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Table 1 Formulation of beef bologna with different levels of CCEO and chitosan.

Ingl;ﬁ/(‘i);ents Treatments
T, T, T; T, Ts T T, Ty Ty Ty Ty Tp
CCEO 0 0 0 1 1 1 2 2 2 3 3 3
Chitosan 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
Sodium nitrite  0.01 0 0 0 0 0 0 0 0 0 0 0
Beef 60 60 60 60 60 60 60 60 60 60 60 60
Oil 8 8 8 8 8 8 8 8 8 8 8 8
Starch 4 4 4 4 4 4 4 4 4 4 4 4
Albumin egg 4 4 4 4 4 4 4 4 4 4 4 4
Wheat flour 2 2 2 2 2 2 2 2 2 2 2 2
Salt 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Sodium lactate 1 1 1 1 1 1 1 1 1 1 1 1
Fresh garlic 1 1 1 1 1 1 1 1 1 1 1 1
Spice 1 1 1 1 1 1 1 1 1 1 1 1
Sugar 1 1 1 1 1 1 1 1 1 1 1 1
STPP 0.35 035 035 035 035 0.35 035 035 035 035 035 035
Ascorbicacid  0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 004 0.04 0.04
Water 16 155 15 15 145 14 14 135 13 13 125 12
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Table 2 Chemical composition of essential 0il(C. copticum)

content(%) Retention Chemical
Time(minute) composition
0.4 9.61 a-Phyllanderene 1
1.98 11.4 a-Pinene 2
0.57 12.06 a-Myrcene 3
0.29 12.96 Cis-4-carene 4
25.92 13.39 m-Cymene 5
0.52 13.46 (E)-3-Caren-2-ol 6
24.68 14.67 y-Terpinene 7
0.22 18.69 Artemiseole 8
45.85 23.69 Carvacrol 9
99.58% -
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Table 3 Chemical analysis of bologna with 60% beef.

Chemical properties Content Iranian Standard (No. 2303)
Moisture (%) 57.66+0.67 <4P+10
Protein (%) 13.76+0.21 >12
Fat (%) 20.28+0.68 <22
Carbohydrate (%) 5.83+0.11 <6
Ash (%) 2.11+0.08 <25
pH 6.06+0.05 5.6-6.2
Salt (%) 1.62+0.06 <2
STPP 0.47+0.01 <05
Residual sodium nitrite 32 6742.52 <80

on day 4 (ppm)
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Table 4 Changes in microbial population (Log CFU.g™") of prepared beef bologna stored at 4 °C for

30 days
Total count Time (day) Coliforms Time (day)
Treat 1 10 20 30 1 10 20 30

T, 230£0.08°  3.14£0.18°  4.88+0.09®  5.64+0.12™°  0.00+0.00 0.00£0.007  0.53x0.12°  1.08+0.15°
T, 2.384+0.1%° 3.09+0.1%¢ 4794025  5.91+0.08®°  0.00+0.00 0.33+0.11b 0.67+0.1° 1.43+0.1°
T, 2.05£0.2°0  2.83+0.07%  3.95+0.22%  4.77+0.25° 0.00+0.00 0.00£0.00¢  0.00£0.00¢  0.00+0.00°
T, 2.4440.12° 3.2840.2° 5.22+0.3 6.12+0.2° 0.000.00 0.47+0.08" 1.2320.05°  2.18+0.2°
Ts 2.0240.15%¢  3.0240.16™  4.66+0.18°  5.38+0.14°¢  0.00+0.00 0.00£0.00¢  0.00£0.00¢  0.54+0.1¢
Ts 1.950.1¢  2.7240.15°°  3.85+0.13° 4.610.1° 0.00+0.00 0.00£0.00¢  0.00£0.00¢  0.00+0.00°
T, 2.1540.05%¢  3.15+£0.10°  4.73:0.12®  5.61£0.11™  0.00+0.00 0.3+0.1° 0.98+0.2°  1.48+0.13°
Tg 1.82£0.12%  2.71£0.15%%°  4.48+0.24*9  4.93+£0.23%°  0.00£0.00 0.00£0.00¢  0.00£0.00¢  0.78+0.09¢
To 1.48+0.157  2.53+0.1° 3.81£0.14°  4.56£0.17°"  0.00+0.00 0.00£0.00¢  0.00£0.00¢  0.00£0.00°
T 1.98£0.2%  2.91+0.11"  4.58+0.3%  5.32+0.28%  0.00+0.00 0.00£0.00¢  0.00£0.00¢  0.64+0.1¢
T, 1.5520.13%"  2.65+0.14%"  3.98£0.22°  4.67£0.19°  0.00+0.00 0.00£0.00¢  0.00£0.00¢  0.00£0.00°
T, 1.41%0.1F 2.28+0.13"  3.4240.17° 4.21+0.22° 0.000.00 0.00£0.00¢  0.00£0.00¢  0.00+0.00°

LAB Time (day) Molds and Yeasts Time (day)

Treat 1 10 20 30 1 10 20 30

T, 1.66£0.1%° 2.25£0.1%  3.87+0.15™° 5.33+0.4% 0.34+£0.05%  1.12+0.11% 1.91£0.3*  2.62+0.21°
T, 1.74£0.08°  2.18+0.06®  3.91+0.05™°  5.08+0.2% 0.41£0.1%  0.89+0.08%  2.05£0.21°  2.91+0.3®
T, 1.41£0.12°¢  1.89+0.12%  3.11£0.12%  4.23+0.31°¢  0.00+0.00° 0.5+0.1° 0.95£0.16°  1.93+0.2%¢
T, 1.80£0.15*  2.46+0.15° 4.26+0.3° 5.61+0.24° 1.02+0.2° 1.78+0.2° 2.11£0.11*  3.42+0.35°
Ts 1.38£0.1%0  1.9440.25%  3.74£04"  4.8+0.16®°  0.97+0.1® 1.22+0.14% 1.88£0.2°  2.69+0.24°
Ts 1.31£0.05¢  1.78+0.2°¢ 3.15£0.3%  4.05+0.18%  0.00+0.00f 0.31+0.1% 0.94+0.1° 1.71+0.2¢
T, 1.5120.03%  2.41+£0.3*®  4.0240.25®  5.112029®  0.31+0.02° 0.9240.2%¢ 1.67£0.15*  2.85+0.15®
Ts 1.18£0.1% 191031 3.5120.3°¢  4.35:04°  0.62+0.15%  0.75£0.15%  1.72+0.18°  2.33+0.2%
To 0.84+0.2  1.85£0.35°¢  3.21+0.5%¢  3.98+0.42%  0.00£0.00°  0.00+0.00¢ 0.78+0.2° 1.33+0.1¢
Tio 1.3440.22%  2.29+0.28%  3.81x0.2%°  4.7440.35%  0.71+0.18" 1.2840.12° 1.76:0.1*  2.25+0.22%
Ty 0.91+£0.18%"  1.44+0.25%  3.42+0.33%¢  4.09+0.25%  0.00+0.00" 0.3£0.04 0.69+0.12°  1.42+0.3¢
Tp, 0.77+0.13f 1.2240.1¢ 2.8640.12¢ 3.67+0.4¢ 0.00£0.00°  0.00£0.00¢  0.00£0.00°  0.00+0.00°

Different letters (a—z) within a same column (different batches) differ significantly (P< 0.05).

sl

ol sk s (Y90) 0 Kes 5 Noudoost
Q)l)w.::ﬁ)'wﬂdlao)wﬂ\s_b)\)&)‘ﬁdujzn
w35 Al LT G a4 e LapssadSU L

you

b\j&gQ&&ML\jéaQ\ﬁtﬁw\j\fﬂ&J
Pl 5 Sl o a Llg e oS Al DNA s S5

@l b Gillas adlas (pl s [10] 353 i OF Jltla 5o



Ve  OLT A 0555 AV o leds

Ado, ¥ chle s ot 5 0L Dpdplsl S
6500 WHC 550 40 e 5 Sy DS b o e
Okt 5> WHC Ol 0 5V6 i s WU s
V5 Osed ol 5l Ao 3 ¥ (ol (sla 4gal 4 (51065 650
oIl Ao, AV/Y il oS iy Gl (T12) 0l 8 oo
Jlsp ST i 5o o8 ) glailen (V) 235 (658
S S 53 opl 035 Sl el esls DL e wised BL
O Ol bl (e RS 4 e Dlosen sk
Ol Jsb s oy i sl el 4 Cond U Gla
2l i s Ol w Ol 45 Sl sl LA
ol las b Wged DL skl 53 WHC il ams

IO
G, 5l b ol canl a5l i felge
Log dwl W 5l G50 PH alS fimen 5 (05 S
5 ez WHC 208 ol ¥ SV el sl S
3 alE Opelsl S5, el 3l 03 e 3 WU
5 oSkl 5 Sl it D35 0des cladi gy ol
dsb s WHC (2als 5 (o (513 6l 650
Slens S 4 o IFA] asl o s S
S bbb gls egeniy dlex Sl s 55 by e
() JeSssae « (COOH) Jous 5 5 slens 5 sl
) xS sl o8 emes 5 (SH) Jooudlse OH
o Jeate iz cdzs sls L5 ((NHp) sl 5 (C=0

[YA] 553

A o S 22 sle a5l 5 oty WHC
gooe x5 ol 53 NaCl wile S gls 0 5 pH
wr s G emal gl S S bl s e L
Gl sSse 5lads L sleas S o wbs bl apd s
O Pl sladise 048 5 L Jlall b pslee 55
WHC 5 i sl ol ol (S dizy s 0 i
PH (228 (el ea,503 pPH (2ol 308 s S Jsuamme
Jslas S 5l abas s il o S8 xSUls 30 a1y
Osn Sulg 53 oS 3pd e sl ke 5 e glasl
Lei,S WHC 5 us o Soopopn w0 L c28 gla
©OGaS M) Ll o Plas a1y 2355 e o3yl
Gl 8L posat o b Bl S ads L s
Syl pH w0 0us sy s pH 2as 51 LAB

YoV

5 (YD) o 5 Cui @ [ s ol gt
51 Salvia officinalis .l JsuSsb & sl oL

4 e SR S S e 5 6L oL
b 53 sl eSS Bl (b s pln 3 5T el
Ll ls 5

SU s OhaS Wb S5 S Slus g 3 S skiles
b St Sl S sk 53 (Vb AUl ST 0kis O ged
A5 5l Gl gl iz Dlay s Sote 08 sl S ess
2 edle S 68 S oy il Sl e b S
3l 023 cadsl slse b odS (SIS o Aal Bl
a5 IS glos Suley (ame nlin Ll it
Lo DlS 5l eslinl iamen 5 (Sl 0,3 5 B 5 Je
2sd o S cnl ) Sl e s S

(WHC) o ¢,lugK b b —¢-¢

Jeml oole f3 S Gennslp Ol S b
b O 3l s s e O B s en sl Ul
03,55 038 o D Ble S slas e 6508«
Sb ol o @l 53 O (e b osls o)l
Ao oplply il o sl O e a4 wsad 3 sile
A3 e by (6558 e O T adas ol VL
A o WIS s 4500 WHC (5,5 o500 b [YV]
LS5 0 s ol 4 05 Oadpalsil 5 O3S 5o
S sboles ol ot esls Ol N Jsds s KUK
6500 WHC 2 e 3 0l a8 035580 358 o odalis
355 03 68 ol S &S sk 4 il WU sl
Olsme AL Ol S 7Y (sl (sla & gad a8 sl OLLS Ul
535 Aoss MOZAYY a3 sdon 55 oS Lzils 1 bl ol
s e G| (Ao ys AE/) J S & sed b ool ks
23

Jsl a0 05 0Ls Osed 5l 5L 555 0 sdalie &S 5bolen
ok ool WHC clpis oo e 46 006
b ol Llie T10 5 T7 T4 clajlos sl S S50
305 4 S &S 55 do s AL SAL/0 AR Ly 5
Jsb 3 (p>r/00) CEIK sy Gyl e D J xS
WHC e by 53 WU la 500 (1065 555 1
ol s wised 53 Jo ol lals Wy s 4sel 4

Lo asia kS b g Bl Sl ) Ol O S



0l 50l U L s o 25 K

O 5 00030l 1]l

L oS Lme ok Sl S i b s 0G5S alis
GSan Wl OsVpep Gl b b s Ol
Pl oAl e 4 el mes 5 b il
Sk o SEE QR s s 5 UE sla 4
et Opd ol 5l AL Glg J g Lo O (5516
Dl yeis 5 30 5 bl s S s Cslr 5 b

LS o 58 P S Sls sl e 4 S 5 PH

cdl OhsaS chle LB L as e S
Gls wgad 3> e 53 b o SRl i OF SueSlee
S 6,8 oslil WHC Ol o 5VG 015 28 7)) (g5l
ST Gl B LSl L S 0baS K s
Lo oo Shes slaes 3 5ok 5l Lly 0 8
Sl 51Ol zs 5 55 S 3 L ol gls IS

AL 3 05 Ol ol sl [E0] LS (6 o J pas

Table 5 Changes in WHC values of beef bologna stored at 4 °C for 30 days

WHC Time (day)
Treat 1 10 20 30

T, 84.6+0.4% 84.5+0.6°7 8240.08° 80.25+0.75™®
T, 85.9+0.6° 85.3+0.35° 84.1+0.2¢ 82.8+0.85%
T, 88.5+0.33% 87.9+0.4% 86.5+0.3%® 85.3+0.65%¢
T, 83.9+0.2¢ 81.5+0.5¢ 80.9+0.18¢ 79.1+0.3¢
Ts 86+0.12° 85.2+0.3° 83.75+0.3¢ 81.9+0.1°
Te 88.3+0.2% 8840.28° 85.88+0.4% 84.6+£0.9
T, 84.5+0.55% 84.2+0.18% 81.9+0.11° 79.8+0.8%
Ts 85.8+0.7° 85.4+0.1° 84.1+0.4¢ 83,7541
Ty 88.1+0.35% 79.8+0.22F 87.3+0.6® 85.9+0.4™®
Tio 84+0.459 83.6+0.11¢ 82.25+0.5° 81.95+0.55°
Ty 85.5+0.25 85.1+0.1° 84.6+1% 83.97+0.68"¢
Ti, 89.140.22% 1.42+0.08* 87.95+0.9° 87.2+0.3°

Different letters (a—z) within a same column (different batches) differ significantly (P< 0.05).
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Table 6 Changes in pH values of beef bologna stored at 4 °C for 30 days

pH Time (day)
Treat 1 10 20 30

T, 6.1£0.02° 6.00+0.05° 5.95+0.1™° 5.71x0.119
T, 6.15+0.01%° 6.08+0.1* 6.01+0.08 ™ 5.97+0.1%¢
T, 6.2+0.05% 6.15+0.01 ® 6.05+0.1% 6.08+0.02%
T, 6.124+0.01%¢ 6.03+0.02 *° 5.85+0.05° 5.81+0.04>¢
Ts 6.17+0.02%¢ 6.12+0.05 6.04+.01% 6.00+0.1*
Te 6.21+0.01® 6.14+0.08 * 6.05+0.07® 6.0440.05¢
T, 6.08+0.03" 6.00+0.04° 5.91+0.03" 5.86+0.12%
Ts 6.15+0.01%¢ 6.1+0.02% 6.06+0.04 6.05+0.03%¢
T, 6.2340.04° 6.17+0.01° 6.12+0.05 6.05+0.01%¢
Tio 6.05+0.05° 6.024+0.06™ 5.97+0.01%¢ 5.9+0.09"
Tu 6.09+0.07" 6.01+0.09% 6.00+0.01 5.98+0.02%¢
Ti 6.2+0.1° 6.1240.02% 6.08+0.05® 6.1+0.03*

Different letters (a—z) within a same column (different batches) differ significantly (P< 0.05).
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Due to the importance of consuming meat and meat products especially
sausage and bologna and the adverse effects of using synthetic preservatives
used in them, this study aimed to investigate the effect of natural preservative
on shelf-life of cooked beefbologna and comparison with sodium nitrite as
synthetic preservative. the effect of chitosan (0, 0.5 and 1%) added
individually or in combination with CCEO nanoemulsion (0, 1, 2 and 3%) as
an alternative for sodium nitrite on microbiological (Total Viable Counts,
Coliforms, Lactic acid bacteria (LAB), molds and yeasts), pH and water
holding capacity (WHC), of beef bologna stored at 4 °C for 30 days was
investigated. The experiment was performed in completely randomized based
on factorial in 3 replication. Duncans test at 5% probability level was used to
determine the significant difference mean between the data. Results indicated
that chitosan addition resulted in significant (p< 0.05) inhibition of microbial
growth, so that the lowest microbial counts were obtained in the samples
containing both chitosan and CCEO nanoemulsion indicating a possible
synergistic effect. Chitosan also improved the WHC and reduced the synersis
of the samples during shelf-life respect to the control, while CCEO
nanoemulsion had no significant effect on these parameters (p>0.05). The
combination of chitosan (1%) with CCEO nanoemulsion (2-3%), which
showed the best results, could have a valuable potential for commercial use in
order to improve preservation of meat products without the use of nitrites or
other synthetic additives.
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