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ABSTRACT

Tarhana dough (which made from a wheat flour
combined with barley whole meal in ratio (1:1) after
5 days of fermentation in wet form) as a function
fermented food product was used in manufacturing
of fermented sausage to add nutritional value as
source of probiotic. Physicochemical parameters,
lactic acid bacteria, enterobacteriaceae count and
detection of some pathogénic bacteria were de-
termined in fresh samples and during ripening at
25 °C for 35 days in different fermented sausage
treatments (control treatment with Lactobacillus
plantarum (LS), yoghourt treatment (YS), and
tarhana dough treated with levels 25, 50 and 75 g
/kg mix. TS1, TS2 and TS3, respectively). The
respective contribution of tarhana dough in fer-
mented sausage ripening was determined signifi-
cantly decreasing both pH value and moisture con-
tent of samples with high concentration of tarhana
dough. The puncture force and elasticity through-
out the ripening period of this product were not
intense according to tarhana adding except for
puncture force value which was higher in the sam-
ple processed with 75 g tarhana /Kg mix. The
study revealed that a desired increase in lactic acid
bacteria count as well as reduction in enterobacte-
riaceae count and staphylococci detection can be
achieved with increasing adding of tarhana dough
in sausage mixture and when compared with sam-
ples without tarhana dough. Salmonella was not
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detected in any samples from the beginning of
experiment and during 35 days ¢f ripening. Adding
of tarhana dough improved most sensory attributes
of fermented sausage especially in the highest
level of tarhana addition as indicated by panelists.
Results suggest that tarhana dough could be suc-
cessfully utilized for meat fermentation to produce
safe, with good sensory attributes and highly nutri-
tious synbiotic fermented sausage.

INTRODUCTION

Tarhana dough is generally prepared with
wheat flour and yoghurt in the ratic of 1:1 or 2:1.
The mixture is kneaded with vegetables and spices
and then fermented with yoghurt bacteria and
baker's yeast. Tarhana could be produced dry or’
wet and could pe stored for 1-2 years under proper
storage conditions. The soup prepared from dry or
wet tarhana has a sourish taste and is popular as a
breakfast and appetizer prior to main meals in Tur-
key. Also, dried nugget and biscuit forms of
tarhana can be consumed as a snack food.

Tarhana's nutritional properties dre a result of
fermentation associated wifh yogurt bacteria and
yeast. It is a good protein source because yogurt
makes up for the limited amino acids (lysine) in
wheat, which is a good source of minerals (Fe and
Mn) and fiber (Erbas et al/ 2005). Tarhana is a
functional food because of its prebiotic and physio-
logical effects resulting from indigestible carbohy-
drate, vit.B, organic acid and free amino acid con-
tents and as probiotic for its content of lactic acid
bacteria. Tarhana dough is a good source of lactic
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acid bacteria (LAB), log number reach to 12.78,
especially which is made from a wheat flour com-
bined with barley whole meal in ratio (1:1) as found
by Eilsheshetawy and yasin, (2008). This means
that, the addition of barley whole meal to tarhana
formula enhanced the LAB growth. Barley whole
meal was utilized in tarhana production as a
source of B-glucan (prebiotic) as well as LAB (pro-
biotic). Fermented cereal-based gruels have also
been reported to improve the nutritional quality,
protein digestibility and bioavailability of amino
acids (Svanberg and Lorri 1997 and Mugula et
al 2002). )

Fermented sausages are produced by ferment-
ing and drying a raw meat batter containing sugar,
seasoning / spices, and/or curing agents. The fer-
mentation is conducted by natural microflora in the
ingredients and/or by added starter cultures
(Hwang et al 2009). Dairy products such as fer-
mented mitk and yoghurt are often used as carriers
for probiotic cultures, although recent attention has
been directed to the use of different kinds of fer-
mented sausages for the same purpose (Kling-
berg et al 2005).

This study was carried out to utilize tarhana
dough enhanced by B-glucan to enrich its nutritive
value with various health promoting properties as a
starter in ripening of dry fermented sausage ( a trial
to produce it in homes) with microbiological and
physiochemical evaluation of its characteristics
during ripening and organoleptically evaluation
after ripening.

MATERIALS AND METHODS

1- Materials

Wheat flour (72% extraction), yoghurt, dried
baker's yeast, tomato paste, green as well as red
pepper, onion, lean meat, fat tissue, dry spices
(black pepper, nut meg, all spices, red pepper,
cloves, cinnamon ginger and cumin), shortening,
natural casing and salt were purchased from local
markets in Cairo. Glucose, sodium nitrite and so-
dium ascorbate, MRS agar (according to DeMan et
al 1960), MacConkey agar, Bismuth sulphite agar
media (Difco and BBL Manual 2003). Barley
(Hordium vulgare L.) whole meal used in this study
was obtained from barley research section, Field
Crops Research Institute, Agric. Research Center,
Giza, Egypt. The starter culture Lactobacillus

plantarum DSMZ 20174 was obtained from the -

Egyptian Microbial Culture Collection (EMCC),
Faculty of Agriculture, Ain Shams University, Cairo,

Egypt.

2- Preparation of tarhana dough

Tarhana samples were prepared according to
the method of Erkan et al (2006) with omit of pa-
prika to ingredients of tarhana. To prepare tarhana
samples, onions 180 g, green and red peppers 75
g were chopped in a food processor (Toshiba).
Tomato paste 112 g and salt 60 g were added and
the mixture was well mixed. Yoghurt 600 g and
baker's yeast 15 g were added to the mixture and
blended until complete homogenization. Wheat
flour and barley whole meal (1:1) 375 g were
added and homogenate the mixture and kneaded
in a steel saucepan with a spoon to constitute the
tarhana dough. The dough was put into covered
containers for fermentation at 39° C for 7 days.
After fermentation, the tarhana dough was used to
prepare fermented sausage.

3- Preparation of fermented sausage samples

Dry fermented sausage was prepared using the
following formula: lean meat 68%, fat tissue12.8%,
NaCl 2.3%, glucose 0.5%, water 15.5%, dry spices
0.82%, sodium nitrite 0.005%, sodium ascorbate
0.05% as well as starter culture. in control treat-
ment (LS), the starter culture Lactobacillus planta-
rum DSMZ 20174 was grown in MRS broth at 30°C
for 2 days then the culture was centrifuged and
washed twice with distilled water and then was
added to sausage material as active cultures aim-
ing to 7 log cfu/ g sausage. In yoghourt treatment
(YS), yoghurt culture was added at a rate of 70g /
kg mix according to Ebeid, (2000). In tarbhana
dough treatments (TS), the starter culture was
tarhana dough which was added to sausage mix
with levels 25, 50 and 75 g /kg mix. iThe ingredi-
ents except starter culture were processed in a
mincer untl a homogenous distribution was
reached, then inoculated with starter culture. The
sausage mixtures were stuffed into natural casing.
Sausage samples received a 1 min. dip in 0.1%
sorbic acid solution to prevent any fungal growth
on the surface during fermentation. After that, the
sausage samples were ripened at ambient temp.
(25°C) for 35 days.

4- Analytical methods
Physico-chemical analysis
Moisture content of dry fermented sausage

samples was determined according to AOAC
methods (AOAC, 2007). pH was determined dur-

Annals Agric. Sci., 54(2), 2009



Tarhana dough In processing of fermented meat sausage 341

ing the fermentation and ripening of dry fermented
sausage by blending sausage samples with dis-
tiled water (1:10) and the pH values of the sus-
pensions were determined by pH meter (HANNA-
Instrument, USA). Texture and elasticity of fer-
mented sausage samples were measured by In-
stron Universal Testing Machine model 4302,
(England) Load cell 100 N / 10 kN, compression
50% (Philips et al 1988).

Microbiological analysis

At selected times during fermentation and rip-
ening, duplicate samples (approximately 10 g) for
each sausage sample at 0, 2, 7, 14, 28, and 35
days were aseptically transferred to sterile plastic
bags and homogenised in a Stomacher machine
(PBI, Milan, italy) for 2 min with peptone water
(Oxoid). Appropriate decimal dilutions of the sam-
ples were prepared using the same diluent and
plated on MRS (Oxoid) agar and incubated at 30
°C for five days, to determine the lactic acid bacte-
rial count. At the same time, fermented sausage
samples were examined for, Enterobacteriaceae
count, Salmonella and Staphylococci detection
according to Difco and BBL.Manual (2003).

Sensory evaluation

The fermented sausage samples were sensory
evaluated by a panel group of 10 members, ran-
domly selected from the staff members, research-
ers and PhD students of the Food Science Dep.,
Fac. of Agric., Ain Shams University, Cairo, Egypt.
As described by Spaziani et al (2009) with some
modifications, a list of 12 attributes with definitions
was used by the panel: 3 for appearance; (crust,
fat/lean ratio, fat/lean demarcation); 2 for (texture;
hardness, chewiness); 4 for (odor; pepper, sour,
rancid, sweet) and 3 for (flavor; salty, sweet and
mouldy). Each attribute was rated on a scale from
one (absence of perception) to 10 (very intense
perception). The sausage slices were 0.5 cm thick,
cut with a knife and served at room temperature,

Statistical analysis
Experimental data were analyzed for variance

(ANOVA), two ways and significant differences
among the means were determined by Duncan's

multiple — range test using the Statistical Analysis .

System (SAS, 1996) computer program.

RESULTS AND DISCUSSION
1- Physicochemical characterization
A- pH values

Data in Table (1) indicated that pH values of
the fresh sausage were significantly (p< 0.01)
higher than those during the ripening period at
25°C. The pH values of samples made from
tarhana dough were significantly (p< 0.01) lower
than control sample and the yoghurt treated sam-
ples from the beginning and during ripening period.
This is due to the high number of LAB in these
treatments and their activity Elsheshetawy and
Yasin, (2008). v

The data revealed that, there was a continuous
decrease in pH values in all samples during 28
days of ripening period of fermented sausage re-
flecting the production of the bacterial metabolites,
then exhibited a slight rise in pH values at 35 days
of the storage at 25 "C. These results coincided
with those of Montet et al (2009).

It was suggested that, the pH values increase
in the later stages of the ripening period is related
to the formation of peptides, amino acids and am-
monia as a result of proteolysis as reported by
Montet et al (2009).

B- Moisture %

The average initial values of moisture content
were 55 - 62 % for'the fresh sausages (Table, 1).
The moisture % was significantly (p< 0.01) de-
creased during ripening period of sausages. The
greater percentage of the moisture loss was ap-
peared in both samples made with the tarhana
dough (TS2, TS3). This loss, of moisture % is at-
tributed to the intense dehydration during ripening
period and above that to the increase of salt con-
tent as discussed by Lindqvist and Lindblad,
(2009).

C; Texture

Figs (1 & 2) show the changes in textural pa-
rameters including puncture force (N) and elasticity
(N/cm) of dry fermented meat sausages from the
beginning and during ripening period as affected
by the addition of tarhana dough. These are con-
sidered positive attributes in sausage manufactur-
ing:
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Table 1. Changes of pH values and moisture content in different fermented sausage samples dur-

ing ripening period at 25°C

Ripening PH

Moisture %

pericd(days) | s vs TSt  TS2

TS3 L§ YS TS1 TS2 TS3

61" . 59® 56 53N
5'883 5-58b 5.480 5.1ABc
5‘4Ca 5_OCbc 5.1Cb 4‘9860

14 5158 4.8 48P 440
28 487 445 4700 44D
35 52°% 51 51% 48

5.06™ | 58.0"° 621" 60.03"* 557% 56.3"
49% | 558% 609% 589% 5448 547%
4.7° | 49.3° 530°® 514°° 486°¢ 48.1°
43% | 4157 450° 436" 41.3% 412%™
43 | 3125 335% 324 3018 304"
46% | 2727 289 2727 26.07 264

LS = fermented sausage with Lactobacillus plantarum

YS = fermented sausage with yoghurt

TS1= fermented sausage with tarhana dough (25g/kg
mix.)

TS2= fermented sausage with tarhana dough (50g/kg mix.)
TS3= fermented sausage with tarhana dough (75g/kg mix.)

Means with the same superscript capital letter and small letter within the same columns and rows respectively are not

significantly different (p > 0.01).
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Fig. 1. Puncture force (N) of different fermented sausage samples
during ripening period at ambient temperature.

LS = fermented sausage with Lactobacillus plantarum  TS2= fermented sausage with tarhana dough

YS = fermented sausage with yaghurt

_ TS1 = fermented sausage with tarhana dough
(25g/kg mix.)

(50g/kg mix.)
TS3= fermented sausage with tarhana dough
(75g/kg mix.)
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Fig. 2. Elasticity (N/cm) of different fermented sausage
samples during ripening period at ambient temperature .

LS = fermented sausage with Lactobacillus plantarum TS2= fermented sausage with tarhana dough

YS = fermented sausage with yoghurt as

TS1= fermented sausage with tarhana dough (25g/kg

mix.)

1. Puncture force (N)

From Fig. (1) it could be found that, puncture
force (N) was varied between different dry fer-
mented meat sausages. The greater puncture
force was achieved in sample which made by add-
ing tarhana dough (75g / Kg mix). As ripening pe-
riod increased the values of hardness were also
increased. The greater puncture force values were
appeared in TS3. It could be easily to arrange the
samples descending based on puncture force val-
ves as: TS3, LS, TS2, TS1 and then YS, respec-
tively. This is due to the fact that during the ripen-
ing of meat products shrinkage is proportional to
the water loss and also to the increase in acid for-

mation. These data are agreement with those of

Spaziani et al (2009).

Generally, the major changes in fermented
sausage structure take place during fermentation
when the pH declines and the myofibrillar proteins
aggregate to form a gel. After fermentation, ripen-
ing is a major factor affecting rheological properties
(Gonzalez — Fernandez et al 2006).

2. Elasticity (N/cm)

From Fig. (2) it could be notice that, at the be-
ginning of ripening period (2 days) at 25 "C. there
were differences between elasticity values be-
tween different treatments. The sample treated
with yoghurt had the lowest elasticity value than

(50g/kg mix.)
TS3= fermented sausage with tarhana dough
(75g/kg mix.)

the other treatments. During the ripening of dry
sausage, there was an increase in tthis criterion
especially in YS treatment {which made with yo-
ghurt) after 28 days of maturation period followed
by TS3 (made with tarhana dough 75 g/ Kg mix).
On contrast, the TS2, TS1 showed little increase in
elasticity after the same period when compared to
them.

Both hardness & elasticity may be considered
positive characters affecting the fermented meat
sausage sliceability and both pH & moisture con-
tent have been found to play significant role in tex-
ture of dry meat sausage as reported by Herrero
et al (2007).

2- Microbiological analysis

As known, fermented raw meat sausage, as
prepared in laboratory, are subjected to relatively
high drying temperature (> 24 °C) in order to en-
hance growth of the added lactic acid bacteria and
decrease pH.

During the ripening of sausage, the lactic acid
bacterial count was rapidly increased by almost 1
log cycle in alf tarhana dough treatments as seen
in Table (2). At the same time there were signifi-
cant (p< 0.01) differences in the count of LAB in
tarhana dough sausage from the beginning tili the
end of ripening period (8.8, 8.9 and 10.8 log num-
ber for TS1, TS2 and TS3, respectively). it is
obvious that the viability of LAB significantly higher

Annals Agrlc. Scl., 54(2), 2009



6002 ‘(2)¥§ 198 "o1by sjeuuy

Table 2. microbial profile (log cfu/ g) of different fermented sausage samples during ripening period at 25°C

Log No. (cfu/ g)

Ripening p

period LS YS TS1 TS2 TS3

@ays) | a8 | En. | st | S |tAB |En | St |S | LAB | En | St | S | LAB |En | st | S | LAB |En | st | s
0 92% |<2 |<2 |ND |96% |<2 |<1 |ND 96 | <2 |<1 |ND |99%® |<2 |<1 |ND [107%®|<2 |<t |ND_
2 9.8% | <1 <1 /[ND |99" | <1 <t |ND/|106% |{<t |ND |[ND |108" <1 |ND |ND |11.8** | ND |ND | ND
7, 96% | <1 |ND |ND |99 |<t |<t |ND|109" |[ND |ND |ND |10.7%° | ND |[ND |ND [ 117" | ND |ND | ND
14 95% |ND |ND |[ND {88 |ND |ND |[ND |97° |ND |[ND |ND |11.0® |[ND |ND |ND |11.4% | ND | ND | ND
25 8.9 |ND |ND |ND |86 [ND |ND |ND |[93™ |ND [ND |[ND [97®® |ND | ND |ND |{10.8% |ND |[ND | ND
35 87° IND |ND |ND [78% |[ND |[ND |ND [88% |ND |ND |[ND [99® |ND |[ND |ND |10.8%° | ND | ND | ND

YS = fermented sausage with yoghurt

LS = fermented sausage with Lactobacillus plantarum

TS1= fermented sausage with tarhana dough (25g/kg mix.)

TS2= fermented sausage with tarhana dough (50g/kg mix.)

TS3= fermented sausage with tarhana dough (75g/kg mix.)

LAB= lactic acid bacteria. En. = enterobacteriaecace St. = Staphylococci. S.= Salmonella.

Means with the same superscript capital letter and small letter within the same columns and rows respectively are not significantly different (p > 0.01).
ND: not detected.
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Rancid odor

Sour odor

Fat/lean D
—-4-—LS
Fat/lean R. —;—YS
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Hardness — % —TS2
—-¥%—- TS3

Fig. 3. Sensory profiles of different fermented meat sausage
samples at the end of ripening period at ambient temperature

LS = fermented sausage with Lactobacillus plantarum

YS = fermented sausage with yoghurt

TS1= fermented sausage with tarhana dough (25g/kg

mix.)

in TS3 sausage as compared with other sausage
treatments. From Table (2) fermented sausage
treated with 50 and 75 g of tarhana /kg of mixture
gave the significantly higher values of LAB count
when compared with LS and YS sausage.
Inactivation of pathogens during ripening period

is a crucial step in the safe production of fermented-

sausage not undergoing heat-treatment. The
metabolic substances produced by LAB have been
found to possess bactericidal and bacteriostatic
properties against spoilage and food poisoning
microorganisms (Daeschel, 1989; Klaenhanmer,
1988).

Enterobacteriaceae count of all treatments
was declined in accordance with decrease in pH
and moisture % especially in TS3 as well as TS2
and TS1 which contain different levels of tarhana
dough which do not have any Enterobacteriaceae
after two and seven days of fermentation, respec-
tively. The same trend was observed with patho-
genic Staphylococci where dry fermented sausage
with different levels of tarhana dough were not

TS2= fermented sausage with tarhéna dough
(50g/kg mix.) '

TS3= fermented sausage with tarhana dough
(75g/kg mix.)

containing Staphylococci after two days when
compared with LS and YS sausages. These re-
sults are agreement with Riordan et al (1998) as
well as Muthukumarasamy and Holley, (2007)
hence they referred to that the inactivation of
pathogens increases with decreasing pH levels
and increasing salt and nitrite levels. More pre-
cisely, Shadbolt et al (1999) observed that as the
water activity was lowered, the magnitude of the
first phase inactivation consistently increased. The
variation of the count reduction for pathogens was
contributed largely by the changes of pH value and
moisture % is in general agreed with Hwang et al
(2009). At the same time the ripening of dry fer-
mented sausage at 25 °C resuited in faster inacti-
vation of pathogens (Sharma et a/ 2004 and Cali-
cioglu et al 2001) and this may be another expla-
nation for rapid decrease in pathogens count. Sal-
monella was not detected in dry fermented sau-
sage treatments from the beginning of the experi-
ment till the end. That may be due to the efforts
made to reduce contamination by selection good
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raw material and improving hygiene and control
procedures.

3- Sensory evaluation

Using the 12 descriptive attributes the sensory
profiles of different fermented sausage samples
(with different starter cultures and different levels of
tarhana dough) at the end of the ripening period
(Fig. 3) was produced. In agreement with its sig-
nificant (p< 0.01) higher in LAB count and signifi-
cant (p< 0.01) lower in pH and moisture % the TS3
treatment had the highest values in texture (hard-
ness and chewiness), odor (pepper, sour and
sweet) as well as flavor (saity). This may be due to
the good enhancement of tarhana dough to dry
fermented sausage at 75g /kg mix level in texture,
odor and flavor. At the same time tarhana dough
prevented mouldy flavor in TS2 and TS3 when
compared with YS and TS1 (contain the lowest
level of tarhana dough) and as a normal happens
the mouldy flavor was not appeared in LS treat-
ment. These results may be due to the preserva-
tive power of tarhana dough in TS3 which con-
tained the highest count of LAB as well as lowest
pH values and moisture%. There were no differ-
ence between LS (which made with Lactobacillus
plantarum.as a starter culture) and TS3 in all ap-
pearance characteristics but the TS3 treatment
had the highest sensory scores in other atiributes
(texture, odor and flavor). This is due to the effect
of flavor and composition of added tarhana dough
(Erkan et al 2006).

Thus, it can recommend the use of tarhana
dough to produce safe and highly nutritious dry
fermented sausage with significant enhanced sen-
sory characteristics.
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