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ABSTRACT

Dehydrated cabbage leafstalks, artichoke leaves and peanut hulls as by-
product of food processing were added as sources of dietary fibers at four levels
(5, 10, 15 and 20 %) to beef sausage instead of fat and evaluated for chemical,
physical and sensory traits. Beef sansage formulated with dictary fibers were
significantly higher (p<0.1) in moisture, protein, ash and carbohydrate and lower
(p<0.1) in fat than that of control sample. The addition of different dietary fibers
significantly reduced the fat content of becf sausage by about 24.74 to 39.83 %.
Beef sausage containing 10% of artichoke leaves and 5% of peanut hulls had
cooking losses of 8,17 and 13.60 %, respectively, less than of control (15.69 %).
The cooking yield of beel sausage were significantly (p<0.1) improved by
addition of dietary fibers, for example, cooking yield of beef sausage samples
containing 5 and 10 % of artichoke leaves were 90.53 % and 91.39 % compared
to 84.27% for control sample. Beef sausage samples, contained different tested
dictary fibers recorded higher significant plasticity than control sample at zero
time and during frozen storage for 90 days. WHC values (cm® / 0.3 g sample)
showed a pattern similar to that of plasticity. Addition of the tested dietary fibers
has lowered significantly hardness values of the uncooked and cooked sausage
than control sample. Frozen storage has generally increased hardness value of
both raw and cooked sausage samples. Sausage prepared with 5 and 10 % of
dietary fiber sources exhibited significantly less change in sensory traits during
frozen storage. Later on, dehydrated dictary fiber sources can be used
successfully as a fat substitute in beef sausage.

Key word: Beef sausage- Cabbage leafstalks- Artichoke leaves-Peanut hulls-
Dictary fiber- Physical and sensory properties.

INTRODUCTION

Dictary fiber is a group of food components which is resistant to
hydrolysis by human digestive enzymes and necessary for promoting good health,
It is classified into 2 groups by means of its solubility in water as soluble and
insoluble dietary fiber. The main components of dietary fibers are cellulose and
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ligniz, but also the hemicelluloses, pectin, gums, and other carbohydrates not
digestiblc by human digestive tract. Cellulose is a kind of insoluble dietary fiber,
consisting of units of glucose with B-1, 4 linkages. Dietary fiber is the food
fraction that is not enzymatically degraded within the human alimentary digestive
tract. (Stear, 1990 and Prakongpan ef al., 2002) ).

The importance of the dietary fiber is increasing due to its beneficial
effects on the reduction of cholesterol levels and the risk of colon cancer
(Anderson, 1991 and Levarate Verny ef al., 1999). Recommendations such as
those set forth by the American Heart Association, to reduce dietary fat intake to
lower serum cholestero! levels may have led to an increase in the consumption of
low fat (<20 %) ground beef over that of regular (30 % fat ) ground beef
(Hoelscher ef al., 1987 and Torre et al.. 1995). High fiber, low fat foods tend to
reduce risk of colon cancer, obesity, cardiovascular diseases and several other
disorders {NCI, 1984 and Claye ef ai., 1998). Furthermore, it has been proposed
that some soluble fibers bind toxic compounds as a protective mmechanism of the
fibers against gastrointestinal cancers (Schneeman, 1986). Dietary fiber also is
one of the most common functional ingredient in food products and has been used
as fat replace, fat reducing agent during frying, volume enhancer, binder, bulking
agent and stabilizer. (Ang and Miller, 1991). It is frequently used in bakery
producis, deep fat fried foods and meat patties. In developing new products.
differences in fiber solubility are considered to select suitable fiber ingredients
accordingly (Ranhotra and Gelroth, 1985). The factors to be considered in
utilization of fiber ingredients are color, flavor, and particle size (Ranhotra et af.,
1990}. High fiber products are necessary ingredients for foods, in addition to fiber
enrichment, a reduction of caloric content is required. In that case, the fiber
material serves also as a bulking ingredient. The source of fiber is also important
because various arrays of plant cells can affect fiber properties. Several sources of
dictary fiber such as purified cellulose, wheat bran and pea hulls have been
incorporated into food products as fiber supplements. (Sosulski and Cadden,
1982). In addition, peanut hulls have extensively evaluated as a potential fiber
additive. Also, several crops are currently being grown in the upper Midwest of
USA (flax, mustard and sunflower) which have hulls high in potential food grade
dietary fiber. Cauliflower is a pectic polysaccharide rich fiber source which is
economically important, but as a fresh vegetable less 40 % of the available plant
is used. The low natural pigmentation in cauliflower also makes it more adaptable
and acceptable as an ingredient in processed foods. (Femenia et al., 1997).
Several studies were done to retain sensory and textural attributes through fat
reduction by replacing fat with water (Ahmed ef al., 1990) water and phosphate
(Miller ef al., 1993) carbohydrate and protein based on fat substitutes (Carballo er
al., 1995} and vegetable gums {Trius ¢ af.. 1994). Fiber supplemcents used in food
come mainly from processing by products, e.g. wheat bran, corn hull, soy hull,
ricc bran, apple pomace and sugar bect pulp, or are texturizing agents, ¢. g.
carrageenan. The souzce of fiber supplement can affect the dictary response since
the matrix structure rather than isolated components are more effective {Wolever.,
1990, Idouraine, 1996, Khalon and Chow, 2000}.
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To thie best of our knowledge there are no reports on the use of, cabbage
leafstalks, artichoke leaves and peanut hull fibers as a far replacement in meat
products. Therefore. the objectives of this study were to determine the physico-
chemical characterization of flours prepared from the three dietary fiber soutces
and to study the effect of adding them at different levels as a fat replace on the
quality attributes of low fat beef sausage.

MATERIALS AND METHODS

Preparation of dietary fiber flour:-

Fresh cabbage leaf stalks (Brassica oleracea ver. Capitata) and
artichoke leaves (Cynare scolymus) were obtained from local market in one
batch, washed in fresh water then dissected into equal length and dried in a forced
air oven at 75°c for 24 hr. The flour was prepared by finely ground three times
using a high speed laboratory grinding mill to pass through 0.5 mm. sieve.
(Femenia, ef al.. 1997). Hulls of peanut (Arachis hypogaea) were obtained from
local market, the larger pieces of hull were separated from the debris then the
hulls were washed in a solution of sodium dodecyl sulfate (17CC dry detergent
per 38L. Water) rinsed three times in fresh water and dried in a forced air oven at
85°C for 24 hr . Apportion of the hulls were toasted at 149°C for 1 hr, then the
hulls were finely ground to pass through 0.5 mm. sieve, (Collins and Post, 1981).

Beef sausage manufacture;-

Beef sausage was prepared according to the method described by Zaika
et al. (1978). The frozen meat and fat were ground by the house grinder, and then
sausage was prepared by blending the 1.2% of spices mixture with the following
ingredients for 3 min.

Lean 700g
Fat tissues 12.0g
Sedium chloride 2.3g
Water (as ice) 9.295g
Starch 3.0g
Spices mixturc* 1.2g
Sodium nitrite 0.005g
Garlic 1.0g
Omnion i2g
*Spices mixiure

Black pepper 30.0g
Nut meg 8.0g
All spices 15.0g
Red pepper 8.0g
Cloves 8.0g
Cinnamon 15.0g
Ginger 8.0g

Coriander 8.0g
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Meat mixture was stuffed 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 evaluate the effects of the investigated dietary fiber flours on sausage
quality, substitution of fat in the basic formula of sausage with a 5, 10, 15 and 20
"9 level of the different prepared fiber flour was applied.

Different sausage samples were packaged in polyethylenc bags and
stored at — 18 °C for 3 months until analysis.

Proximate composition:-

Moisture, fat, crude protein (Nx6.25) and ash of different samples were
determined according to AOAC (1990) procedure .Total carbohydrate contents
were calculated by difference. The percentage of total dietary fiber was
determined by an enzymatic gravimetric method (Prosky ef al., 1988). All
determinations were prepared in triplicate.

Physical properties:-
Bulk density:

Fifty ml of a preweighed graduate cylinder was filled with flour sample
and shaken slightly. The volume of the sample was recorded, the content of the
cylinder was weighed and the bulk density was expressed as weight per volume,
(Prakongpan et al.. 2002).

Packed density:

A calibrated 10 ml graduated syringe was filled with a known weight of
flour sample. Pressurc was applied manually until additional pressurz would not
further reduce the volume. The packed density was calculated as weight of
sample per least voiume of sample, (Prakongpan et al.. 2002)

Hydrated density:

A calibrated 10 ml graduate cylinder was filled with a known amount of
distilled water, and a known weight of sample was added carefully to avoid
adhesion to cylinder walls. The difference between the volume of the water
before and after adding sample was recorded as ml of water displaced .Results
were expressed as grams of sample per ml .of water displaced, (Prakongpan et al.
2002)

Swelling:

Swelling was measured as bed volume after cquilibration in excess
solvent (Kuniak and Marchessauult, 1972). Sample (0.5-1.0g) was weighed into a
15 ml graduated conical tube. Ten mi of the phosphate buffer was added and the
suspension was stirred. After equilibration {16 hr) the volume was recorded and
expressed as ml/g dry sample.



Quality Attribuites Of Low - Fat Beef Sausage. . 647

Water and oil retcntion capacity:

The water and oil retention capacity of the different flour samples was
determined following the method described by Ang (1991). By using a glass rod.
2 g of sample was mixed with 30 ml of distilled water 10 a 50 ral centrifuge tube
The slurry was allowed to stand for overnight. then centrifuge at 2000 xg for 15
min After centrifugation the supernatant was drained and the wet sample
precipitate was weighed. The result was expressed as gram of water per gram of
sample. The same procedure was applied to determine the oil retention capacity
except that corn oil was used instead of water

Solubility: _

Solubility was measured in conjunction with water retention capacity. as
% loss in the original sample dry weight after recovery of insoluble material used
to determine water retention capacity. (Femenia e al . 1997)

pH:
pH of a mixture of 1 g flour and 50 ml distilled water was measured on
a pH meter, (Jenway 3310, England) according to Collins and Post, 1981

Emulsifying capacity and emulsion stability:

Emulsifying activity (EA) was determined according to Pearce and
Kinsclla (1978). Corn oil and aqueous flour solutions were homogenized by
Virtis homogenizer (Model 6-105 AF) at 10. 000 rpm for 60 sec A sample of 0 1
ml was immediately taken from the bottom of the container and diluted 10 50 mi
with 0.1 % sodiutndodecyl sulfate (SDS)

The absorbance of the dituted emulsion was deterruned at 500 nm The
iniial A500 measurement was taken to be the emulsification activity, while
emulsion stabilitg (ES) was measured the A 500 after heating the prepared
emulsions at 80 "¢ for 30 min. cooled at room temperature and the absorbance
was measured

Viscosity:

The apparent viscosity of 2% suspension of different flour samples was
measured using the Brookfield digital viscometer at speed 60 rpm. according to
Prakongpan et al (2002)

Water holding capacity

The method of Volovinskaia and Merkoolova (1958) was used to
measure the water holding capacity and plasticity of different sausage samples
Sausage sample (0.3 g) was placed on filter paper (Whatman No. 1) which was
placed between two glass sheets and pressed for 10 min with a 1 Kg standard
weight. Two zones were measured using planimeter. the outer zone represented
the WHC where the internal zone represcnted the plasticity Results were
presented 1 cm " per 0 3 g sample
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Cooking method: . .
The sausage samples were grilled in preheated oven at 163 "Cfor 10 min

.to produce uniform browning without charring as described by Bakgr'er al.
(1984). The beef sausage samples were weight before and after cooking to
determine percentage of cooking loss and cooking yicld as follows:

Raw weight - Cooked weight

% Cooking loss = x 100
Raw weight
Cooking weight
% Cooking yield = x 100
Raw weight

Hardness:

Hardness of sausage samples was determined according to Sanderson, ef
al. (1988), by measuring Tension Compression (TCY). An anvil of 1 mm diameter
was used to penetrate the sample at a crosshead speed of 500 mm/ min. The result
was calculated as g/ cm %,

Sensory analysis;

Cooked sausage samples were assessed for their quality attributes by ten
panelists according to Klein and Bardy (1984). Panelists were asked to score the
different sausage samples for appearance, color, aroma, taste, juiciness.
tenderness and overall acceptability. as follows: very good 8-9, good 6-7. fair 4-5
poor 2-3 and very poor 2-1.

Statistical analysis:

The statistical analysis system {(SAS, 1996) was used to carry out mean
values, standard errors in addition to an over all analysis of variance (ANOVA)
and least significant differences (L.SD>) at 0.01.

RESULTS AND DISCUSSION

Proximate chemical composition of different dietary fiber sources:-

The proximate analysis of the flours prepared from cabbage leafstalks.
artichoke ieaves and peanut hulls ar¢ shown in Table (1). The three dictary fiber
sources are different significantly (p<0.01) for moisture. ash, dietary fiber and
total carbohydrate contents. The flour of artichoke leaves was found to have a
higher dietary fiber content (63.66%) followed by pcanut hull (48.09%) and
cabbage leafstalks (36.77%) flours. Artichoke leaves also had higher protein and
ether extract content than cabbage leafstalks and peanut hull. However, cabbage
leafstatks contained relatively high amount of ash and moisture. On the other
hand peanut hulls showed higher value of total carbohydrates. All above results
are found to be closely near for those obtained by Collins and post (1981) Hegazy
et al. (1991) and Femenia ef al. (1997).
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Table (1): Proximate analysis of flours of different dietary fiber sources (dry
weight basis)

o I Total | Total !
Fiber Moisture | Protein | Ether | Ash dietary carboh;(-
source Content | Content ' extract | Content fiber drate |

% %o % e Content | Content
% %
Cabbage a b b a ¢ b
. 7 . 3 36.77 9
leafstalks 919 6.79 0.95 135 6 41.96 |
s ]
Artichoke | 4,0 | g1yt | 480° | 598" | 6366° | 1744° |
leaves J
P‘i“‘:l:" 566 | 626° | 132° | 216 | 4809° | 4217

*- Total carbohydrate was calculated by difference
ab. Means in the same column with different superscript letters are
significantly different (p < 0.01)

Physical and functional properties of different dietary fiber sources:-

Bulk, hydrated and packed densities of the three different dietary fiber
sources are shown in Table (2). Normally. the bulk density of the fibers depends
on their shape and size. Cabbage leafstalks flours showed higher bulk and packed
density than artichoke leaves and peanut hulls. No significant differences
(p<0.01) were observed for packed and hydrated density between artichoke leaves
and peanut hulls. Swelling values for different dried fibers arc ranged from 4.57
to 7.87 ml/g dry weight. The characteristics of fibers in imbibing and swelling in
water are important not only in food application, but, also in human
gastrointestinal function (Stephen, 1995 and Prakongpan et af . 2002) Water and
oil retention capacity of different fiber sources were determined and their results
are shown in Table (2) as g of water or oil retained per g of dry sample. Overall. it
was found that artichoke leaves could retain more water than other fibers. but.
peanut hulls could hold the highest amoum of oil No significamt difference
(p<0.01) was observed in water retention capacity values between cabbage
leafstalks and peanut hulls. The mechanism of oil adsorption 15 unknewn
{Thibault ef a/. 1992) but Fleury and Lahaya (1991) suggested that surface
properties overall charge density and the hydrophoebic nature of particies could be
important for incorporation of fibers into foods. All tested fibers are hydrophilic
so0 they could retain large amount of water than oil. Results also, showed that the
flour of cabbage leafstalks were more soluble (37 39%) in water than the other
two fiber sources. The influence of the tested fibers on the oil weight required to
form emulsion are given in the same Table Results showed that addition of
different sources of fibers reduced the oil weight required to form emulsion
especially for cabbage leafstalks (0.068 g oil) followed by artichoke leafs and
peanut hull (0.253 and 0.271 g oil. respectively) Similar results are obtained by
Collins and post (1981). The highest viscosity of fiber suspension was obtained
for antichoke leaves (3 20 cps) Generally the difference between emulsion
capacity. stability and viscosity values of artichoke leaves and peanut hulls were
not significant (p<0.01) pH values of fiber suspension was ranged between 6 18
and 6 52
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Functional properties, 1.€. water retention capacity (WRC) solubility and
emuisifying capacity and stability were measurable under different pH values of
dispersion for all fiber samples and the results are given in Tap!e (3). There were
significant differences for functional propertics of different dietary fiber sources
as a function of using different pH values. The highest WRC vaiues could be
arranged in a descending order as follows, 12.42 g water/g artichoke leaves at
pH1.5, 6.69 g water/ g cabbage leafstalks at pH 3.0 and 5.73 g water/g peanut h.ull
at pH 4.5. For solubility, the studied samples could be arranged in a descending
order as follows: cabbage leafstalks (46.83 at pH 1.5) peanut hulls (12.27 at pH
4.5) and artichoke leaves (9.76 at natural pH). Such behavior could be attributed
to the soluble fractions of dietary fiber in which the swelling power increased as
the soluble fraction increased (Galal, 1998). The maximal emulsifying capacity
and stability was recorded at pH 9.0 for the three dictary fiber samples. Peanut
hulls has the highest vatue for EC and ES (0.378 and 0.299 g/g sample} followed
by artichoke leafs (0.264 and 0.196 g/ g sample) and finally cabbage leafstatks
(0.245 and 0.134 g /g sample). The high value of EC and ES of pcanut hulls flour
may due to the large proportion of lignin reported by Collins and Post (1981) and
the obtained results of EC and ES are in agreement with those ranges reported by
Galal (1998).

Therefore, using different dietary fiber sources as a fat replacer at
different levels was applied to produce high quality low fat beef-sausage.

Sensory evaluation of cooked sausage with different dietary fiber sources:-

The effect of substitution of sausage fat with 4 fibers level (5-20%) and
3 types of fibers (cabbage leaf stalks. artichoke Ieaves and peanut hull) on sensory
propertics of cooked becf-sausage arc shown in Table (4). Results showed that
substitution of sausage fat with 5 and 10% of different dietary fiber sources
received significantly higher scores (p<0.01) than control samples and those
contained 15 and 20% of dietary fibers for all sensory properties. Also. samples
centaining higher level of fiber sources (15 and 20%) were received lower scores
than control samples. Comparison of sensory properties of cooked beef sausage
samples containing 5 and 10% of different dietary fibers, showed that sausage
sample prepared with artichoke leaves recorded higher scores followed by
cabbage leaves and peanut hulls. Also, sausage formulated with 5 and 10 % levels
of 3 types of fibers were significantly (p<0.01} more tender and juicy than that of
containing 15 and 20 % levels in addition to the control sample. Similar results
were obtained by Meullenet. er af. (1994) who reported that juiciness of chicken
frankfurters was decreased as collagen fiber increased.

Therefore. substitution of sausage fat with 5 and 10% of different dietary
fiber sources were selected t¢ produce high quality low fat beef-sausage

Proximate chemical analysis of sausage made with selected concentration of
dietary fibers:-

Chemical analysis of sausage contsining selected concemtration of
different dietary fibers are listed in Table (5) Results showed that control beef



Table (2): Physical and functional properties of flours of different dietary fiber sources

Viscosity
Fiber Buk  Hydrated Packed Water oil ity fan of fiber pHof
density  density  density Sw mug““"g retention retention S“'“”.,. Caps dty“““?w"‘g.ty . Fiber
gfmi g/ml gfml g water/g fiher g ail/g fiber l( s) suspension
Cabbage L b 0 ] b ¢ 2 b b b
5 0 0.96 7.87 4,88 1.16 1.39 0.068°  0.00 3.07 18
eat 0.51 1.09 9 8 1 37.3 5 6.1
A’;ﬁ"g" 026° 217 052 107 9.89° 2,78 976" 0253 0179  3.20° 6.48°
P‘;“u’l‘l‘“ 0.14° 2.13* 0.48° 45T 4.81° 3.59° 6.73° 0271* 017" 3.05° 6.52°
ab ‘Means in the same column with different superscript letters are significantly different (p <0.01)
Table (3): Functional preperties of fiours of different dietary fiber sources as affected by pH value
_ e Cabbage leafstalks fiber Artichoke leaves fiber Peanut hull fiber
Wiker Water Water
pH | rdadon . Enuidfying retention Emuksifying reterstion “ Furnidiitying
. ":t‘r'\: Solubility % | - 'm‘ Solublity %  capacity stabliity 'm,,g Solubility % capacky stabdiey
T
1.5 6,28 4683  007¥ 0045 1242 793" 0.058°  0.028° 483 177 00%°  001F°
3.0 6.69* 36.63° 0080  0.040° 12.18° 683° 0067 0049 | 533* 990  0284° 0016
45 575" 35334 0.07¢° 0.018° 11.86® 6.52° 0080° 0.046° 573" 1227 0.154°  0.043°
6.0 4,54 33300 0.108° 0.080° 9.89° 5.93° 0231°  0093° | 464 1127 0.141° 0069
15 6.41° 34000  0.187° 0,124° 11.57 137 0243 0.184° | 486 1012 0145 0150
9,0 6.31° 34.73%  0245° 0.134° 11.78° 7.40° 0264  0.196° 3514 957 0378 0299
°"‘[f’ﬂ“" 488 373 0068 0005 | 98F 976 0253 0179 | 48 7 ot o

ab Means in the same column with different superscript letters are significantly different (p < 0.01)
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sausage (without dietary fibers) contained less moisture, _protein, ash and
carbohydrate contents (60.38, 62.26, 4.15 and 9.49 %, respectively) and more 'fal
contents (24.13 %) than other tested samples (with dietary fibers ), which
contained moisture, protein, ash and carbohydrate contents in the range of 61.44
to 66.94 Y. 62 .68 10 66.81 %, 4.46 10 9.29 % and 9.92 to 16.46 %. respectively.
Fat content of experimental samples ranged from 14.52 to 18.16 %. Replacement
of sausage fat with different levels of dietary fibers resulted in significant
(p<0.01) differences in fat content of uncooked beef-sausage (Table 5). Fat
content of uncooked beef-sausage significantly (p<0.01) decreased as level of
dietary fibers increased, these results are coincided with that of Mansour and
Khalil, (1997). Percentage reductions in fat content of uncooked beef-sausage
contained 5% of different dietary fiber sources ranged from 24.74 10 26.15%.
While percentage reductions in fat content of uncooked beef-sausage contained
10% of different dietary fiber sources ranged from 37.12 to 39.29%. These results
indicated that, the formulation of beef-sausage with selected percentages of
different dietary fiber sources (5 and 10%) is considered an excellent method for
fat reduction which is very important for consumers restricted for their fat intake.

Table (4): Sensory attributes of cooked beef sausage prepared with different

level of dietary fibers
Mean values of sensory attributes
Level of fat Overall
:uhlt.I/:uﬂon Appearance Color Aroma Taste Juiciness Tenderness acceptability
Cabbage leafstalks fiber

0%) 7.10° 7105 7.10° 710°  7.10° 7.10° 7.00"
Control

5% 7.60° 7.60° 760° 7.70° 7.60° 7.80" 7.80"

10 % 8.60" 8.00° 800> 7.70° 8.10° 7.90" 8.00%

15 % 5.10° 5100 5.10° s5.10° 5200 5.20 5.10°

20 % 5.10° 5100 5100 510" 520 5.20f 5.10°

Artichoke leaves fiber

0%) 7.10° 7.10°° 7.10° 7.10° 7.10° 7.107 7007
Control

5§% 8.40° 8.30° 840° 820" 830° 8.30° 8.40"

10 % 8.40° 8.30° 840" 820° 830° 8.40° 8.30°

15 % 5.80° 570° 570° 570°  s5.80° 5.80° 5.60°

20 % 5.80° 570° 560° 560 5.70° 5.70° 5.50°

Peanut hull fiber

0%) 7.10° 7.10°° 710° 7.10° 7.10° 7109 7007
Conirol

59 7.60° 760°  7.60° 7.60° 7.70° 7 70° 7.70°¢

10 % 7.50° 770° 760° 7.50° 7.60° 7.50° 7.50°

15 % 5.10° 520° 5200 5200 5.40° 5.40% 5.10°

20 % 5.10° 510 500" s500° 520" 5.20f 5.00°
ab. . ..Means in the same column for the sume dictary fiber with different superscript

letters are significantly different (p < 9.01)
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Table (5);: Chemical composition of raw beef sausage prepared with different
dietary fiber sources (dry weight basis)
x 0,
fiber % Control  Cabbage |, .\ keleaves Peanut hul

Chemi leafstalks
analysis 0 5 10 s w5
Moisture
content % 6038 6178 6277 6561° 6694° 6144° 62.81°
Protein content
% 6226 63369 64.31° 6561° 6681° 6268 63.60°
0,
Etherextract% 54 132 17650 1452* 18.16° 1515° 17.82° 14.65'
[1)
Asheontent® 416 ga6® 920" 632° 749 446  529°
Total

carbohydrate 949  1056° 1188 992° 1055° 1503" 1646
content %
* Calculated by difference
ab ‘Means 1in the same row with different superscnipt letters are significantly
different (p < 0.01,

Sensory evaluation of beef-sausage prepared with different fibers during
frozen storage:-

Sensory attributes of sausage prepared with selected concentration of
different fiber sources as affected by frozen storage are shown wn Table (6)
Generally. the results showed that sausage prepared with differem fiber sources
gave higher values than the control sample Also. the data showed that formulas
contain artichoke leaves fiber gave higher values compared with cabbage
leafstalks and peanut hull The results indicated that there no significant (p<0.01)
differences between control sample and experimental sausage samples excepl
sausage prepared with artichoke leaves which showed higher significant (p<0.01)
for most properties. It could be observed the positive effect of fiber sources for all
attributes during storage for 90 days. Changes in attributes were much faster in
contro} sample than experimental sausage. On the other hand. the results obtained
indicated that expenmental sausages were acceptable till storage for 3 months
compared with the conirol sample which their scores decreascd rapidly. Similar
results were obtained by Troutl ef ol (1992) who reporied that the control patties
with 5-10% fat generally were more moist and juicy than other low fat pattics
formutaied with anhydrate sugar beet. oat and pea fibers and their combinations
with potato starch and polydextrose In side other. useful hamburger made using
20 % cokra tempeh for improving the quality during processing and storage
(Matsuo. 1993) Also. Femenia er al (1997 stated the use of cauliflower
floret\cured and stem as by products of processing to processed meats to improve
iexture In addition 10. Gorecka. er af (2000). stated that sensory analysis of
experimental foods with the addition of 5-10 % lupine meal or hull (shoricakes.
gingerbread, pancakes and meat dumplings and meat mince j showed that lupine
meat or hull could be successfully added at less than or equal 10 %
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Table (6): Means values of sensory attributes of beef sausage prepared with
different levels of dietary fiber sources as affected by frozen

storage
Cabbage Artichoke
Coutrol leafstalks leaves Peanut hull
0 5 10 3 10 3 10
Apgearance
Zero 8.8" 9.0 8.9 86"  gsum  ggaE  gghte
30 7.9%° g.1% gi® gght gg* g1¥ g
60 7.3% 79 7gAb g oAt  7ght 74P 74P
90 5600 64 622 68% 68" 63 2™
Color
Zero 8.9 8.9™ g.8™ g8 g5 g3~ gse
30 8.0% 815  81®  90* go* go® g0t
60 7.55% 8.1°° 8.1 gaM 79N 7P 7sEb
9 5,98 6.7 67 70 70 60% 6.0
Aroma
Zero 8.9% 85"  gg™ 8.8 g8 g7= g7+
30 795 80% 80% g7M™ g7 g B g P
60 725 8.0™ 798 gAMb 79Ab 7.5ABe g gABe
90 5.8% 6.7%  67™  71M  TIh 66°B¢ 4B
Taste B
Zero 88" 85" g 5% 8.6 86™ 86" 85
30 7.8% 81% g B g5t ggm  7gB  gobe
60 7.28¢ 8.0% 79 7gAb  ggAb 4B 4B
90 5.5% 7.0% 69N 658 g5ABc g 3Bd g g
Juiciness T
Zero 8.5 86™ 87" 38 §7® gg~® 86~
30 7.5 825 g2 ggre  ggre  7gBCh  gaB
60 7.3% 790 78AB g9Ab g gABb 9 3Bc 4 3B
90 57° 67 65%  7aA 7 h  geABd g 4Bd
Tenderness
Zero 8.7 88™ 87" 388%™ 85~ g6~ gs5°
30 7.5% 8.1% g 1® g7 gghe  7gB® g gBOH
60 7.1¢ 8.0° 78" g A g 7ABb 5,BCc 4 3BCc
90 5.7% 6.7% 65 7N 7% a4t gond
Overall acceptability
Zero 8.8™ 8 8% g7 87° 888%™ 87"  ge&~
30 78  g2ABb  goAB  goA gemn 5 gBC 5 gBb
60 7.4:: 798  78ABb g goAd  g3Bc g yBb
90 5.7 6.7% 66> 70" 68 630 0™
ab Any two means have the same superscript small letter within the same storage
period for the same characteristics have no significant difference (p >0.01)
AB  Any two means have the same superscript capital letter within the same fiber

source for the same characteristics have no significant difference (p>001y
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Physical properties evaluation of sausage prepared with different fibers
during frozen storage:-

Control beef sausage had significantly (p<0.01) higher cooking loss
{15.69 %) than other samples. Low fat beef sausage (5 and 10 % dietary fiber)
generally had lower significantly (p<0.01) cooking losses. Treatments containing
5 and 10 % antichoke leaves consistently had cooking losses (8.17 and 10.15 %)
less than those of other dietary fiber, Backers and Notl (1997) found that sausages
supplemented with wheat fiber and exposed to heating, smoking and freezing
showed reduced wt. loss. Cooking yield was significantly (p<0.01) improved by
dietary fibers types and levels (Table 7). This improvement could be due to the
increased in moisture binding by the added fibers. High fat beef sausage (control)
had the lowest cooking yield (84.27 %) whereas fiber containing samples tested
had the highest cooking yield (86.27-91.39 % for the samples containing 5 %
cabbage leafstalks and 10 % artichoke leaves, respectively) at zero time. The high
losses of cooking yield in control beef sausage might be attributed to the
excessive fat separation and water release during cooking. Similar resulis were
obtained by Troutt ef al. (1992) and Trius et al. (1994). 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). Water holding capacity and plasticity of beef sausage samples containing
selected concentration fibers were foilowed during storage of different sample at
~ 18 °C for 90 days and the results are given in Table (7). The control sample
showed less WHC and plasticity compared with experimental samples at zero
time, but, sample which contained 10 %artichoke leaves had the highest WHC
and plasticity at zero time. All samples showed a decreasing trend in WHC and
plasticity with increasing storage period at — 18 °C. These results agree with those
reposted by Defiritas ef al. (1997) Hardness was influenced by both type and
quantity of fiber (Table 7). The control sample showed a hardncss values of 1715
Ib/cm? and 2477 1b/ cm ? for uncooked and cooked sausage, respectively, at zero
time, while the addition of dietary fibers has decreased the hardness values. The
lower value was achieved by 10 % artichoke lcaves being 1262 Ib/ cm’ and 2019
Ib/cm’ for uncooked and cooked sausage, respectively, at zero time. Cooking of
raw sausage in boiling water for 10 min has radically increascd the hardness of
the cooked sausage. Frozen storage has, generally, increased the hardness value
of both raw and cooked sausage sample. The reason for such increase in hardness
may be referred to the increasing number of starch granules ruptured upon
freczing and thawing, absorbing higher amount of water upon healing which
results in higher hardness in the frozen stored product. The reason for such
behavior could be explained as reported by Berry, (1997). The hardness values
during storage of samples containing dietary fiber sources were significant
differences.
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Table (7): Physical quality characteristics of beef sausage preparcd with
different dietary fiber sources during frozen storage at — 18°C

Cabbage Artichoke
Control leafslalis leaves Peanut hull
0 5 10 5 10 [3 10
Cooking loss g%z

Zere 1569 1241 1146 1015 8.17% 1360 11.69
30 1657 1450 1276 1160 9.96% 14.48% 1263
60 1767 1476 13.40™ 1244™ 1027% 1527 13.937°
90 2340 1560 14.16% 12.16™ 1137% 1568% 15227

Cooking yield (%)

Zero 8427 86277 8853 9053 9139 86.41° 8851
30 83.63% 85287 8598°° 88295 3987°° 8547 8750
60 82.235%  84.74™ 85.18™ 87.34> 89.00* 8472 86.13
90 77.457 8234 8361™ 86.68" 86.95" 8430 85.09%™

Water holding cagacitx (cm’/ 0.3g sample)

Zero 828 715 599 5.23 451  6.14 515
30 8.51%  721%  645% 540 482" 630> 5615
60 875  739®® 659 589F 502" 643%  sg2™
90 895 751 687" 6.16™ 530" 6.78 5977

Plasticity (cm'/ 0.3g sample)

Zero 3217 3827 407 1.¥A 445 3958 3 5%
30 3.047 353 391 424" 430" 390" 407
60 2897  340%  375% 410 421 373 392"
90 267%™ 333" 360"  4.06°° 4.14™ 3465 3714

Hardness of uncooked sausage (Ip/ em )

Zero 17150 16329 " 1610™ 1320 12625 1647 (55157
30 1780%  1712% 1657 1376™ 12807 1691 16267
60 1845% 17182  1620™  1416% 13227 1729 1670
90 2232% 19397 1820 1413 1361 17172™  1716%°

Hardness of cooked sausage (p/ cm®)

Zero 2477°%  2289%  2170™ 2130 2019%% 232287 22377
30 26524 veorBe  9263Fc 21707 2116%  2375¢  2295"¢
60 3216%% 26567 2447%%  2215™  2189% 2416 2356™
90 3323%  3184%  2693% 2421 2488% 2590% 2515

a.b... Any two means have the same superscript small letter within the same storage penod for the
same characteristics have no significant difference (p >0.01)
AB. _ Any two means have the same superscript capital letter within the same fiber source for the
same characteristics have no significant difference (p ~0.01)
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