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Weight, Length and Diameter Changes: Two strings of A multiple comparison procedure of the treatment means
sausages from each treatment were weighed and was performed by Duncan’s multiple range test [25].
measured (length and diameter) just after stuffing (0 Significance of the differences was defined as P< 0.05.
days). The same strings of sausages were reweighed and Analyses were done with Statistical Analysis System SAS
re-measured on the 7, 14 and 21  day [22].     computer program [26].st

Color Measurements: Color parameters of fermented RESULTS AND DISCUSSION
sausage samples were determined according to tristimulus
color system described by Françis [23] using a Microbial Flora of Fermented Sausage: The initial count
Spectrophotometer (MOM, 100 D, Hungary). Color of lactic acid bacteria (LAB) in the sausage mixtures was
coordinates X, Y and Z were converted to corresponding about 7.83 log cfu/g. The LAB count of dry fermented
Hunter L , a  and b  color coordinates according to sausage was significantly affected by replacement levels*  *  *

formulas given by the manufacturer. Chroma values were of germinated lentils (P<0.05) (Fig.1A). Sausages
calculated from (a + b )  and total color intensity (a  + b manufactured with germinated lentil showed a rapid2  2 1/2     2  2

+ L ) . increase in LAB count after 7 days of ripening. Sausage2 1/2

Functional Groups: The functional groups were measured 0.05) higher than those with 0 and 10% germinated lentils
by the infrared spectrum in the samples after being sausage mixtures in LAB count. Such rapid increase in
prepared in a powder. The FT-IR (Philips infrared) lactic acid bacteria counts is a criterion that the
spectrophotometer available at the micro analytical center, fermentation of sausages precedes correctly [27, 28].
Cairo University, Cairo, Egypt, was used for identifying Lactic acid bacteria are considered as desirable microflora
the functional groups of dry and germinated lentil in (probiotic bacteria) in fermented sausages. The
addition to all prepared sausage treatments at the first and logarithmetic number of LAB starts to decline after the 7
the end of sausage ripening period according to Bellamy day of ripening due to water loss and hardening of
[24]. sausage samples. It is worth mentioning that the

Sensory Evaluation: Sensory analysis was carried out at count, especially after the 14  day probably due to their
the end of ripening by a panel of 10 referees according to higher germinated lentil contents which contains more
Bruna et al. [21]. The color, texture, odor, flavor and available carbohydrates and sugars. However, there were
overall acceptability were also assessed using a non- significant (P< 0.05) differences in LAB count between
structured hedonic scale in which samples have given the treatments with germinated lentil and the control
scores of 1 (very poor) to 10 (excellent). sample till the end of ripening period.

Statistical Analysis: All experimental analysis was carried declines in LAB count with the progress of the ripening
out in three replicates for all treatments. The data were time were calculated from the slopes of the negative part
analyzed  by  one-way  analysis  of  variance  (ANOVA). of the LAB count curves in Fig.1A to be 4.53d, 5.97d and

batch with 15% of germinated lentils was significantly (P<

th

treatments with germinated lentil had the highest LAB
th

The decimal reduction times (D-value) for the

Fig. 1: Changes in log number counts of lactic acid bacteria (A) and total viable count (B) of dry fermented sausage
during ripening as affected by lentil levels replacement
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Fig. 2: Changes in pH (A) and moisture content % (B) of dry fermented sausage during ripening as affected by lentil
levels replacement 

Table 2: Changes in some physical properties of dry fermented sausage
strings during ripening as affected by lentil level replacements

Ripening time (days)
Replacement level of --------------------------------------------------------------
germinated lentil zero 7 14 21

Diameter
Control (0%) 3.80 2.97 2.73 2.93a a a a

10% 3.60 2.97 2.90 2.87a a a a

15% 3.70 3.20 2.93 2.97a a a a

Length
Control (0%) 11.07 10.37 9.87 9.93c c c c

10% 12.60 12.20 12.07 11.80b b b b

15% 13.87 13.23 13.17 13.15a a a a

Weight
Control (0%) 115.19 68.20 77.73 72.04b c c c

10% 135.90 98.78 91.34 96.75ab b b b

15% 151.05 129.41 122.97 119.06a a a a

Values followed by the same small letter (superscript) in the same column
for a given character are not significantly different (P >0.05).

Table 3: Changes in some chemical analysis of dry fermented sausage as
affected by lentil levels replacement

Replacement level of 
germinated lentil Protein (%) Ash (%) Crude fiber (%)

“0” day
Control (0%) 18.40 4.51 0.15a c c

10% 15.82 6.75 0.97b b b

15% 13.85 7.58 1.29c a a

21  day  st

Control (0%) 17.56 4.69 0.24a c c

10% 14.49 6.62 1.23b b b

15% 12.84 7.64 1.45c a a

Values followed by the same small letter (superscript) in the same column
for a given day are not significantly different (P >0.05).

Protein, ash and crude fiber of the sausages on the
day of preparation and the final day of storage were
presented in Table 3. Protein contents were 18.40, 15.82
and 13.85 % for the 0 (control), 10 and 15 % replacement

with germinated lentil formulations, respectively at the
day of preparation and 17.5, 14.49 and 12.84 at the final
day of storage with the same order. The protein contents
of sausages were significantly decreased (P <0.05) with
increasing the replacement level of germinated lentil in
fermented sausage formulations. The reduction in protein
percentage reached 24.73% with the highest level of
replacement. At the end of storage period (21 days)
further reduction in protein levels was occurred in all
sausage samples as a result of the ripening process. The
reduction ratio ranged between 4.56 to 8.4% with the
replaced sausage samples, which showing the higher loss
ratio than the control sample.    

On contrary, higher levels of germinated lentil
replacement significantly (P <0.05) increased the
percentage of ash and crude fiber in sausage
formulations. The ash and crude fiber contents of
replaced samples were higher by, respectively, 1.63 and
8.6 folds than those of the control sausage sample after
replacement. Ash contents were almost constant at the
end of ripening period , while the amount of crud fibers
were apparently increased as a result of the consumption
of the simple carbohydrates in the fermentation process
during ripening. Water content in the final product was
significantly higher with increasing the replacement level
may be due to the higher water retention ability of the
crude fiber. Similar water retention ability due to the action
of fibers has been reported for cereal and fruit fibers in
low fat fermented sausages [30]. 

Replacement level of beef meat by germinated lentil
has significantly affected (P<0.05) the lightness (L ),*

redness (a ), yellowness (b ), chroma and total intensity*   *

of sausages color (Table 4). On the day of preparation, L*

and a  value were increased with increasing the*

replacement  level   of   beef   meat   by   germinated  lentil,
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Fig. 3: FT-IR spectrum of: dry lentil (1), germinated lentil (2), zero time of control sausage (3), Final storage of control
sausage (4), zero time of 10% germinated lentil sausage (5), final storage of 10% germinated lentil sausages (6),
zero time of 15% germinated lentil sausage (7), final storage of 15% germinated lentil sausages (8). 








