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5. Lamiaceae

6. Pulegone

7. Cis- isopulegone

8. Cineole

9. Thymol

10. Piperitone

11. Terpenoides

12. Aspergillus fumigatus
13. Aspergillus flavus
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1. Leuconostoc mesenteroides
2. Leuconostoc fallex

3. Lactobacillus plantarum

4. Biopreservative
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Table 1 Experimental design for sauerkraut

formulation
Ei::itf clio(g;l) Salt (%) Sample
0 2 Control
2 T,
4 1 T,
2 1.5 T;
4 1.5 T,

“T: Treatment
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Table 2 Mean comparison of pH values of sauerkraut prepared using different concentration of salt and
Ziziphora extract.

Time (day)
Sample
0 4 7 #8 14 21
T1 6.06+0.06° 4.14+0.01° 4.05+0.04" 4.28+0.01° 4.16+0.01° 3.96+0.00™
T2 4.3240.02 4.05+0.04" 3.85+0.04™ 3.80+0.10™ 3.93+0.01% 3.85+0.03"
T3 5.85+0.04° 4.08+0.08" 3.91+0.01" 4.14+0.01° 4.15+0.05¢ 4.06+0.15"
T4 4.52+0.02° 3.97+0.02MN 3.85+0.42!™ 3.87+0.014m 3.86+0.04™ 3.91+0.01"
Control 4.50+0.02¢ 4.00+0.04%" 3.90+0.01 4.10+0.02°" 4.00+0.025%" 3.90+0.03

*™ Means with different letters are significantly different (»<0.05).
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Table 3 Mean comparison of acidity values of sauerkraut prepared with different concentration of salt
and Ziziphora extract

Time (day)
Sample
0 4 7 8 14 21
T1 0.050+0.001"  0.070+£0.001™  0.120+0.002"®"  0.130+0.002°  0.130+0.002*  0.120+0.003°*"
T2 0.080+0.001'  0.060+0.001"  0.120+0.003"™"  0.120+£0.003*"  0.120+0.003""  0.130+0.003*"
T3 0.050+0.001°  0.070£0.042™  0.150£0.002°  0.100+0.002*  0.110+0.003™  0.110+0.0028"
T4 0.100+0.027"  0.060+0.030®  0.190£0.004*  0.120£0.002°%  0.130+£0.017  0.170+0.017°
Control 0.080+0.001™  0.100£0.007*  0.150+£0.003°  0.180+0.002°  0.110+0.002™*  0.130+0.002%"

*P Means with different letters are significantly different (p<0.05).
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Table 4 Counts of viable lactic acid bacteria (cfu/ml) in the sauerkraut at various time intervals of

fermentation
Sample Time (day)
0 4 7 #8 14 21
T1 1600000+7636¢ 24033333 +£10000000*¢ 3500000+1000000¢ 0+0¢ 0+0¢ 004
T2 1400000173204 53000000+51097945° 6804000+:1000000° 0+0¢ 004 004
T3 1391667+100000¢ 38516666.67+27426386*  4250000+707107¢ 0+0¢ 0+0¢ 004
T4 1355000-:100000¢ 47000000+38431758" 214020004+6928% 0+0¢ 0+0¢ 004
Control 5684516 +100000* 400000004+38431757% 433333333+£6928" 004 004 004

4 Means with different letters are significantly different (p<0.05).
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Table 5 Counts of viable fungi (cfu/ml) in the sauerkraut at various time intervals of fermentation

Samples 0 4
T1 541" 7.7+0.58¢
T2 00/ 61.7+0.58¢
T3 11+1° 8+1.29%
T4 303.3+5.8°  110.3£0.58"
Control 0+0’ 3+0.2M

Time (day)
#8 14 21
00! 00! 00’ 00’
00! 007 00/ 00/
10£1.41F  1.3£0.58" 00’ 00’
00! 007 00/ 00/
108+0.58° 00! 00’ 00’

I Means with different letters are significantly different (p<0.05).
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Table 6 The means squares of sensory scores of sauerkraut samples containing different concentrations of
salt and extrac of Ziziphora

Variables Degree of Means Squares
Freedom
Taste Colour Odour Texture Total Acceptance
Extrac of ziziphora 1 1.25™ 0.8™ 1.25™ 1.25™ 0.05™
Salt 1 4.05° 3.2 245" 405 125"
Extract x Salt 1 0.05™ 020" 0.05™ 0.05™ 0.05™
Error 16 0475 0.425 0.45 0.725 0475
CV (%) - 19.98 ™ 18.63 19.44 24.68 19.98

* and ns signify p<0.05 and p>0.05, respectively.
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Table 7 Effect of salt concentration on the taste, colour, odour and texture of sauerkraut

Salt (%) Taste Colour Odour Texture
2 (Control)  42+0.1° 42+0.11°  4+04° 42+02°
15 3.9+0.14° 3.1£0.15° 3.1£0.1° 3+0.1°
1 3£02°  3.9+0.09° 3.9+0.3" 3.940.12°

¢ Means with different letters are significantly different (p<0.05)
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Sauerkraut is a fermented food product which its consumption has dietary restriction because of its high
salt concentration. Main aim of present study was to prepare low salt Sauerkraut (salt concentration of 1
and 1.5%) having appropriate shelf life, via fractional replacement of the ethanol extract of Ziziphora (2
and 4 mg/ml) with salt and the most important chemical, microbial and sensory properties of sauerkraut
samples were investigated.

Four experimental treatments having different concentrations of salt (1 and 1.5%) and Ziziphora extract
(2 and 4 mg/ml) and a control were tested in 6 time intervals after preparation of the samples (days 1, 4, 7,
8, 14,21) and considering three replications, 90 treatments were investigated in total.

The pH values of all the samples reduced naturally and were in the limit of standard values (3-4) on 7"
day of the fermentation process while acidity of the samples increased in such a way that remained again
in standard limit amounts (0.045-1.60). On 7" day, the number of lactic acid bacteria increased in all
treatments while no significant difference was observed (p>0.05) and there was no fungi in most of the
treatments. Effect of ziziphora extract on organoleptic characteristics was not significant (p>0.05) and
samples containing 1.5 g salt gained more sensory scores in comparison with samples having less salt
concentration (1 g).

In order to increase the shelf life and reduce the concentration of salt in Sauerkraut while maintaining
acceptable organoleptic, chemical and microbial characteristics, ziziphora extract along with 1 and 1.5%
salt can be incorporated in the formulation of sauerkraut.

Key words: Salt, Sauerkraut, Sensory Properties, Shelf Life, Ziziphora Extract, Ziziphora Extract
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