saglik tehlikeleri de olabilmek-
tedir. Susi tiiketicilerinin ¢ogunlukla balikla ilis-
kili olan biyolojik kontaminantlarla ilgili olarak
bilingli olmasi gerekmektedir. FDA’nm Gida Ka-
nunu goriiniiste kat1 bir dondurma y&netmeligine
sahip olmasina ragmen gergek uygulamalarda de-
niz mahsiilleri tesisleri ve susi restaurantlari sik-
likla teftis ve denetlemeye tabi tutulmalidir (Feng,
2012).

Ulkemizde susi son 15 yildir popiiler bir yiyecek
olmaya baglamistir ve biiyiik bir kitle tarafindan
benimsenmistir. Restaurantlar haricinde susi, pa-
ket servisler seklinde evlere siparis edilebilmekte-
dir. Ayrica evinde susi yapanlarin sayisinin arttigi
da bildirilmektedir (Anonim, 2011; Anonim,
2016b). Bu ¢alismada yengec surimi, istakoz su-
rimi ve flime somon ile hazirlanmig makizusinin 4
+1°C’de duyusal, kimyasal ve mikrobiyolojik ka-
litesi arastirilmis ve raf omrii belirlenmeye calisil-
migtir.

Materyal ve Metot

Calismada materyal olarak ticari bir firmadan te-
min edilen fiime Norve¢ somonu (Alfarm, Nor-
vec) yengec surimi (RedTiger Alimar, Tiirkiye) ve
istakoz surimi (RedTiger Alimar, Tiirkiye) kulla-
nilmigtir. Fiime Norve¢ somonu firmadan kuru
buz kullanilarak soguk zincir ile transfer edilmis-
tir. Somon o6rneklerindeki ¢esitli parazitler ve za-
rarli mikroorganizmalar gibi muhtemel riskleri
onlemek i¢in -22°C’de 7 giin depolanmustir (FDA,
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2011). Daha sonra 4 +1°C’de ¢ozdiiriilerek kulla-
nilmistir. Vakumlu surimi 6rnekleri ise 4°C’de de-
polanmiglardir. Susi i¢in kullanilan malzemeler-
den susi pirinci (Okomesan, 1kg) ve kurutulmus
susi yosunu (Kaitatuya Susi Nori- Purple, 50 yap-
rak) vakum paketli olarak temin edilmistir.

Susi pirinci, piring- su orani %2 olacak sekilde 15
dk haslanmis ve sogumaya birakilmistir. Tuz ve
seker piring sirkesi (Amoy, Hong Kong) ile karis-
tirtlarak eritilmis ve daha sonra soguyan pirince
ilave edilerek homojen bir sekilde karismasi sag-
lanmistir. Her bir grup i¢in toplamda 14.3g tuz,
13.45g seker ve 200 mL piring sirkesi kullanilmis-
tir. Susilerden fiime somon, yengeg surimi ve ista-
koz surimi kullanilarak ii¢ grup olusturulmustur.
Fiime somon seritler halinde dilimlenerek, surimi-
ler ise biitlin olarak kullanilmustir. Kurutulmus
susi yosunu susi sarma hasirmin iizerine serilmis
ve haglanmig piringler ince bir tabaka halinde yo-
sun iizerine yayilmistir. Her grup i¢in piring iize-
rine somon veya surimi yerlestirildikten sonra ha-
sir yardimiyla susi rulolar1 yapilmistir. Rulolar
yaklagik 2cm genisliginde kesildikten sonra hazir
yemek kapatma makinesinde (Cliopack/Clio06,
Germany), 30 p kalinlik, 2.5 g/m?/giin gegirgenlik
ve 85-140°C 1s1l yapisma sicakligina sahip seffaf
koex film (BOPP film) ile paketlenmistir (Polibak,
Izmir). Bir paket susi icerisinde ortalama 29.04
+0.17 g fiime somon, 47.20 £0.25 g yengeg surimi
ve 45.16 £1.06 g istakoz surimi kullanilmustir.
Tim gruplarda 1 paket igeriginin toplam agirlig
128 £2.20 g olarak dlgiilmiistiir.

Analizler i¢in susiler blendirda biitiin olarak yak-
lagik 5 dk homojenize edilmistir. Protein analizi
Kjeldahl yontemine (AOAC, 1980) gore, ham yag
tayini Bligh ve Dyer (1959)’a gore yapilmustir.
Kiil tayini ve nem analizi sirasiyla; AOAC (1984),
Ludorf ve Meyer (1973) metotlar1 esas alinarak
gerceklestirilmistir. Protein analizi 2 tekerriir 3 pa-
ralel, yag, nem ve kiil analizleri ise 2 paralel olarak
calisiimstir.

Toplam Ugucu Bazik Azot (TVB-N) analizi Anto-
nacopoulas tarafindan modifiye edilmis Liicke-

Geidel metoduna goére yapilmis ve sonuglar
mg/100g olarak verilmistir (Varlik ve ark., 1993;
Inal, 1992). pH analizi igin 2 g &rnek tartilmis ve
20 mL saf su ile homojenize edildikten sonra pH
metre (pH 3110 SET 2, Germany) ile dl¢tilmiistiir
(Curran ve ark., 1980). Su aktivitesi 6l¢limleri No-
vasina/ LabSwift ve renk 6l¢timleri ise Konica Mi-
nolta/CR-A33a marka cihaz ile dl¢tilmiistiir. Du-
yusal analizler i¢in 5 kisilik (bayan, 27-35 yas) pa-
nelist grup olusturulmus ve 6rnekleri 1-10 puan
arasinda degerlendirilmeleri istenmistir. Goriiniis,
koku, tat ve tekstiir tizerine yapilan puanlamalarda
4 puan alt1 ‘tiiketilemez’ kabul edilmistir (Plank,
1948).

Mikrobiyolojik analizlerde toplam mezofilik aero-
bik, toplam psikrofilik aerobik, toplam maya ve
kiif, toplam koliform bakteri ile E. coli analizi ger-
ceklestirilmistir. Toplam mezofilik ve psikrofilik
aerobik bakteri i¢in Plate Count Agar dokme plak
yontemine gore uygulanmis ve sirasiyla 28°C’de
3 giin ve 4 £1°C ‘de 10 giin inkiibe edilmistir. Top-
lam maya ve kiif i¢in Potato Dekstoz agar kullani-
larak, mezofilik aerobik bakteriler ile ayn1 sekilde
analizler gerceklestirilmistir (Goktan, 1990). Ko-
liform bakteriler i¢in Violet Red Bile Agar besi-
yeri yayma plak yontemine goére ekilmis ve
35°C’de 24 saat inkiibasyon saglanmistir (Gokalp
ve ark., 1999). E. coli i¢in VRBA’daki tipik kolo-
niler segilerek Tryptone Water agar tiiplerine ekim
yapilmis 35°C’de 24 saat inkiibe edildikten sonra
indol testi (Kovacsindol reaktifi, Merck) uygulan-
mistir (Thatcher ve Clark, 1973; Mukan ve Evliya,
2002). Verilerin istatistiksel olarak degerlendiril-
mesi Minitab 15 istatistik paket programinda ya-
pilmistir. Analizde tek yonlii varyans analizi
(ANOVA) uygulanmigtir. Onemlilik ~derecesi
p<0.05 olarak alinmustir.

Bulgular ve Tartisma

Yengec surimi, istakoz surimi ve flime somon ile
yapilan susilere ait protein, yag, nem ve kil deger-
leri Tablo 1’de verilmistir. Suginin besin degeri ile
ilgili literatiirde herhangi bir bilimsel kaynaga
rastlanilmamuistir.
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Tablo 1. Yengec surimi, istakoz surimi ve fiime Norveg¢ somonundan yapilmis susinin biyokimyasal
bilesimleri (%)

Table 1. The biochemical components of sushi produced with crab surimi, lobster surimi and smoked Norway
salmon

Yengec surimi Istakoz surimi Fiime somon

Protein (%) 3.43 £0.00° 3.73 £0.04™ 4.26 +0.13°
Yag (%) 0.10 +0.01° 0.11 £0.00? 0.38 +£0.00°
Nem (%) 56.35 +2.55° 49.57 +2.82° 56.33 +8.17°
Kiil (%) 1.15 +0.00° 1.25 +0.00° 0.93 £0.01°

*Ayni satirda farkli harflerle gosterilen degerler arasindaki fark dnemlidir (p<0.05). £std hata.

Calismamizda fiime somon ile yapilan susinin
protein degeri %4.26 olarak yengeg ve istakoz su-
rimi Orneklerine gore daha yiiksek bulunmustur
(p<0.05). Bunun nedeninin ticari olarak temin edi-
len suriminin yapimi sirasinda suda ¢dziiniir pro-
teinlerin kaybolmasiyla iligkili olabilecegi diisii-
niilmektedir. Yengecg ve istakoz surimiden yapilan
susi orneklerinin yag miktarlart oldukga diisiik ve
birbirine yakin bulunmustur (p>0.05). Fiime
somondan yapilan susinin yag oranit %0.38 olarak
tespit edilmistir. Yengeg, istakoz surimi ve flime
somondan yapilan susilerin nem degerleri sira-
styla; %56.35, %49.57 ve %56.33 olarak bulun-
mustur. Ayni sekilde kiil degerleri sirasiyla;
%1.15, % 1.25 ve % 0.93 olarak belirlenmistir.

Uriinlere ait TVB-N degerleri Sekil 1°de verilmis-
tir. TVB-N degeri her {i¢ grup suside de 10 giinliik
depolama siiresi boyunca siir degerlerin oldukca
altinda kalmistir. Depolamanin ilk giinii yengeg
surimili suside 1.36 mg/100g, istakoz surimili su-
side 1.37 mg/100g ve flime somonlu suside 2.06
olarak tespit edilmistir. Yapilan bir ¢aligmada susi
ve sasimi yapmak i¢in kullanilan somon baliginin
TVB-N degerleri arastirilmigtir. Buna gore bu de-
gerlerin 9.53 mg/100g ve 10.71 mg/100g oldugu
bildirilmistir (Rodriques ve ark., 2012). Bir baska
caligmada tiikketime hazir somon sasimiye ait
TVB-N degeri 18.24 mg/100 g olarak belirtilmis-
tir (Migueis ve ark., 2015). Caligmamizda TVB-N
degerlerinin diisiik olmasinin nedeninin susinin
igerisinde bulunan balik ve surimi miktarinin iirii-
niin tamamina kiyasla az olmasi ile ilgili oldugu
ve oransal olarak iirliniin TVB-N igerigini fazla et-
kilemedigi diisiintilmektedir.

Depolama siiresince tespit edilen pH degerleri Se-
kil 2’de verilmistir. Depolamanin ilk giiniinde
yenge¢ surimi, istakoz surimi ve fiime somondan

yapilan suginin pH degerleri sirasiyla; 5.33, 5.56
ve 5.31 olarak ol¢lilmiistiir. Bu degerler depolama
siiresince azalmig ve depolamanin son giinii olan
10. giinde sirasiyla; 4.49, 4.39 ve 4.74 degerlerine
diismiistiir. pH degerinin taze balik eti i¢in 6.0-6.5
arasinda, tiiketilebilirlik sinir degerinin ise 6.8-7.0
arasinda olmasina ragmen, bu degerin depolama
siiresine bagli olarak yavas yavas yiikseldigi ve
kesin bir kriter olmadig: bildirilmistir (Varlik ve
ark., 1993). Ayrica balik {iriinlerinin pH degerinin
farkli igeriklerle birlestiginde degisiklik gdsterebi-
lecegi belirtilmektedir (Metin ve ark., 2000; Mol,
2005; Mol ve ark., 2014). Calismamizda pH de-
gerleri 5.56 ile 4.36 arasinda degismistir. Susi ya-
piminda kullanilan piring ve sirkenin de pH dege-
rinin diismesinde etkili oldugu diigiiniilmektedir.
Ayni sekilde Mol ve ark. (2014) yaptiklar1 susi ¢a-
lismasindaki pH degerlerinin 5.2-5.7 arasinda de-
gistigini ve bunun nedeninin piring ve sirke kulla-
nimi ile ilgili olarak pH degerini diisiirdiigiinii bil-
dirmiglerdir. Bir bagka calismada tiiketime hazir
susi hazirlanirken buharda pisirilmis pirincin pH
degerinin sirke kullanilarak 4.5-4.9’a ayarlandigi
bildirilmektedir (Chen ve ark., 2003). Ideal olarak
gida giivenligi agisindan susinin asitlik (pH) dere-
cesi 4.6 ve asagis1 olarak kabul edilmektedir
(NSW, 2008).

Calismada kullanilan her ti¢ gruba ait su aktivitesi
(aw) degerleri Sekil 3’te gosterilmistir. Depolama-
nin ilk giinii yenge¢ surimiden yapilan susinin aw
degeri 0.963, istakoz surimiden yapilan suginin aw
degeri 0.958 ve fiime somondan yapilan susinin
aw degeri ise 0.969 olarak Ol¢iilmiistiir. Bu deger-
ler depolama sonunda sirasiyla; 0.967, 0.965 ve
0.973 olarak belirlenmistir. Istakoz surimili susi-
lerin aw degeri, nem degerleriyle paralel olarak di-
ger iki gruba gore daha diisiik bulunmustur.
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Sekil 1. Yengec surimi, Istakoz surimi ve fiime Norve¢ somonundan yapilmis susinin TVB-N
(mg/100g) degerleri. a,b: Grafikte diisey cubuklar arasinda farkli harflerle gdsterilen degerler
arasindaki fark 6nemlidir (p<0.05).: std hata.

Figure 1. The TVB-N values of sushi produced with crab surimi, lobster surimi and smoked Norway salmon
(mg/100g). a,b: The different letters beside the vertical bars in graph indicate the values are significant
(p<0.05).7= std error.
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Y: Yengeg surimili susi I: Istakoz surimili susi S: Somon (Fiime) susi

Sekil 2. Yengec surimi, Istakoz surimi ve fiime Norve¢ somonundan yapilmis susinin pH degerleri.
a,b: Grafikte diisey cubuklar arasinda farkli harflerle gosterilen degerler arasindaki fark
onemlidir (p<0.05).7: std hata.

Figure 2. The pH values of sushi produced with crab surimi, lobster surimi and smoked Norway salmon. The
different letters beside the vertical bars in graph indicate the values are significant (p<0.05). std er-
ror.
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Sekil 3. Yengeg surimi, Istakoz surimi ve fiime Norve¢ somonundan yapilmis susinin su aktivitesi
(aw) degerleri. a,b= Grafikte diisey ¢ubuklar arasinda farkli harflerle gésterilen degerler ara-
sindaki fark 6nemlidir (p<0.05).: std hata.

Figure 3. The water activity (aw) values of sushi produced with crab surimi, lobster surimi and smoked Norway
salmon. The different letters beside the vertical bars in graph indicate the values are significant

(p<0.05).7= std error.

Su aktivitesi baligin bozulmasi ve farkli mikroor-
ganizmalarin gelisiminde su aktivitesinin mikta-
rina bagl olarak 6nemli rol oynamaktadir. Su ak-
tivitesi 0.6 ‘da bakteri ve kiiflerin gelisimi 6nlene-
bilmektedir (Abbas ve ark., 2009). Ancak yapilan
bir galigmada susi pirincinin su aktivitesi 0.962
olarak bulunmustur (Leung, 2006). Lee ve Hea-
cock (2014) bu sonuca gore susi pirincinin mikro-
organizmalarin gelisimini inhibe etmede su aktivi-
tesinin 6nemli bir rol oynamadigini belirtmisler-
dir. Bir bagka ¢aligmada fermente piring ve tuzlan-
mis baligin su aktiviteleri ayr1 ayri 6l¢iilmiis ve pi-
rincin su aktivitesi 0.88, baligin su aktivitesi ise
0.90 olarak bildirilmistir (Kuda ve ark., 2009).
Avustralya’da susilerin kalitesinin arastirildigi bir
caligmada piring orneklerinin su aktivitesi deger-
lerinin 0.95 ile 1.00 arasinda degistigi belirtilmek-
tedir (NSW, 2008). Incelenen ¢alismalarda piring
ve balik i¢in su aktiviteleri ayr1 ayr verilmis olsa

da su aktivite degerlerinin ¢alismamizdaki susilere
ait degerler ile paralellik gosterdigi sdylenebilir.

Sekil 4’de yengeg ve istakoz surimili susiler ile so-
mon fiimeden yapilan susilere ait renk degerleri
verilmistir. Buna gore, L” degerleri tiim gruplarda
43.94-55.82, a" degerleri 0.43- 1.99 ve b*degerleri
2.85-7.95 arasinda degismistir. Istatistiksel olarak
her ii¢ gruba ait orneklerde depolama siiresince
glinler arasindaki fark oOnemli bulunmustur
(p<0.05).

Calismamizda elde edilen L" degerleri Mol ve ark.
(2014) benzerlik gosterirken, a* ve b" degerleri
daha diisiik bulunmustur. Bunun nedeninin galis-
mamizda renk degerlerinin homojenize 6rnekten
yapilmasindan kaynaklandigi sdylenebilir. Litera-
tiirde sugilerin homojenize edildikten sonra renk
degerlerinin Ol¢iildiigli bir ¢alismaya rastlanma-
migtir.
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Sekil 4 (A, B, C). Yengeg surimi, Istakoz surimi ve fiime Norveg somonundan yapilmis susinin renk
(L,a,b) degerleri. a,b= Grafikte diisey ¢ubuklar arasinda farkli harflerle gosterilen
degerler arasindaki fark 6nemlidir (p<0.05).7 std hata.

Figure 4 (A, B, C). The color values (L,a,b) of sushi produced with crab surimi, lobster surimi and smoked
Norway salmon. The different letters beside the vertical bars in graph indicate the values
are significant (p<0.05).: std error.
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Yengec ve istakoz surimili susi ile flime somon-
dan yapilan susilere ait duyusal analiz tablo 2°de
verilmistir. Depolamanin 1. giiniinde goriiniis, tat
ve tekstiir agisindan en yliksek puanlarla degerlen-
dirilen grup yenge¢ surimiden yapilan susi olarak
belirlenmistir. Genel olarak koku puanlar1 fiime
somonlu susi grubunda diger gruplara gére daha
yiiksek bulunmustur. Depolamanin son giinii olan
10. giinde tiim gruplarda puanlar tiiketilebilirlik s1-
nir degerinin altinda tespit edilmistir. Panelistler
riinii tiiketmeyi reddettiginden 10. giin tat puan-
lar1 degerlendirilmemistir. Calismamizda 3 giinde
bir yapilan analizler sebebiyle duyusal agidan bo-
zulma zamani 10. glin olarak belirlenmistir. Ancak
puanlamalar dikkate alindiginda hijyen kurallarina
dikkat edilerek yapilmis susilerin buzdolab1 kosul-
larinda (4 £1°C) 7. giinden sonra tliketilmemesi
tavsiye edilebilir.

Mol ve ark. (2014) modifiye atmosfer kullanarak
paketledikleri susilerin genel duyusal puanlarini
depolamanin 2. giinde kontrol grubunda 4.96,
%350 N2/%50 CO, oranlarinda modifiye atmosferle
paketlenen grupta 5.23 ve %100 CO; ile paketle-
nen grupta ise 6.04 olarak bildirmislerdir. Depola-
manin 2. giiniinde kontrol grubu bozulmus gorii-
niirken, 3. giiniinde ise modifiye atmosferli her iki
grup duyusal agidan bozulmus olarak belirtilmis-
tir. Ancak farkli modifiye atmosfer gazlar1 kulla-
nilarak, iistiin hijyen ve dezenfeksiyon kurallar1 ile

yapilan bir baska ¢alismada susinin raf dmrii 7 giin
olarak belirtilmistir. Ayni ¢alismada modifiye at-
mosfer uygulanmaksizin paketlenen susilerin raf
omrii ise 3 giin olarak bildirilmistir (Steffen ve
ark., 2010). Bir baska kaynakta susi tiirlerinin raf
Omriiniin buzdolabinda depolamada (4°C) 3 giin
oldugu ifade edilmistir (Cakli, 2008). Caligma-
mizda hijyen kurallarina dikkat edilerek yapilan,
hazir yemek paketleme makinesinde paketlenen
ve 4 +1°C’de depolanan susilerin duyusal raf
omrii 7 giin olarak belirlenmistir. Diger ¢aligma-
lara gore raf dmriiniin farkli ¢ikmasinin susilerin
yapiminda kullanilan surimilerin ¢esitli koruyucu
maddeler igermesi (tuz, sorbitol, sodyum polifos-
fat) ve somon baliginin ise flime islemine tabi tu-
tulmus olmas: ve tuz gibi koruyucular igermesi ile
ilgili oldugu diigtiniilmektedir.

Cig balik temelli yemeklerin tiiketiminin artma-
styla gida giivenligi endiseleri de buna eslik et-
mektedir. Susinin ¢esitli bilesenlerden olusmasi
onu hijyenik ve teknolojik olarak zor bir {irlin ha-
line getirmektedir. Isleme sirasinda (fileto ¢1-
karma, dilimleme) kontamine olmus ¢ig balik bak-
teri gelisimi i¢in mitkemmel bir ortamdir. Susinin
hazirlanmasinda ¢ogunlukla el kullanilir. Ciplak el
temast en biiylik gida giivenligi endisesidir ¢iinkii
susiyi yapan kigiden kontaminasyon riski tagimak-
tadir (Hoel ve ark., 2015).

Tablo 2. Yengec surimi, istakoz surimi ve fiime Norve¢ somonundan yapilmis susinin duyusal analiz

sonuglari
Table 2. The sensory analysis results of sushi produced with crab surimi, lobster surimi and smoked Norway
salmon
1.giin 4.giin 7.giin 10.giin
Y 9.1+0.35% 7.5+£0.248%  5.540.14%® 3.2+0.22P2
Goriniis 1 8.7+0.48"° 7240228 54+0.16%* 2.940.16
S 840.54%% 6.4+0.29%  6+0.24% 2.5+0.14%
Y 10+0.00%? 6.4+0.16%°  5.8+0.10%* 3.2+0.10"°
Koku [ 10+0.35% 5.7£0.108¢  5.2+0.10% 1.7+0.22¢°
S 10+0.354 7.8+0.108  5.840.22¢* 3.7+0.22P2
Y 9.2+0.334 7.141.425®  6.2+0.11¢° *
Tat [ 8.9+0.35% 6.1+£0.16%°  5.3+0.105 *
S 940.50%¢ 6.4+0.16%*  5.3+0.10% *
Y 10+0.00%? 7.4+0.16%*  6.1+0.26%* 3.4+0.16"°
Tekstir 1 9.6+0.35% 7.240.22%  5.3+0.10%° 2.4+0.14"°
S 9.1+0.494¢ 7.4+0.16%  6.5+£0.145 3.440.16%*

Y: Yengec surimili susi  I: Istakoz surimili susi

S: Somon (Fiime) susi

*(—) A, B, C: Ayni satirda farkli harflerle gosterilen giinler arasindaki farklar 6nemlidir (p<0.05)
*(]) a,b,c: Aynu siitunda farkli harflerle gosterilen grup ortalamalar1 arasindaki farklar 6nemlidir (p<0.05). + std

hata.
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Tablo 3. Yengeg surimi, istakoz surimi ve flime Norve¢ somonundan yapilmis susinin toplam mezofilik
aerobik ve psikrofil aerobik bakteri sonuglari

Table 3. The total mesophilic aerobic and psycrophile aerobic bacteria results of sushi produced with crab surimi,
lobster surimi and smoked Norway salmon
Giin TMAB TPAB
(log kob/g) (log kob/g)
Y I S Y I S
1 3.26 £0.03° 2.61 £0.03* 2.84 £0.03? <10 kob <10 kob <10 kob
log kob/g log kob/g log kob/g
4 4.22 £0.01° 3.95+0.00° 2.93£0.01* <10 kob <10 kob 2.53+0.00
log kob/g log kob/g log kob/g log kob/g
7 4.25 +0.00* <10 kob 4.41 £0.03* <10 kob <10 kob 4.24 £0.01
log kob/g log kob/g log kob/g
10 4.44 £0.00* <10 kob 5.44+0.01°  3.98+0.09° <10 kob 5.39 +0.02°
log kob/g log kob/g log kob/g log kob/g

Y: Yengeg surimili susi  I: Istakoz surimili susi ~ S: Somon (Fiime) susi
*Ayni satirda farkls harflerle gosterilen degerler arasindaki fark dnemlidir (p<0.05).% std hata.
TMAB: Toplam Mezofilik Aerobik Bakteri, TPAB: Toplam Psikrofil Aerobik Bakteri

Tablo 4. Yengeg surimi, istakoz surimi ve flime Norve¢ somonundan yapilmig suginin toplam maya-
kiif, toplam koliform ve E.coli sonuglari

Table 4. The total yeast-mold, total coliform and E. coli results of sushi produced with crab surimi, lobster surimi
and smoked Norway salmon

Giin TMK TK E. coli
Y I S Y I S Y i S
1 <10 kob <10 kob 2.52 £0.00 <10 kob <10 kob <l0kob - - -
log kob/g
4 4.02+0.00° 3.21+0.01° 2.57+0.01* 3.36 +0.06 3+0.17° <l0kob - - -
log kob/g log kob/g log kob/g log kob/g log kob/g
7 <10 kob <10 kob 4.35 £0.02 <10 kob <10 kob 3.52+0.01 - - -
10 3.81+0.36° <10 kob 5.44 £0.01* <10 kob <10 kob <10 kob ; ;
log kob/g log kob/g

Y: Yengeg surimili susi  I: Istakoz surimili susi ~ S: Somon (Fiime) susi
* Ayni satirda farkli harflerle gdsterilen degerler arasindaki fark dnemlidir (p<0.05).+ std hata.
TMK: Toplam Maya-Kiif, TK: Toplam Koliform, (-): Rastlanmadi.

polama siiresince toplam maya- kiif ve toplam ko-

Calismada elde edilen toplam mezofilik aerobik
bakteri ve toplam psikrofil aerobik bakteri sonug-
lar1 Tablo 3’de gosterilmistir. Yengeg surimili ve
fiime somon susi gruplarinda toplam mezofilik ae-
robik bakteri sayilar1 sinir deger olan 6 log cfu/g
degerini agmamistir. Depolamanin 7. ve 10. giin-
lerinde istakoz surimili grupta toplam mezofilik
bakteri tespit edilmemistir. Ayni sekilde istakoz
surimili grupta depolama siiresi boyunca toplam
psikrofil aerobik bakteriye rastlanmamustir.

Toplam maya-kiif, toplam koliform bakteri ve E.
coli’ye ait degerler Tablo 4’de gosterilmistir. De-

liform bakteriler tiiketilebilirlik sinir degerler ice-
risinde kalmustir. E. coli ise tespit edilmemistir.

Mikroorganizmalarin gelisimini ve aktivitesini be-
lirleyen 6nemli faktdrlerden biri pH' dir. Bazi mik-
roorganizmalar pH=4.0' {in altinda gelismekle bir-
likte biiyiik bir kismi1 en iyi pH=7.0 (6.6-7.5) civa-
rinda gelismektedir (Ayhan, 2000). Yapilan mik-
robiyolojik analizlerde iireme goriilmeyen giin-
lerde pH degerinin genellikle 4.50° nin altinda ol-
dugu gorilmiistiir. Toplam mezofilik aerobik, top-
lam psikrofil aerobik, maya ve kiif ile toplam ko-
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liform bakterilerinin gelisiminin {ireme goriilme-
yen giinlerde asitlik degerinin artmasiyla baskilan-
dig1 diistintilmektedir.

Lorentzen ve ark., (2012) yaptiklari ¢alismada ni-
girizugide Listeria monocytogenes gelisimini in-
celemisglerdir. Kullanilan susi pirincinin pH dege-
rinin 4.23 oldugunu ve nigirizuside balik etindeki
pH degerini diisiirdiiglinii belirtmislerdir. Sonug
olarak, susi pirincinin balik etindeki pH degerini
diistirmesiyle nigirizusideki mikroorganizmalarin
yasama yeteneginin azalmasina sebep olduguna
inandiklarini bildirmiglerdir. Ayni kaynakta ayrica
diisiik pH nedeniyle asidik pirincin mikrobiyolojik
gelisme i¢in iyi bir substrat olmadigi ancak fer-
mente karbonhidratlar igerdiginden dolay1 laktik
asit bakterilerinin gelisimini tesvik edebildigi bil-
dirilmistir (Lorentzen ve ark., 2012; Hoel ve ark.,
2015).

Sonuc¢

Bu galigmada yengec surimi, istakoz surimi ve
fiime Norve¢ somonundan yapilan susilerin duyu-
sal 6zellikleri ile besin kompozisyonu, TVB-N de-
geri, pH, su aktivitesi, renk ve mikrobiyolojik ka-
litesi incelenmistir. Sonug olarak; TVB-N, su ak-
tivitesi ve renk degerlerinin suginin raf dmriinde
6nemli belirleyiciler olmadigi ancak pH degerinin
mikrobiyolojik kaliteyi etkilemesinden dolay1 susi
icin 6nemli bir kalite parametresi oldugu sdylene-
bilir. Calismada 4 £1°C’de yengeg surimi, istakoz
surimi ve flime somondan yapilan susilerin duyu-
sal olarak raf 6mrii 7 giin olarak tespit edilmistir.

Kaynaklar

Abbas, K.A., Saleh, A.M., Mohamed, A. & Lase-
kan, O. (2009). The relationship between
water activity and fish spoilage during cold
storage: A review. Journal of Food, Agricul-
ture & Environment, 7 (3-4), 86-90.

Anonim (1996). Subdance natural foods online,
Neptune’s Garden: Vegetables of the sea,
(1996, 23 Mayis). http://mem-
bers.efn.org/~sundance/Seaweed.html  (eri-
sim tarihi:20.04.2016).

Anonim (2011). http://www.gurmereh-
beri.com/yemek-kulturu/gurmelerden/turki-
yede-en-cok-sevilen-susi-california-roll/
(erigim tarihi: 14.04.2016).

Anonim (20164a). https://www.organic-
facts.net/health-benefits/other/sushi.html
(erigim tarihi:10.04.2016).

Anonim (2016b). http://www.kikko-
man.com.tr/tueketici/kikkoman-duenvyasi/il-
ham-k/japon-klasigi-susi/ (Erigim Tarihi:
10.03.2016).

Anonim (2016). The way of sushi. http:/www.fal-
lenone.net/historyl.html  (erisim tarihi:
14.04.16).

AOAC (1980). Official Methods of Analysis of
the Association of Official Analytical Che-
mists, in Horwittz W (Ed.), 13th Edition, p.
125, Washington DC.

AOAC (1984). Official Methods of Analysis of
the Association of Official Analytical Che-
mists. 14th edition. Washington, DC. ISBN
10: 0935584242

Atanassova, V., Reich, F. & Klein, G. (2008).
Microbiological quality of sushi from sushi
bars and retailers. Journal of Food Protec-
tion, 71, 860-864.

Ayhan, K. (2000). Gidalarda mikroorganizma ge-
lismesini etkileyen faktorler. In Akgelik
M., Ayhan K., Cakir I., Dogan H.B., Giirgiin
V., Halkman A.K., Kaleli D., Kuleasan H.,
Ozkaya D.F., Tunail N., Tiikel C. (Ed.), Gida
Mikrobiyolojisi ve Uygulamalari. Ankara
Universitesi Ziraat Fakiiltesi Gida Miihendis-
ligi Bolimii Yaymi. Sim Matbaasi, 522 s.
Ankara.

Bligh, E.G. & Dyer, W.J. (1959). A rapid method
of total lipid extraction and purification. Ca-
nadian Journal of Biochemistry and Physio-
logy, 37,911-917.

Burger, J., Gochfeld, M., Jeitnera, C., Donio, M.
& Pittfielda, T. (2014). Sushi consumption
rates and mercury levels in sushi: ethnic and
demographic differences in exposure. Jour-
nal of Risk Research, 17(8), 981-997.

Chen, S.C., Lin, C.A., Fu, A.H. & Chuo, Y.W.
(2003). Inhibition of Microbial Growth in
Ready-to-eat Food Stored at Ambient Tem-
perature by Modified Atmosphere Packa-
ging, Packaging Technology and Science, 16,
239-247.

Corson, T. (2007). The Zen of Fish: The Story of
Sushi, from Samuraito Supermarket. New
York:  Harper Collins. ISBN  13:
9780060883508

Curran, C.A., Nicoladies, L., Poulter, R.G. & Pors,
J. (1980). Splipidage of fish from Hong Kong




Journal of Food and Health Science

Corapgi and Giineri, 2(4): 159-170 (2016)

Journal abbreviation: J Food Health Sci

at different storage temperatures. Trop. Sci.,
22,367-382.

Cakly, S. (2008). Su Uriinleri isleme Teknolojisi 2
(Alternatif Su Uriinleri Isleme Teknolojileri),
Ege Universitesi Yaynlari, Su Uriinleri Fa-
kiiltesi Yayin No:77. Bornova-izmir. ISBN
978-975-483-762-9

Feng, C.H. (2012). The Tale of Sushi: History and
Regulations. Comprehensive Reviews in
Food Science and Food Safety, 11, 205-220.

Gokalp, H.Y., Kaya, M., Zorba, O. & Tiilek, Y.
(1999). Et ve Uriinlerinde Kalite Kontrolii ve
Laboratuar Uygulama Kilavuzu. Atatiirk
Universitesi Ziraat Fakiiltesi Yaym No: 318,
Erzurum, Ders Kitabi, 69s.

Goktan, D. (1990). Gidalarin Mikrobiyal Ekolo-
jisi. Ege Universitesi, Miihendislik Fakiiltesi
Yaymn No: 21, Ege Universitesi Basim Evi,
Izmir, 292s. ISBN 975-483-055-X

Hoel, S., Mehli, L., Bruheim, T., Vadstein, O. &
Jakobsen., A.N. (2015). Assessment of Mic-
robiological Quality of Retail Fresh Sushi
from Selected Sources in Norway. Journal of
Food Protection, 78, 5, 977-982.

Inal, T. (1992). Besin Hijyeni Hayvansal Gidala-
rin Saglik Kontroli. 2. Baski, final ofset A.S.
Istanbul,783s.

Kuda, T., Tanibe, R., Mori, M., Take, H., Michi-
hata, T., Yano, T., Takahashi, H. & Kimura,
B. (2009). Microbial and chemical properties
of aji-no-susu, a traditional fermented fish
with rice product in the Noto Peninsula, Ja-
pan. Fisheries Science, 75, 1499-1506.

Lee, C.J., Heacock, H. (2014). Safety and pH Me-
asurements of Sushi Rice in Japanese Resta-

urants in Buma by BC, Canada.
http://www.ncceh.ca/sites/default/fi-
les/BCIT-Lee-2014.pdf  (Erisim  Tarihi:
19.04.2016)

Leisner, J., Lund, T.B., Frandsen, E.A., Ander-
sen, N.B.E., Fredslund, L. & Nguyen,

V.P.T., Kristiansen, T. (2014). What consu-
mers expect from food control and what they
get-A case study of the microbial quality of
sushi bars in Denmark. Food Control, 45, 76-
80.

Leung, S. (2006). How safe it is tostore sushi rice
at room temperature? British Columbia Insti-
tute of Technology. Unpublished Research
Project.

Lorentzen, G.,Wesmajervi Breiland, M.S., Coo-
per, M. & Herland, H. (2012). Viability of
Listeria monocytogenes in an experimental
model of nigiri sushi of halibut (Hippoglos-
sus hippoglossus) and salmon (Salmo salar).
Food Control, 25, 245-248.

Ludorff, W. & Meyer, V. (1973). Fishe und fisher-
zeuge, Z. Auflage, Verlag Paul Parey, Berlin.

Metin, S., Erkan, N. & Varlik, C., Ozden, O., Bay-
gar, T., Kalafatoglu, H., Gun, H. (2000). Inf-
luence of modified atmosphere packaging on
shelf life of fish-salami, Fleischwirtschaft In-
ternational, 4, 49-51.

Migueis, S., Santos, C., Saraiva, C. & Esteves, A.
(2015). Evaluation of ready to eat sashimi in
northern Portugal restaurants. Food Control,
47, 32-36.

Mol, S., (2005). Preperation and shelf life assess-
ment of ready-to-eat fish soup. European
Food Research and Technology, 220, 305-
308.

Mol, S., Ucok Alakavuk, D. & Ulusoy, S. (2014).
Effects of modified atmosphere packaging on
some quality attributes of a ready-to-eat sal-
mon sushi. Iranian Journal of Fisheries Sci-
ences,13(2), 394-406.

Mukan, M. & Evliya, B. (2002). Adana piyasa-
sinda tiiketime sunulan sade-kaymakli don-
durmalarin mikrobiyolojik kalitelerinin tiike-
tici saglig1 agisindan degerlendirilmesi. Gida,
27 (6): 489-496.

Muscolino, D., Giarratana, F., Beninati, C. & Tor-
nambene, A., Panebianco, A., Ziino, G.
(2014). Hygienic-sanitary evaluation of sushi
and sashimi sold in Messina and Catania,
Italy. Italian Journal of Food Safety, 3, 1701.

NSW (New South Wales) Food Authority. (2008,
Temmuz). Report on food handling practices
and microbiological quality of sushi in Aust-
ralia. http://www.foodstandards.gov.au/pub-
lications/Pages/reportonfoodhand-
ling4154.aspx (Erisim Tarihi: 21.04.2016).

Plank, R.P. (1948). A rational method for grading
food quality. Food Technology, 2: 241-251.




Journal of Food and Health Science

Corapgi and Giineri, 2(4): 159-170 (2016)

Journal abbreviation: J Food Health Sci

Rodrigues, B.L., Santos, L.R., Marsico, E.T., Ca-
marinha, C.C., Mano, S.B. & Junior, C.A.C.
(2012). Physical-chemical quality of fish
used for making sushi and sashimi tuna and
salmon marketed in Rio de Janeiro, Brazil.
Semina: Ciéncias Agrérias, 33(5), 1847-
1854.

Simpson, R., Carevic, E., Pinto, M. & Cortes, C.
(2008). Development of Frozen Sushi: Opti-
mization and Shelf Life Simulation. Journal
of Food Processing and Preservation,32,
681-696.

Skjerdal, T., Reitehaug, E. & Eckner, K. (2014).
Development of performance objectives for
Listeria monocytogenes contaminated sal-
mon (Salmo salar) intended used as sushi and
sashimi based on analyses of naturally conta-
minated samples. International Journal of
Food Microbiology, 184, 8-13.

Steffen, H., Duerst, M. & Rice, R.G. (2010). User

experiences with ozone, elektrolytic water
(active water) and UV-C light (Ventafresh
Technology) in production processes and for
hygiene maintenance in a Swiss sushi fac-
tory. Ozone: Science and Engineering, 32,
71-78.

Thatcher, A.J. & Clark, D.S. (1973). Microorga-

nisms in Foods: Their Significance and Met-
hods of Enumeration, Univ.08. Toronto
Press, Canada.

Varlik, C., Ugur, M., Gokoglu, N. & Giin, H.

(1993). Su fiiriinlerinde kalite kontrol ilke ve
yontemleri. Gida Teknolojisi Dernegi Yayin
No: 17, Ankara, 174 s.



2(4): 171-183 (2016)

doi: 10.3153/JFHS16018

Journal of Food and Health Science

E-ISSN 2149-0473

REVIEW ARTICLE

DERLEME MAKALESI

ET ve ET URUNLERINDE PROTEIN OKSIDASYONU

Ash ZUNGUR BASTIO(}LUI, Meltem SERDARO(}LUz, Berker NACAK?
! Adnan Menderes Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi Boliimii, Aydm, Tiirkiye

2Ege Universitesi, Miithendislik Fakiiltesi, Gida Miihendisligi Boliimii, Bornova/izmir, Tiirkiye

Received: 27.05.2016
Accepted: 19.08.2016
Published online: 25.08.2016

Corresponding author:

Meltem SERDAROGLU, Ege Universitesi, Mﬁhendis}ik
Fakiiltesi, Gida Miihendisligi Boliimii, 35100 Bornova/lz-
mir, Tiirkiye

E-mail: Meltem.serdaroglu@ege.edu.tr

Oz:

Et ve et iirlinleri biinyesinde barindirdiklar1 yiiksek
besleyici bilesenler nedeniyle saglikli ve dengeli
beslenmede 6nemli yer tutmaktadir, ancak igleme ve
depolama sirasinda kalite ve kabul edilebilirligini sinir-
layan 6nemli degisikliklerden biride lipit ve protein
oksidasyonudur. Et ve et iriinlerinde oksidasyon, geri
doniisiimii olmayan kimyasal degisimlere neden olarak
kaliteyi olumsuz yonde etkilemektedir. Protein
oksidasyonu reaktif oksijen tiirleri ile gelisen dogrudan
reaksiyonlar veya oksidatif stres sonucu olusan ikincil
iriinler ile dolayli reaksiyonlar nedeniyle proteinlerin
yapisindaki degisimler olarak tanimlanabilir. Et ve et
iirinlerinde gelisen protein oksidasyonu proteinlerin
yapisal Ozelliklerinde degisimlere neden olarak pro-
teinlerin  biyoyararliliginda dolayisiyla  besleyici
degerinde azalmaya ve iiriinlerde arzu edilmeyen kalite
problemlerine neden oldugu gibi, potansiyel toksik
bilesiklerin olusumuyla gida giivenligi agisindan da
risk olusturmaktadir. Bu derlemede et ve et {iriinle-
rinde meydana gelen protein oksidasyonu hakkinda
kisaca bilgi verilmistir.

Anahtar Kelimeler: Oksidasyon, Protein oksidasyonu,
Et tirtinleri, Sosis, Et kalitesi

Abstract:
Protein Oxidation in Meat and Meat Products

Meat and meat products are essential components of the
diet which supply valuable amounts of the nutrients ne-
eded for a healthy, balanced diet. Oxidation of lipid and
proteins during storage and processing is recognized as
a major cause of limitiation of quality and acceptability
of the products. Protein oxidation is defined as the mo-
dification of a protein structure induced by the direct
reactions with reactive oxygen species (ROS) or indi-
rect reactions with secondary products of oxidative
stress. Protein oxidation in meat and meat products can
chance protein stucture and these changes can be invol-
ved bioavailability, nutritive value and meat quality,
besides produce a risk in food security by potential
toxic compounds. In this review basic principles of pro-
tein oxidation and the implications of protein oxidation
in meat and meat produtcs were discussed.

Keywords: Oxidation, Protein oxidation, Meat pro-
ducts, Sausage, Meat quality
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Giris

Protein oksidasyonu genel anlamiyla, OH", H,O,
gibi reaktif oksijen tiirleri (ROT) ile dogrudan
veya oksidatif stresin ikincil {iriinleri ile reaksi-
yonlar sonucu dolayli olarak indiiklenen, protein-
lerin kovalent modifikasyonu olarak tanimlan-
maktadir (Shacter, 2000; Giilbahar, 2007). Reaktif
oksijen tiirlerinin olusumuna neden olan tiim reak-

siyonlar ve ajanlar protein oksidasyonuna yol aga-
bilir (Berlett ve Stadtman, 1997).

Kas proteinleri serbest radikal olusturan sistem-
lere yakin olmasi nedeniyle oksidasyona karsi du-
yarlilik gdstermektedir. Proteinlerde meydana ge-
len oksidatif degisimler lipit oksidasyonunda ol-
dugu gibi zincir reaksiyonlar1 seklinde belirli bir
sirada olmaktadir. Oncelikle reaktif oksijen tiirleri
ile protein ana yapisinin reaksiyonu sonucunda ya-
pida bulunan amino asidin a karbonundan bir H
atomunun OH’e baglanarak ayrilmast ve H,O
molekiilii olusturmasi ile baglar (Stadtman ve Le-
vine, 2003). H atomunun OH ’ne baglanarak ay-
rilmasi1 karbon merkezli radikalin olusumuna ne-
den olur ve olusan bu radikal, oksijen varliginda
hizlica peroksit radikaline doniigiir. Olusan bu pe-
roksit radikalleri hizl1 bir sekilde baska bir mole-
kiilden hidrojen atomu alarak protein hidroperok-
sitlerini ve yeni bir protein radikalini olustururlar.
Olusan protein hidroperoksit radikallerinin parca-
lanmasi ile baz1 amino asit kalintilar1 karbonil tii-
revine doniisiirler (Sekil 1).

Protein oksidasyonu sirasinda meydana gelen re-
aksiyonlar karbon merkezli radikale oksijenin ek-
lenmesine baglidir, ancak oksijen varliginda iler-
leyen bu ileri reaksiyonlar HO," disinda Fe* ara-
ciliginda da indiiklenebilmektedir.

PH 4+ OH - P - +H,0 (1)
P-+0,- P00 (2)
POO - +PH — POOH + P - (3)

2P00 - 2P0+ 0, (4)
2P00 - +HO *-» PO+ +0,- +HO - (5)
Sekil 1.Protein oksidasyon reaksiyonlar1 (Neuzil
vd. 1993)
Figure 1. Protein oxidation reactions (Neuzil et al.,
1993)

Proteinlerin oksidasyonu sonucunda meydana ge-
len degisimler yeni reaktif tiirlerin olusumu, fazla
miktarda radikal olusumu ve zincir reaksiyonu
seklinde ilerleme, protein ya da amino asitlerde
cokelme, proteinin dogal katlanmasinin bozulmasi

veya konformasyon degisimi, yapisal bozulmaya
bagli islevsel kayip, enzim gibi islevsel proteinle-
rin sayisiin degismesi, gen diizenlenmesinin ve
ifadesinin degisimi, hiicre sinyal yollarinda modi-
fikasyon, capraz baglanmalar, yanls katlanmalar,
hidrofobik yapida degisiklikler, proteinlerin kata-
litik aktivitelerinde kayip ve proteolitik parcalan-
maya kars1 duyarlilikta artig olarak siralanabilir
(Zirlin ve Karel, 1969; Neuzil vd., 1993;
Stadtman, 1990; Martinaud vd., 1997; Hawkins ve
Davies, 2001; Quali 1992). Proteinlerin ROT veya
oksidatif stresin ikincil {iriinleri ile reaksiyonu,
karbonil gruplarina sahip protein tiirevlerinin olu-
sumuna neden olabilir (Levine vd., 1990; Meucci
vd., 1991, Liu vd., 2000). Bunlara ek olarak pro-
teinlerde yer alan siilfidril gruplarinin oksidas-
yonu ile proteinin kendi iginde ve diger protein-
lerle aralarinda c¢apraz disiilfit baglar1 olusarak
proteinlerin bu sekilde 1s1l kararliliginda ve ¢ozii-
niirliiklerinde azalmalar olmaktadir. Ayrica prote-
inde glutation, sistein veya diger diisiik molekiil
agirlikli merkaptanlarla karigik disiilfit baglar
olusturulur (Stadtman, 1990).

Et ve Et Uriinlerinde Protein Oksidasyonu

Kas dokunun 6nemli bileseni olan proteinler sag-
likl1 ve dengeli diyetin 6nemli bilesenleri olmanin
yani sira, et ve et Uiriinlerinde duyusal ve teknolo-
jik kalite lizerinde 6nemli etkilere sahiptir (Fried-
man, 1996). Etin depolanmasi ve islenmesi sira-
sinda lipitlerde ve proteinlerde 6nemli degisiklik-
ler s6z konusudur. Oksidasyon, gidalarin islen-
mesi ve depolanmasi sirasinda gelisen ve kaliteyi
olumsuz etkileyen 6nemli degisikliklerden biridir.
Kasli gidalarda kalite kaybina neden olan oksidatif
zararin daha ¢ok lipit kaynakli oldugu diisiiniilerek
bu konuda yogun caligmalar yapilmistir. Ancak
proteinlerin de lipitler gibi oksidasyon reaksiyon-
larinda substrat oldugunun anlasilmasiyla birlikte
biyolojik sistemlerde geligsen protein oksidasyonu
yaklagik 50 yildir gesitli ¢aligmalara konu olmus
ve proteinlerde gelisen oksidatif tahribat ile yas-
lanmadan kaynaklanan hastaliklar arasindaki iligki
ortaya konulmustur (Zhang vd., 2013). Gida pro-
teinlerinde reaktif oksijen kaynaklariyla gelisen
protein oksidasyonu konusundaki c¢aligsmalar ise
ilk kez 1990’11 yillarda baslatilmigtir. Yapilan ¢a-
lismalarda proteinlerde oksidasyon reaksiyonlari
sonucunda olusan degisiklikler; denatiirasyon,
proteinlerin dogal dordiinciil yapilarindaki kayip,
endojen ve eksojen enzimlerle gerceklesen hidro-
litik par¢alanma reaksiyonlarinin (proteoliz) sinir-
lanmasi olarak siralanabilir.
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Etin iglenmesi sirasinda sogutma, dondurma, kiir-
leme ve 1s1l islem gibi uygulamalar proteinlerin fi-
ziko-kimyasal oOzelliklerini, dolayisiyla amino
asitlerin biyoyararlilhigmi etkileyebilir. Et ve et
tiriinlerinde depolama ve igleme sirasinda protein
oksidasyonuna agik kosullar olustugu; okside li-
pitler, metal iyonlar1 ve diger pro-oksidan ajanla-
rin varligiyla gelisen oksidasyon ile birlikte et ka-
litesinde de olumsuz degisiklikler oldugu ortaya
konulmustur (Xiong ve Decker, 1995; Estévez
vd., 2008).

Miyofibriler proteinlerin oksidasyonu sonucunda
elzem amino asit miktarindaki ve proteinlerin sin-
direbilirligindeki azalmaya bagli olarak iirliniin
besin degerinde kayiplar meydana gelmektedir
(Xiong, 2000). Bunlara ek olarak et ve et {iriinle-
rinde protein oksidasyonuna bagli olarak iiriinde
renk ve tekstiir gibi kalite parametrelerinde de is-
tenmeyen degisikliklerin oldugu bulgulanmistir
(Estévez vd., 2005b)

Et ve et iirlinlerinde lipit oksidasyonu ve protein
oksidasyonunun mekanizmasi ve reaksiyon yollar
fakli olmakla birlikte iki mekanizma birbiriyle
iliskilidir, iki mekanizmada benzer pro-oksidan
ve antioksidanlardan etkilenir (Estevez vd.,
2008b). Calismalar protein oksidasyonunun lipit
oksidasyonuna benzer olarak serbest radikal zincir
reaksiyonlari ile gelistigini gostermektedir. Pro-
tein oksidasyonu oldukga karmasik bir fenomen-
dir, oksidasyonun yollar1 ve oksidasyon iiriinleri
protein oksidasyonunun gerceklesme sekline gore
farklilik gosterir. Protein oksidasyonundaki kar-
magsiklik ve protein oksidasyon iirlinlerinin ¢esitli-
ligi, spesifik mekanizmanin belirlenmesini zorlag-
tirmaktadir.

Proteinlerin ii¢ boyutlu yapilar1 ve aminoasit kom-
pozisyonlar1 oksidasyona olan egilimlerini etkile-
mektedir (Stadtman ve Levine, 2003). Protein ok-
sidasyonu; et tiirli, yag miktari, yag asidi kompo-
zisyonu, pH, sicaklik, isleme kosullari, su aktivi-
tesi ve ortamda bulunan katalizor ve inhibitor
maddeler gibi ¢evresel faktorlerden etkilenmekte-
dir (Estevez, 2011). Isil islem ve et ve et {iriinle-
rinde yag miktar1 protein oksidasyonunu tesvik et-
mektedir, protein oksidasyonu ya dogrudan reaktif
oksijen tiirleri ile baglar ya da dolayli olarak oksi-
datif stresin ikincil {iriinleri tarafindan baslatilir
(Estévez, 2011; Traore vd., 2012). Ayrica uygula-
nan 1s1l iglem, et proteinlerinde biyolojik degerde
kayiplara neden olan yapisal degisikliklere ve pro-
tein kiimelenmesine yol agmakta, sindirim enzim-
lerinin proteoliz bolgelerini tanima kabiliyetini
azaltarak sindirilebilirligi azaltmaktadir. Taze et

ve et liriinlerinde protein oksidasyonu iizerine lite-
ratlirde yapilmis olan ¢aligmalar sirasiyla Tablo 1
ve 2’de derlenmistir. Yapilan ¢aligmalardan anla-
silacagi gibi et ve et Uriinlerinde meydana gelen
protein oksidasyonunun derecesi {irline uygulanan
islemlere ek olarak iiriiniin icerdigi et tlirli, yag
kaynag1 ve eklenen katkilardan da dogrudan etki-
lenmektedir.

Yapilan ¢aligmalar incelendiginde iiriinlerin islen-
mesi, depolanma kosullar1 ve depolama sirasinda
kullanilan ambalaj materyalinin kas yapida mey-
dana gelen protein oksidasyonu iizerinde dogru-
dan veya dolayli olarak etkisi bulundugu sonucuna
varilmistir. Et ve et iirlinlerinin muhafazasi i¢in
sik¢a kullanilan bir yontem olan dondurma islemi
ve donmus iiriinlerin depolama sicakliklart da ok-
sidasyonu etkileyen faktorlerden biridir. Et ve et
iriinlerinin dondurulmasi sirasinda olusan buz
kristalleri hiicrelerin parcalanmasina neden ol-
maktadir, ayrica bilinyede var olan suyun bir kis-
minin donmastyla donmamig kisimdaki pro-oksi-
dan madde konsantrasyonunun artmasiyla birlikte
oksidasyon reaksiyonlarinda artis meydana gel-
mektedir (Utrera vd., 2014; Zaritzky, 2012). Soyer
vd. (2010) ve Huang vd. (2013) yaptiklart calis-
malarda -7°C ve -18°C’de depolanan etlerde de-
polama sicakliklarinin artmasina bagli olarak pro-
tein oksidasyonu degerlerinde artma tespit etmis-
lerdir. Bunun yan1 sira, taze jambon ve donduru-
lup ¢6ziindiiriilmiis jambonlarin protein oksidas-
yonu degerlerinin incelendigi bir ¢calismada, don-
durulmus jambonlarin taze jambonlara kiyasla
daha yiiksek protein oksidasyonu degerlerine sa-
hip oldugu tespit edilmistir (Utrera vd., 2012). Bu
durum g6z o6niinde bulunduruldugunda, et ve et
iriinlerinin raf dmriiniin uzatilmasi amaciyla yapi-
lan dondurarak veya sogukta saklama islemi oksi-
dasyon agisinda incelendiginde kontrollii kosullar
altinda yapilmasi gerekliligi ortaya ¢ikmaktadir.
Depolama sicakligi ve iiriinde gelisen oksidasyon
arasinda iligski oldugu yapilan ¢alismalar sonu-
cunda ortaya konmustur. Depolama isleminde ol-
dugu gibi, 1s1l islemin boyutlar1 da {iriinde prote-
inlerin oksidasyon oranmi etkilemektedir (Sun
vd., 2011). Yapilan ¢aligsmalar sonucunda pisirme
stiresi uzadik¢a protein oksidasyonunun yogunlu-
gunun artti1 saptanmistir (Sante-Lhoutellier vd.,
2008; Roldan vd., 2014). Cava vd., (2009), Fuen-
tes vd., (2010) ve Fuentes vd.,(2013) yaptiklari ¢a-
lismalarda yiiksek basing uygulamasimin protein
oksidasyonu iizerine etkisini incelemisler ve yiik-
sek basing uygulamasi sonucunca protein oksidas-
yonunda artis meydana geldigi goriilmiistiir. Do-
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muz etlerinin kiyma haline getirilmesi ile daha ge-
nis ylizey alani elde edilmis dolayisiyla 6rneklerin
protein oksidasyonu degerlerinde artis gézlenmis-
tir (Estevez vd., 2011). Ayn1 ¢alismada boyut kii-
cliltmenin yam sira paketleme materyalinin de
protein oksidasyonu {iizerine etkisi incelenmis
olup; oksijen gecirgenligi olan ambalaj materyali
ile paketlenmesi sonucunda protein oksidasyonu-
nun daha yiiksek oldugu tespit edilmistir (Estevez
vd., 2011). Isleme ve depolama kosullarinin yani
sira et tiirli ve {iriin formiilasyonu da protein oksi-
dasyonunun boyutlarinda etkili olabilmektedir.
Utrera ve Estevez, (2013) tarafindan yapilan ka-
natli, dana ve domuz etinden yapilmig koftelerin -
18°C’de 20 haftalik depolanmasi sirasinda lipit ve
protein oksidasyonunda meydana gelen degisim-
lerin incelendigi calismada, proteinlerin okside
olma derecesi et tiirline gore farklilik gostermek-
tedir. Kirmiz1 ette bulunan hem demirin protein
oksidasyonunda biiyiik bir etkisi oldugu saptan-
migtir. Blinyede yer alan demir iyonu pro-oksidan
gorevi gormekte ve protein oksidasyonuna neden
olmaktadir. Hem demir H,O, varliginda reaktif
oksijen tiirlerine doniismekte ve protein oksidas-
yonunu baglatmaktadir (Utrera ve Estevez, 2013).

Literatiirde formiilasyona eklenen dogal ve sente-
tik antioksidan maddelerin depolama siiresince
protein ve lipit oksidasyonu {izerine etkisi birgok
calismaya konu olmus ve kullanilan katkilarin
protein oksidasyonunu yavaslattigi sonucuna va-
rilmigtir (Sante-Lhoutellier vd., 2008; Ganhao vd.,
2010; Rodriguez-Carpena vd., 2011; Salminen
vd., 2006; Estevez vd., 2006; Estevez ve Cava,
2006; Badr ve Mahmoud, 2011; Zhang vd., 2013;
Shi vd., 2014).

Bitkisel kaynakli bir¢cok dogal antioksidan kulla-
niminin iirlinlin raf émri iizerinde olumlu etkileri
olacagi goriilmiistiir (Ganhao vd., 2010; Estevez
vd., 2006; Estevez ve Cava, 2006). Shi vd., (2014)
balik filetosunda {iziim g¢ekirdegi ve karanfil to-
murcugunun lipit ve protein oksidasyonunu ya-
vaglatarak raf omriinii uzatmada etkili olabilece-
gini belirtmislerdir.  Frankfurter tipi sosislerde
kusburnu esansiyel yagi kullaniminin protein ok-
sidasyonunu engelleyici etkisi oldugu ve bu etki-
nin konsantrasyona bagli oldugu bildirilmistir (Es-
tevez ve Cava, 2006). Oksidasyona karsi stabili-

teyi arttirmak amaciyla tiriinlerin formiilasyonla-
rina katilan dogal veya sentetik antioksidanlara ek
olarak, antioksidanlarca zenginlestirilmis yemle-
rin beside kullanilmasi da etkili bir yontem olarak
onerilmektedir (Sante-Lhoutellier vd., 2008).

Protein Oksidasyonu ve Lipit Oksidasyonu
Arasindaki Iligki

Okside lipitler protein oksidasyonu iizerine etkili
olabilmektedir, protein oksidasyonunu dogrudan
reaktif oksijen tlirleri veya dolayli bir sekilde ok-
side olmus lipitler baglatabildigi gibi, protein ok-
sidasyonu, isleme sirasinda meydana gelen diger
pro-oksidanlar gibi ikincil oksidatif stres {iriinleri
ile de indiiklenir (Estevez, 2011). Lipit oksidasyon
iiriinleri olan hidroksiperoksitler ve malonaldehit-
ler protein kalintilarina baglanarak proteinlerde
oksidasyona neden olmaktadir (Uchida ve
Stadtman, 1994; Requena vd., 1997). Yapilan ¢a-
ligmalar lipit oksidasyonu sonucunda ¢oklu doy-
mamis yag asitlerinin parcalanmasiyla olusan ser-
best radikallerin proteinin yapisinda degisiklik-
lere neden oldugunu ortaya koymaktadir (Salmi-
nen vd., 2006). Aminoasit modifikasyonu ve pro-
tein polimerlerinin olusumu seklinde gézlenen bu
degisimler protein oksidasyonuna neden olmakta-
dir (Lund vd., 2007; Estevez, 2011). Bu nedenle et
ve et lriinlerinde meydana gelen lipit ve protein
oksidasyonunun tespiti et endiistrisi i¢in Onem tes-
kil etmektedir.

Lipit oksidasyonu firiinlerinin balik (Baron vd.,
2007; Eymard vd., 2009; Soyer ve Hultin, 2000;
Srinivasan ve Hultin, 1997), hindi (Mercier vd.,
1998; Renerre vd., 1999; Batifoulier vd., 2002) ve
dana etinde (Mercier vd., 1995), tavuk but ve go-
giis etinde (Soyer vd., 2010) ileri derecede protein
oksidasyonuna neden oldugu saptanmistir. Soyer
vd., (2010) tarafindan yapilan ¢alismada lipit ve
protein oksidasyonu arasinda iyi bir korelasyon ol-
dugu sonucuna varilmis, birincil ve ikincil lipit ok-
sidasyonu {iriinlerinin protein oksidasyonu i¢in
substrat gorevi gordigii belirtilmigtir. Kikugawa
vd. (1991) dondurularak depolanan baliklarda da
benzer sonuglar1 bulgulamistir. Literatiirde yapi-
lan ¢aligmalarin sonuglarina bagl olarak oksidas-
yon lipitler ile baglamakta ve proteinler ile devam
etmektedir denilebilir.
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Tablo 1. Taze ette protein oksidasyonu lizerine yapilmis ¢alismalar

Table 1. Summary of studies on protein oxidation of meat

Protein oksidasyonu iizerine etKisi

Uriin | , e edilen bulgular ayna
U incelenen parametre Elde edilen bulgul Kaynak
Fenolik madde (troloks, kuersetin, . . .
jenistein, gallik asit) kullaniminin Fen()l.lk. maddelerm uokmdasyonu
Domuz |+. . . . onleyici etkisi oldugu ancak bu | Utrera ve Es-
. lipit oksidasyonu ve protein (AAS, 7 g
eti AAA, Shiff baz) oksidasyonu etkinin  konsantrasyona bagli | tevez, 2013
iizerir’le etkisi Y olarak degistigi bulgulanmistir.
Ticari ve 4. Cde 7 gun depolamq SUTESINICE Oga- | 5 giinliik depolamanin sonucunda ti-

. nik ve ticari olarak yetistirilmis domuz . e e . Karwowska
organik etlerinde lipit oksidasyonu (TBA) ve cari olarak yetistirilmis domuz etleri- ve Dola-
domuz protein oksidasyonundaki(DNPH) degi- nin karbonil miktarinin daha yitksek towski, 2013

eti oldugu tespit edilmistir. ’

sim

Kiyma haline getirilmis M. longissi-
-18°C’de 12 haftalik depolama sirasinda | mus dorsi kaslarinin oksijen gegirgen-
Domuz | meydana gelen protein oksidasyonu | ligi olan ambalaj materyali ile amba- | Estevez vd.,

eti (AAS-GGS) iizerine kas tipi, boyut kii- | lajlanmasi sonucunda protein oksi- 2011
¢liltme ve ambalajlamanin etkisi dasyonunun daha yiiksek oldugu tes-
pit edilmistir.

Depolama sirasinda karbonil mikta-

itamini i ve +4°C’ - . .
E vitamini katkili besi ve +4°C”de depo rinda artis gozlenmekle birlikte, E vi- | Sante-Lhou-

lamanin, myofibriler protein oksidas-

Kuzu eti yonu (DNPH) ve in-vitro sindirilebilirlik tamini katkilt besn.n.n protein 0k§1das— tellier vd.,
S o yonuna kars1 stabiliteyi arttirdigr be- 2008a
tizerine etkileri . L

lirlenmistir.
Kirmiz1 Pisirme sicaklig1 ve siiresinin (100°C’de | 100°C’de pisirme sirasinda siire arti- | Sante-Lhou-
of 5,15, 30, 45 dk. ve 270°C’de 1 dk.) pro- | sina bagli olarak karbonil miktar art- tellier vd.,
tein oksidasyonu (DNPH) {izerine etkisi | mustir. 2008b
Dondurma sicakligt (-7,-12,-18°C) ve | Depolama siiresince karbonil mikta-

Tavuk efi depolamanin lipit oksidasyonu ve pro- | rinda bir artis gozlenmis, dondurma Soyer vd.,
tein (DNPH, siilfiir gruplar) oksidas- | sicaklifinin azalmasina bagli olarak 2010
yonu iizerine etkisi karbonil miktari da azalmustir.

Hindi go- ;l;iilz ve dgﬁiumlr?;iiglndgﬁgi?s eél;: Toplam karbonil miktarina pH’1n bir Chan vd.,

giis eti P P M etkisi bulunmamaktadir. 2011

(DNPH) iizerine etkisi

Uziim gekirdegi ve karanfil tomurcu-
gunun lipit ve protein oksidasyonu
bakimindan raf Omriinii uzatmak | Shi vd., 2014
amaciyla kullanilabilecegi sonucuna

Gumiis | Dogal antioksidan (iiziim g¢ekirdegi ve
sazan ba- | karanfil tomurcugu) kullaniminin pro-
l1ig1 file- | tein oksidasyonu (DNPH), renk ve teks-

tosu tiir lizerine etkisi
varilmistir.
— . a0 =
Tavsan Olgunlastirmanin lipit oksidasyonu ve i 4it(\:/eder(7)t e%ﬁniiiic?;fu;ﬁigrzstﬁﬁ Nakyinsige
eti protein oksidasyonu tizerine etkisi P P Y vd., 2015

dig1 bulgulanmustir.
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Tablo 2. Et iiriinlerinde protein oksidasyonu lizerine yapilmis ¢alismalar

Table 2. Summary of studies on protein oxidation of meat products

Protein oksidasyonu iizerine etkisi

Uriin . Elde edilen bulgular Kaynak
incelene parameter
Kanatl, -18°C’de 20 haftalik depolama siire- Proj[e.mlerl.l.l okside olm§ deregem et
dana ve do- . .. . . | cesidine gore farklilik gostermis, kir- Utrera ve
. since lipit oksidasyonu (TBA) ve protein .. .
muz etinden . : mizi ette bulunan hem demirin protein Estevez,
oksidasyonundaki ( AAS-GGS, AAA, . ..
yapilmis Shiff Baz) degisim oksidasyonunun artisinda etkili ol- 2013
kofte g1 dugu sonucuna varilmistir.
Antioksidan (kocayemis, alig, yaban | Kullanilan ekstraktlarin protein oksi-
Emiilsifiye | giilii, bogiirtlen ekstraktlar1) kullanilmis | dasyonuna kars1 antioksidan etki gos-
.. AU .. oo . S Ganhao vd.,
burger koftelerinin 2°C’de 12 giin depolama si- | terdigi ve oksidasyon stabilitesini en 2010
koftesi rasinda  protein  oksidasyonundaki | ¢ok arttiran meyvenin yaban giilii ol-
(DNPH) degisim dugu bulgulanmistir.
.| Antioksidan (avokado piiresi) kullani- | Avokado kullanimmin protein oksi- | Rodriguez-
Domuz eti . . .. . 9
wpy minin protein oksidasyonu (DNPH) {ize- | dasyonuna karsi stabiliteyi arttirdigi | Carpena vd.,
koftesi . .
rine etkisi bulgulanmigtir. 2011

Dana koftesi

Kullanilan yag miktari (3, 20 ve 35%) ve
uygulan islemin (pisirme ve dondurma)
-18°C’de 20 haftalik depolama sirasinda

Uriiniin igerdigi toplam yag miktari-
nin protein oksidasyonu {izerine

Utrera vd.,

lipit oksidasyonu (TBA) ve protein oksi- | dnemli bir etkisi oldugu bulgulanmis- 2014
dasyonu (AAS, triptofan ve shiff baz) | tir.
iizerine etkisi
.. Kolza tohumu, keten tohumu ve soya | Kolza tohumu, keten tohumu, soya
Pigmis b e . .
domuz eti | WU kullaniminin 10 giinliik depolama | unu ve bunlarin kombinasyonlarinin Salminen
oy stiresince protein oksidasyonu (DNPH) | protein oksidasyonunu inhibe edici vd., 2006
koftesi . . . -
iizerine etkisi etkisi oldugu bulgulanmuistir.
Pigirme sicaklig1 (60-70-80°C) ve siire- Toplan} karb01311 n?‘kta“ her pigirme
L 7 TR . sicakliginda siirenin artigtyla artar-
Pigsmis kuzu | sinin (6-12-24 sa) 6rnegin lipit oksidas- . - Roldan vd.,
. . ken; AAS-GGS miktar1 zamana bagl
fileto yonu ve protein oksidasyonu (DNPH, o o 1 s 2014
. .. olarak 60°C’de artmis 80°C’de ise sa-
AAS-GGS) tizerine etkisi .
bit kalmustir.
Depolama siiresince toplam karbonil
Dogal (adagay1 ve biberiye ekstrakti) ve | miktarinda artis gozlenmistir. Anti-
Domuz sentetik (BHT) antioksidan kullanimiyla | oksidan kullanilmayan kontrol gru- Estevez vd
cigeri 4°C’de 90 giinlik depolama sirasinda | bunda bu artigin daha fazla oldugu so- 2006 ”
ezmesi protein oksidasyonundaki (DNPH) degi- | nucuna varilmis, adagay1 ve biberiye-
sim nin BHT ye alternatif olarak kullani-
labilecegi belirtilmistir.
Depoma sicakligr (-7°C, -18°C , -7°C -
Domuz o L — .
Dumpling 18°C arasinda dalgalanma) ve siiresinin | Depolama siiresince toplam karbonil Huang vd
S (0,30,60,90,180 giin) lipit (TBA ve pe- | miktar1 artmistir ve -7°C’de en yiik- ”
(Etli bir Cin . . . . 2013
emegi) roksit) 0k51dasyong ve pr’ot‘eln oksidas- | sek artis saptanmustir.
y yonu (DNPH) {izerine etkisi
" - - 5
Yag miktart (%4, 10, 15) ve cesidi (hay- | 1. Yiksek protein oksidasyonu %10
o 4 °. | yag iceren Orneklerde gozlenmistir.
Fermente | vansal ve bitkisel yag) kullaniminin lipit Bitkisel vas iceren drneklerde AAS- Fuentes vd.,
sucuk oksidasyonu (TBA) ve protein (DNPH, yag 1¢ 2014

AAS-GGS) oksidasyonu iizerine etkisi

GGS miktart daha diigiikk olarak bul-
gulanmustir.
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Kusburnu esansiyel yagi kullaniminin

Kusburnu esansiyel yagi kullanimimin
protein oksidasyonunu yavaslatici et-

Frankfurter | 4°C’de 60 giinliik depolama siiresince li- | . . < o Estevez ve
N . . . .| kisi oldugu ve bu etkinin konsantras-
tipi sosis pit oksidasyonu (TBA) ve protein oksi- ona badli olarak dedistisi sonucuna Cava, 2006
dasyonu (DNPH) {izerine etkisi M g gistie
varilmistir.
Kantonese | Uretim asamalarinda protein oksidasyo- | Uriin isleme sirasinda zamana bagh Sun vd.,
tipi sosis nundaki (DNPH) degisim olarak karbonil miktar1 artmistir. 2011
Sosis iiretiminde antioksidan (havug .
. . Havug suyu kullaniminin protein ok-
Sosis suyu) kullaniminin lipit oksidasyonu sidasyonunu yavaglatic: etkisi oldugu Badr vd.,
(TBA) ve protein oksidasyonu (DNPH) 2011
N - bulunmustur.
iizerine etkisi
- Sosis dretiminde yesil cay ve lfusbumu Fenolik maddece zengin dogal ekst-
Bologna tipi | ekstrakti kullaniminin lipit oksidasyonu raklarn kullammivla protein oksidas- Jongberg
sosis (TBA) ve protein (DNPH) oksidasyonu ylap vd., 2013
. . yonu azalmaktadir.
lizerine etkisi
4°C’de 21 giinliik depolama sirasinda
adagay1 ekstrakti kullaniminin lipit oksi- | Adagay1 kullanimin protein oksidas- Zhane vd
Cin tipi sosis | dasyonu (TBA) ve protein oksidas- | yonuna karsi stabiliteyi arttirdigi be- 20% "

yonu(DNPH ve tiyol gruplarin analizi)
iizerine etkisi

lirlenmistir.

Taze ve dondurulmus jambonun pisiril-
mesiyle meydana gelen lipit oksidas-

Dondurulmus jambonun pisirilme-
siyle protein oksidasyonunun iiriinde

Utrera vd.,

Jambon yonu (TBA) ve protein oksidasyonunun | kalite kayiplarina neden oldugu bul- 2012
(AAS-GGS) incelenmesi gulanmistir.
Jambon {iretiminde uygulanan yiiksek
basimng uygulamasimin ve uygulama sii-
Kiirlenmig | resinin (200 MPa 15 dk., 200 MPa 30 | Uygulanan basing ve siirenin artisiyla Cava vd
jambon ve | dk.,300 MPa 15 dk, 300 MPa 30 dk) de- | protein oksidasyonu artis gdstermis- 2009 "
fileto polama siiresince meydana gelen lipit | tir.
oksidasyonu (TBA) ve protein oksidas-
yonu (DNPH) iizerine etkisi
.1.20 .gu.nluk depolama sklresmdejambon Yiksek basing uygulanan ve diisiik
. . tiretiminde kullanilan yiiksek basing uy- ... 02 .
Kiirlenmis . S yag igerigine sahip orneklerde protein | Fuentes vd.,
. gulamasinin ve igerdigi yag miktarimin . . <
jambon . . .. oksidasyonunun daha yiiksek oldugu 2013
protein oksidasyonu(AAS-GGS) tize- | . .. - .
. . goriilmiistiir.
rine etkisi
Vakl.]m. am- Je'lmbon 'uretlmlnde uyeu lanag yliksek Yiiksek basing kullanimin protein ok- | Fuentes vd.,
balajli jam- | hidrostatik basicin protein oksidasyonu sidasvonunu arttirdiz: odzlenmistir 2010
bon (AAS-GGS) iizerine etkisi M gre Suf.




Journal of Food and Health Science

Zungur Bastioglu et al., 2(3): 171-183 (2016)

Journal abbreviation: J Food Health Sci

Yag miktar1 protein oksidasyonunu etkileyen
onemli faktorlerden biridir. Et iirlinlerinde formii-
lasyonda artan yag miktarinin lipit oksidasyo-
nunda artisa neden oldugu bir¢ok arastirici tarafin-
dan saptanmistir (Utrera vd., 2014; Estévez vd.,
2003; Sasaki vd., 2001; Estévez vd., 2005a). Yag
miktarindaki artisa bagli olarak iiriinlerde protein
oksidasyonu sonucunda agiga ¢ikan spesifik {iriin-
lerin miktarinda da artis gdzlenmistir (Utrera vd.,
2014; Fuentes vd., 2014). Formulasyonda bulunan
yag miktarinin artigina bagl olarak tirlin lipit ok-
sidasyona daha acik hale gelmekte ve lipit oksi-
dasyonundaki artigsa bagli olarak protein oksidas-
yonu derecesinde de artis gozlenmektedir. Uriin
formulasyonunda bulunan yag miktarina ek olarak
yag asidi kompozisyonun da protein oksidasyonu
tizerine 6nemli bir etkisi bulunmaktadir. Fuentes
vd., (2104) fermente sosislerde hayvansal yag ye-
rine bitkisel kaynakli yag kullanildiginda protein
oksidasyonunun daha diisiik oranda gergeklesti-
gini saptamiglardir. Lisinin oksidasyon iiriinii
olan a-aminoadipik semialdehitlerin (AAS) ve ar-
jinin ve prolin oksidasyonu sonucunda ortaya ¢i-
kan y-glutamik semialdehidlerin (GGS) miktarlari
belirlenerek izlenen protein oksidasyonu seyrinde
yag miktarinin artmasiyla fermente sosislerde pro-
tein oksidasyonunun yiiksek oranda gelistigi sap-
tanmistir (Fuentes vd., 2014). Bununla birlikte
protein oksidasyonu DPNH yontemi ile izlendi-
ginde yag miktarinin %15°ten %4’e azaltilmasinin
karbonil miktarinda 6nemli oranda azalmaya ne-
den oldugu saptanmistir.

Et ve Et Uriinlerinde Protein Oksidasyonunun
Saptanmast

Karbonillerin olugsumu protein oksidasyonunun en
temel belirtisidir. Protein karbonilleri 4 farkli yol
ile olusmaktadir.

(1)  Alfa amidlesme yolu ve beta ayrilmasi bo-
yunca pargalara ayrilma.

(2) Lipit peroksidasyonundan lisin amino grup-
lar1, sistin siilfidrilleri, histidin imidazolle-
rini bulunduran aminoasit yan zincirlerine
sahip proteine Michael reaksiyonuyla (4-
hidroksi-2-nonenal (HNE) ve malondialde-
hit) polar olmayan karbonil bilesenlerinin
baglanmas1 (Burcham ve Kuhan, 1996;
Berlett ve Stadtman, 1997; Refsgaard vd.,
2000).

(3)  Arjinin, lisin, prolin ve treonin igeren ami-
noasit yan zincilerinin oksidasyonu (Amici
vd., 1989).

(4) Lisin ile reaksiyona girdikten sonra indir-
gen sekerler ve onlarin oksidasyon iirlinleri
tarafindan olusturulan reaktif karbonil tii-
revlerinin (ketoaminler, ketoaldehidler ve
deoksosonlar) eklenmesi (Lund vd., 2011;
Decker vd., 2000).

Bugiine kadar et ve et iiriinlerinde protein oksidas-
yonunun tespitinde analitik metodlar kullanilmig-
tir. Bu metodlardan 2,4-dinitrofenilhidrazin
(DNPH) metodu (Oliver vd., 1987) cig ette, et
emiilsiyonlarinda ve kiirlenmis et iiriinlerinde yay-
gin olarak kullanilan bir metottur (Estévez ve
Cava, 2004; Lund vd., 2007;Ventanas vd., 2006).
Bu metotta karbonil bilesikleri DNPH ile tiirevlen-
dirilmekte ve spektrofotometrik dl¢lim ile tespit
edilmektedir. Daha sonralar1 ise, DNPH metoduna
ek olarak ozellikle emiilsifiye et {iriinlerinde mey-
dana gelen degisimler floresans spektroskopi ile
belirlenmistir (Estévez vd., 2008a; Viljanen vd.,
2004). Bu metot lipit oksidasyonu iiriinleri ve
amino grup arasinda meydana gelen reaksiyon so-
nucunda agiga ¢ikan iiriinleri belirleme niteliginde
oldugundan protein oksidasyonunun saptanma-
sinda kullanilmaktadir (Heinonen vd., 1998; Vil-
janen vd., 2004). Proteinlerde meydana gelen ok-
sidasyonun diizeyini belirlemek amaciyla toplam
karbonil miktarinin yan sira siilfidril gruplariin
miktar1 da tespit edilmektedir (Martinaud vd.
1997, Mercier vd. 1998). Proteinlerde meydana
gelen oksidasyon sonucunda, siilfidril gruplar di-
stilfitlere ve diger okside iiriinlere doniismekte ve
miktarinda azalma goriilmektedir (Dean vd.,
1997; Martinaud vd. 1997)

DNPH metodu ve siilfidril gruplarinin miktarlar
toplam karbonil miktar1 hakkinda bilgi vermekte
ancak spesifik protein oksidasyonu iiriinleri ve ok-
sidasyon firiinlerinin olusum mekanizmalar1 hak-
kinda bilgi saglayamamaktadir. Bu nedenle son
yapilan ¢alismalarda karbonil tiirevlerinin kimya-
sal yapis1 ve olusum mekanizmalarini belirlemek
amaciyla yeni metotlar gelistirilmistir.

Son yillarda lisin deaminasyon iriinii olan AAS
(a-aminoadipik semialdehitler),ve arjinin ile pro-
lin kalintilarindan Maillard reaksiyonu sonucu
olusan GGS (y-glutamik semialdehidler) gibi spe-
sifik protein oksidasyonu iiriinlerinin tayin edil-
mesi de miimkiin olmaktadir (Akagawa vd., 2006,
Utrera vd., 2011, Utrera vd., 2012; Vossen vd.,
2012; Timm-Heinrich vd., 2012). Biyolojik sis-
temlerde ve gidalarda AAS ve GGS toplam pro-
tein karbonillerinin yaklasik olarak %60’1n1 olus-
turmakta (Requena vd., 2001; Utrera vd., 2011) ve
okside olmus proteinlerin ana karbonil {iriinleri
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olarak tanimlanmaktadir (Akagawa vd., 2006). Li-
sinin oksidasyonu sonucunda olusan diger {iriinler
ise o-aminoadipik asit (AAA) ve Schiff bazi
(SB)’dir. AAA ve SB lisinin daha giiclii oksidas-
yon kosullarina maruz kalmasi sonucunda ortaya
cikmaktadir, bu nedenle lisinin oksidasyonu sonu-
cunda ortaya ¢ikan triinlerin tespiti, oksidasyon
mekanizmasi ve derecesi hakkinda da bilgi ver-
mektedir (Utrera ve Estevez,2012b).

Sonuc¢

Etin depolanmasi ve islenmesi sirasinda protein-
lerde meydana gelen oksidatif reaksiyonlar prote-
inlerde degisime neden olmakta ve liriiniin fonksi-
yonel kalitesi (protein ¢oziiniirliigli, su tutma ka-
pasitesi, emiilsiyon kapasitesi) ve olgunlagma bo-
yunca gelisen proteolize bagl gevreklesme dere-
cesi onemli dlgiide etkilendigi gibi biyoyararliligi
da etkilenerek besin degeri de azalmaktadir. Pro-
tein oksidasyonu iiriinleri potansiyel toksik pep-
tidleri icerdiginden oksidasyonun ilerlemesiyle
duyusal ve tekstiirel kalite problemlerinin yani sira
bu bilesikleri yiiksek miktarda i¢eren {irtinler gida
giivenligi agisindan risk teskil etmektedir. Tiim bu
nedenler géz 6nlinde bulunduruldugunda et ve et
iriinlerinde, iiretim ve depolama siiresince protein
oksidasyonun incelenmesi biiylik bir 6nem teskil
etmektedir.
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Abstract:

The emetic syndrome of B. cereus food poisoning is often
connected with consumption of rice. When cooked rice
is cooled slowly and stored between 10°C to 50°C B. ce-
reus spores germinate and reach numbers high enough to
cause illness.

Cooked rice is often slowly chilled in most of the restau-
rants. In the absence of rapid cooling instruments such as
blast chiller and cold room, cooked rice, as a common
practice is kept at room temperature for cooling for a long
time before putting into a refrigerator.

In this study, cooked rice in 10 cm deep in a pan was
chilled in a blast chiller, cold room, refrigerator and at am-
bient and the cooling rates between the temperature zone
of 50°C to 10°C were determined. Except the chilling in a
blast chiller, in no other chilling methods the instructed/rec-
ommended four hours chilling time was achieved.
Chilling of rice from 50°C to 10°C in a refrigerator took
12.5-13.5 hours. Chilling time came down to around 10
hours when thickness of rice in the pan was reduced to 5
cm. Chilling time was much longer (15.5-16.5 hours)
when the rice was held at ambient until the centre tem-
perature was 30 °C before putting into the refrigerator. It
is obvious that the commonly applied rice chilling in the
restaurants is not safe. Some other practical ways other
than reducing the thickness of rice should also be applied.
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Introduction

Meals prepared in food service sector must be
chilled as quickly as possible unless they are going
to be consumed shortly after cooking. Cooking
kills off the harmful bacteria. However, spore
forming bacteria survives in cooking. Two spore
forming bacteria are particularly important for
the safety of cooked meals. Spores of Bacillus ce-
reus and Clostridium perfirengens survive in cook-
ing and during the cooling process, spores may
germinate enabling these two bacteria to multiply
in the meals and produce toxins (Andersson et al.
1995; Drobniewski 1993).

Spores of B. cereus can be found widely in the na-
ture, including samples of dust, dirt, cereal crops,
water e.t.c, so it is a common contaminant of raw
agricultural commodities. B. cereus produces two
types of toxins-emetic and diarrhoeal-causing two
types of illness. The diarrhoeal sickness is caused
by toxins produced during the growth of the bac-
teria in the small intestine. The diarrhoeal enter-
otoxins can be produced in the temperature range
of 10°C -48°C, with an optimum 32°C (Kramer &
Gilbert 1989; Fermanian et al. 1997). Whereas, the
emetic toxin is produced by B. cereus during the
growth phase in the food when the temperature of
food is in the range of 15°C to 40°C (Finlay et
al. 2000; Granum 1994). Once formed, the heat
stable toxin will not be inactivated during the sub-
sequent cooking. Thus, illness occur by ingesting
food contaminated with pre-formed toxin (FDA
2012; Choma et al. 2000).

Starch foods, such as rice, pasta or potatoes are
commonly associated with emetic toxin outbreaks.
Many of the emetic illnesses are due to improper
holding of cooked rice at warm temperatures,
offering conditions where the spores in the rice are
able to germinate and produce toxin (Arnesen et
al. 2008). In 95% of emetic cases fried or cooked
rice is involved (Jansen & Moir 2003).

Toxin formation requires B. cereus concentrations
to reach in excess of 10° cfu/g in the concerned
foods. Some strains of B. cereus may cause food
poisoning with an infective dose as low as 10°-
10* cfu/g (Kramer & Gilbert 1989; Becker et al.
1994). In rare cases of emetic and diarrhoeal ill-
ness have been reported involving 10°-10° cfu/g
B. cereus in food (McElroy et al. 1999). Labor-
atory studies on the formation of emetic toxin in
boiled rice showed that in excess of 10° cfu/g of B.
cereus required for toxin production to occur (Fin-
lay et al. 2002). The conditions that favour the

growth of B. cereus including cooking proce-
dures that activate the pores followed by slow
cooling and storage of food at 10-50°C. Rice is
commonly contaminated with spores of B. cereus.
Holding rice at temperature between 10°C to 50°C
will allow organisms to proliferate provided other
growth conditions, such as pH, are favourable
(ICMSF 1996; Johnson 1984).

In the European Union, there were 0.04 reported
case of B. cereus foodborne illness per 100.000
populationin 2012 (EFSA 2012). B. cereus was re-
ported as a major causative agent of foodborne ill-
ness in the Netherlands in 2006, causing 5.4% of
the food borne illness and in Norway in 2000 caus-
ing 32% of food borne outbreaks (Wijlands 2008).
The most recent estimates by the CDC informs that
B. cereus is becoming more problematic and ac-
counting for nearly 63.000 cases annually in the
United States (Scallan et al. 2011).

Control of B. cereus requires prompt refrigeration
and cooling of foods to less than 10 °C to minimize
growth of toxin formation. The target of the con-
trol is then to secure that during cooling food does
not stay in the temperature danger zone which is
between 10°C to 50°C.

Restaurants are considered to be the small opera-
tions in the food service sector. Rice which is a
very common meal prepared in the restaurants is
often not consumed just after cooking but kept
for some time for the later use.

In some regulations time limits have been set for
chilling of cooked foods. FDA code in USA and
FSANZ (Food Standards Australia and New Zea-
land) request cooling from 57°C to 21°C in two
hours and from 21°C to 5 °C in 4 hours (FDA 1997
and FSANZ 2016). In IFSA, World Food Safety
Guidelines for Airline Catering the requested
chilling time from 60°C to 10°C is 4 hours (IFSA
2016).

Chilling of rice in a restaurant operation is often
not rapid. Use of blast chillers for rapid chilling is
rare as majority of restaurants cannot afford such
expensive investment. Some restaurants may
have cold rooms but for the majority of restaurants
the refrigerators which are normally used for cold
holding are the single equipment’s used for food
chilling.

In this study, cooked rice was cooled using differ-
ent methods in a restaurant environment and the
cooling rates were determined. The aim was to



Journal of Food and Health Science

Miiftiigil, 2(4): 183-188 (2016)

Journal abbreviation: J Food Health Sci

determine the time period that the food tempera-
ture remained within the B. cereus germination
temperature range in each cooling method.

Materials and Methods

The study was conducted in the operation kitchen
of Turkish DO&CO, Airline Catering Unit, Istan-
bul, Turkey. Rice was first washed in a kettle and
cooked in a tilting pan. During cooking rice tem-
perature reached to 95°C in the center. After cook-
ing, rice was transferred into five stainless steel
pans. Dimension of a pan was 52x11x32 cm.
Thickness of rice in the pans was 10 cm except in
the fourth pan in which the thickness of rice was
5 cm. Pans were covered with strech film. Small
holes were pierced on the strech film in order to
let the vapour of cooked rice to release.

Rice in five different pans was kept at room tem-
perature around 22-24°C until the centre tempera-
ture of rice came down to 50°C.

First pan with rice was then placed into a blast
chiller (Air-o-chill, Electrolux). The temperature
of blowing air in the blast chiller varied between
-7°C to -10°C.

Second pan was placed into a cold room when the
centre temperature of rice was 50°C. Dimension
o f the cold room was 220X240X200cm. The in-
side temperature of cold room was between 2°C to
5°C. The third and fourth pans were placed into a
home-type vertical refrigerator when the centre
temperature of rice was 50°C. The difference be-
tween the third and fourth pans was that the
rice thickness in the fourth pan was 5 cm. The in-
side temperature of refrigerator was in between 2-
5°C.

The fifth pan was kept at ambient temperature (22-
24°C) until the rice centre temperature was 30°C.

The pan was then put into the refrigerator and
chilling from 30°C to 10°C was continued in
the refrigerator.

During the chilling, the centre temperature of rice
in the pans was recorded from 50°C to 10°C at
every 30 minutes. Data logger (Kimo- KTT30)
was used to monitor the temperature during cool-
ing.

The air flow in the cold room and refrigerator was
monitored with an air velocity meter (Veocicalc
9515, TSI).

The set of experiment explained above was re-

peated three times to verify the validity of the ex-
periments.

Results and Discussion

Center temperature of cooked rice was 95°C when
the rice was transferred to pans. After transfer-
ring into the pans, rice in pans was kept at room
temperature at around 22-24°C until the centre
temperature of rice dropped to 50°C. Dropping of
rice centre temperature from 95°C to 50°C took
170-180 minutes for the rice in 10 cm deep and
130-140 minutes for the rice in 5 cm deep in the
pan. The temperature range between 95°C to 50°C
is not considered unsafe as B. cereus spore’s ger-
mination does not occur above 50°C.

Chilling rates of rice cooled from 50°C to 10°C in
different methods are shown in Figure 1.

Cooling rate was much faster in the blast chiller.
Rice centre temperature dropped from 50°C to
10°C in two 130-140 minutes.

The time for the rice to cool from 50°C to 10°C
was 8.5-9.5 hours in the cold room. In the refrig-

erator, rice temperature came down from 50°C to
10°C 12.5-13.5 hours.

Although the inside temperature was 2-5°C in
both the cold room and the refrigerator, the cool-
ing was faster in the cold room. The reason of
faster cooling in the cold room was due to the
higher air flow generated by the evaporator fan.
Air flow in front of the evaporator fan was moni-
tored to be 1.95-2.30 m/sec. Whereas, in the refrig-
erator there was almost no air flow.

When thickness of rice in pan was reduced from 10
cm to 5 cm, the cooling rate was faster. Tempera-
ture of rice in 5 cm deep came down to 10°C two
hours before than the rice in 10 cm deep in the re-
frigerator. The cooling time was 10.5-11.5 hours.

Cooling rate of rice was very slow when rice was
kept at ambient temperature until the centre tem-
perature was 30°C and then was put into the
refrigerator. In this experiment, it was shown
that cooling took 15.5-16.5 hours until the final
temperature of rice came to 10°C in the refrigera-
tor.

Cooling experiments showed that except the
chilling in the blast chiller, in no other chilling
methods the recommended 4 hours chilling rule
was achieved.
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Time (hours)

=(1 FChilling in the blastchiller
=2 FChilling in the cold room
<4} Chilling in the refrigerator (rice in 5 cm deep)
3 ). Chilling in the refrigerator (rice in 10 cm deep)
«5kChilling in the refrigerator (rice kept at ambient in between 50°C to 30°C and then in the refrigerator in between 30°Cto 10°C)

Figure 1. Chilling rate of cooked rice

Chilling rate can be increased if the thickness of
food is reduced. This is an easily and practical way
of fast food chilling in the restaurants and should
be an essential food safety point in the restaurant
food safety system. It is also very noticeable that
cooling time takes longer when an employee in a
restaurant keep the cooked rice long time at am-
bient (until the centre temperature comes down to
around 30°C) before placing it into the refrigerator.
This practice brings the risk of B. cereus prolifera-
tion and therefore must be prevented through train-
ing and supervision in the restaurants.

It is well documented that most food borne out-
breaks related to B. cereus contamination is a re-
sult of time and temperature abuse that promoted
the growth of initially low levels of B. cereus to
increase to infectious amounts (ICMSF 1996). In
addition to the temperature, pH and water activity
are the two other factors affecting the B. cereus
growth. Rice is a very suitable media for the
growth of B. cereus as its pH and water activity
values encourage the multiplication of this bacteria
when the temperature of rice is kept in between
10°C to 50°C degrees. Average pH and water ac-
tivity values of cooked rice is 6.3-6.5 and 0.93-

0.95 respectively and this fit well with the opti-
mum growth conditions of B. cereus with pH 6.0-
7.0 and water activity 0.93-0.99 (Schoeni & Wong,
2005; Leguerinel & Mafart, 2001). The emetic
syndrome of B. cereus food poisoning is often
connected with consumption of rice in  Chinese
restaurants (Kramer & Gilbert 1989). The com-
mon practice in these restaurants is that the boiled
rice is stored overnight usually at room tempera-
ture and B. cereus is then able to multiply. Once
formed, t h e emetic toxin in rice is heat stable and
cannot be inactivated during the subsequent re-
heating (Agata et al. 2002; Kotiranta et al. 2000).
Thus, makes the chilling of cooked rice as an
important food safety point.

Conclusion

It can be concluded from the experiments that in
most of the restaurants the rice cooling application
is not safe. Restaurants must use some practical
ways to speed up the cooling of rice after cooking.
These practical ways may include soaking rice pan
into water bath, reduce the rice thickness in pan
down to 2-3 cm, continuous stirring of rice while
cooling and placing rice pan in front of blowing
air. Use of these practices must be encouraged and
requested by the legal food control authorities.



Journal of Food and Health Science

Miiftiigil, 2(4): 183-188 (2016)

Journal abbreviation: J Food Health Sci

References

Agata, N., Ohta, M. & Yokoyama, K. (2002). Pro-
duction of Bacillus cereus emetic toxin
(cereulide) in various foods. International
Journal of Food Microbiology, 73,23-27.

Arnesen, S.L.P., Fagerlund, A. & Granum, PE.
(2008). From soil to gut: Bacillus cereus and
its food poisoning toxins. FEMS Microbiol-
ogy Reviews, 32, 579-606.

Andersson, A., Ronner, U. & Granum, P.E.
(1995). What problems does the food industry
have with the spore-forming pathogenes Ba-
cillus cereus and Clostridium perfirengens?
International Journal of Food Microbiology,
28(2), 145-155.

Becker, H., Schaller, G., Von Wiese, W. & Ter-
plan, G. (1994). Bacillus cereus in infant’s
foods and dried milk products. International
Journal of Food Microbiology, 23(1), 1-15.

Drobniewski, F.A. (1993). Bacillus cereus and re-
lated species. Clinical Microbiology Reviews,
6(4), 324-338.

EFSA (2012). The European Union summary re-
port on trends and sources of zoonoses, zoon-
otic agents and foodborne outbreaks in 2011.
EFSA Journal, 10(3), 2597.

FDA (2012). Bad bug book: Foodborne patho-
genic microorganism and natural toxins
handbook, 2™ ed. US Food and Drug Admin-
istration, Silver Spring, 93-96.

FDA (1997). Food Code. U.S. Dept. Of Health
and Human Services. Public Health Service.
Food and Drug Administration, Pub. No.
PB97-141204. Washington, D.C.

Fermanian, C., Laeyre, C., Fremy, J. & Claisse, M.
(1997). Diarrhoeal toxin production at low
temperatures by selected strains of B. cereus.
Journal of Dairy Research 64, 551-559.

Finlay, WIJJ., Logan, NA. & Sutherland, AD.
(2000). Bacillus cereus produces most
emetic toxin at lower temperatures. Letter in
Applied Microbiology, 31, 385-389.

Finlay, W.J.J., Logan, NA. & Sutherland, AD.
(2002). Bacillus cereus toxin production in
cooked rice. Food Microbiology, 19, 431-
439,

FSANZ (2016). Food Standards Australia New
Zealand. Food Standards Code. Food safety
Practices and General Requirements.

Granum, P.E. (1994). Bacillus cerus and its toxins.
Society for Applied Bacteriology Smyposium
series23, 61-66.

IFSA (International Flight Service Association),
(2016). World Food Safety Guidelines for
Airline Catering. Control of food chilling, 19.

ICMFS (1996). Bacillus cereus. Microrganisms
in Foods 5: Microbiological specifications
of food pathogenes ,20-35. Blackie Aca-
demic and Professional, London.

Johnson, K. M. (1984). Bacillus cereus foodborne
illness-An update. Journal of Food Protec-
tion, 47, 145-153.

Kotiranta, A., Lounatmaa, K. & Haapasalo, M.
(2000). Epidemiology and pathogenesis of
Bacillus cereus infections. Microbes and In-
fection, 2(2), 189-198.

Kramer, J.M. & Gilbert, R.J. (1989). Bacillus ce-
reus and other Bacillus species,21-70. In M.
P. Dyle (ed.) Foodborne Bacterial Patho-
genes. Marcel Decker, New York, NY.

Leguerinel, I. & Mafart, M. (2001). Modelling the
influence of pH and organic acid types on
thermal inactivation of Bacillus cereus
spores. International Journal of Food Micro-
biology, 63,29-34.

McElroy, D., Jaykus, L. & Foegeding, P.M.
(1999). A quantative risk assessment for Ba-
cillus cereus emetic disease associated with
the consumption of Chinese-style fried rice.
Journal of Food Safety, 19(3), 209-229.

Scallan, E., Hoekstra, RM. & Angulo, FJ. (2011).
Foodborne illness acquired in the United
States-Major pathogenes. Emerging Infecti-
ous Diseases, 17(1), 7-11

Schoeni, J.L. & Wong, A.C.L. (2005). Bacillus
cereus food poisoning and its toxins. Jour-
nal of Food Protection, 68(3), 636-648.

Wijlands, L.M. (2008). Bacillus cereus associated
disease: Quantitative aspects of exposure as-
sessment and hazard characterization. PhD
thesis, Wageningen University, The Nether-
lands.



2(4): 189-198 (2016)

Journal of Food and Health Science

E-ISSN 2149-0473

doi: 10.3153/JFHS16020

ORIGINAL ARTICLE/ORIJINAL GALISMA

FULL PAPER

QUALITY OF ‘MANTI' (MEAT-FILLED PASTA PRODUCT) AS
AFFECTED BY MODIFIED ATMOSPHERE PACKAGING

DURING REFRIGERATED STORAGE

Aysun Yiicetepe, Giirbiiz Giines

TAM MAKALE

Department of Food Engineering, Faculty of Chemical and Metallurgical Engineering, Istanbul Technical University, Istanbul, Turkey

Received:.17.06.2016
Accepted: 20.09.2016
Published online: 24.09.2016

Corresponding author:

Giirbiiz GUNES, Department of Food Engineering, Faculty
of Chemical and Metallurgical Engineering, Istanbul Tech-
nical University, Maslak, TR-34469, Istanbul, Turkey

E-mail: gunesg@itu.edu.tr

Abstract:

The fresh ‘mant1’ pieces were blanched in boiling water
for 5 min and dehydrated in an oven at 125°C to adjust
water activity to 0.91. The samples were packaged under
different atmospheres (C: air as control, Ml: 70%
CO21t30% N2t0% Oz, M2: 70% CO21+25% N2+5% Oa,
M3: 100% Nz). Packages have been stored in a refrigerator
at +4 = 1 °C for 35 days during which headspace gas com-
position, total aerobic meshophilic bacteria (TAMB), total
yeast-mold, moisture, pH, lipid oxidation and sensory
analyses were carried out. Yeast-mold and TAMB counts
were 1.40 log cfu/g and 4.62 log cfu/g in samples pack-
aged in air after 35 days, respectively. Yeast-mold and
TAMB counts were below 2 log cfu/g in M1, M2 and M3
during 35 days. The 2-thiobarbituric acid reactive sub-
stances (TBARS) values of the samples in all modified at-
mosphere packaging (MAP) were lower than the samples
in the control packages after 35 days. Sensory qualities of
uncooked and cooked samples were significantly higher in
M1 and M2 than C and M3 during 35-day storage. Over-
all, microbiological, chemical and sensory quality of the
samples packaged with M1 and M2 were maintained suc-
cessfully during 35-day storage.

Keywords: Lipid oxidation, Meat-filled pasta (‘mant1’),
Microbiological quality, Modified atmos-
phere packaging, Sensory quality
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Introduction

‘Mant1’ is a traditional Turkish food in which a
meat based filling material is wrapped with a thin
sheet of dough in small pieces. It has been pro-
duced handmade and sold daily for long time, but
nowadays special wrapping machines are availa-
ble and used in large scale production. Although
the fresh refrigerated product is considered as a
premium, due to its very short shelf-life the prod-
uct is released to the market as totally dehaydrated
or frozen forms. Drying or freezing of ‘mant1’ ex-
tend the shelf-life but they adversely affect tex-
ture, overall flavor, and color of the product. Re-
frigerated ‘mant1’ with premium quality and an
extended shelf-life is highly demanded by con-
sumers and subject of interest in industry.

The shelf-life of refrigerated ‘mant1’ is limited
mainly due to microbial spoilage and lipid oxida-
tion. Traditionally, both the filling material and
the dough in ‘mant1’ are raw with high water ac-
tivity, resulting in high initial microbial (bacteria,
yeast and mold) count. Lipid oxidation especially
in the filling material is a major problem causing
quality degradation in fresh ‘manti’. Modified at-
mosphere packaging (MAP) can be used to de-
crease the rate of quality degradations and thus,
increase the shelf-life of refrigerated ‘manti’.
MAP with reduced O, and elevated CO; in the
package headspace would decrease the rate of mi-
crobial growth and lipid oxidation in ‘mant1’ as
suggested in various meat and bakery products in
literature (Pikul et al., 1989; Church & Parsons,
1995; Jakobsen & Bertelsen, 2000; Rasmussen &
Hansen, 2001; Taniwaki et al., 2001; Kennedy et
al. 2004; Aksu et al., 2005; Berruga et al. 2005;
Gok et al. 2008; Zakrys et al. 2008; Bornez et al.,
2009; Esmer et al., 2011; Fik et al., 2012;
Khoshakhlagh et al., 2014; Santos et al., 2015;
Shah et al., 2015). The objective of this study was
to determine the effect of modified atmosphere
packaging on microbial quality, lipid oxidation
and sensory quality of ‘mant1’ during refrigerated
storage.

Materials and Methods
Materials

Fresh hand made ‘mant1” was obtained from a lo-
cal manufacturer (Pelin Food Company, Istanbul,
Turkey). Peptone was purchased from Oxoid (Ba-
singstoke, Hampshire, UK), plate count agar
(PCA) and dichloran rose-bengal chloramphenicol
(DRBC) agar were supplied by Merck (Darmstadt,
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Germany) and sodium chloride and trichloroacetic
acid (TCA) was obtained from Riedel-de Haen
(Germany). 3,5-di-tert-4-butylhydroxytoluene
(BHT, SAFC, Germany), thiobarbituric acid
(TBA) and 1,1,3,3,-Tetraetoksipropan (TEP) were
obtained from Fluka (Buschs, Switzerland). Pack-
aging materials were supplied by Korozo Packag-
ing Industry and Trade Co. (Istanbul, Turkey).

Preparation of ‘Fresh Manti” Samples

‘Fresh mant1’ samples were prepared by a local
manufacturer according to the method given in
Figure 1. Dough, prepared from flour, water and
salt, was rolled out by using a dough roller ma-
chine to get thin sheets (ca 2 mm). The sheets of
dough were cut into pieces of 2.5 x 2.5 cm dimen-
sions. The filling material contained ground meat,
onion, salt and spices mixture (black pepper, chili
powder and cumin). The filling material was
cooked for 20 min in a cauldron and cooled to 4
°C to decrease initial microbial load before used.
A small amount of filling material (ca 1 cm?) is
wrapped by each pieces of the dough to obtain the
final form of ‘mant1’.

Pretreatments, Packaging and Storage of the
‘Manti’ Samples

The fresh ‘mant1’ samples were taken to our labor-
atory under refrigerated condition and pretreat-
ment and packaging were applied in our labora-
tory as shown in Figure 1. The samples were
blanched in boiling water for 5 min to decrease in-
itial microbial load. They were partially dehy-
drated in an oven at 125°C for 70 min so that the
individual pieces of ‘manti’ do not stick to each
other. Water activity of the ‘mant1’ samples were
0.91, after this treatment.

The ‘mant1’ samples were placed into disinfected
polypropylene plates and packaged with LDPE
bags (50 um with OTR: 3800 cc O»/m?-day-atm at
23°C and 0%RH) for the control treatment (air-
packaging, C), or with bags of a high barrier mul-
tilayered film (62 pm PET/PE-EVOH-PE with
OTR: 1.2 cc Ox/m*-day-atm at 23°C and 0%RH)
for the modified atmosphere packaging treatments
(M1: 70% CO2+ 30% Nz + 0% Oz, M2: 70% CO»
+ 25% N2+ 5% O,, M3: 100% N>) using a pack-
aging machine (Multivac C200, Multivac Sepp
Haggenmiiller GmbH & Co. KG, Wolfert-
schwenden, Germany). The gas mixtures were ob-
tained through a gas mixer (PBI Dansensor Map
Mix 9000, Ringsted, Denmark) and fed to the
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packaging machine. All the packages were stored
at 4 £1°C during 35 days. The packaging treat-
ments are independently repeated two times in the
study.

Gas Analysis

The headspace gas composition (O, and CO») of
packages were measured by a gas analyzer (PBI
Dansensor Check-Mate 9900) at each sampling
period before opening the packages for sample
analyses. The gas analyzer had zirconia-based O
sensor and infrared CO, sensor with a detection
limit of 0.1%.

Moisture and pH Measurements

Moisture content of ‘manti’ samples were deter-
mined using a standart method in which 3 g sam-
ple were dried to constant weight in an oven
(Schutzart DIN 40050-IP 20, Schwabach, Ger-
many) at 125°C (AOAC, 1996). The moisture con-
tent is calculated based on the amount of weight
loss and expressed in percentage.

The pH analysis was performed according to the
method of Jakobsen & Bertelsen (2000) using a
pH meter (Testo 250, Testo AG, Lenzkirch, Ger-
many). A 10 g “‘mant1’ was homogenized in 10 mL
distilled water using a stomacher (AESAP1068-
Easymix, AES Chemunex, Combourg, France) for
10 min. The probe of pH meter was inserted into
this mixture and the pH value was recorded.

Microbiological Analysis

Total yeast/mold and TAMB were enumerated us-
ing the spread plate technique according to the In-
ternational Commission on Microbiological Spec-
ifications for Foods (ICMSF, 1978), using PCA
and DRBC agar, respectively. A 25 g sample was
homogenised in 225 mL peptone water (0.1% w/v)
using a stomacher for 10 minutes, and serial dilu-
tions were prepared. A 100 pL diluted samples
were spread onto the agar plates. The PCA plates
were incubated at 37°C for 2 days, and the DRBC
plates were incubated at 25°C for 3 days for yeast
count and 5 days for mold counts. The microbial
counts were expressed as log cfu/g.

Lipid Oxidation Analysis

The 2-thiobarbituric acid reactive substances
(TBARS) test was used to determine the extent of
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oxidative rancidity of samples according to the
method of Pikul et al. (1989). A 10 g of ‘mantr’
sample was homogenized with 35 mL of trichlo-
roacetic acid (TCA) and 1 mL 3,5-di-tert-4-bu-
tylhydroxytoluene (BHT, 7.2% w/v). The mixed
solution was centrifuged at 1000 rpm for 6 min
(Hettich Zentrifugen D-78532 Tuttlingen, Ger-
many). The homogenate was filtered using What-
man No. 4 and the filtrate was completed to 50 mL
with TCA (5%, w/v) in a volumetric flask. A 5 mL
of 0.02 M thiobarbituric acid (TBA) was mixed
with 5 mL of the filtrate-TCA solution in glass
tubes. The tubes were kept in a water bath at 80°C
for 20 min and the absorbance of each sample was
read at 532 nm using a UV/VIS spectrophotometer
(PG Instruments T80, Leicester, U.K.) Results
were expressed as mg of malonaldehyde
(MDA)/kg of ‘mant1’ samples from the standard
curve using different concentration of TEP
(1,1,3,3,-tetracthoxypropane).

Sensory Evaluations

Sensory analyses were carried out by 5 selected
experienced panellists (ages of 22- 40 years old)
among from graduate students and the members of
Istanbul Technical University of Food Engineer-
ing Department at 7", 14™, 21" 28" and 35" stor-
age days. Fresh ‘mant’, and ‘mant’’ samples
packed with air and modified atmosphere were
served to the panellists as uncooked and cooked.
Uncooked samples were evaluated by the panel-
lists for odor, general structure and colour. Then,
cooked samples prepared by boiling for 1 min in
boiling water were served to the panellists, and
they were evaluated as odor, general structure,
colour, texture and taste. The sensory quality was
scored from 1 to 5 for each category, Where 1: Un-
acceptable, 2: Hardly Acceptable, 3: Acceptable,
4: Good, 5: Perfect. All samples were analyzed in
duplicate.

Statistical Analysis

The data were analyzed using the general linear
model procedure to determine the treatment and
interaction effects using a statistical software
(Minitab, Version 17, Minitab Inc., State College,
PA). The differences between mean values of the
treatments were compared using Tukey test.



Journal of Food and Health Science Yiicetepe and Giines, 2(4): 189-198 (2016)

Journal abbreviation: J Food Health Sci

Raw materials \
(59% flour, 40% water,
1% salt)
4 Preparation of ) . ¥ \
beef mixture Mixing
(80% ground meat, 18% \ J
onioun, 2% spices l
containing black pepper, s A
chili powder and cumins) Rolling of dough into
/ L sheets ) Performed at the
¢ commercial factory
p
Cookmg of ground Cutting the sheets
beef mixture for (2.5 x 2.5 cm dimesions)
20 minin a
- J
cauldron ¢
. .
Filling the pieces of
. sheets with cooked
Cooling of ground .
beef mixture to gorund beef mixture
- J
4°C
Transfering of fresh
manti samples to the
laboratory in 4°C
J
Partial boiling in \
boiling water for
5 min
s N
Partial drying in
L 125°C for 70 min y Performed at the
¢ laboratory
4 )\
Packaging
(C, M1, M2, M3)
\ J
4 ¢ N\
Storage
(4 £1°C, 35 days) /
. J

Figure 1.Preparation and packaging of ‘mant1’ samples
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Results and Discussion
Headspace Gas Compositions

Concentrations of CO; and O in the headspace of
packages were showed in Table 1. The CO, and
O, contents of all packages remained fairly stable
at the initial levels during 35-day storage. This was
associated with lack of microbial growth in the
samples.

pH and Moisture Contents

Initial pH value of the samples was 5.87 and it did
not changed during storage in C and M3 (p > 0.05,
Table 2). The pH increased gradually in M1 and
M2 packages during 35 days (p < 0.05). These
packages contained elevated CO, (70%) which
could result in slight reduction in pH due to disso-
lution of CO; in the product. However, there was
slight increase in the pH during storage which may
be associated with formation of nitrogenous com-
pound through proteolysis as reported in some
meat products in elsewhere (Aksu et al., 2005).
Gok et al. (2008) also reported an increase in pH
of Turkish pastirma packaged in modified atmos-
phere during storage. Similar observation was re-
ported by Shah et al. (2015) in modified atmos-
phere packaged raw beef.

Moisture content of samples, which ranged from
41.20 to 44.8%, was not affected by storage time
and packaging treatments (p > 0.05, data not
shown). This was mainly due to high moisture bar-
rier properties of the packgaging materials.

Microbiological Evaluations

The TAMB count of the samples was 5.46 log
cfu/g prior to the pretreatments of blanching and
partial drying. The TAMB count decreased to be-
low 2 log cfu/g after the pretreatments, and this
level was maintained in all packages (C, M1, M2
and M3) during 35-day storage (data not shown).

Total yeast-mold count of samples prior to the pre-
treatments was 3.91 log cfu/g. The pretreatments
decreased the total yeast/mold counts below 2 log
cfu/g. The total yeast-mold count was maintained
below 2 log cfu/g in M1, M2, and M3 packages
during 35-day storage, but increased to 4.62 log
cfu/g in C after 35 days (data not shown). This can
be explained by exclusion of O, and/or presence
of CO; in the MAP treatments (M1, M2, M3)
which have an inhibitory effect on growth of the
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microorganisms. Inhibitory effects of elevated
CO; in packages of bread on TAMB and mold-
yeast growth have also been reported in various
studies (Patsias et al., 2006; Fik et al., 2012;
Khoshakhlagh et al., 2014).

Oxidation

Lipid oxidation in the samples was assessed by
measuring the TBARS values and reported in
Table 3. Initial TBARS value of samples (3.63 mg
MDA/kg) increased in the control packages (C)
beyond day 21 of storage (p < 0.05) whereas it did
not change in M1, M2, M3 packages during 35-
day storage (Table 3). Lipid oxidation increased
with concentration of O, in package headspace.
The MAP treatments have residual O, (in M1 and
M3) or low levels of O, (5% in M2) resulting in
lower TBARS values compared to the control
packages (C) which have about 20% O, in their
headspace during the storage. A significant in-
crease in TBARS value of meat in MA packages
with higher O, during storage have been reported
in several studies (Kennedy et al., 2004; Berruga
et al. 2005; Zakrys et al., 2008; Bornez et al.,
2009; Esmer etal., 2011; Santos et al., 2015, Mes-
sina et al., 2015).

Sensory Evaluations

The uncooked samples in M1, M2, and M3 sam-
ples had acceptable sensory quality which was
similar to F (fresh samples) during 35-day storage
(Table 4). However, the sensory quality of the un-
cooked samples in C dropped below the accepta-
ble limit (score 3) on day 21 and further during
storage (Table 4).

The cooked samples in M1 and M2 had acceptable
sensory quality attributes on day 35 (scores were
higher or close to the acceptable limit). These sam-
ples had similar sensory scores to F (Table 5).
Cooked samples in M3 and C were not evaluated
for their taste and texture on the 28" and the 35"
day of storage because visible spots of green-
white molds on the samples were detected in the
packages. The sensory scores of cooked samples
from M1 and M2 on the 21* day was higher than
C and M3. Opverall, the packaging treatments of
M1 and M2 resulted in best and acceptable sen-
sory quality for both cooked and uncooked sam-
ples during 35-day storage.
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Table 1. Mean concentration of CO; and O; in the headspace of packages during storage

Storage time (day)
Packages Gas

0 7 14 21 28 35
C CO2(%)  0.65 0.50 0.48 0.45 0.50 0.58
(21%0,+0% CO,) O2(%) 20.45 20.40 20.43 20.40 20.48 20.40
Ml CO2 (%) 71.05 66.25 66.58 65.88 63.03 65.73
(70%CO2+0% O») 02(%) 0.14 0.14 0.16 0.12 0.89 0.11
M2 CO2 (%) 71.55 67.43 68.08 66.08 68.13 66.80
(70%C0O2+5% 0O») O2(%) 5.53 6.39 5.87 5.97 5.24 5.14
M3 CO2(%)  0.50 0.55 0.70 0.85 1.43 1.48
(100%N>) 02(%) 0.77 0.67 0.71 0.50 0.44 0.37

Table 2. Change in pH value of manti samples packed with different packaging conditions (C, M1,
M2 and M3) during 35 days.

Storage time (day)

Packages* 0 7 14 21 28 35

C 5.87%* 5.97%* 5.95%* 5.89%* 5.85%* 5.92%Y
Ml 5.87%* 5.98% 5.93bex 5.93bex 5.98% 6.07%%
M2 5.87%* 6.01%% 6.04% 6.00%* 5.98% 6.09%*
M3 5.87% 5.95% 5.97% 5.97% 5.91%* 5.96%

* C: 21%051+0% CO»; M1: 70% CO2+0% O2; M2: 70% CO»+5% O»; M3: 100% Na,
Means with the same letter within a line (a,b,c) and column (x,y,z) are significantly different (p < 0.05).

Table 3. Change in TBARS (mg MDA/kg) value of mant1 samples packed with different packaging
conditions (C, M1, M2 and M3) during 35 days.

Storage time (day)
Packages* 0 7 14 21 28 35
C 3.63%* 3.18%* 3.49%% 4.61%% 4,135 5.50%*
Ml 3.63%* 2.79%* 3.29%x 3.90%* 3.89%x 4.81%%
M2 3.63%* 2.28%* 3.01%x 3.59%x 3.333%* 3.81%
M3 3.63% 3.26™ 3.23%% 3.31% 3.06™* 4.08*Y

* C: 21%0,+0% CO2; M1: 70% CO»+0% Oo; M2: 70% CO2+5% Oz; M3: 100% N,
Means with the same letter within a line (a,b,c) and column (x,y,z) are significantly different (p < 0.05).
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Sensory Evaluations

The uncooked samples in M1, M2, and M3 sam-
ples had acceptable sensory quality which was
similar to F (fresh samples) during 35-day storage
(Table 4). However, the sensory quality of the un-
cooked samples in C dropped below the accepta-
ble limit (score 3) on day 21 and further during
storage (Table 4).

The cooked samples in M1 and M2 had acceptable
sensory quality attributes on day 35 (scores were
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higher or close to the acceptable limit). These sam-
ples had similar sensory scores to F (Table 5).
Cooked samples in M3 and C were not evaluated
for their taste and texture on the 28" and the 35"
day of storage because visible spots of green-
white molds on the samples were detected in the
packages. The sensory scores of cooked samples
from M1 and M2 on the 21* day was higher than
C and M3. Overall, the packaging treatments of
M1 and M2 resulted in best and acceptable sen-
sory quality for both cooked and uncooked sam-
ples during 35-day storage.

Table 4. The effect of different packaging conditions (C, M1, M2 and M3) on sensory quality attrib-
utes of uncooked samples during 35 days. The sensory scores are: 1: unacceptable, 2:
hardly acceptable, 3: acceptable, 4: good and 5: perfect.

Storage time (day)
Packages* Quality attribute 7 14 21 28 35
Odor 4.4 4.0 3.4%x 2.3% 2.7
C General structure 4.1 4.4 3.7%x 3.4% 2.8%%
Colour 4.2 4.1 3.5%x 3.0%Y 2.8
Odor 4.5%% 4.1%x 3.8 3.5% 3.6
M1 General structure ~ 4.1** 4.3 3.7 2.7%Y 3.8
Colour 3.9%% 4.1%% 3.7%% 3.5%% 3.7%%
Odor 4.5 4.4 3.7%x 2799 3.0
M2 General structure 4.3 4.3 3.8 3.4 3.2%%
Colour 3.8 4.2%* 3.7%x 3.3%% 3.20%
Odor 4.4* 4.4 3.9%x 2.7 3,30
M3 General structure  4.0°°* 4.4%* 3.9%x 3.20% 3.1°%
Colour 3.9 4.2 4.3 2.3 3.5
Odor 4.3%% 3.6 3.0%* 3.2%% 4.0**
F General structure 3.6™* 4.4 3.4 3.6™* 3.1
Colour 4.0%* 4.2%* 3.8%0 2.3 3.5%x

* C: 21%0,+0% CO2; M1: 70% CO2+0% Oz; M2: 70% CO2+5% Oo; M3: 100% N, F: Fresh (freshly prepared
sample taken from the manufacturer at the time of evaluation, no pretreatments were applied).
Means with the same letter within a line (a,b,c) and column (x,y,z) are significantly different (p < 0.05).
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Table 5. The effect of different packaging conditions (C, M1, M2 and M3) on sensory quality attrib-
utes of cooked samples during 35 days. The sensory scores are: 1: unacceptable, 2: hardly
acceptable, 3: acceptable, 4: good and 5: perfect.

Storage time (day)
Pack- . .
ages* Quality attribute 7 14 21 28 35
Odor 4.5 4.1 3.0% 1.9% 2.4
General structure  4.0** 4.1%* 4.0** 2.6 3.0%x
C Colour 3.8% 4.4 3.7%x 3.0 2.9
Texture 4.0 3.7%% 3.0 NA NA
Taste 4.0%* 3.5%x 2.80x NA NA
Odor 4.6~ 4,19 3.6 3.35x 3.4%%
General structure ~ 4.5%* 4.0 3.6%% 3.92x 3.4
M1 Colour 4.8 4.3 3.2 3.3 3.4
Texture 4.3 3.8 3.0 3.4%bex 2.9%%
Taste 4.0 3.6 3.4 3.28% 3.1
Odor 4.4 3.9%x 3.3bex 3.200% 2.7%%
M2 General structure  4.4%* 3.9%* 3.7%* 3,330z 3.5%*
Colour 4.5%% 3.8%% 3.4%% 3.3%% 3.28
Texture 4.1 3.6 3.0%% 3.280x% 3.4%x
Taste 4.2 3.4%x 3.2 2.7°% 3.0
Odor 4,72 4.1 3.7 2.9 2.9%%
General structure  4.3%* 3.9%* 2.6%X 2.4b% 3.28bx
M3 Colour 3.8% 3.9% 3.7%% 3.1%% 2.9%%
Texture 4.1~ 3.7%% 3.6 NA NA
Taste 4.1%% 3.5% 3.8%% NA NA
Odor 4.8 4.1 2.7% 3.9 3.5%%
General structure  4.5** 3.6%* 3.6°* 3.6%0xY 2.7%%
F Colour 4.6~ 4.4 3.8 3.8 3.30%
Texture 4,72 3.8 3.9%x 4.0 3.4%%
Taste 4,72 3.4 3.3 3.3 3.1°%

* C: 21%0,+0% COy; M1: 70% CO2+0% O2; M2: 70% CO»+5% O; M3: 100% No, F: Fresh (freshly prepared
sample taken from the manufacturer at the time of evaluation, no pretreatments were applied).

Means with the same letter within a line (a,b,c) and column (x,y,z) are significantly different (p < 0.05).

NA: Not analyzed due to spots of visible mold in samples
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Conclusions

The present study showed that microbiological,
chemical and sensory quality of ‘mant1’ samples
packaged with M1 and M2 were significantly
higher than the the samples packaged with C and
M3. Total yeast/mold and TAMB counts were be-
low 2 log cfu/g in all MA packages after 35 days.
MAP (M1, M2, M3) had significant inhibitory ef-
fect on lipid oxidation compared to C. Samples in
both M1 and M2 with elevated CO; had higher
sensory qualities than packages with air (C) and
N»-packages (M3). Inclusion of 5% O in pack-
ages with elevated CO, (M2) did not affect micro-
bial quality, TBARS values, and the sensory qual-
ities. Overall, MAP containing 70% CO, with or
without 5% O, (M1 and M2) resulted in better
quality maintenance and extended shelf-life of the
refrigerated ‘mant1’ up to 35 days.
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