J. Agric. Sci. Mansoura Univ., 34 (7): 7715 -7726, 2009

THE EFFECT OF SOME REDUCED NITRITE CURING
MIXTURES ON SENSORY, PHYSICOCHEMICAL AND
MICROBIAL - PARAMETERS - OF PASTIRMA DURING

RIPENING AND STORAGE

Mostafa,G.A. ?; Amal A, Gaballa®; R. A. Taha *; S. M. Mokhtar ?;

B. Nowak ° and Theda Von Mueffling °

? Dept. of Food Technology, Faculty of Agriculture, Suez Canal
University, Ismailia, Egypt

® Institute of Food Quality and Food Safety, University of Veterinary
Medicine, Hannover, Germany

ABSTRACT

For decreasing the use of nitrite in pastirma processing, five nitrite-reduced
meat curing mixtures were used as replacements for 32%, 64% and 100% nitrite. The
quantitative characteristics of the samples such as Physicochemical, microbial and
sensory attributes were compared with the control (100% nitrite) during ripening and
storage. The statistical comparison showed that curing mixtures which included
sodium nitrite 80 mg/kg, chitosan 10 g/kg and rosemary 2 g/kg (sample B), sodium
nitrite 80 mg/kg, betanin 3.6 mg/kg, chitosan 10 g/kg and rosemary 2 g/kg (sample D)
and sodium nitrite 40 mg/kg, betanin 14.4 mg/kg, chitosan 10 g/kg and rosemary 2
g/kg (sample E) have the color, overall acceptability, oxidative and microbial stabilities
which are imparted by nitrite.
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INTRODUCTION

Sodium or potassium nitrite is widely used as curing agent in
sausage and other cured meat products because it inhibits outgrowth and
neurotoxin formation by Clostridium botulinum, hampers spoilage and the
development of food poisoning anaerobic microorganisms, delays the
development of oxidative rancidity, develops the characteristic flavor of cured
meats and reacts with myoglobin and stabilizes the red meat color.
However, nitrite can react with secondary or tertiary amines in meat to form
carcinogenic, teratogenic and mutagenic N-nitroso compounds (Honikel,
2008). Despite all of its desired properties, nitrite is also responsible for the
formation of carcinogenic N-nitrosamines in some cured meat products under
certain processing conditions (Marco et al., 2006). Schweinsberg and Burkle
(1985) reported that nitrite enhances the carcinogenic action of N-nitroso-N-
methylbenzylamine in the production of esophageal tumors.

To overcome these potentially serious problems, several approaches
have been considered by researchers. Since the rate of nitrosamine
production depends on the square of the concentration of the residual nitrite
in meats, a reduction in the level of nitrite addition to meats has proved to be
an effective measure in reducing the risk of nitrosamine formation (Shahidi
and Pegg, 1992). Therefore, it is desirable to find suitable alternatives for
nitrite in the preparation of cured meat products.

Since it is unlikely that a single compound will be found that can
perform all of the functions of nitrite, efforts in the past have been
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concentrated to develop nitrite-free curing mixtures for duplicating the
cumulative action of nitrite. ‘

The aim of the present research was to develop a multi-component
curing system in which individual constituents are used to produce the color,.
and flavor imparted by nitrite and to reproduce its antioxidant and
antimicrobial effects.

MATERIALS AND METHODS

Materials

Betanin was obtained from Sensient Food Colors (Geesthacht,
Germany). Chitosan 75-85% deacetylation was obtained from Sigma-Aldrich
GmbH (Steinheim, Germany) and Rosemary was purchased from local
market (Hannover, Germany). All media used in microbiological analysis
were obtained from Merck (Darmstadt, Germany).
Preparation of pastirma

Pastirma was prepared according to the method described by
Shehata (1989). During preparation of pastirma the Egyptian standard (1991)
was considered. For all treatments M. semitendinosus from cows of about the
same age (3-4 years old) were used. After that M. semitendinosus was
trimmed from external fat and connective tissues. Then the muscle (2-3 kg)
was cut into two pieces of approximately 1 to 1.5 kg. The pieces for dry
curing received 8 to 10 incisions of 2-3 cm length and about 2 cm depth
laterally to fill it with curing salt. Sex different batches with different curing
mixtures were produced as a follow: A=control (sodium nitrite 125 mg/kg),
B=sodium nitrite 80 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, C=sodium
nitrite 40 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, D=sodium nitrite 80
mg/kg + betanin 3.6 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, E=sodium
nitrite 40 mg/kg + betanin 14.4 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg,
and F=betanin 21.6 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg. Then all
prepared samples were coated (3-4 mm thickness) with the paste mixture (40
g finely ground fenugreek, 20 g finely ground garlic, 30 g paprika, 10 g
sodium chloride, 20 g wheat flour and 80 ml water). Then the samples were
transferred to a chamber (Wilhelm Fessmann GmbH U. Co., Winnenden,
Germany), at 60-85+1% RH and at 15-20+0.5 °C during 17 days according to
the drying program described by Aksu et al. (2005), then stored at room
temperature (1041 °C) for 90 days.
Sampling

Proximate analyses (moisture, protein, fat and ash) were determined
only in the raw meat used for the preparation of pastirma. For tested
parameters (moisture, pH, TBA, color, and nitrite), determinations were
performed on 0, 1, 8 and 17 days of ripening antl 30, 60 and 90 days of
storage, microbial examinations were performed on 0, 1, 4, 8 and 17 days of
ripening and 30, 60 and 90 days of storage and sensory evaluation was
performed directly after ripening and after 30, 60 and 90 days of storage. All
analyses were carried out in duplicate.
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Physicochemical analysis

Moisture, crude protein and ash contents were determined according
to AOAC (1990). The fat content was determined according to soxhelt
method as described by Amtliche Sammiung von Untersuchungsverfahren
nach § 64 Lebensmittel-und Futtermitteigesetzbuch (LFGB) (1980). pH value
was determined according to the method of Bozkurt (2006). TBA value was
determined according to the method described by Shahidi et al. (1987).The
color of the sausage samples was measured using Minolta
Spectrophotomater CM-2002 (Minolta Camera Co. Ltd., Osaka, Japan), the
measurements were repeated on five randomly selected locations on each
sample. Residual nitrite was determined according to the method of Amtliche
Sammiung von Untersuchungsverfahren nach § 64 LFGB (1990).
Microbiological analysis

Ten grams of the sample was aseptically weighed into a sterilized
plastic bag containing 90 ml diluent (8.5 g sodium chloride and 1 g casein
peptone diluted to 1 L distilled water). Each sample was homogenized with a
stomacher 400 lab blender (Fa. Seward Medical, London, UK) for 2 min and
the suspension was used as 10 dilution. Serial decimal dilutions were made
of sample solution (10 to 10° ) Total plate count was counted on standard
nutrient agar, incubated at 37 °C for 2 days. Dilutions were spread-plated in
duplicate on crystal-violet neutral-red bile dextrose agar (VRBD) for
Enterobacteriaceae, Baird Parker agar (BP) Micrococcaceae, Escherichia coli
direct agar (ECD) for E. coli and yeast extract glucose chloramphenicol agar
(YGC) for yeast and mould. Plates were incubated at 30 °C for 2 days for
Enterobacteriaceae, 37 °C for 2 days for Micrococcaceae, 37 °C for 2 days
for E. coli and 25 °C for 4 days for yeast and mould.
Sensory evaluation

The organoleptic quality attributes (appearance, color, texture, odor
and taste) of the control and treated samples were evaluated initially and
periodically during storage. Sensory evaluation was performed with 10
trained panel members, Institute of Food Quality and Food Safety, University
of Veterinary Medicine, Hannover, Germany. The panelists were asked to
evaluate each attribute on a 5-point scale: 1, very poor, 2, poor; 3,
acceptable; 4, good; 5, very good according to the method described by Byun
et al. (2001).
Statistical analysis

Significant differences between the mean values of estimated testes
were measured according to Strotmann et al. (2008).

RESULTS AND DISCUSSION

Physicochemical analysis

Mean percent contents of moisture, protein, fat and ash of the raw
meat used for the preparation of pastirma were 73.5%, 23.0%, 2.25% and
1.05%, respectively. These results are close to those reported by Aksu ef al.
(2006) for Pastirma.Changes in the moisture content during ripening and
storage are shown in Fig. (1a). The moisture content of pastirma samples
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gradually decreased during ripening and storage periods as a result of drying
and water evaporation. On the day of stuffing mearn values for moisture were
above 69% for all batters (from 59.38% to 70.7%), whereas at the end of
ripening (day 17) it was above 47% (from 47.9% 10 49.0%). At the end of
storage (day 90), the mean values were over 40% (40.9% to
41.6%).Changes of pH during the ripening and storage periods of pastirma
samples are given in Fig. (1b). pH values of pastirma decreased during the
first 8 days of ripening from 5.94 to 5.57. During this period, lactic acid
bacteria and other acid-producing bacteria produce lactic acid and other
organic acids (Komprda et al., 2001). After that time during further ripening
and storage, an increase in pH value was observed and this may be due to
decomposition of acids and production of basic nitrogenous compounds
(Bozkurt and Erkmen, 2007). It was found that additives affected (P < 0.05)
pH values of pastirma samples. Increasing nitrite concentration decreased (P
< 0.05) pH values (Bozkurt and Erkmen, 2007).

Changes of TBA values of pastirma samples during the ripening and
storage are given in Fig (1c). it was found that TBA values were did not
affected (P < 0.05) by nitrite alternatives. TBA values increased gradually (P
< 0.05) from 0.15 to 0.52 mg malonaldehyde/kg during the ripening period.
After that, TBA values increased during the storage period up to 0.71 mg
malonaldehyde/kg. In agreement with the obtained results, the positive
effects of the individual use of chitosan and rosemary or the combined use as
regards preventation of lipid oxidation are well documented. Georgantelis et
al. (2007) found that the best antioxidative effect in sausage and beef burger
was obtained by the combination of rosemary extract and chitosan. Also,
Darmadji and lzumimuto (1994) reported that the TBA value of beef
containing 1 % chitosan was at the same level after 10 days of storage at 4
°C as it was on day 0, whereas the respective vaiue of the control sampies
increased sharply.Changes in the residual nitrite level of pastirma samples
are shown in Fig. (1d). The residual nitrite levels decreased rapidly during
ripening and decreased slowly during storage. At any sampling time during
ripening and storage the control sample (A) showed significantly higher
(p<0.05) levels of residual nitrite than those observed in the other samples
(B, C, D, E and F). Alley et al(1992) observed that in the first stages of
fermentation, more than 50 % of nitrites that disappeared were transformed
into nitrates. The rapid decrease in nitrite level observed in dry sausages is
well documented (Samelis et al, 1998). The nitrite content decreased very
quickly which is most likely due to the high reactivity of nitrite (Marco et al.,
2006). Aksu and Kaya (2001) reported that the amount of residual nitrite of
pastirma marketed in Erzurum, Turkey, was 0.93-11.6 mg/kg. Tyrpenou et al.
(2000) found that the amount of residual nitrite in Greek pastirma ranged from
0.85 to 190 mg/kg as sodium nitrite.

Changes in L, a and b values of pastirma samples during the
ripening and storage periods are given in Table (1). Significant differences
(p<0.05) were found between betanin containing samples (D, E and F) and
free betanin samples (A, B and -C). The lightness (L value) of all pastirma
samples was slowly decreased during ripening and storage.
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Fig. (1). Effect of different curing mixtures on physicochemical
properties of pastirma during ripening and storage.
A: control sodium nitrite 125 mg/kg, B: sodium nitrite 80 mg/kg +
chitosan10 g/kg + rosemary 2 g/kg, C: sodium nitrite 40 mg/kg +
chitosan 10 g/kg + rosemary 2 g/kg, D: sodium nitrite 80 mg/kg +
betanin 3.6 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, E: sodium
nitrite 40 mg/kg + betanin 14.4 mg/kg + chitosan 10 g/kg + rosemary 2
g/kg, F: betanin 21.6 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg.
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Decrease in L values represented formation of dark color in the
sucuk due to the browning reactions (Bozkurt, 2006). These results are in
accordance with those reported by Chouliara et al. (2006). Aksu et al. (2005)
who reported that L values decreased during storage from 47.38 to 41.42
during the storage period. Significant differences (p<0.05) for a values were
observed between the investigated samples, on the day of stuffing sample (F)
produced the highest a value among the samples, while samples (B and C)
revealed the lowest values. Bloukas et al. (1999) reported that the redness of
frankfurters was steadily increased with the betanin level. Similar results were
confirmed by Stuempel (1997) for betanin in frankfurter-type sausages. An
increasing trend was observed as regards to a values for A, B, C, D and E
samples, together with a decreasing trend in a values for F sample during
ripening. These results are in agreement with those reported by Aksu et al.
(2005) who mentioned that a value increased from 24.47 to 36.38 during
ripening. During the first days of the ripening period, nitrogenous compounds
present in meat combined with myoglobin to produce the desired red pigment
(Bozkurt, 2008). a values in all samples decreased as the time of storage
increased up to 90 days of storage. These resuits are in agreement with
those observed by several authors (Mitsumoto et al., 2005). The yellowness
(b values) decreased gradually during ripening and storage. This could be
due to the browning reactions, because browning reactions yield melanoidins
that have a brown color (Bozkurt, 2006). These results are in agreement with
those observed by Kayaardi and Gok (2003) and Bozkurt (2006). The b
values of Spanish type dry-cured sausages decreased during the
fermentation and ripening periods (Pérez-Alvarez et al., T999). Also,
Zarringhalami et al. (2009) reported that the b values of sausage samples
decreased during storage as the time of storage increased.

3.2. Microbiological analysis

The microbiological anaiysis was determined during the ripening and
storage periods and results are given in Table (2). Counts of TPC and
Micrococcaceae increased during the first 8 days of ripening from 6.77 to
8.27 and from 4.21 to 5.15 log CFU/g, respectively, afterwards decreased
during further ripening and storage. At the end of storage, the mean values
were 6.10and 4.20 log CFU/g, respectively. These results are coincided with
those observed by Bozkurt and Erkmen (2007) who found that APC
increased from 5.19 to 6.09 log CFU/g during the first 10 days of the ripening
period, due to higher RH (85-95 %) and temperature (22- 25°C).

After that, it decreased significantly (P > 0.05), during storage, due to
adjustment of RH to 50 % RH. Enterobacteriaceae counts decreased during
ripening by more than one logarithmic unit, ending up at less than 3 log
CFU/g in all batches. Also, Enterobacteriaceae counts of all tested pastirma
samples decreased as the storage time progressed up to 30 days. While, no
Enterobacteriaceae colonies were observed at 60 and 90 days of storage.
This behavior is similar to that found by Bover-Cid et al. (1999).This is a
typical decrease due to the environmental conditions which make Gram-
negative bacteria growth difficult (Hernandez-Jover et al, 1997).
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Table (1). Effect of different curing mixtures on L, a and b values of pastirma during ripening and storage.

Days

Treatments

Ripening time (days)

Storage time (days)

Parameter

0

1

8

17

0

30

60

90

A

41.0910.33a
18.0410.23a
17.08+0.29a

40.9810.35a
182110.28a
17.0240.29a

40.5710.21a
20.9210.24a
16.9540.20a

40.3210.41a
35.29+0.26a
16.74+0.38a

40.32+0.41a
35.29+0.26a
16.7440.38a

39.29+0.35a
33.89+0.91a
15.3410.28a

37.7840.28a
31.6240.40a
14.7740.14a

36.3210.24a
30.65+0.50a
13.9910.18a

41.02+0.26a
17.84+0.45a
16.7410.35a

41.0140.26a
17.9210.42a
16.70£0.28a

40.61+0.18a
20.71+0.10a
16.57+0.24a

40.3610.23a
35.03+0.24a
16.02+0.26a

40.3640.23a
35.0310.24a
16.0210.26a

39.104+0.27a
33.2610.48a
15.29+0.35a

37.51+0.28a
31.0710.57ab
14.6910.14a

36.111£0.21a
30.4410.79ab
13.9810.14a

40.8310.18a
17.88+0.39a
16.4510.42a

40.8510.14a
17.99+0.35a
16.4010.42a

40.60+0.16a
20.1110.13b
16.211+0.30a

ﬂ0.00iO.SSab
32.231+0.47b
15.8610.31a

32.2310.47b
15.8610.31a

140.00+0.35ab

38.92+0.21a
31.5310.57b
15.4510.21a

36.97+0.35ab
29.20+0.71b
14.2940.21a

36.07+0.28a
28.6710.45b
13.7010.07a

40.2610.07b
24.85+0.28b
18.3010.42b

40.12£0.14b
24.9110.21b
18.311£0.42b

39.8610.20b
25.99+0.35cd
18.021+0.11b

39.1910.27b
33.7910.69ab
17.9840.28b

39.19+0.27b

17.98+0.28b

38.06+0.35b

33.7910.69ab(32.06+0.99ab)|

16.36+0.07b

35.8040.14b
30.85+0.71ab
15.2110.07b

35.200.21b
29.6810.57ab
14.5310.12b

39.7610.28b
26.1040.21¢
19.1410.37bg

39.70£0.21b
26.1410.28¢

19.1120.35b¢

39.41+0.10b
26.4110.20c
19.01+0.20c

38.4110.23¢c
36.01+0.85a
18.58+0.07¢

38.41+0.23c
36.0110.85a
18.58+0.07¢

37.7110.18b
34.33+0.57a
16.92+0.07¢

35.1110.27¢
32.1940.55a
15.81+0.21¢

34.7210.07¢
30.9710.31a
14.9640.14c

F

39.02+0.14c
29.89+0.98d

oo oo Mo Mo Moy MO

39 00£0.14c
29.71+0.92d

19.97+0.18¢

19.9540.14¢

38.62+0.16¢
25.30+0.06d
19.61+0.27¢

37.53+0.35d
22.30+0.64c

18.9940.12d

37.5310.35d
22.30+0.64c
18.99+0.12d

37.05+0.10c
20.86+0.28¢
17.3140.14d

34.89+0.09c
19.61£0.14¢c
16.3640.15d

33.6110.16d
18.5410.48¢
15.2540.07d

6002 ‘AInr ‘(L) #€ “Alun einosuey ‘198 by T

Values with different letters in each column are significantly different (p<0.05) from one to another. (A: control sodium nitrite 125 mg/kg, , B:
sodium nitrite 80 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, C: sodium nitrite 40 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, D: sodium nitrite
80 mgl/kg + betanin 3.6 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, E: sodium nitrite 40 mg/kg + betanin 14.4 mg/kg + chitosan 10 g/kg +
rosemary 2 g/kg, F: betanin 21.6 mg/kg + chitosan 10 g/kg + rosemary 2 g/kg).
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Table (2). Effect of different curing mixtures on microbiological profiles
of pastirma during ripening and storage.

Total plate Lactic acid | Yeastand
gme {days)| Treatment co u‘:nt Enterobacteriaceae bacteria mould E. coli
ipening
A 6.7810.085a 4.0810.057a 3.4210.042a | 3.7310.106a | 1.8530.211a
0 B 6.7310.078a 4.1010.042a 3.38£0.099a { 3.7010.127a | 1.7540.116a
c 6.7910.057a 4.10£0.035a 3.4510.078a | 3.7510.057a | 1.82%0.303a
D 6.70£0.042a 4.0740.078a 3.40+0.049a | 3.7110.078a | 1.7040.087a
E 6.8010.078a 4.12140.042a 3.34+0.085a | 3.7910.112a | 1.8520.077a
F 6.8210.106a 4.1410.099a 3.31+0.057a | 3.79+0.066a | 1.9040.066a
1 A 7.23%0.211a 4.281+0.217a 3.9210.092a | 3.9440.100a | 1.5920.4952
B 7.2210.106a 4.32x0.112a 3.7110.069a | 3.88+0.120a | 1.5840.240a
[ 7.1820.078a 4.3010.106a 3.88+0.085a | 3.9910.066a | 1.5520.099a
D 7.1910.085a 4.20£0.092a 3.7410.049a | 3.9610.072a | 1.5020.071a
E 7.29+0.116a 4.1910.078a 3.8010.066a | 4.0310.215a | 1.5510.099a
F 7.37£0.212a 4.3010.085a 3.9540.078a | 4.0110.049a | 1.6020.212a
A 7.9710.156a 4.1630.207a 5.4540.035a | 5.0720.033a | 1.1720.212a
B 7.89%0.174a 4.0610.232a 5.26£0.039a | 4.85£0.276a | 1.12%0.127a
4 [ 7.9910.099a 4.14+0.057a 5.4110.074a | 5.0310.042a | 1.15%0.106a
D 7.8510.057a 4.0110.091a 5.3210.042a | 4.9840.116a | 1.1040.089a
E 8.0110.078a 4.090.156a §.38£0.089a | 4.9910.074a | 1.1720.099a
F 8.03+0.066a 4.2240.066a 5.4710.127a | 5.1240.202a | 1.2230.127a
A 8.2310.211a 3.55%0.215a 6.24+0.057a | 4.2640.033a | 1.0940.085a
B 8.0810.080a 3.4810.087a 6.1210.106a | 4.1410.071a | 1.0030.092a
8 (o4 8.2940.137a 3.5510.091a 6.1910.057a | 4.18+0.049a | 1.0240.112a
D 8.1510.078a 3.4010.085a 6.0910.099a | 4.1240.207a | 1.0240.142a
E 8.3710.116a 3.4540.112a 6.1710.066a | 4.22+0.091a | 1.0520.2323
F 8.48+0.232a 3.6510.156a 6.2910.212a | 4.3040.34%9a | 1.1130.14%3a
A 8.0110.114a 2.8240.106a 5.09+0.085a | 3.2010.215a ND
B 7.9810.066a 2.720.078a 4.88+0.078a | 3.0110.156a ND
17 c 8.090.078a 2.8510.042a §.0410.057a | 3.15£0.085a ND
D 8.0310.091a 2.7910.099a 5.00+0.089a | 3.0810.099a ND
E 8.11+0.126a 2.8010.057a 5.0210.127a ; 3.1010.057a ND
F 8.22+0.111a 2.8940.091a 5.1240.349a | 3.2310.174a ND
torage A 8.0110.114a 2.8210.106a 5.09+0.085a | 3.2010.215a ND
B 7.9810.066a 2.7210.078a 4.88+0.078a | 3.0110.156a ND
0 [+ 8.090.078a 2.8510.042a 5.0410.057a | 3.15+0.085a ND
D 8.0310.091a 2.79+0.099a 5.0010.089a | 3.0810.099a ND
E 8.1120.126a 2.8010.057a 5.02+0.127a | 3.1010.057a ND
F 8.2240.111a 2.8910.091a 5.12£0.349a { 3.23£0.174a ND
A 7.68%0.092a 2.3510.074a 4.3410.099a | 2.2910.156a ND
B 7.7710.111a 2.1310.240a 4.12£0.085a | 2.1410.087a ND
30 [ 7.7110.087a 2.2310.091a 4.1810.108a | 2.2510.114a ND
D 7.60£0.089a 2.2130.129a 4.20+0.099a | 2.2010.085a ND
E 7.7910.091a 2.3010.137a 4.2910.106a | 2.2810.112a ND
F 7.8910.116a 2.3610.320a 4.36£0.137a } 2.35120.273a ND
A 6.6910.207a ND 3.8810.215a | 2.1940.112a ND
B 6.6610.215a ND 3.62+0.116a | 2.0110.057a ND
60 c 6.8210.108a ND 3.71£0.156a | 2.2010.099a ND
D 6.5610.099a ND 3.70£0.092a | 2.070.085a ND
E 6.7210.114a ND 3.75£0.174a | 2.165£0.078a ND
F 6.8910.127a ND 3.970.230a | 2.2640.089a ND
A 6.1210.085a ND 3.42+0.303a | 2.0940.078a ND
B 6.0910.042a ND 3.2810.116a } 1.7310.156a ND
90 [ 6.0910.066a ND 3.3820.350a | 1.9110.127a ND
D 6.0240.099a ND 3.3040.137a | 1.8610.099a ND
E 6.10£0.078a ND 3.3510.330a | 1.9710.085a ND
F 6.1520.057a ND 3.4640.120a | 2.1610.112a ND

Values with different letters in each column are significantly different (p<0.05) from one to
another. (A: contro! sodium nitrite 125 mg/kg, B: sodium nitrite 80 mg/kg + betanin 3.6
mg/kg + chitosan 10 g/kg + rosemary 2 g/kg, C: sodium nitrite 40 mg/kg + betanin 14.4
mg/kg + chitosan 10 g/kg + rosemary 2 ‘g/kg, D: betanin 21.6 mg/kg + chitosan 10 g/kg +
rosemary 2 g/kg).
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Yeast and mould numbers increased from 3.75 to 5.01 log CFU/g up
to 4 days of ripening and after that their numbers decreased to 3.13 and 1.95
log CFU/g at the end of ripening and storage, respectively. This trend is
similar to that reported by Bozkurt and Erkmen (2007) who found that yeast
and mould count increased from 4.54 to 5.09 log CFU/g up to 5 days of
ripening and after that their count decreased. E. coli count in all treated
samples was gradually decreased during the first 8 days of ripening.
Thereafter, no E. coli colonies were detected during further ripening and
storage.
Sensory evaluation

Changes in sensory attributes after ripening and during storage of
pastirma are given in Table (3).

Table (3). Effect of different curing systems on organoleptic properties
of pastirma during storage.

Appearance Color Texture Odor Taste

Overall

Treatments acceptability

Zero time
4.35¢0.21a | 4.50+0.20a | 4.28+0.12a | 4.42+0.23a | 4.25+0.21a | 4.3620.10a
4.1040.21ab |4.22+0.28abc| 4.23+0.16a | 4.3220.26a | 4.10+0.26a | 4.19+0.12ab
4.00+0.14ab | 3.76+0.09bc | 4.0220.26a | 4.05+0.21a | 4.01+0.18a | 3.97+0.07bc
4.42+0.26a | 4.4920.21a | 4.31£0.27a | 4.49+0.26a | 4.12+0.17a | 4.37+0.14a
4.19+0.18ab | 4.38+0.26ab | 4.23+0.16a | 4.3620.20a | 4.13£0.18a | 4.2620.11a
3.70+0.16b | 3.61+0.14c {4.01+0.30a | 3.91+0.26a | 3.96£0.27a | 3.84+0.07c
30 days
14.08+0.21ab| 4.18+0.14a |4.11+0.16a | 4.08+0.20a |4.27+0.16a | 4.14£0.12a
3.8910.20abc| 4.02+0.18ab | 4.0320.21a | 4.07+0.26a ]4.03:0.21ab} 4.01+0.13ab
3.71£0.07bc | 3.80+0.11bc | 3.96+0.17a | 3.78+0.23ab |3.90+0.14ab| 3.83+0.07bc
4.0320.10a | 4.20+0.14a {4.10x0.20a | 4.17+0.21a | 4.19:£0.21a | 4.1420.14ab
3.88+0.14abc] 4.00+0.13ab | 3.96+0.21a | 3.91£0.20a |3.89+0.16ab|3.93+0.14abc
3.41+0.20b | 3.38+0.22c |3.82+0.20a | 3.34:£0.04b | 3.70+0.10b | 3.53+0.14c
60 days
3.83+£0.18a | 3.95+0.21a }3.81£0.16a{3.71+0.18ab ! 3.80+0.21a | 3.82+0.14a
3.46+0.21abc| 3.81£0.18a [3.53+0.18ab{3.56+0.14abc| 3.72+0.17a | 3.62+0.17ab
3.26+0.09bc | 3.301£0.12b {3.46+0.16ab} 3.27+0.14ac |3.42£0.21ab|3.34+0.11bcd
3.73+0.18a | 3.88%0.17a (3.60+0.21ab] 3.79+0.11b | 3.83+0.18a ] 3.77+0.14a
3.62+0.17ab { 3.8310.23ab {3.40+£0.14ab|3.62+0.17abc| 3.70+0.14a | 3.63+0.18ac
3.01+0.16¢ | 2.8220.11c {3.1520.13b | 3.20£0.12¢c | 3.00£0.21b | 3.04+0.14d
90 days
3.3640.18a | 3.76+0.17a | 3.06£0.34a | 3.84+0.28a | 3.64+0.16a | 3.53x0.14a
3.12+0.17ab | 3.32+0.14ab | 3.07+0.23a | 3.64+£0.28ab | 3.59+0.14a | 3.35£0.12ab
3.01:0.14ab { 3.02+0.10bc { 3.09£0.16a | 3.38+0.21ab | 3.25+0.07b |3.15+0.11bcd
3.35+0.16a | 3.65+0.14a [ 3.18+0.26a | 3.6810.22ab | 3.67+0.16a | 3.51+0.14a
3.17+£0.17ab | 3.41+0.11a | 3.23+0.28a | 3.5310.18ab |3.54+0.14ab| 3.38+0.16ac
2.74+0.14b | 2.8520.10c | 2.9620.20a | 2.98+0.17a | 2.94+0.11c | 2.89+0.09d
Values with different letters in each column are significantly different (p<0.05) from one to
another. (A: control sodium nitrite 125 mg/kg, , B: sodium nitrite 80 mg/kg+chitosan 10
g/kg+rosemary 2000 mg/kg, C: sodium nitrite 40 mg/kg+chitosan 10 g/kg+rosemary 2000
mg/kg, D: sodium nitrite 80 mg/kg+betanin 3.6 mg/kg+chitosan 10 g/kg+rosemary 2000
mg/kg, E: sodium nitrite 40 mg/kg+betanin 14.4 mg/kg+chitosan 10 g/kg+rosemary 2000
mg/kg, F: betanin 21.6 mg/kg+chitosan 10 g/kg+rosemary 2000 mg/kg).

Sensory scale: 1, very poor; 2, poor; 3, acceptable; 4, good; 5, very good.

No significant differences with respect to texture, odor and taste

between batches were observed at the end of the ripening process (zero time
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storage), while significant differences (P< 0.05) were found in appearance,
color and overall acceptability showing a preference for B, A, D and E
samples. These results are in accordance with those observed by Bakr and
Mahmoud (1995) who mentioned that sausages prepared with curing mixture
including 0.2- 0.3 % nitrite, 0.05- 0.1 % table beet juice and 0.25 % rosemary
extract possessed similar organoleptic qualities as the nitrite cured ones (0.4
%). During storage, it could be ncticed that the score of all tested attributes
decreased as the storage time progressed up to 90 days. This behavior could
be due to lipid, Mb and nitrosomyoglobin oxidation, as well as microbial
activity. Oxidative processes in meat lead to the degradation of lipids and
proteins which, in turn, contribute to the deterioration in flavor, texture and
color of displayed meat (Decker ef al, 1995). At the end of storage time
sample (A) recorded the highest score values of appearance, color, odor and
overall acceptability, while sample (D) had the highest score values of texture
and taste. Moreover, sample (F) had the lowest score of all tested attributes.
From the above results, it could be noticed that nitrite-reduced meat
curing mixtures which included sodium nitrite 80 mg/kg, chitosan 10 g/kg and
rosemary 2000 mg/kg (sample B), sodium nitrite 80 mg/kg, betanin 3.6
mg/kg, chitosan 10 g/kg and rosemary 2000 mg/kg (sample D) and sodium
nitrite 40 mg/kg, betanin 14.4 mg/kg, chitosan 10 g/kg and rosemary 2000
mg/kg (sample E) have the color, oxidative stability overall acceptability and
microbial stability which are imparted by nitrite to cured-meat products.
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