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Abstract

Probiotic food products are very popular on domestic aretnational markets. The application of probiotic in meat
products is still being explored. Six types of sausages de&reloped from beef sausage (with and without probiotic),
mutton sausages (with and without probiotic) and chiclarsages (with and without probiotic) and stored in the
refrigerator at 4°C and sampling were performed at12@(nd 30 days in order to analyze their physicochemical and
sensorial properties. During the storage period, ashmndtyer, pH, and titrable acidity, water holding capaday, and
protein (p < 0.05) were significantly differed among afiey of sausages. Beef sausages without probitoic shagled h
amount of dry matter (52.2+0.60%), protein (24.40+ 0.00%)fah@0.16+ 0.35%) at the end of storage. On the other
hand, high amount of titrable acidity as(1.22+0.022%) ameidopH value (5.16+0.01) were observed in chicken
sausages with probiotic. Water holding capacity was dsicrg during storage period. All types of sausages with
probiotic had high scores for all attributes, in relation to cofsgma, flavor and overall acceptability while, without
probiotic added sausages (beef, mutton and chicken) had Ipgtferences to accept the textuFénally, probiotic
sausages showed sensory characteristics greatly appreciateel jpgnelist, with the highest preference except for texture
In addition, beef and mutton sausages (with and without propisére mostly preferred by the panelist for the sensory
attributes.
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1. Introduction

Meat provides high quality protein, consisting of aéential amino acids, minerals and vitamins (Hussein
al., 2017). In the mean time consumers are more and moceroad about quality and health-promoting
characteristics of meat and meat products like sausaggsatbenot only looking for certified organic
products but also expect confirmation of a greater nutrithlee of such products, their prolonged life, and
even an additional health promoting effects (Radulevial.,2011). Health and wellness is one of the major
consumer trends in the food industry. Probiotic lactic &eicteria are living micro-organisms which have a
beneficial effect on the health of the consumer whegested in certain amounts. Consumption of probiotics
has a positive effect on the intestinal microflora,on@ation resistance against pathogens and shows
beneficial immune responses (Raizal, 2014 Radulovicet al., 2011). One of the main characteristics of
these probiotic strains are acid and bile salt regist@Raduloviet al.,2011; Prasadt al, 1998).

Probiotics are widely used in dairy products, but their appbin in meat products is still being explored.
Meat is generally heated before consumption, which kitdbiptic bacteria, but dry sausages are processed
by fermenting (Raduloviet al.,2011). The lactic acid bacteria which play a significat¢ and commonly
found in fermented sausages. These microorganisms are usadeascaltures, promoting meat fermentation
(Papamanoliet al, 2003). Probiotics are generally beneficiary to humaittheaost probiotics contain
Lactobacillus acidophilugnd Bifidobacterium sppwhich are frequently used in food products and are
normally present in the human gastrointestinal traetd(fovic et al., 2011; Dali and Davis, 1998). The
application of Bifidobacterium spp. ahdctobacillus acidophiluprobiotic microorganisms in dry fermented
meat products is not yet common. Furthermore, bothebactynthesize folic acid, niacin, thiamine,
riboflavin, pyridoxine and vitamin K, which are slowly saibbed by the body (Taminet al, 1995). L.
acidophilus exhibits antagonistic activity against pathogbauteria, which are food borne disease agents
(Sanders and Klaenhammer, 2001).

Sausages are prepared from different types of meat atity qpfaneat products is, generally, assessed by
nutritional factor, sensory evaluation and microbiatagjianalysis. The fermented sausage is a good quality
product and can be very well stored under cold storage condifimadet al, 2012). Probiotic fermented
sausages are safe and healthy meat products, which reigfivdemand among the consumers. There is little
information are available to produce fermented sausema flifferent types meat by using probiotics
organism. Therefore, the aim of this work was to devtiepprobiotic sausages using different types of meat
and their effect on the basic chemical, physical coitippsand sensory quality of fermented sausages.

2. Materialsand M ethods
2.1 Probiotic culture preparation

Probiotic organisnBifidobacterium(CHR HANSEN, Québec, Canadaps prepared by addiraylture (0.33

g) in to one liter ofsterilized skim milk (1.5% fat)and stored as 100 ml aliquots in erlene meyer flsk at
frozen temperature (-2C) and the cultures were thawed, activated and usederfoefitation of sausages
batter. Each 1 Kg sausages batter was inoculated with 5 Piobiotic organism dBifidobacterium

2.2 Sausage preparation

Totally six samples of beef, mutton and chicken fermerdedagie were separately prepared as follows: Beef
sausages was produces with probiotic organism and withobiopc organism, mutton sausages was
produces with probiotic organism and without probiotic oigranand chicken sausages was produces with
probiotic organism and without probiotic organism.
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Fresh boneless beef, mutton and chicken meats wereagactfrom a local wholesaler and refrigerator®at 0
C. Chilled beef, mutton and chicken meat were pre-weighken the chilled meats were chopped and mixed
separately using a in a bowl meat cutter and each twgr&itts of beef, mutton and chicken sausages batter
were separately prepared from those meats. Mehotrer above-mentioned ingredients were used in
certain percentages per kg batter for production of femderstausages. The Probiotic organism of
Bifidobacteriumwas added to each sample at 5 ml of inoculums per kattérbIn the control sample
(without probiotic organism aBifidobacterium 5 ml of sterile saline water was added per Kg ofelait
each sample. Then non-meat ingredients and spices were addedixed with mixed grinder for about 20
min as described by Husse@t al (2017). The batter was filled manually into naturadings of goat
intestine. The produced sausages were fermented at 302@ Fo and then dried at 60°C for 4 hrs. Finally,
they were stored in the refrigerator at 4°C and samplings performed atl, 10, 20 and 30 days in order to
analyze their physicochemical and sensorial properties.

2.3. Physico-chemical analysis
2.3.1 Nutritional Analysis of Sausages

Sausages samples were analyzed to determine the cheamgabsition of sausages, such as dry matter, ash,
fat, protein. The dry matter contents of sausages wasneed by oven drying at 105 °C to get constant
weight as described by AOAC (1995). Ash content was determinedibg muffle furnace at 550 °C for 4
hrs as mentioned in the method of AOAC (1995). Fat contestrmgasured by the Soxhlet method with a
solvent extraction system based on the method of AOAC (1995l protein content was determined by
Kjeldahl method with an automatic Kjeldahl nitrogen analyz&ich is used to determine the amount of
nitrogen (%) and to calculate the ratio of total protgmmultiplying the amount of nitrogen to the constan
factor (6.32) as mentioned in the method of AOAC, (1995).

2.3.2 Measurement of pH and lactic acid value

pH of sausage samples were determinate by blending Sgusdgea sample was blended with 5 mL of
deionizer water as described by Wang (2000). The pH was reddsya digital pH meter (model: Delta320
pH meter, HANNA Instrument, USA). The pH meter was caliéd with buffer standard pH 4 and pH 7
before measurement. Lactic acid value was determineidtiaion of the samples and then titration with
0.1N NaOH as the method described by Husseal (2017).

2.3.3 Determination of Water holding capacity (WHC)

Water holding capacity was determined by the modifiedridegal method using 2.5 g of each sausage
sample was wrapped with filter paper (Whatman -3) and centdfag8,000 rpm for 20 min. Water holding
capacity was calculated described by Jauregal (1981).

2.3.4. Sensory analysis

Sensory analysis was conducted for organoleptic paranmetersly color, taste, flavor, texture and overall
acceptability of the products. This was conducted byl0 parglmint hedonic scale, ranging from excellent
(score = 9) to very poor (score = 1) as extremes, was useddhration. A questionnaire was used for the
sensory assessment. Each panelist was asked to evedaatamples from different treatment which were
arranged to assess the organoleptic qualities (Resurre(r99.
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2.4. Statigtical analysis

Samples were randomly collected and were tabulatediivisiihte Analysis of Variance (MANOVA) test
was used to determine the significance level of the treatments, while the Duncan’s Multiple Range Test
(DMRT) was used for mean separation. Descriptive statisicssdone on sensory attributes and the means
were compared using the Tukey’s test (P < 0.05).

3. Results and Discussion

3.1. Physico-chemical analysis

Table 1 shows the results of the dry matter contdnfsrimented sausage samples inoculated with probiotic
culture after 1, 10, 20 and 30 days of cold storage at 4°C.

Table 1: Dry matter contents of sausages during stor age period

Treatments Stor age periods

Dry matter (%) Day 1 Day 10 Day 20 Day 30

T1 39.80+0.36° 45.20+0.3%° 48.20+0.3% 52.20+0.60

T2 31.60+1.45 36.30+0.3%" 38.90+0.36" 40.30+0.76'

T3 41.10+0.279" 44.10+010" 46.90+0.46 49.30+0.7%°
T4 32.67+0.70 35.03+0.21 36.03+0.1%" 39.67+0.551
T5 26.10+0.26 25.80+0.36 27.90+0.36 30.50+0.88

T6 37.50+0.879" 39.33+0.869 40.50+0.5% 44.10+0.98

T1- Beef sausage, T2- probiotic beef sausage, T3-diwgausage, T4- probiotic mutton sausage T5- Chiskeisage, T6-
probiotic chicken sausage. Values are means *atdrtkviations of replicate determination. Mearhvifite same letters are
not significantly different at (p< 0.05).

In this study Significant difference {}0.05) was observed in dry matter content among all kirsho$ages.
The amount of moisture content in sausages indicatedatiffes according to different meat and probiotic
used. The maximum dry matter content was observed inshestiges without probiotic (52.2+00.6%) and
lowest in chicken sausage probiotic (30.50+0.88 %). On the b#met, among all types of probiotic sausages,
higher dry matter content was observed in chicken sauségembiotic (44.10 + 3.93%), while lowest dry
matter content was observed in mutton sausage with prolf@i67+0.55%). Due to the reduction of
moisture content in sausages, dry matter content wasased, at the same time production of lactic acid by
probiotics has an impact on water losses during theefetation process. The results were in accordance with
(Bacus 1984 ; Kozacinslkt al, 2008) who reported similar findings in their study on dry enatbntents in
fermented sausages. Ash content of different meat typefthobr without probiotic sausages increased in an
apparently with respect to dry matter content. Due tartbisture reduction and dry matter increment, ash
content of sausages was increased. This result wawilimeAhmadet al (2012) results, who observed that
slight increment in ash content was observed due to reduntthe moisture content during storage.

The total protein content was significantly (p<0.05) éaged in all types sausages during storage (Table 2).
At the end of storage period, higher protein content wasrebd in beef sausages without probiotic (24.40
0.00%) and lower values was observed mutton sausage withtar@Bibh03+0.05%). This increase in protein
content in time can be due to the reduction in moistaheeg (Maurielloet al, 2004). Our results coincide
with those of Asmare and Admassu, (2013) who reportedaseref protein content in all dry fermented
sausages, this can be attributed to the decrease of watenttand high concentration of nutrients during
processing. Fat content ranged varied between 3.16 and 10.1&6%ufage during the cold storage period.
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The trend in fat content; it was similar to protein content in a significantly (p<0.05) increased in all samples
during storage (Table 2). Higher fat content was observedahdausages without probiotic (1G:1% 35%)
and lowest fat contents was observed in probiotickehicausage without probiotic (4.9.05%) at end of
the storage. Fat contributes to nutritional, organoleptid technological properties in meat products
(Olivareset al.,2010). Our results are in consistency with the finding&sohare and Admassu, (2013), who
reported thafat content was also significantly (p<0.05) increased in all fermented sausages.

pH and lactic acid values for the all kind of sausages gstiorage at 4°C are shown in Table 3. pH value of
all samples significantly (p<0.05) decreased during tirejeeated storage (range 5.46 -5.16). Higher pH was
observed in mutton sausages without probiotic (5.66+0.01) avet loH was observed in probiotic chicken
sausage with Probiotic (5.28.01). Probiotic sausages showed lower pH value than other sausiace
production of lactic acid by probiotics. This decreasphhvalues was due to the production of lactic acid
during fermentation by lactic acid bacteria. The incréasactic acid values in all the samples is the redult o
dropping of pH values during storage at 4°C. Radulevial (2011) who, reported that fermented sausages
showed gradual reduction in pH according to the incremestidity.

Table 2: Protein and fat contents of sausages during storage period

Treatments Stor age periods
Protein % Day 1 Day 10 Day 20 Day 30
T1 21.40+0.01%® 22.60+0.16° 23.20+0.08 24.40+0.00
T2 21.33+0.15% 22.33+0.08° 23.16+0.08 24.30+0.08
T3 19.40+0.05%" 19.76+0.059 19.96+0.059 21.06+0.11
T4 19.56+0.05°1 19.90+0.01¢ 20.83+0.0%° 21.03+0.05%
T5 18.70+0.0%" 20.76+0.1°f 21.36+0.3%%° 22.32+0.16°
T6 18.83+0.05" 20.70+0.08% 21.20+0.16° 21.76+0.05°
Fat %
T1 8.46+0.05° 8.7620.08° 9.20£0.05° 10.1620.38
T2 8.46+0.05° 8.76+0.08 9.20+0.08° 10.10+0.16
T3 8.36+0.1f' 8.63+0.05°f 8.90+0.16° 9.10+0.08
T4 8.63+0.05°f 8.86+0.08 9.06+0.03 9.30+0.08°
T5 3.830.0%' 4.0620.05 4.630.08 4.90+0.08"
T6 3.39+0.0%8' 4.13+0.0% 4.63+0.08 5.10+0.10

T1- Beef sausage, T2- probiotic beef sausage, T3- Mstiasage, T4- probiotic mutton sausage T5- Chickesagie, T6-
probiotic chicken sausage. Values are means * studaiations of replicate determination. Mean with same letters are
not significantly different at (p< 0.05).

Lactic acid values significantly (p<0.05) increased (ran§2-0.22%) during the cold storage. During the
storage period, titrable acidity was increasing due tdobsm of lactose by probiotic organism. Chicken
sausages with probiotic (1.21+ 0.02%) showed higher titratiditya and beef sausage without probiotic
(1.08+ 0.03%) showed lowest titrable acidity. At the same tititrable acidity was higher in sausages with
probiotic compare to sausages without probiotic. Duenmédntation process by probiotic the titrable acidity
was increasing. Similarly, Husseét al (2017) were reported in his study thatctobacilli produce lactic
acid which decrease in pH and the increase in acidigrmdnted sausages.

3.2 Water holding capacity in sausages during storage period
The water-holding capacity is a crucial property for dnality of meat and may be defined as the capacity of

the meat to retain moisture during the application of eatgarocess such as cutting, grinding and heating. In
this study water holding capacity of sausages was (p<0.f&)edi among all types of sausages. According to
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Table 3: pH and titrable acidity of sausages during storage period

Treatments Stor age periods
pH Day 1 Day 10 Day 20 Day 30
T1 5.46+0.01 5.43+0.0% 5.41+0.0T 5.38+0.0T
T2 5.39+0.00 5.37+0.04 5.35+0.0% 5.33+0.0f
T3 5.56+0.0% 5.55+0.02 5.52+0.04 5.48+0.0f°
T4 5.49+0.0% 5.47+0.01° 5.45+0.0%9 5.44+0.05%
T5 5.30+0.00 5.25+0.01" 5.23+0.01™ 5.21+0.01
T6 5.25+0.0T" 5.23+0.0I" 5.21+0.01 5.16+0.01™
Acidity %

T1 0.82+0.0T 0.96+0.0F 1.03+0.06 1.08+0.0%
T2 1.15+0.18%f 1.14+0.03%9" 1.21+0.0F 1.05+0.03
T3 0.92+0.01 0.96+1.0¢ 1.06+0.09" 0.97+0.0%
T4 1.10+0.0F9" 1.13+0.03%9" 1.21+0.0F 1.11+0.05%"
T5 1.07+0.06" 1.12+0.099" 1.16+0.03% 1.16+0.05%
T6 1.19+0.03 1.20+0.03" 1.21+0.0%F 1.2240.02

T1- Beef sausage, T2- probiotic beef sausage, T3-diwgausage, T4- probiotic mutton sausage T5- Chiskeisage, T6-
probiotic chicken sausage. Values are means + stdnldgwiations of replicate determination. Mean with same letters are
not significantly different at (p< 0.05).

this study the decreasing trend of water holding capadty ebserved during storage period. It is due to
when the pH decline in the in the sausages decrease in nggtation capacity occurs, thus facilitating
dehydration and, consequently, the reduction in wateritgdth sausages (Ruigt al, 2014; Mauriellcet al.,
2004).

3.3 Changein sensory attributes during storage period

The result showed that significant difference (p< 0.05) waserved between treatments throughout the
storage period. During the cold storage at 4°C, the textasée, colour, flavor and overall acceptability
scores decreased significantly in all samples of with waitdout probiotic sausages. Beef and mutton
sausages (with and without probiotic) had the highest atishscores during the cold storage compare to
chicken sausages (with and without probiotic) as shown in &iguThe different types of sausages with
probiotic had high scores for all attributes, in relatimwolor, aroma, flavor and overall acceptability. tbe
other hand, without probiotic added sausages (beef, muttochésien) had higher preferences to accept the
texture. This may suggest that the fermentation progsassages with probiotic) changes the texture of
sausages, probably due to the reduction in pH and conseatp@etise in the water retention capacity after
cooking. Similar result was observed by Bomdespaathal. (2014) and Macedet al. (2008) in hamburger
production. This study revealed that the probiotic sausslgmsed sensory characteristics greatly appreciated
by the panelist, with the highest preference excepefdure. In addition, beef and mutton sausages (with and
without probiotic) were mostly preferred by the paridtis the sensory attributes.
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Figure1: Variation in sensory attributes during stor age period
4. Conclusion

This study, dry matter, ash, acidity, fat and protein cost@ftall types of sausages were increased
simultaneously during storage period. pH and water holdingcitgdecreased with storage period in all
types sausages. The best sensory evaluation in the ftalar, taste and overall acceptability scores was
obtained in the sausage with probitics in all types of mBaef and mutton sausages (with and without
probiotic) had the highest attrbutes scores during thte stofage compare to chicken sausages (with and
without probiotic) The use of probitiémproved the quality and nutritional value of sausages bgegnmting
functional properties.
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