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entation was stopped by gradual elevatio

fe"“uct was kept under refrigerated storage ;‘;Eéerpperature followed by cooking to 72°C core temperature then the
storage periodto assay the (_:hanges in both microbioloor' ireg months.' Product was examined during fermentation and

(amination revealed that incorporation of diff gical and chemical quality parameters. Results of microbiological
gécteﬁa count, decrease in total yeast and r:(l)'erll(ti types 9f PTOPiotics resulted in a significant increase in lactic acid

frigerated storage resulted in decrease in | ou'd and l‘PQI)'th bacterial count during fermentationperiod, while,
i ; Jococcus aureus, Enterobacteri actic acid bacteria with an increase in yeast and mould count. However,
o tion of fennen;ed sausag eriacae and proteolytic bacteria were below the delectable limit. Chemical
examina ¢ norease i protes 5? ge indicated thatrefrigerated storage resulted in reduction in moisture content with
g e fonperiod. and. i dh eontent. Probiotics resuled in a significant and gradual decrease in PH va4®
*ifidobacteriumlactis resulted in the highest ;Hn:f,?flh of storage followed by significant increase during storage.
Jt the end of fermentation period. S e mixture of L.caseiand L.acidophilusresulted in the highest acidity
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Introduction microflora, reduction of nitrates to nitrites,
solubilization and gelification of myofibrillar and
sarcoplasmic proteins, proteolytic, lipolytic and
oxidative phenomena, and dehydration (Casaburi
et al, 2007). Probiotics are living; health-
promoting microbes that have a beneficial effect
on human health when taken in adequate amount
such as improvement of intestinal transit and

Fermentation not only offers a practical means of
food preservation but also contributes to a variety
of food products with unique characteristics.
Fermented sausage is one of fermented meat
products which comprised of coarse mixtures of
lean meats and fatty tissues combined with salts,

nitrite, sugars and spices,stuffed into permeable el e o
casing and subjected fermentation under digestion, improvement of symptoms of lactose
defined conditions of ¢ v rerature and relative intolerance, increase in immune response, reduce
humidity resulted in red.:!ica of moisture content of diarrhea episodes, prevent of colon cancer and
and water activity which nacessary to build-up the lower of blood cholesterol (Tharmaraj and
typical flavor and texture of the final Shah, 2003)_. Hf)wever thc?y have minor §1de
product(Hammes, 1996). La ctic acid bacteria effe.:cts only in diseased or m}munocompromlsed
represent the most important group of starter patients (Marteau, 2002; Gueimonde et al., 2006
organisms used in fermented sausage. They andVankerckhoven et al.,, 2008). There are
adapted well to the meat fermentation many fa}ctors affecting the quality and durability
environment and changes which occur during °f1 semi dry sausages such as type of starter
ripening process (Bover-Cid et al., 2001). Lactic ‘f:" turei; comlposmon, ground degree of meat .and
acid bacteria have a positive effect on the hygienic af, therma ;()irocelsm'ng, vaguum packaging,
properties of the fermented sausage by inhibiting temperature and relative humidity durmg the
pathogenic and _ spoilage flora either by storage (Chen et al., 20Q7).Thf:refore, tl}e aim of
acidification or by the production ot the present work was to m.vestlgate. the impact of
antimicrobials. They also play an important role in trgatment of Alexandrl.a . semidry  sausage
the development of texture olour and flavor of wn'thdlf_feren't types of pl'Ol:)lOth starter cu_ltures on
3 microbiological and chemical quality which occur

fermented products (Villani et al., 1994). Dur.ing
sausage fermentation, there are many biochen?lcal
and physical reactions take place resulted in 2
significant changes in the initial characteristics 'of
the product such as changes in the initial

during refrigerated storage.
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Materials and methods
Preparation of sausage
Alexandria semidry sausage was manufactured at
Food Hygiene and Control Department, Faculty of
Veterinary Medicine, Cairo University. The
sausage formulation included (850 g/kg beef
chuck meat, 130 gkg beef fat, 16 g/kg salt, 1.6
#kg monosodium glutamate, 0.002 gkg Nitrite,
0.5 g/kg ascorbic acid, 0.7 g/kg lactose, 3 g/kg
sucrose, liquid smoke 1 g/kg, quantum sufficient
of spices including ginger, nutmeg, coriander and
clove powdered extracts).Imported deep frozen
beef chuck was purchased from a local market
within the first time of its shelf life. Beef fat was
purchased from El Bassatine slaughter house after
carcass preparation and kept frozen until use. Beef
chuck and fat was firstly flaked and then minced
at 5 mm using Fama
(FabbricaA ttrezzatureMacchineAlimentrac,
Rimini, Italy). All ingredients were mixed in
mixer for few minutes. After that the meat mix
divided into six batches (10 kg each) and 1 g of
appropriate starter culture (dissolved in 250 mg
full cream milk) added to the following
distribution:
Group (A)Bifidobacteriumlactis Bb-12 {CHR
Hansen Denmark),
Group (B)L.casei 01 (CHR Hansen Denmark),
Group (C)L.acidophilus M92 (Danisco Russia),
Group (D)L.lactisMA 16 (Danisco Russia),
Group (E) Mixture of BifidobacteriumlactisBb-
12 CHR Hansen Denmark and L.acidophilusM92
(Danisco).
Group (F) Mixture of L.casei 01 CHR Hansen
DenmarkandL.acidophilus M92 Danisco Russia.
Subsequently, the sausages mixture was
automatically stuffed into a small diameter (30
mm) cellulose casing (~400 g each) and placed in
a fermentation chamber at 20°C and 65-70%
relative humidity for 3 days, three samples were
taken from each group and examined at each day
of fermentation period for microbiological and
chemical analysis, After that, sausage was
transferred to cooking chamber at 50°C for 1
hour, 60°C for 1 hour, 70°C for 1 hour at 80°C to
72°C core temperature. Fermented sausage was
stored at 4°C for further analysis. Then examined
at(30, 60, 90 days) of storage period for the
previous investigations. Each experiment was
repeated three times.
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ogical Exnmimﬂion::sausa

::,:[:::;M frgom cach batch' were  collec -

aseptically, transferred to stenl? plasu-c POuche;

homogenized for 90 seconds with sterile quary,,.

strength Ringer’s Solution (Oxoid BR 52) Using ,
stomacher (Lab blender 400, Swearf_l lgb. Modej
No. AB 6021). Aﬂe_r that 10-fold dilutiong Were
prepared using sterile quarter-strength Ringer'
Solution (Oxoid)(APHA, 1992). Lactic acid
bacteria were enume.rate'd on d?M‘mkogosa
SharpeAgar (MRS Oxoid) in anaerobic conditiong
after 48 hours at 30°C(ISIRI, 1998); yeasts 5,4
molds on Sabauroud’s. dextrose agar With
Chloramphenicol ~ (Oxoid) after 5 g5y

at25°C(Cruickshank _ et al.,' 1975),
Enterobacteriaceaeon Violet Red Bile Glucose

Agar (VRBG, Oxoid CM 485) after 24 hours
30°C(ICMSF, 1978), Staphylococ_cus aureus op
Baird-Parker agar plates (Oxoid CM 145)
incubated at 37°C for 48 hours(Bailey and Scott,
1982),proteolytic bacteria on skim milk agar
(Defico, 232100) at 30°C for 48 hours (Lee and
Kraft, 1992) and lipolytic bacteria on tributyrin
agar plates (Oxoid PM 4) at 30°C for 3
days(Smith and Haas, 1992).

Chemical examinations

Proximate analysis:Percentages of moisture,
protein, fat and ash contents were determined
according to(AOAC, 2000),where moisture
content was determined using the direct water
distillation method in hot air oven, fat content was
determined with the Soxhlet method and the
protein content with the Kjeldahl method. The
total ash content was determined by igniting the
charred sample in a muffle furnace at 525°C until
a constant weight was reached.

Measurement of pH value: Five grams from
each of samples were homogenized with 20 ml
distilled water for 10-15 seconds. The pH was
measured using pH meter (LovibondSenso Direct)
with a probe type electrode (Senso Direct Type,
330) (Honikel et al., 1981).

Statistical analysis.Each analysis was run in three
replicates, and collected data were analyzed using
SPSS statistics 17.0 for windows. Results were
recorded as mean + SE. Analysis of variance was
performed by ANOVA procedure to compare
results among the different trials and different
cooking temperatures by the least significant
(LSD) and significance was defined at P<0.05.
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Results and discussion

Microorgﬂ“isms gain access into
prs spices and other ingredients
gipment .and l.landl.ers during pr(;
ower initial microbial load of saygage s
qorage  Would improve - the microbio]d o
quality and enhance t_hc shelf life of soglcal
iriken et al. 2006) Microbiological examingr.
of Alexandria sermi dry sausage revealed t';‘matlon
a5 a significant increase (p<0.05) in lac:l_t there
pacteria during t.he fermentation phase tj]] ic acid
CFU/g in the third day ¢ l:each.7
gecreasedlinearly throughout refrigeration setn .
PeriOd (Table 1).Sausage treated witl?raie

aus‘_’gc from
cessmg Steps
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acidolactj ,

(p<0 OSC - had ,u"’ 'hlghcsl significant increase
owe ) in lactic acid bacteriaduring fermentation
Wever sausages treated by bi § Ins ;
had the highest ed by bifidobacteriumlactis
These rcgl st count at the end of storage period.
(Zivkovi ésu ts agrec with results obtained by
bacterls metka-l' 2Q12) who found that lactic acid
of ferm arkedly increased in the next two days
s entation by arqund one logarithmic
e thi);j, gcachlr!g .approxlmately 7 log cfu/g on
i r ay.Th1§ increase in lactic acid bacteria

ring fermentation period as a result of the
combl'ned effects of lowering the pH, increasing
the brine content and decreasing the water activity
due to drying (Flores and Bermel, 1996).

able (1 :Lactic acid bacteria in Alexandria semidry
sausage

Table (1):22€

F : =
T' es of ro'biotics. 1 day ermen;a ‘til:;penod 3 Storage period
Blﬁdob'actenumlactls i5.6440.26 | 7.22:029 | =7 55‘33’ 30 :ibay 60 day 90day |
Lo 6864006 | 659017 U008l 890004 A QLR x243°40.30
s SE54033 | 41105023 | 47051 | 5195054 e —
Biﬁdo.lactis+.L.acid'ophilus i6-41‘iO..63 '1733333 1;3:)‘:304 i4.70%£0.09 | i2.25*+1.17 mq: ]
Lcasei +L.acidophilus 116262041 | 16.7620.64 :7-59&0.3? .f:;)f;(())g{; iifzzz iiigb
. £ ¥ . i Jil)

?:,: 1\1\,,11:::: “Nv:tt}}: :iiilg::::tt SSUbscrip.t Witl'lin.the same row for each parameter differ significantly (P<0.05).
: uperscript within the same column for each parameter differ significantly (P<0.05)

Table (2): Total yeast and mold in Alexandria semidry sausage

Fermentation period :
Types of probiotics 1 day 2gay i TE Stg(r)agc period o
ifidobacteriumlactis 4,630 5 Y 8y ay

Bifidob 4639019 | 3.16%024 | w<2* | :i6.18%0.08 | ii5.2740.22 15.05%+0.08
e 489018 | 1,3.4340.61 | i<2® | 249132 | i4.03"+0.53 4.62°20.36
| L. acidophilus A 504030 | 2512030 | w<2' | 0i2.76%1.40 | 5.28+0.04 o5.55%20.44
L.acidolactis 4.0340.51 | l.77%0.96 = | al.00°:1.00 | i3.83°+0.29 5.37%2:0.25
Bifido.lactis+L.acidophilus 5.502£0.35 | ii,iil.7320.87 | <2 G2 A9PE125 | i3.65°40.27 i5.10%+0.05
L.casei +L.acidophilus 5022037 | 2462009 | <2t | 4.060.11 [ 14.91%£0.52 16.10%£0.10

ameter differ significantly (P<0.03).

2-c: Means with different subscript within the same row for each par;
i-v: Means with different superscript within the same column for each p

Using of different types of probiotics significantly
decreased (P<0.05) total yeast and mould count
(Table 2) during fermentation phase followed by
a significant increase (P<0.05) throughout storage
period. L.casei had the strongest effect in
reduction but mixture of L.casei and L.acidophilus
had the weakest effect on reduction of total yeast
and mould count at the end of storage period.
These results agree with those obtained by
Casaburi et al. (2007) who found that count of
yeast and molds increased after ripening period;
and Urso et al. (2006) who found that the count
of yeast count decreased toward the end of
fermentation period. While Sachindra et al.
(2005) stated that cooking process Was effective
in reducing the yeasts and moulds .coulltS
substantially in sausage.lncofporation of dnffere i
types of probiotics resulted in 2 significant
reduction (p<0.05) in lipolytic bacteria count from

arameter differ significantly (P<0.05)
the first day of fermentation till the end of storage
period (Table 3). Moreover,Staphylococcus
aureus, Enterobacteriacae and proteolytic bacteria
were below the delectable limit either during
fermentation or during storage period. These
results may be due to the antimicrobial activity of
starter cultures metabolite such as organic acids,
hydrogen peroxide and bacteriocins which give a
protective effect (Liicke, 2000 ;Ammor and
Mayo, 2007).These results also agree with those
obtained by Ruiz et al. (2014)who found that
Bifidobacteriumlactis and L.acidophilus strains
have the ability to reduce the population of
pathogenic bacteria by the production of acids,
hydrogen peroxide and bacteriocin (lactacin B).
Moreover Schillingerand Liicke, (1989) found
that enterobacteria and Staph. aureuswas reduced
below the detection limit in the early phase of
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fermentation due to a rapid drop in pH to hc!(y\\" | 5‘
Table (9L ipotc bt in Aleandris sy st o
e .EP_“‘E'_"_____”"__':"T;—,— o 0._ ‘ m;’ 2o (:‘id;’ "'.":“’2"’“..’_
| Bifidobacten s i Timm. . alr - i e
T L T s s e
o p— 741094 [ f4.13-m(.)7727 e o
ifi i idophilus | 2 wiil.53*40. i< ii<2* <2 bl
Bifido. lactis+ L acidophilus _,;:;7(2:2)19(:»6[ li‘5< . nx|’2' [T ,,<23 I “.:Q 2. )

L.casei +L acidophilus_

a-c: Means with different subscript within the same row for each parameter differ significantly (P<0.05)
i-v: Means with different superscript within the same column for each parameter differ significantly (p<, 05

Table (4):Moisture content in Alexandria semldry.sausage
Fermentation period Storage period T
Thypes of probiotics 1 day 2 day 3 day 30 day 60 day 90 da
' Bifidobacteriumlactis 61.2820.41 | i58.25%1.04 i51.71%4,27 ii42.16%0.92 iii,iv38.80%£3.80 +34.52447 571
| L. casei 60.21%1.37 | 59.92*+0.32 ii51.66%+2 89 iiii49.03%1.65 | iiiiv42.40%4.59 iv35.874] 27
L. acidophilus 159.16%0.26 | ii52.2342.75 | iii47.33%+4.67 | iii42.83%£5.89 ii40.84%+4,65 139.15% ] 4:
"Llactis 60.10%44.14 | 1.v56.91®40.22 | i,id7.27%1.83 | iiiii,id4.98%2.11 [ i,ii39.41+0.54 ||i34.90&7'8
[ Bifido.lactis+L.acidophilus | i58.9640.31 | 1ii57.43+£0.47 | iin48.82%43.05 | iid6.49%+7.36 | iiiv41.80°£0.83 m
L.casei <L .acidophilus 62.43%0.99 | 58.28°+0.88 ii46.94%2.10 iiivd4.47+4.94 | iiiv38.87£1.27 m

a-c: Means with different subscript within the same row for each parameter differ significantly (P<0.05).
i-v: Means with different superscript within the same column for each parameter differ significantly (P<0.05)

Proximate chemical

analysis

of fermented

sausages depends on many factors such as
diameter of the sausage, type and level of

additives,

fermentation

temperature,

relative

humidity and the air speed during fermentation as
well as the presence or absence of lactic acid
bacteria and their nature (Zara et al.,, 2007).
Moisture content of experimentally produced
sausage (Table 4)was significantly decreased
(p<0.05) during fermentation and storage period.
These results may be due to loss of water during
fermentation and storage in which pH reach to
isoelectric point, this low pH which occur during
fermentation resulted in coagulation of protein so
it permanently loss its ability to hold up more
water. Mixture of L.casei and L.acidophilus
resulted in the highest significant (p<0.05)
moisture loss followed by L.acidolactis at the end
of storage peroid. These results agree with results

obtained by Casaburi et al. (2007) who founq
that moisture content at the end of ripening was
reduced to 23% and 34%. Zivkovi¢ et al,
(2012)recorded similar results that fermented
sausages at the end of ripening period were
characterized by decreased in moisture content by
25.11% to 27.89%.

Significant increases (p<0.05) in protein, fat and
ash content were recorded in Alexandria semidry
sausage (Tables 5, 6, 7) during fermentation and
storage period as a result of dryness and moisture
loss. Mixture of L.caseiandL.acidophilus resulted
in the highest protein, fat and ash content at the
end of storage period as a result of highest
moisture loss. These results agree with Veskovié
et al. (2013) who found that increasing amount of
fat and protein content as a result of increase the
amount of water loss during fermentation.

—

Table (5):Protein content in Alexandria semidry sausage

B ___ Fermentation period Storage period _
Types of probiotics 1 day 2 day J day 30 day 60 day 90day |
Bifidobacteriumlactis i19.15240.85 | i19.32*+0.57 | i19.75*£0.20 [ i26.38*10.81 ii27.22440.59 128.192£0.27
L. casei ~[19.35%0.16 | 118.55%40.66 | 19.39%4021 | i25.89%0.45 | 1127.53%0.67 | 128454042
L. acidophilus i20.57%40.27 | i19.29*164 i19.85%0.33 | 25.77%0.89 | i.ii26.64*£0.99 1i27.7940.23 |
L.lactis 19.58%0.78 | 18.18'491 | 118.37°40.55 | 25.67°0.84 | 1u27.15%037 | i28.4440.13
Bifido.lactis+L.acidophilus i20.02:£0.48 | 19.05°£0.45 | i19.30®+0.11 | i26.35%0.64 | i27.56*+0.80 1i27.94£0.08
L.casei +L.acidophilus 19.92950.55 | 119.2140.26 | 20214030 | (25.634093 | 128.1540.20 [ 29.05°:0.16
a-c: Means with different subscript within the same row for each parameter differ significantly (P<0.05).

ficantly (P<0.05)

i-v: Means with different superscript within the same column for each parameter differ signi
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-
bl 6):Ether extractable fat in Alexandria semidry
Fermentation peri ge:
jotics 1 da period o ——
e Ofcl::i?xlmlactis TAROT T T day o —«—‘“ﬂ%ﬁﬂd . '-—'95';"’/:’1
ﬂiﬁdf:;a 24.51%40.21 Tﬂs?sn: 085 | 23.074209 | i3 l'.m-:yoTi' "3—1(‘73-{!2"4’2“ 13386171
Lo o T il aL150R 00 a1 32,62 | I8l
L Bc,is 20 18%1.51 | 18.13%%] 2 | 28.38%3.03 | u30.20%3.94 | 13096169 ,31.16%2.58
1o |3ctiS+Lvacid° hilus | 1i21.37°£0.45 'l6. 33 | iin26.61%422.76 | iiv29.30*£1.62 1,32.22'40.42 TJJS,62'£_5’.(_’_|__
e B s Y f”-78:t0,38 a6, 179191 | an26 71431 | u288551 75 | wi2A341.26
L h different subscript withlin't3l7 033 | 26575120 | 129105248 133082099 | m8I8 1.7
e same row for each parameter differ significantly (P<0.05)-

eans wit

-C. N A
’ o Means with di
V- ificantly

fferent superscript withi
P pt within the same column for each parameter differ sign

rable () Ash content in Alexandria semidry sausage
|_—pes of probiotics 1 day Femenﬁ;"y" period Storage period , 1
- iumlactis i 3 day 30 day 60 day __,_9_0_1‘1'_—-’—
Buﬁdoz“'“"“m acs - :;::ff(‘)‘& i:’--59:i0-27 3.19%20.11 | i3.09%0.07 3.3220.20 3.53°£0.32
L. ca_sd0 o ; T i2.45bi0.04 1i2.860.04 | i1n3.01%£0.16 wii3.3120.21 _,3_6_9:*_9}"/
t'lagis 12.5320,29 ;33 2029 | 2785030 | A006t | 839043 [ 3.5420.22
L acidophi w2 53e02) | 2344015 1 gl ISH0D2 | 8 30812023 | 3.38%0.18 13.52°40.25
Bnﬁdo._lacusf[(;.:ciglolfshillus 1i2.60%0.13 | i2.360.09 i:m_.,.lz_io 1 :3 102050 | 13.3920.1 5 /ii:3- 21:20.07
B . - . 111
T casci +L.ac1w'th o ba.l 1008 [ 2304004 | i3.13%0.24 3172020 | 3.280.20 3.60%0.13
a-C: Means wilth pr ffer::t subscript within the same row for each parameter differ significantly (P<0.05)-
j-v: Means superscript within the same column for each parameter differ significantly (P<0.05)
atedL. acidophilus, indicating

of pH in experimentally produced higher than that tre
lactic acid

different type

Measurement

fermented  Sausage (Table 8) indicated that that Biﬁdobacteriumlactisproduced less

treatment Of Alexandra semidry sausage Wwith than other types of starter cultures. The results
also agreed with Salgado et al. (2005) who found

s of starter cultures resulted in a
dual decrease (p<0.05) in pH in the

in interval of 0.16 to one

that initial pH dropped
different treatments O

significant gra
three days of fermentation and in the first month pH unit or more in
of storage followed by significant increase fermented sausage due t0 production of lactic acid
(p<0.05) at the second and third month of storage. by lactic acid producing bacteria. After the pH
Fermented sausage treated with drop, there was an increase in pH values during
Bifidobacteriumlactis resulted in the highest pH storage period which can be attributed to bacterial
through fermentation and during storage period. activity resulted in liberation of alkaline
Using of mixture of L.caseiand metabolites Reddy and Rao (2000) or due to the
L.acidophilusresulted in the highest acidity at the growth of spoilage bacteria Ahmad and
end of fermentation period whileL.casei treated Srivastava (2007). (Salgado et al., 2005) added
he lowest pH. that increasing of pH appears to be more related to
ic acid content than to the

fermented sausage resulted in
These results were in agreemen

t
t with Ruiz et al.

the decrease in lact
formation of low

molecular weight nitrogen

rved that pH of the fermented
iumlactiswas

with Bifidobacteri compounds.

(2014) who obse

sausage treated
Table (8) Measurement of pH value in Alexandria semidry sausage:
Fermentation period Storage period
Types of probiotics T 1day 2day | _3da 30 da 60 day 90 day
Bifidobacteriumlactis -Lgi5.89‘bi0.01 1i15.88£0.01 i5.58+0.01 i5.470.01 115.93%0.39 16.322£0.16
L. casei 5.87%0.01 15.73°£0.01 i5.5120.02 | id.5 1°+0.01 _@.63"10. 19 iii4.76°+0.07
L. acidophilus T 5.91°20.00 | Lii5.84'i0.00 115.20°+0.02 ii4.74°0. 12 | i5.19%0.07 1i5.75%£0.91
L.lactis 5.86¢£0.01 _ii_5.05‘:t0.03 ii4.97¢£0.00 114.944£0.01 ii5.315+0.10 i5.90*+0.10
Bifido.lactis+L.acidophilus 5.8820.01 | 15.524£0.03 | ii5.25°+0.06_ | iv4.53%40.02 15120008 | 5.45°+0.08
| L.casei +L.acidophilus 5.87*£0.01 5.47°£0.04_| iy ivh.644£0.01 i4.53%0.01 iv4.87%+£0.01 ,,6_6()&(),2?
hin the same row for each parameter differ significantly (P<0.05).
differ significantly (P<0.05

rent subscript wit

mn for each parameter
ase in total yeast and mould and lipolytic
rmentation period, while,
lted in decrease in lactic

a-C: Means with diffe
i-v: Means with different super scrl
Conclusion

Using of different types of probi
significant increase in lactic aci

pt within the same colu

decre
bacterial count during fe

otics resulted in a
refrigerated storage resu

d bacteria count,
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acid bacteria with an increase in yeast and mould
count.  However, Staphylococcus aureus,
Enterbacteracac and proteolytic bacteria were
below the delectable limit. Chemical examination
of fermented sausage indicated thatrefrigerated
storage resulted in reduction in moisture content
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