ISSN 1110-0419

Annals Of Agric. Sc., Moshtohor,
Vol. 42(4): 1819-1837, (2004).

IMPROYIﬁG PROPERTIES OF BEEF SAUSAGE BY USING
POLYSACCHARIDES
BY

Madkour, M. H. F.; Nagwa M. H. Rasmy; Ei-Mahdy, R. M.
and Hanan M. A. Al-Sayed.
Food Science Department, Faculty of Agriculture Ain Shams University, Cairo, Egypt.

ABSTRACT

Substitution of 3.0% starch in the control becf sausage batter with 0.1%
xanthan, Rhizobium polysaccharide (RPS), gellan and carrageenan or a mixture of
one of them with 0.5% starch resulted in higher sensory attributes. Beef sausage
samples contained different tested polysaccharides recorded higher water holding
capacity and plasticity than control sample at zero time and during frozen storage
for 90 days. Although control sample showed higher initial cooking yield
{78.11%) compared 1o those contained different polysaccharides (64.24 -
56.90%), a drastic loss in cooking yield was observed for control sample
(60.24%) afier frozen storage. Addition of the tested polysaccharides has
enhanced the hardness values of the raw sausage than control sample. The
maximum ¢nhancement was achieved by addition of either 0.1% gellan or
carrageenan with or without 0.5% starch. On the other hand, samples containing
0.1% of either RPS or carragecnan and a mixture of 0.1% RPS + 0.5% starch
showed the lowest drip losses being 8.12%, 9.85% and 8.79%, respectively
compared to 17.74% of control afier 90 days of storage at -18°C. Therefore, it is
recommended to use 0.1% of RPS, xanthan, carrageenan and gellan for
improving properties of beef sausage.

INTRODUCTION

Polysaccharides derived from seaweed, plants and bacteria (gums)
represent a group of hydrocolloids, which are effective in binding water in food
(Xiong et al., 1999,

Hydrocolloids especially carragecnan were often utilized in modifying
both texture and sensory attributes of meat products, {Pietrasik and Duda, 2000).

In cooked meat products, several ingredients and number of proteins
(soy, maizc, whey prolcin, egg white, wheat, cotton seed) and carbohydrates
(starch, pectin, cellulose gum, maltodexirins) have been studied. The results
obtained were satisfactory, mainly with carbohydrates, which improve cooking
yield, enhance water holding ability, reduce formulation cost and modify texture
(Giese, 1996 and Akoh, 1998).
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Hydrocolloids (carrageenan, starch, maltodextrins, etc.) help to improve
rheological properties and stability of meat products. Incorporation of non-meat
ingredients, such as gums or soy proteins, into processed meats has been shown to
stabilize emulsions and increase water and fat retention (Lecomte et af., 1993;
Defreitas ef al., 1997a; Chin et al., 1998 and Pietrasik and Duda, 2000).

Defreitas, et al. (1997¢) stated that K-and L-carrageenan may be useful
for increasing freeze / thaw stability of cooked meat products, particularly those
made with low- pH meat . Thus camrageenan, improved moisture retention of
cooked pork sausage both with and without addition of sodium tripolyphosphate.
Carrageenans and the phosphate salt with NaCl provided the most effective
combination for moisture retention in cooked pork sausage.

Sausage quality was determined by measuring textural, hydration and
color characteristics. Addition of soy protein concentrate and K- carrageenan mix
preparation favorably affected WHC and thermal stability of sausages processed
regardless of the fat content. Use of an additive affects the sausage texture, but
the effect depends on the amount of the additive used (Pietrasik and Duda, 2000).

Addition of gums and soy protein isolate could improve emulsion
stability and water holding capacity of meat emulsions (Lin and Mei, 2000).

The I- and K- carrageenan increased (p < 0.05) cooking yield, hardness,
and bind strength for 1% salt sausage. Sausage containing alginate, locust bean
gum, and xanthan gum were softer, more deformable, crumbly and slippery (p <
0.05), when compared to non gum controls . An increase in pH sharply enhanced
the binding strength in all gum treatments. Both the instrumental and sensory
panel results suggested that I- and k—carrageenan were the only acceptable gums
for usc in low- or high-salt beef sausage products (Xiong et al., 1999).

The aim of this work was to select and utilize some different sources of
polysaccharides (Rhizobium polysacchande, xanthan, carrageenan. gellan gum
and guar gum) for improving the physicochemical and functional properties as
well as acceptability of beef sausage.

MATERIALS AND METHODS

Bacterial strain:

Rhizobium meliloti (EMCC-10011), which previously selected by
Madkour et al. (1997) to produce exopolysaccharides, was obtained from the
Egyptian Microbial Culture Collection (EMCC), Faculty of Agriculture, Ain
Shams University, Cairo, Egypt.

Media:
1. Standard Medium Broth (SMB):

Standard medium broth used by Footrakul et al, (1981) and modified by
Madkour er al. (1997) was applied for cultivation and production of
exopolysaccharide R. meliloti.
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2. Yeast Mannitol Agar (YMA):

Stock culture of R. mteliloti was grown and maintained on slopes of
YMA medium (Oxoid Manual, 1979). Yeast mannitol broth was also used to
activate and prepare heavy suspension of R. meliloti.

3. Nutrient agar:

Nutrient agar was used to enumerate total viable bacterial count of the
different examined samples. The plates were incubated at 32°C for 24 hours
(Oxoid Manual, 1979).

4. Bismuth sulphite agar:
Bismuth sulphite agar (Oxoid Manual, 1979) was used to enumerate
Salmonella sp. The plates were incubated at 37°C for 24 hours.

S. Baird Parker medium:

Staphylococcus sp count was enumerated on Baird Parker agar (Oxoid
Manual, 1979). Sml of egg yolk tellurite was added to 100 ml of the base medium
and mixed well. Incubation was carried out at 37°C for 2448 hours.

6. Macconkey agar:
Enumeration of coliform bacteria was achicved using Macconkey agar
(Oxoid Manual, 1979). The plates were incubated at 37°C for 24 hours.

Polysaccharides:

Polysaccharides from different sources inciuding xanthan (bacterial
source), carrageenan (seaweed source), guar gum (plant source) and gellan gum
(bacterial source) as well as of those produced from R. meliloti are used in this
study. All polysaccharides, other than RPS, were obtained from Sigma Chemical.
Co. (st. louis, Mo), USA.

Production and recovery of Rkizobium polysaccharide:
Bacterial strain of Rhizobium meliloti (EMCC-10011) was used to
produce exopotysaccharides as apptied by Madkour ef al. (1997).

Beef sausage ingredients:

Meat used in sausage manufacture was purchased immediately after
slaughtering from the round cuts of hindquarter of cow carcass. Fat from the same
carcass was also obtained. Commercially dried and ground spices were purchased
from local market, Cairo, Egypt and starch was obtained from Egyptian,
Company of Starch and Glucose, Mustorod, Cairo, Egypt. Dry spices mixture
(Zaika et al., 1978) of 1.2% was mixed with sausage ingredient (lean meat 70.0%,
fat tissues 12,0%, sodium chloride 2,3%, waler (as ice) 9.295%, starch 3.0%,
sodium nitrite 0.005%, garlic 1.0%, onion 1.2%) for the manufacture of sausage.

Beef sausage manufacture:

Meat and fat tissues were cut into pieces of about cgg size and
frozen at -18°C for 24h. The frozen meat and fat were ground to particles of
a rice size. Sausage was prepared by blending spices with sausage formula.



1822 Annals Of Agric. Sc., Moshtohor, Vol. 42(4), 2004

mixtures were stuffed by hand into mutton casings, the casings were then closed
and chipped (Shehata, 1989). -Natural mutton casings were obtained from the
slaughtered animal and prepared according to El-Deep (1987). To cvaluate the
effects of the investigated polysaccharides on sausage quality, substitution of
starch in the basic formula of sausage with a suitable level of the sclected
polysaccharides was investigated. Different sausage samples were packaged in
polyethyiene pages and stored under freezing at -18°C for i80 days until analysis.

Microbial analysis:

For microbiological analysis of sausage samples, eleven gram of cach
sample was weighed and added to 89 ml of sterilized physiological solution and
the mixture was blended for 30 scc. Samples were examined for total viable
bacterial count as well as Salmonella sp, Staphylococcus sp and coliform (Rao et
al., 1984).

Physicochemical analysis:

Moisture, lipid, ash, carbohydrate content and total nitrogen of each
sample was determined according to the A. O. A. C. (1996). Crude protein was
calculated by multiplying total nitrogen percentage by 5.87 for according te Paulo
ef al. (1994) and Ceirwyn (1995). Totat volatile nitrogen value was performed
according to the method of the Harold,, ef al. (1987). The results were calculated
as mg TVN/ 100g. The thiobarabituric acid value (TBA) was colorimeterically
determined in minced sausage samples as mentioned by Harold er al. (1987). The
pH valuves were measured using a pH meter (HANNA- Instrument, USA)
according to Defreitas er al. (1997¢). Water holding capacity (WHC) and
plasticity were measured according to the method described by Grau and Hamm
(1957) and its modification by Voloviskaya and Kelmen (1962). Change of
sausage diameter and length was determined on cooked samples as mentioned by
George and Berry (2000). Cooking yield was determined on cooked sausage by
calculating weight difference of sausage before and afier cooking in boiling water
for 10min according to George and Berry (2000). Hardness of samples was
determined according to Sanderson er al/. (1988) by measuring Tension
Compression (TC?). The weight loss after thawing of frozen sausage to 2°C for
48h was recorded as thaw drip based on initial frozen weight. The percentage of
weight loss was then calculated according to Defreitas et al. (1997c¢).

Sensory analysis:
Cooked sausage samples were assessed for their quality attributes by ten
panelists according to Klein and Bardy (1984),

Statistical analysis:

Analysis of variance fellowed by multiple comparisons (LSD) was
applied on data of sensory evaluation according to user's Guide of Statistical
Analysis System (SAS, 1996) at the computer center of Faculty of Agricultur,
Ain Shams University.
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RESULTE AND DISCUSSION

Selection of kind and concentration of polysaccharides:

The effect of substitution of 3% starch with different level of RPS,
xanthan, geflan gum, carrageenan and guar gum on sensory properties of beef
sausage was tested w choose the best kind and conceatration of polysaccharide
suitable for production of high quality becf sausage.

Analysis of variance followed by muitiple comparisons of panelist
scores for sensory propertics of different cooked sausage samples was applied to
choose the best kind of polysaccharides {(data not showed). No significant
differences were obtained for scnsory propertics of sausage samples prepared
with either 3.0% starch (control) or 0.1% of differem tested polysaccharides.
However, sausage contained higher than 0.1%of different polysaccharides
received lower scores than control sample for all seasory properties. Comparison
of sensory properties of cooked beef sausage samples containing 0.1% of
different polysaccharides is given in Table (1). Results show that sausage samples
prepared with RPS, xanthan, pelian and carrageenan recorded higher scores
compared with guar gum. Therefore, 0.1% of these polysaccharides were selected
to produce high quality beef sausage in the fusther experiments.

Combination of hydrocotloids has not been fully examined in many meat
producis. Thercfore, many trials were designed to study the effect of the
combined use of 0.1% of different tested polysaccharides and different
concentrations of starch on sensory properties of beef sausage (data not showed).
It was found that 0.1% of RPS and 0.5% starch produced sigrificant improve in
appearance and cojor of cooked beef sausage compared with the 3% starch.
However, no sighificant difference was observed in tendemess, juiciness, aroma
and overall acceptability between sausages contained 0.1% RPS +H).5%starch and
those contained 3.0%starch. Combination of 0.1%RPS and starch higher than
0.5% significantly reduced all sensory properties of the resuitant beef sausage.
Similar trends were obtained for the other tested polysaccharides.

Proximate chemical analysis of raw beef sausage containing different
Types and concentrations of polysaccharides are listed in Table (2).

Physicochemical evaluation of beef sausage during storage:
pH:

Changes in pH value of beef sausage prepared wusing different
polysaccharides during storage at —18°C for 90 days were followed up (data not
showed). The pH-values of all samples ranged from 5.66 to 5.70 a1 zero time and
from 5.79 to 5.82 afler 90 days of storage at ~13°C indicating slightly increase
during storage. These means that neither level nor kind of polysaccharide affecied
pH value. This result is similar to that obtained by Lin and Kecton (1998) and
Shand (2000).
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Table (1): Sensory evaluation of cooked beef sausage containing®.1% of

different polysaccharides .
Means of scores of sensory properties
Polysaccharides Overall
Tenderness Juiciness Appes- Aroma Color accepta-
rance bili
RPS 84%® 84% 84° 86° 84° 87
Xanthan g5% 84 9.0" 85" 87% 87°
Carrageenan §3* 85® 88" 86" 86™ g5%
Gellan 88° 87" 38" 87' 90 89"
Guar 7.9° 76" 8.4° g§6° 86~ 82°
LS.D 0.791 0.851 0.604 0644 0559 0658

a, b : Means in a columns showing the same letter are not significantly different ( p> 0.05 )
L.S.D : Least significant difference (a = 0.05). RPS : Rhizobium polysaccharide

Table (2): Proximate chemical analysis of raw beef sausage containing
diffesrent kind and concentrations of polysaccharides (fresh

weight basis).
™ Beef sausage with 0.5% starch +
R !;:;. Beef sausage with 0.1 % of 01% of

9 (ke RPS* Xt 0TS Geflan RPS* Xanthan Tt Gen
Moisture 6223 6526 6580 6547 6483 o645 6420 6485 6481
Protein 1580 1538 1497 1580 1509 153 15.56 1550 1540
Fat 1431 1385 1393 1422 1478 1459 1465 1405 1406
Ash 24 234 24 242 250 2.40 250 2.56 252
* Totnl

arbohy- S22 297 289 109 280 315 315 34 2l
drates

RPS  : Rhizobium polysaccharide.

o : Total carbohydrates calculated by difference.

Water holding capacity and plasticity:

Water holding capacity (WHC) is the ratio of moisture retained in
sample to the initial moisture content, so higher percentage indicates release of
less moisture {Pietrasik and Duda, 2000; Lin and Mei, 2000). Water holding
capacity (WHC) and plasticity of beef sausage samples containing different
polysaccharides were followed during storage at —18°C for 90 days and the
results are given in Tables (3 and 4),

Raw sausage contained either 0,.1% of different polysaccharides alone
or in combination with 0.5%starch showed higher (WHC) (except those
containing 0.1% gelian + 0.5%starch) compared with control sampie containing
3.0% starch at zero time. All samples showed a decreasing trend in bound water
percentage with increasing storage period at —~18°C. Control beef sausage that
contained 3% starch had the lowest WHC after 90 days of storage at -18°C when
compared to other samples containing polysaccharides. This is because starch in
raw sausage samples is uncooked, ungelatinized and in granule form. Therefore
starch will not be able to hold higher amount of moisture unless it is heated to
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ruptire the granules causing swelling. Sausage samples containing RPS and
xanthan showed the highest stability of WHC during storage, that the breakdovn
rate values were 4.17E-2 and 3.97E-2, respectively. Using of a mixture of 0.1%
polysaccharides and 0.5% starch did not enhance the WHC or stability of water
holding capacity of sausage samples during storage except for that sample
containing a mixture of 0.1%gellan and 0.5% starch. These results agree with
those reported by Defreitas ef af. (1997a). They found that carrageenan improved
moisture retention of fow fat cooked pork sausage both with and without addition
of sodium salts. They attributed such behaviour to physical entrapment of protein
and water by the carrageenan with no obvious molecular interaction involving
meat proteins.

Plasticity values showed a pattern similar to that of WHC. Control
samples containing 3%starch showed lower plasticity than those sausage samples
containing 0.1% polysaccharides or a combination of 6.1% polysaccharide + 0.5
% starch. The breakdown rate values of plasticity “b” during frozen storage
foilowed the same pattern as that of the Joss in WHC for most of the samples. As
seen from Table (4), higher losses during frozen storage were observed for
control samples as well as samples containing gellan or carrageenan, since the “b”
values were ~8.39E-1, -6.87E-1 and -5.75E-1, respectively.

The data in the above mentioned Tables obviously showed that addition
of polysaccharides alone or in combination with starch enhance both WHC and
plasticity of becf sausage samplies, especially when sausape samples stored at —
18°C for 90 days.

Thaw drip:

Results in Table (5) show that sausage containing 3% starch (control)
had higher thaw drip than those with other tested polysaccharides. Also, addition
of either RPS or carrageenan reduced thaw drip to 5.35% and 3.34% respectively
compared o 15.28 % for control sample after 30 days of storage. Drip Josses
were increased with increasing storage period for all sausage samples. However,
the joss of drip after 90 days at —18°C in beef sausage containing 3% starch
{control) was higher than thosc containing other polysaccharides. This behaviour
agrees with the low cooking yicld observed for the same sample after 90 days of
frozen storage (Table 6). It could be sugpested that starch granules loss large
amount of bound water upon freezing and thawing causing the higher drip losses
and the lower cooking yicld. Similar trend was observed with sausage samples
conlaining xanthan or mixture of xanthan and starch, which showed drip losses of
16.75 and 16.14% as well as increasing rate of thaw drip *b” values of 1.05E-1
and 1.54E-1, respectively after 90 days of frozen storage. On contrary, samples
containing 0.1% of either RPS or carrageenan and a mixture of RPS and starch
showed the lowest drip losses being 8.12, 879 and 9.85 % as well as “b” values
of 4.62E-02, 1.55E-02 and 1.09E-01, respectively after 90 days of frozen
storage. These resuits are agreement with those obtained by Defreitas et al.
{1997¢) who found that addition of Kappa and lota —carragecnan increased
moisture retention and decreased thaw drip of sausage.



Tabje (31:' Water holding capacity (WHC) * of beef sausage containing different polysaccharides during storage at —-18°C.

9781

- L)
Storage o Beef sausage with 0.1% of Beef sausape with 0.5% starch+ 0.1% of
~(days) _ {control) RPS Xanthan Carrageenan _ Gellan RPS Xanthan Carrageenan _Gellan
Zero 94 .46 96.84 95.20 9479 95.02 96.45 96.51 95.16 93.61
+0.01 +0.42 +0.38 +0.04 +0.18 +0.25 +0.13 +0.38 +0.06
30 94.10 96.20 95.05 94.68 93.95 95.96 96.46 95.01 93.28
_ +0.08 +0.06 +0.05 +0.17 +0.15 +0.17 +0.11 +0.22 +0.06
60 88.39 93.68 93.11 91.67 89.56 93.28 93.46 93.72 93.27
+0.14 +0.09 +0.17 +0.18 +0.21 +0.03 +0.25 +0.17 +00
20 86.63 93,51 91.88 90.56 88.56 92.93 92.6% 91.18 91.61
- +0.01 +0.24 +0.31 +0,12 +0.29 +0,01 +0.23 +0.33 +0.09
(b) -97ED2 41702 -3.97E-02 ~-5.23E-02 ~T9E-02 441E02 4.82E02 -4 41E-02 -2.00E~02
®Y 0.899 0892 0921 0.898 0.926 0.895 0877 0.860 0.739
Remark: WHC of raw meat = 80.27 + 0.07 RPS : Rhizobium polysaccharide.

* : Expressed as percent bound water (mean of 3 replicates + SD). b: is a parameter representing breakdown rate of WHC /day.
R? : Coefficient of determination

Tabie (4): Plasticity (g/mm’) * of beef sausage contsining different polysaccharides during storage at —18°C.

P00Z ‘O)2y 104 ‘soqopysopy “ag dudy JO spuny

Storage  3%starch Beef sausape with 0.1%of Beef sausage with 0.5% of starch+ 0.1%0f
period (control) RPS Xanthan Carrageenan  Gellan RPS Xanthan Carrageenan  Gellan
(days)
Zero 484 .40 506.82 54294 508.98 563.85 52544 52498 502.53 522.00
+33 +2.2 +1.7 +1.8 +1.7 +33 +0.8 +25 +20
30 455.54 490.78 519.29 460.86 512.00 506.58 48891 483.58 479.00
+0.2 +0.85 +1.2 +18 1.7 +2.5 +1.0 +20 +10
60 434.94 487.67 507.35 427.77 470.43 502.75 483.68 481.21 471.99
+39 +1.1 +2.6 +1.9 +1.9 +27 +20 +2.4 +18
% 407.37 480.3 474.14 418.66 412.68 487.57 475.20 44581 455.59
+2.5 412 +23 +14 +16 +20 +1.9 + 1.1 +18
élt)) -8.39E01 -2.76E-01 -7.28E-0if -101E+)0 -1.65E+00 -391E-01 -5.156-01 -575E-01 -6.87E-01
) 0.996 0911 0.969 0.923 0.996 0.948 0.828 0.886 0.884
Remark: Plasticity of raw meat = 167,97 + 2.8, RPS  : Rhizobium polysaccharide.
* : Expressed as g/mm’ (mean of 3 replicates + SD). b : is a parameter representing breakdown rate of plasticity /day.

R? : Coefficient of determination



Tabile (5): Percentape of thaw drip of raw beef sansape containing different polysatcharides during storage at —18°C.

Stor.age 3%starch Beef sausage with 0.1% of Beef samsage with 0.5% starch + 0.1 % of
( dp:!':)_" d (comtrof) RPS Xanthan Carrageenan  Gellan RPS Xanthan Carrageenan  Gelflan
3o 15.28 5.35 10.45 334 9.60 1.86 6.38 10,84 - 835
60 16.08 6.18 14.71 6.33 989 7.94 7.56 14.95 9.08
99 17,74 8.12 16.15 9.85 11.66 3.79 16.14 15.02 11.22

(b) 4.10E-92 4.62E-02 1.05E-01 1.09E-D1 343E-02 155E02 1.54E-01 6.97E-02  4.78E-02

®” 0.961 0.949 0.960 0.998 0.853 0.814 0.805 0.763 0.926

RPS  : Rhizobiym polysaccharide.
b : is a parameter representing increasing rate of thaw drip/day.
® : Coefficient of determination

Table (6): Percentage of cooking vield of beef sausage containing different polysaccharides during storage at -18°C.

Storage 3%starch Beef sausapge with 0.1% of Beef sausage with 0.5% starch+ 0.1% of
A
( d":;:)" d (controf) RPS Xanthan Carrageensn  Gellan RPS Xanthan Carrageenan  Gellan
Zero 78.11 57.22 62.99 64,23 58.38 56.90 56.59 60.09 62.35
k - 77.58 57.06 63.38 64,29 60.54 60.00 62.25 61.70 63.30
60 64 81 61.30 68.27 64.49 61.20 62.96 62.70 62.56 65.32
% - 60.24 62830 68.45 64.99 67.45 63.01 62.76 62.93 65.60
-(b) -2.21E-01  6.99E-02 71.09E-02 8.27E-03 92902 7.10E-02 6.32E-02 3.13E-02 3.92E-02
(R 0.898 0.872 0.842 0.861 0.853 0.893 0.666 0.919 0.932
RPS  : Rhizobium polysaccharide.
b : is a parameter representing change rate of cooking yield /day.
R? : Coefficient of determination

«-Juss() g a3vsnvS foag JO sapdadoid Susoadwey
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Cooking yield:

Cooking yield of beef sausage sampies containing 3% starch and 0.1%
of different polysaccharides, with or without 0.5% starch as affected by frozen
storage are listed in Table (6). The cooking vield of sausage samples containing 3
% starch (control) at zero time of storage achieved a level of 78.11%, which is
closed to the cooking yield value achieved by Berry (1997) for beef patties
prepared by the addition of 2.7% tapioca starch. Starch granules are will known to
absorb and bind large amount of water upon heating and swelling, hence the high
cooking yield value of sausage containing 3% starch. Replacement of starch with
0.1% of different polysaccharides or with a mixture of 0.1% polysaccharide +
0.5% starch did not achieve the same cooking yield level obtained with starch
alone as seen in Table (6). Since, 3% starch- beef sausage showed higher initial
cooking yield, a drastic losses in cooking yield was observed during frozen
storage. Such a behaviour could be explained by the damage in starch granules
present in sausage batters upon freezing and thawing, which reduce the capability
of starch to absorb high amount of water and swelling during cooking, causing
higher losses of moisture to the heating media. Such hypothesis could be
confirmed by the results of Berry (1997), who reported that more of the added
water was lost during cooking of low fat beef patties if the ratio of the added
water 1o the added starch was changed in the formula and agree also with the
observation of Shand (2000) for low fat pork bologna with waxy starch. On the
other side, beef sausage samples containing 0.1% of polysaccharides with or
without 0.5% starch showed an improvement in cooking yield values afler
different period of frozen storage up to 90 days. The best improvement (67.45%
with change rate of cooking yield “b” value of 9.29E-2) was achicved in samples
containing 0.1% gellan (Table 6). However, carrageenan-containing sausage
showed a constant cooking yields during frozen storage. Similar trend was
observed for samples containing a mixture of polysaccharide and starch. The
enhancement of cooking yield of those samples could be referred to the batters
dissolving and distribution of the polysaccharide in the sausage samples. Storage
caused higher values for water binding capacity inside the cooked sausape matrix
and increased cooking yicld. Similar results were obtained by Bigner—George and
Berry (2000). They found that incorporation of soy proiein, oat bran or
carragecnan in the meat batter bind more water and increased the cooking vicld
compared with att beef fatty patties.

Moisture content:

Results given in Table (7) show that the highest losses in moisturc
content were observed between the 60 and 90 days of frozen storage for cooked
sausage samples containing 3% starch (control) because of the losses in salvation
capacity of the starch granules upon freezing and the free water molecules build
ice crystals inside the sausage matrix. Vapor pressure of ice crystals in sausage
matrix i always higher than the vapor pressure in the surrounding air of the
freezing cabinet; so continuous migrations of water vapor take place from the ice
crystal’s surface to the surrounding air. Moisture content of the raw sausage
samples containing 0.1% polysaccharide with or without 0.5% starch was almost
stable during frozen storage because of the capability of such polysaccharide to
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build higher molecules volume entrapping large amount of water bounded to the
molecule.

In conclusion, raw or cooked beef sausage prepared with 0.1%
polysaccharide with or without 0.5 % starch showed higher moisture content
(change rate of moisture content “b™ values were —1.71E-2 (o 3.83E-3 and —
1.27E-2 to -5.23E-3, respectively for raw samples as well as 2.39E-2 10 4.67E-2
and 1.14E-2 to 4.44E-2, respectively for cooked samples) than control samples
prepared with 3.0%starch (“b” values of raw and cooked control samples were —
2.00E-2 and -8.18E-2, respectively) after 90 days of frozen storage. These
results agree with the results obtained for WHC.

Hardness:

Hardness is an important physical and sensorial characieristic of
processed meat products such as sausage and patties. It is an indicator for the
force needed by the tecth jaws to chews the meat product. Table (8) shows that
addition of 0.1%polysaccharides alone or in combination with 0.5% starch has
enhanced the hardness values of all the raw sausage samples except those
contained RPS. The maximum enhancement was achieved by addition of gellan
followed by carrageenans or xanthan with or without starch.

Cooking of raw sausage in boiling water for 10 min has radically
increased the hardness of the cooked sausage. As seen from the same Table, the
maximum hardness value was achieved by addition of 0.1% carrageenan followed
by RPS. These results show that carrageenan is the suitable polysaccharide for the
hardness of low fat sausage. The obtained resuits are in agreement with those
achicved by Defrcitas et al. (1997b) who found that-carrageenan dissolves
throughout meat during thermal processing and forms gel during cooling
enhancing texture properties of the product and improving product juiciness.
Xanthan and gellan did not achieve tho hirdness value obtained by addition of
carragecnan because of the low solubility of these polysaccharides compared with
that of carrageenan. Foegeding and Ramsey (1986) stated that addition of xanthan
gum was shown tc decrease the hardness and force-to-fraction compared with the
cffect achieved by addition Kappa-carrageenan to sausage sample.

Frozen storage has, generally, decreased the hardness value of both raw
and cooked sausage samples. The highest decrease of hardness was found in
sampie containing mixture of 0.1% xanthan and 0.5% starch (change rate value of
hardness was -9.67E-1). However, sausage sample prepared by addition of 3%
starch (control) showed an increasing of hardness during frozen storage. This is
may be referred to the increasing number of starch granules ruptured upon
freezing and thawing, absorbing higher amount of water upon heating.

Addition of 0.5% starch to the sausage containing 0.1% of gellan or
xanthan improved the hardness value of raw and cooked sausage during storage
than those contained the same polysaccharide only. This is due to the fact that
starch granules uptake considerable amount of moisture during swelling and
cooking so that other polysaccharides could be concentrated in every decreasmg
spaces between starch granules (Berry, 1997). \



Table (7: Change in moisture content (mean of 3 replicates + SD) of raw and cooked beef sausage contsining different
___ polysaccharides during storage at -18°C,

Spteol'lmﬁe Treat- 3% starch Beef sau ___gggwnt(l_:: :]l'll';/. of Beef sausage with 0.5'/E:s:$frl-0.l% of
(days) ment . (comirol) RPS Xanthan nan Gellan RPS  Xanthan geenan Gellan

Zers RAW 62231004 65.2630.04 65.804010 65.4710.11 64.8310.09 64.5630.12 64.2040.21 64.8530.14 64.8130.02
Cooked 58.22+0.16 52.22+0.24 53.4230.20 53.78+0.05 49.50+0.08 53.1730.07 50.2310.14 51.68+0.19 52.3130.14
30 Raw 6119¥006 65.0240.09 6578+0.07 65.11+0.11 64.80+0.07 64.56+0.06 63.9210.11 64.8210.10 64.70+0.08
Cooked 57.22+0.16 53.09%0.12 53.33+0.10 52.29+0.14 52.9330.09 S3.8740.09 54.43%0.10 5396x0.11 54.26¥0.11
s Raw 60.90+008 64.88+0.15 65.7140.10 64.690.10 64.790.15 64.45+0.10 63.72+0.12 64.3230.15 64.67+0.09
Cooked 56.35+0.15 53.20+0.15 54.17+0.09 52.39+0.10 52.94+0.17 56.49+0.10 54623009 55.23+0.10 54.42+0.09
o9 Raw 60331003 64.8870.11 653030.10 64343011 64.4430.12 64.2130.12 64.65%0.12 63.3110.11 63.9430.10
Cooked 50.33+0.10_53.3230.12 54.7130.12 52.45+0.16 53.94+0.11 56.65+0.12 54.84+0.10 55.45+0.11 54.65+0.16

. (b) Raw -2.00E02 —427E03 -5.23E-03 -1.27E-02 —393E03 -38JE-03 383E-03 -171E-00 -8.80E-03

R? Raw 0.943 0.850 0.745 0.999 0.685 0.824 0.136 0.845 0.734
(h}, —8.18E-02 1.14E02 15TE-02 -1.30E-02 444E-02 435E-02 467TE-02 4.19E-02 239E-Q2
Cooked 0,79 0,773 0.864 0.508 0.784 0.892 0.673 0.882 0.739
RPS ! Rhizobium polysaccharide b : is a parameter representing change rate of moisture content /day.
R ¢ Coefficient of determination
_Table (3): Degree of hardness (g/cm’) of raw and cooked beef ssusape containing different polysaccharides during storage st -18°C.
Storage o Beef sausage with 0.1%of Beef sansage with 0.5%starch + 0.1% of
period  1Teat  3%starch : Carn T
(days) Memts  (controh)  RPS*  Xamthan UM Gellan  RPS*  Xanthan NSO Gellan
Zero Raw 230 220 310 310 330 210 300 320 380
Cooked 850 1100 950 1290 980 1000 1170 1180 1120
30 Raw 230 210 300 300 330 190 270 310 360
Cooked 860 920 870 1260 960 990 1110 1140 1110
60 Raw 240 180 280 290 320 180 250 270 350
Cooked 890 910 850 1250 940 970 1060 1130 1060
% Raw 250 170 270 230 310 170 210 250 320
Cooked 960 820 350 1220 920 930 900 1610 1050
(b) Raw 2.33E-01 6.00E-01 467TE-01 -B8.33E-01 -233E~01 —4.33E-01 -96TE-01 -833E-0l -6.33E-01
R Raw 0.891 0.953 0.980 0.806 0.891 0.966 0.984 0.954 0.963
1) Cooked 1.20E+00 -2.83E+00 -1 07EH00 -7.33E-01 -667E01 -767E-(1 -287E+00 -1.73E+00 -8.67E-01
) Cooked 0.876 0.875 0.753 0.968 1.000 0.920 0.920 0.840 0.914
RPS  : Rhizobium polysaccharide. b : is a paramefter representing change rate of hardness /day

R? : Coefficient of determination
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Diameter and leagth:

Reduction percentages in diameter and length of cooked beef sausage
samples compared to the raw samples are given in Table (9). Reduction in both
length and diameter was cbserved as a result of cooking of different beef sausage.
Samples containing 0.1% RPS with or without 0.5% starch showed the highest
reduction in length, whereas thosc with 0.1% carrageenan with or without
0.5%starch recorded the highest reduction in diameter at zero time. A
considerable reduction in diameter was observed with increasing storage period
under frozen condition for different cooked samples. The highest reduction in
diameter was calculated for samples containing 3.0% starch followed by 6.1%
carrageenan and a mixture of 0.1% gellan and 0.5% starch after 90 days of frozen
storage that the change rate of diameter values were 1.01E-1, 7.06E-2 and
9.89E-2, respectively. On the other hand, reduction in length of cocked sample
containing 3.0 % starch was increased from 14.32% 10 22.22% (change rate of
length “b” value was 8.13E-2) after 90 days of frozen storage. Oppositely,
samples containing 0.1% polysaccharides with or without 0.5% starch showed a
decreasing pattern in length reduction during storage that “b” values ranged from
~7.23E-2 to -1.51E-2.

Generally, sausage containing 0.1% of polysaccharides or their mixture
with 0.5% starch showed less reduction in diametcr and length during storage at -
18°C for 90 days. The obtained results agree with those reported by Bigner-
George and Berry (2000). They reported a reduction of 14.52% 10 19.50% in
diameter of beef pattics prepared by addition of different polysaccharides and
protein concentrate.

Thiobarabituric acid (TBA):

The thiobarabituric acid (TBA) test has been widely used to estimate the
extent of lipid oxidation in mcat and meat product (Wu er al., 2000). TBA values
(OD) of beef sausage containing different polysaccharides were measured during
frozen storage of different samples. Data in Table (10) show that sausage sampies
had similar TBA value at zero time of storage. During storage, TBA values

.tended to increas¢ and control samples recorded the highest TBA values after 90
days of storage.

Total volatile nitrogen (TYN):

Total velatile nitrogen values of beef sausage samples containing
different polysaccharides were measured during storage of different samples at -
18°C for 90 days and are used as an indicator for protein hydrolysis (Table 10).
Resuits showed that all sausage samples had similar TVN values at zero time of
storage (12.6 mg TVN /100 g sample). A slight increase in TVN was observed
during storage of different samples (15.4 10 16.53 mg TVN / 100 g sample).

Microbiological evaluation of beef sausage during storage:

Different samples of raw beef sausage were microbiologically
evaluated, for total viable bacterial count, total coliform count, and viable count
of Staphylococcus sp, immediately after processing as well as during storage for -
90 days at —18°C and the results are given in Table (11). The initial total viable
bacterial count, total coliform count and Staphylococcus sp count were ranged



T%OkWMEMMmdemwmmgMMwmmmmﬂC;

Storage . 3%starch Beef sausage with 0.1% of = Beef sausage with 0.5% starch +0.1% of
period . (cuoutrob RPS Xanthan  Carrageensn  Gellan RPS Xanthan Carvageenan  Gellan
(days) - Change in dismeter (%) .

Zero 133 667 6.06 882 7.8% 114 592 882 508
30 11.59 827 9.68 938 10.71 833 6.67 1071 11.11
60 12.12 382 9.38 12.90 11.76 9.68 8.97 12.90 13.16
90 17.24 9.68 9.68 14.71 12.50 9.68 11.11 13.79 14.29
((I:))V 1.01E-01 3.19E-02 3.52E~-02 7.06E-02 496E02 299E-02 596E-02 5.70E-02 9.89E-02
_ 0.926 0.952 0.596 0.938 0.903 0.896 0.962 0.975 0872

. Change in leagth (%) .

Zero 1432 15.79 13.30 1338 11.11 16.24 14.86 1250 12.24

- 30 18.60 15.38 12.50 879 10.84 14.81 10.84 12.00 10.57
60 19.28 14719 11.00 133 10.40 11.36 933 1131 8.72
% 2222 11.86 10.00 6.71 9.15 10.16 8133 11.22 6.76.

((Rb% 8.13E-02 ~4.13E02 -380E-02 -716E-02 -2l1E-02 -723E-02 -703E-02 -151E02 -6.10E-02

0.932 0.808 0.988 0.846 0.885 0.962 0.900 0.933 0999

RPS : Rhizobium polysaccharide. b : is a parameter representing change rate of diameter or length/day.
R? : correlation coefficient.

Table (10): Thiobarabitwric acid (TBA) and total volatile nitrogen of raw beef sausage containing different polysaccharides during

storage at —-18°C,
Storage  (3%starch) Beef sansage with 0.1% of Beef sausage with 0.5% starch+0.1% of
Period control RPS*  Xanthan  Carrageenan  Gellan RPS* Xanthan  Carrageenan  Gellan
(days) TBA (OD)

Zero 0.038 0.035 0.035 0.035 0.034 0.034 0.034 0.035 0.036
30 0.09 ¢.051 0.068 0.067 0.060 0.057 0.052 0.065 0.072
60 0.312 0.205 0197 0.209 0.197 0.178 0.189 0.188 0.277
% 0.384 0.287 0.214 0.224 0.227 0.198 0197 0.201 0.280

TVN mg / 100g sample of sausage

Zero 12.60 12.6 12.60 12.60 12.60 12.60 12.60 12.60 12.04
30 13.44 13.16 13.02 13.16 13.44 12.88 13.02 13.16 13.72
60 15.96 15.40 15.40 15.68 15.12 15.40 15.68 14.84 14.56
90 16.53 15.68 15.96 15.96 16.24 15.96 15.68 15.40 15.40

RPS: Rhizobium polysaccharide.
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Table (11): Total vuble bacterial count, total coliform count and viable count of Staphplococcus sp (cfu/g) of raw beef sausape
' containing different polysaccharides during storage at —18 °C

Stor_nge Control Beef sausage with 0.1% of Beef sausage with 0.5 % starch+ 0.1% of
(::;:;d (3% starch) RPS Xanthan Carrageenan Gellan RPS Xanthan Carrageenan Gellan
Total viable count {cfu/g)

Zero 1.64x10°  5.45x107  2.54x10° 2.62x10° 10x10° 4.8x10°  2.9x10° 2.1x10° 3.40x10°
30 3.6x10* 3.3x10*  4.85x10* 2.75x10° 3.5x10°  2.15x10'  1.0x10! 2.2x10* 4.05x10*
60 1.15x10° 1.05x10*  9.0x10° 9.0x10° 1.25x10*  5.5x10°  9.5x10° 9.5x10° 3.5x10°
%0 3.0x10° 4.5x10° 1.0x10° 4.5x10° Lox10®  35x10°  7.0x10° 4.5x10° 2.5x10°

Total coliform count (cfu/g)

Zero 7.0x10° 3.0x10° 1.0x10° 6.0x10° 45x107  6.0x10°  4.0x10° 1.05x10° 1.20x10°
30 2.4x10° 7.25x10°  4.2x10° 1.0x10° L7x10°  1.45x107  2.45x10° 2.55x10° 1.95x10°
60 1.5x10% 3.15x10°  1.8x10° 1.9x10° 1.2x10°  5.0x10' 1.7x10° 2.05x10° 1.15x10°
9% 6.0x10! 8.0x10' 5.5x10' 3.5x10 1.5x10"  2.0x10 2.5x10' 1.5x10" 1.0x10'

Viabie count {cfu/p)

Zero 4.05x10°  4.85x10° 6.35x10° 4.9x10° 7.45x10°  535x10°  6.95x10° 6.25x10° 7.35x10°
30 1.15x10% 1.55x10°  1.5x10° 1.5x10° 1.6x10°  10x)0°  1.15x10° 1.05x10° 7.0x107
60 9.0x10' 5.5x10' 8.5x10' 1.2x10° 6.0x10' 6.5x10" 2.5x10' 4.0x10' 4.5x10'
90 3.5x10' 4.0x10' 5.5x10' 8.5x10! 5.0x10°  4.5x10! 2.0x10’ 2.0x10' 3.0x10!

RPS: Rhizobium polysaccharide.
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from 5.45x10° to 4.8x10°, 1.0 10 7.0x10° and 4.05 to 7.45x10° cfu/g of tested
sausage samples, respectively. Storage of different samples at -18°C for 90 days
considerably reduced the aforementioned microorganism counts to 1.0 to 7.0
x10°, 1.0 to 8.0x10' and 2.0 to 8.5x10' cfu/g of the tested sausage samples,
respectively. These records were within the range allowed by the Egyptian
Organization of Standardization (EOSQC, 1999). These resulis agree with the
results of Rao et al. (1984).

Sensory evaluation of beef sausage during storage:

Effect of substitution of 3.0% starch with 0.1% of different
polysaccharides or mixture of 0.5% starch and 0.1% of different used
polysaccharides on sensory properties of beef sausage was followed up during
frozen storage of different samples for 90 days and the scores were statistically
analyzed (data not showed). Sausage containing carrageenan and gellan gum were
given similar or higher ratings than the control for most attributes at zero time of
storage. However, the sensory panel assigned lower scores to samples containing
xanthan and RPS, when compared to those containing carrageenan and gellan.
Storage of beef sausages containing 3.0% starch or 0.1%of different
polysaccharides at—18°C for 90 days significantly reduced most of the sensory
attributes of cooked samples. Also, the rate of change in sensory properties was
less pronounced for sausage samples containing 0.1% of different
polysaccharides than control sample during frozen storage. However after 90 days
of frozen storage the semsory panel assigned higher tenderness, juiciness,
appearance, aroma, color and overall acceptability scores to samples containing
0.1% of gellan or carrageenan when compared to those containing xanthan, RPS
and 3.0%starch (control). In conclusion, substitution of 3.0%starch with 0.1%
gellan or carrageenan gums in beef sausage manufacture produced sausage with
high acceptability, cspecially when samples stored under frozen conditions.

Sensory attributes of cooked beef sausages containing 0.5% starch and
0.1% polysaccharides showed similar trend with those contatned only 0 1% of
different polysaccharides during frozen storage. However, the sensory panel
assigned higher appearance, aroma, color and overall acceptability scores to
samples contained 0.1% gellan when compared to those containing a mixture of
0.1% geltan and 0.5% starch after 90 days of storage at —18°C.
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