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Abstract Four fat replacers (carrageenan, carboxy methyl cellulose, soy flour and goat (Chevon) meat were added at three
levels (0.3, 0.5and 1%), (1.5, 3and 4.5%), (5, 10 and 15%) and (25, 50 and 100%) to prepared low-fat beefburger. Chemical,
caloric values, thiobarbutric acid, total volatile basic nitrogen, and nitrogen compounds (total soluble nitrogen, soluble
protein nitrogen and non protein nitrogen were evaluated. The data revealed that raw and grilled beef burger formulated with
fat replacers were higher in moisture, protein, ash and carbohydrate and lower in fat than control. Protein was decreased but
ash and carbohydrate were increased as fat replacers increased. After grilling moisture, protein and fat were decreased but ash
and carbohydrate were increased. Caloric values were decreased by grilling than ungrilled beef burger. Samples containing
soy flour at different ratios in raw or grilled state had the lower thiobarbituric acid values. Carrageenan, carboxy methyl
cellulose and soy flour reduced the level oftotal volatile basic nitrogen. Furthermore, the highest total soluble nitrogen was
found beef burger containing different soy flour ratios. Extending storage time of high and low-fat beef burgers as influenced
by different fat replacers to 3 months at -20°C reduced moisture, protein and nitrogen compounds but increased ash, fat,
carbohydrate, thiobarbituric acid values and total volatile basic nitrogen. The aim of this study was carried out in an attempt to

clarify the effect of adding fat replacers on the nutrition status of low-fat beef burger.
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1. Introduction

In recent years, health concerns about fat consumption and
change in consumer's preferences had led to extensive
research on low- fat foods[1].

High animal fat diets are associated with several types of
obesity, hypertension, cardiovascular diseases and coronary
heart diseases. There is evidence that fat-rich diets, as well as
causing obesity, are also directly related to the risk of colon
cancer. Fat and cholesterol are also associated with
cardiovascular diseases. In light of these implications,
various international institutions, among them the World
Health Organization (WHO), have drawn up the following
nutritional recommendations: fat should provide between
15% and 30% of the calories in the diet; saturated fat should
provide not more than 10% ofthese calories, and cholesterol
intake should be limited to 300 mg/day[2].

Reduction or removal of fat from meat products requires
fat replacers and various ingredients e.g. flavoring and
seasoning that can provide mouth feel, texture and flavor of
fat in the finished products. One of the most interesting
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hydrocolloids gums, which could be used in meat industries,
is carrageenan. Carrageenans are sulphated polysaccharides
extracted fromseaweed. It is widely used in food industry for
a broad range of applications because of its water binding,
thickening and gelling properties[3].

Carboxymethyl cellulose is widely used because it is
tasteless, odorless, acts as moisture binder, emulsion
stabilizer, thickener and improves the texture of a wide range
of food products. Because it is physiologically inert and non
caloric, cellulose gum is particularly useful in dietetic
Foods[4].

Soy protein is one of the most widely used vegetable
proteins in meat industry due to its various technological
benefits, whereas it plays a significant role in the
modification of the functional characteristics of the meat
products[5].

There are other meats characterized with lower fat content
than beef suggested for production of low fat meat products
such as (chevon) goat meat[6]. Chevon has 10 and 19% more
carcass leanness than beef and lamb, respectively. The fat
content is lower by 47 and 54% than beef and mutton,
respectively[7]. This investigation was carried out in an
attempt to clarify the effect of adding fat replacers on the
nutrition status and caloric value of low-fat beef burger.

2. Materials and Methods
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2.1. Materials

2.1.1. Meat

40 kg of fresh lean beef (top round) muscle fromold cow
(3 years old) were obtained from Assiut slaughter house
during March 2010. Visible fat and connective tissue were
eliminated manually[8]. The lean beef samples were minced
using meat mincer and was used for processing of low-fat
beef burger.

2.1.2. Goat Meat (Chevon)

6.0 kg of fresh meat of goat was obtained from healthy
1-yr-old goat (leg and shoulder cuts) purchased from Assiut
local market during March 2010. The goat meat samples
were minced using meat mincer and used for processing of
low fat-beef burger.

2.1.3. Fat replacers

2.1.3.1. Carrageenan

72g of GENUVISCO carrageenan type CSM-2 was
obtained from Technogen Company at Dokii, Cairo, Egypt
during March, 2010. It is a hydrocolloid consisting mainly of
calcium, magnesium, potassium, and sodium sulphate ester
of glactose and 3,6 anhydrogalactose co-polymers. It is
soluble in cold water exhibiting a viscosity effect almost
instantaneously after dispersion. The suspension was
prepared by stirring 0.3, 0.5 and 1.0g of carrageenan in 100
ml iced water, then it was added to meat[9].

2.1.3.2. Low-Fat Soy Flour

1200g of soy flour was purchased from the Food
Technology Institute Agriculture Research Center- Giza,
Egypt during March 2010. Powdered soy flour was
rehydrated (by mixing one part of powdered soy flour with
two parts of tap water) before addition to the meat[10].

2.1.3.3. Carboxymethyl Cellulose Sodium Salt (CMC)

360 g of carboxmethyl cellulose (CM C) product No: 0385
was purchased from EL- Badry company at Assuit, Egypt
during March, 2010. The suspensions were prepared by
stirring 1.5,3.0,4.5gmofCMC in 100 ml iced water, then it
added to meat[11].

2.1.4. Spices

Spices mixture was prepared using equal weights of clove,
black pepper, Chinese cubeb, paprika and nutmeg that were
obtained from the local market during March 2010.

2.1.5. Salt, onion, garlic and parsely

Salt, fresh onion, garlic and parsley were obtained from the
local market and used for preparation of beef burger during
March, 2010.

2.2. Methods

2.2.1. preparation of Beef Burger Samples

The burger formulae were formed using a patty marker
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(stainless steel model "Form") to obtain round discs 10 cm
diameter and 0.5 cm thickness. After preparation of each
formulae, the beef burger samples (each sample was 50 g)
were packed in polyethelene bags and were stored
immediately in a deep freezer at -20°C for up to three months
where samples were required at zero time 1, 2 and 3 months
for analyses before and after cooking. Basal beef burger
formula included 85.75% minced beef, 1% salt, 0.5% onion,
0.25% garlic, 0.25% parsley, 0.25% mixed spices and 12 ml
iced water|[9]. The suspensions of carrageenan (0.3, 0.5, 1%),
carboxymethyl cellulose (1.5, 3, 4.5%), rehydrated soy flour
(5, 10, 15%), and minced goat meat (25, 50, 100%) at
different ratios were added to basal formula to prepare
different low-fat beef burger treatments.

2.2.2. Cooking of Beef Burger

The beef burger studied samples were cooked using an
electrical grill (Arcelik Mini Firin, Turkey) at 300°C (the
distance between heat source and the sample was 4 cm) for a
total of 10 min, 6 min one side and 4 min in the other
side[12].

2.2.3. Chemical analysis

2.2.3.1. Moisture, crude protein, ash and crude fat contents
They were determined according to Official Methods[13].
2.2.3.2. Carbohydrate contents

Carbohydrates were calculated by difference[12] by
follows:

% carbohydrate = 100 — (% moisture + % protein + % ash
+ % fat)

2.2.3.3. Caloric value

Caloric value was estimated as follows:
Caloric value (k. cal/100 gm) = (% carbohydrate x 4) + (%
protein x4) + (% fat x9)[14].

2.2.3.4. Thiobarbituric acid value (TBA)

Thiobarbituric acid (TBA) values were determined in raw
and grilled beef burgers samples at 0, 1, 2 and 3 months of
storage at -18°C. according to the method of[15].

2.2.3.5. Total volatile basic nitrogen (T.V.B.N)

Total volatile nitrogen was determined in raw and grilled
beef burgers samples according to the method described
by[16].

2.2.3.6. Determination of nitrogen compounds

Total soluble nitrogen and soluble protein nitrogen were
determined in raw beef burger samples according to
themethod described by[17].According to[18] non protein
nitrogen was calculated using the following equation:
NPN=T.S.N-S.P.N

2.2.4. Statistical analysis

The data obtained from three replicates were analyzed by
ANOVA using the SPSS statistical package program, and
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differences among the means were compared using the
Duncan's Multiple Range test[19]. A significance level of
0.05 was chosen.

3. Results and Discussion

3.1. Moisture

Fromthe tabulated data presented in Table (1) it could be
noticed that moisture content of all samples containing fat
replacers: carrageenan, carboxymethyl cellulose and soy
flour and samples containing goat meat + beef at different
ratios as additives ingredients had higher moisture content
with a significant difference than that of control sample
(without any fat replacers) at zero time and at any time of
frozen storage as it was, 56.82%. Such findings coincide
with[20] who reported that high-fat patties had lower
moisture content than low-fat treatments. High fat control
had significantly lower moisture content (59.59%) than that
of any other frankfurter groups (P <0.05)[21].[12]found that
the lowest moisture content were determined for control beef
burger as 59.43%, the lowest moisture content of control
beef burgers were due to the adjustment of fat to 20%.
Similar results were obtained by[22];[23] and[24].

Moreover, the samples containing goat meat + beef had
the highest moisture content with a significant difference
than that of all samples containing fat replacers (carrageenan,
carboxymethyl cellulose and soy flour) in comparison
between control and other treatments. This finding might be
due to the high moisture content of goat meat than beef.[25]
reported that the edible tissue of goats contained more
moisture and ash than that of lambs, but less amount of
fat.[26] using ground meat patties with chevon and beef
found that the moisture content was 75.5%, 74.2%, 73.8%,
71.8% 70.8% and 69.4% for treatments which had 100%
goat meat, 80% goat meat + 20% beef, 60% goat meat + 40%
beef, 40% goat meat + 60% beef, 20% goat meat + 80% beef
and 100% beef; respectively.

From the obtained results presented in Table (1) the
moisture content of samples were decreased as the ratio of fat
replacers increased with a significant difference in
comparison within each treatment, which might be due to
their formulae having more amount of ingredients which
could be explained on the basis that added more ingredients
had a much lower moisture. Furthermore, moisture content
of all samples under investigation decreased continuously
after grilling except in sample had soy flour at level 10%,and
as the time of storage increased till 3 months at -20°C with a
significant statistical difference in comparison between each
treatment and time of storage. Such results might be due to
the drip loss and partially evaporation of moisture through
the polyethylene bags used for packing. The results are in
agreement with those previously by[9] and[27].

3.2. Crude Protein Content

Meat protein is known to contain all the essential amino
acids which contributed to its high biological value[28].
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From the results given in Table (2) it could be observed
that protein content was higher for treatment containing goat
meat at levels (100%, 50%, and 25%) with a significant
difference in comparison between control and other
treatments than that of controlsamp le whetherat zero time or
at any time of frozen storage.[29] compared the texture
attributes of low-fat chevon sausages to those of beef and
pork sausages. They manufactured two batches each of
chevon, beef, pork and mixed meat sausages prepared by
using equal proportions of chevon, beef and pork lean and
they found that protein contents of different type of studied
sausages were similar. The protein contents were 20.00,
20.47, 21.39 and 22.03%, respectively, in chevon, beef, pork
and mixed-meat sausages. While,[30] found that protein
content were 23.39% and 23.41% on wet weight basis for
lamb and goat meat; respectively.

Meanwhile, treatment containing goat meat at levels (100,
50 and 25%) recorded high protein content followed by
treatment containing soy flour at levels (5, 10 and 15%).
Such results might be due to the highest original crude
protein content of soy flour. Similar results are obtained
by[31].

Furthermore, the percentage of protein content in
treatments containing carrageenan and carboxymethyl
cellulose at different ratios were high and similar than that of
the control sample, but lower than the treatment containing
goat meat + beefand soy flour whether at zero time or at any
time of frozen storage. Such results might be due to
carrageenan and carboxy methyl cellulose had no protein as
being polysaccharides. Similar findings were reported by
reported by[10].

From the results represented in Table (2) it could be
observed that protein levels decreased as the different fat
replacers content increased and this could be attributable to
the decrease in red meat content. Similar results were
previously reported by[12];[24] and[32]. However, the
protein levels increased as the soy flour content increased
either after and before grilling and this could be attributable
to the highest original crude protein content of soy flour.
Similar findings were reported by[31].

Significant differences were found among protein
contents for raw and grilled beef burger. The data concluded
that protein content of grilled beef burger (on dry weight
basis) was less than that of uncooked and increased when
calculated (on wet weight basis). Such results agreed with[9]
who found that protein content of the raw beef burger was
15.60% and turned to 21.61% in the cooked burger (on wet
weight basis) with cooking yield 58.2%. While, when
calculated on dry weight basis turned to 61.42% for raw beef
burger and to 56.42% in cooked burger.[26] stated that
protein content of raw chevon chops was 79.35% (on dry
weight basis), while the protein content for cooked chevon
chops by microwave 100% power, microwave 60% power
and broil was 65.2% (on dry weight basis), 69.09% (on dry
weight basis) and was 80.93% (on dry weight basis);
respectively.[33] concluded that grilling caused a reduction
in the protein content of the beef burger by 18%.



Table (1). Changes in moisture content of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (%)

Time of
storage
(months)
Raw
0
Grilled
Raw
1
Grilled
Raw
2
Grilled
Raw
3
Grilled
Raw
Sig
Grilled

Control
Mean
+ SD

56.82
+5.68

42.35
+4.23

56.59
+5.65

41.88
+4.18

56.26
+5.62

41.69
+4.17

56.01
+5.60

41.52
+4.15

sk

0.3%
Mean
+ SD

66.09%"
+6.61

49.45%
+4.95

65.96%
+6.59

49.42%
+4.94

65.39%
+6.54

49.17%¢
+4.92

65.27%
+£6.53

49.07%¢
+4.91

sk

Carrageenan

0.5%
Mean
+ SD

62.58%°
+6.26

49.34%¢
+4.93

62.32%
+6.23

49.21%
+4.92

61.98%°
+6.20

49.12%¢
+4.91

61.71%°
+6.17

48.97%¢
+4.90

sk

1%
Mean
+ SD

61.36*
+6.14

49.31%
+4.93

61.31%
+6.13

49.17%¢
+4.92

61.22%
+6.12

49.07%¢
+491

61.05%
£6.11

48.96%
+4.90

ek

Carboxymethy]1 cellulose

1.5%
Mean
+SD

69.16*
+6.92

53.34%b¢
+5.33

68.7%°
+6.87

53abc
+5.30

68.24%
+6.82

52.71%%
+5.27

68.06%
£6.81

52.528b¢
+5.25

ek

3%
Mean
+SD

65.13%
+6.51

49.09%
+4.91

64.81%°
+6.48

48.85%¢
+4.89

64.52%
+6.45

48 43¢
+4.84

64.35%
+6.44

48.29%0¢
+4.83

sk

4.5%
Mean
+ SD)

64.59%
+6.46

46abc
+4.60

64.37%
+6.44

45,8430
+4.59

63.96*
+6.40

45.533b¢
+4.55

63.78°
+6.38

45.35%¢
+4.54

sk

5%
Mean
+ SD

69.67%°
+6.97

51.29%
+5.13

69.342°
+6.94

51.26%%
+5.13

67.42%
+6.74

50.082¢
+5.01

67.31%°
+6.73

49,954
+5.00

ek

Soy flour

10%
Mean
+ SD

67.06*
+6.71

45 2430
+4.52

67ab
+6.70

45218
+4.52

66.84%
+6.68

45,193
+4.52

66.73%
+6.67

45,12
+4.51

NS

15%
Mean
+ SD

62.56%°
+6.26

44.65%%
+4.47

62.49%
+6.25

44.5%¢
+4.45

62.26%°
+6.23

44 32b¢
+4.43

62.06%
+6.21

44.19*
+4.42

sk

100%
Goat
M eat

Mean
+ SD

70.34%
+7.03

52.993b¢
+5.30

69.44%°
+6.94

52.5530¢
+5.26

69.05%
+6.91

52.25%¢
+5.23

68.82%0
+6.88

52.1%b¢
+5.21

ek

Goat meat + Beef

50% goat
meat +
50% beef
Mean
+ SD

70.03%°
+7.00

50.03%%
+5.00

69.88%°
+6.99

49.86%%
+4.99

69.66*°
+6.97

49,647
+4.96

69.55%
+6.96

49.58%¢
+4.96

sk

25% goat
meat +75%
beef
Mean
+ SD

70.02%°
+7.00

Soabc
+5.00

69.89
+6.99

49.81%%
+4.98

69.67%°
+6.97

49.69%
+4.97

69.55%
+6.96

49 6%
+4.96

ek

NS= Not significant difference
* = significant difference between treatment and time in raw state

a = significant difference between control and treatments

b =significant difference within treatment

** = significant difference between treatments and time in grilled state
¢ = significant difference between raw and grilled state
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Table (2). Changes in protein content of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (% on dry weight basis)

Time of
storage
(months

)

Sig

Raw

Grille

Raw

Grille

Raw

Grille
d

Raw

Grille
d

Raw

grilled

Control
Mean
+ SD

28.9
+2.89

24.77
+2.48

26.45
+2.65

24.17
+2.42

24.74
+2.47

23.56
+2.36

22.48
+2.25

23.22
+2.32

kk

0.3%
Mean
+ SD

57.23%
+5.72

52.84%b¢
+5.28

56.55%
+5.66

52.72%b¢
+5.27

55.44%
+5.54

52.41%
+5.24

54.13%
+5.41

52.23%b¢
+5.22

kk

Carrageenan

0.5%
Mean
+ SD

51.71%
+5.17

46.09%%
+5.61

49.36%
+4.94

45.78¢
+4.58

48.26%
+4.83

45.46%
+£4.55

45.97%
+4.60

45.07%%
+4.51

kk

1%
Mean
+ SD

44.59°
+4.46

40.72%%¢
+4.07

43.6%°
+4.36

40.49%
+4.05

42.73%°
+4.27

40.31%%
+4.03

41.77%°
+4.18

40.074%
+4.00

kk

Carboxymethy]1 cellulose

1.5%
Mean
+ SD

57.49%°
+5.75

4936
+4.94

55.34%
+5.53

48,730
+4.87

54.03%°
+5.40

48.15%¢
+4.82

51.63%
+5.16

47.66%%
+4.77

kK

3%
Mean
+ SD

46.72%°
+4.67

37.38%¢
+3.74

44.56%°
+4.46

36.75%
+3.68

43.49%°
+4.35

36.05%%
+3.61

41.49%°
+4.15

35.35%¢
+3.54

ek

4.5%
Mean
+ SD

43242
+4.32

32.26%%
+3.23

41.34%°
+4.13

31.79%
+3.18

39.71%°
+3.97

31.25%¢
+3.13

37.93%
+3.79

25.143b¢
+2.51

&k

5%
Mean
+ SD

74.09%°
+7.41

57.05%¢
+5.71

71.36%
+7.14

56.73%¢
+5.67

65.81%°
+6.58

54.01%
+5.40

62.83%°
+6.28

53.39%b¢
+5.34

kk

Soy flour

10%
Mean
+ SD

69.1%°
+6.91

57.65%%
+5.77

66.52%°
+6.65

57.243b¢
+5.72

62.94%
+6.29

56.29%%
+5.63

59.54%
+5.95

55.87%¢
+5.59

kk

15%
Mean
+ SD

68.19%°
+6.82

57.81%
+5.78

65.72%
+6.67

57.48%¢
+5.75

62.06*
+6.21

55.85%¢
+5.59

58.86%"
+5.89

55.17%¢
+5.52

kk

100%
goat
meat
Mean
+ SD

76.87%
+7.69

65.94%¢
+6.60

73.4%°
+7.34

63.29%
+6.33

72.12%
+7.21

62.3%¢
+6.23

70.43%
+7.04

61.71%%
+6.17

kk

Goat meat + Beef

50% goat
meat + 50%
beef
Mean
+ SD

75.51%
+7.55

53.72%b¢
+5.37

74.27%°
+7.43

52.87%¢
+5.29

73.04%
+7.30

52.36%
+5.24

71.3%
+7.13

51.69%
+5.17

sk

25% goat
meat +75%
beef
Mean
+ SD

75.35%
+7.54

56.78%%
+5.68

74.13%
+7.41

56.15%
+5.62

72.37%
+7.24

55.44%¢
+5.54

70.51%
+7.05

42.60%*
+4.26

kK

NS= Not significant difference
* = significant difference between treatment and time in raw state
a = significant difference between control and treatments

b =significant difference within treatment
** = gignificant difference between treatments and time in grilled state
¢ = significant difference between raw and grilled state
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Table (3). Changes in ash content of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (% on dry weight basis)

Carrageenan Carboxymethy] cellulose Soy flour Goat meat + Beef
Time of Control
storage Mean 03%  05% 1%  1.5% 3% 4.5% 5% 10% 150,  100%egoat  50%goat - 25% goat
(months) +SD Mean Mean Mean Mean Mean Mean Mean Mean Mean ]3[12221 Iéleeg;-;/[seoaf 111)1:2; ;/17;?
+SD +SD +SD +SD +SD +SD +SD +SD +SD +SD L SD +SD
Raw 5.08 6.55% 6.82%°  6.84*® 8.8 gab 9.33% 6.84% 6.97% 7.15% 7.36%° 6.43% 6.65%
+0.51 +0.66 +0.68  +0.68  +0.88 +0.90 +0.93 +0.68 +0.70 +0.72 +0.74 +0.64 +0.67
0
Grilled 5.46 6.68% 7.25%¢ 7083 9.7% 9.74% 9.82° 7.03% 7.4%0 7.51% 7.43% 6.49%° 7.04%
ritle +0.55 +0.67 +0.73 +0.73 +0.97 +0.97 +0.98 +0.70 +0.74 +0.75 +0.74 +0.65 +0.70
R 5.1 6.67%° 7.26%° 727 9.75% 9.824b 10.07%° 7.59° 7.63° 7.82° 8.52%0 6.53% 7.15%
aw +0.51 +0.67 £0.73  +0.73  +0.98 +0.98 +1.00 +0.76 +0.76 +0.78 +0.85 +0.65 +0.72
1
Grilled 5.54 6.86%° 7413 7.43% 1025 10.26° 10.36* 7.68° 7.8 7.83% 8.55% 6.56%° 7.21%0
+0.55 +0.69 +0.74  +0.74  +1.03 +1.03 +1.04 +0.77 +0.78 +0.78 +0.86 +0.66 +0.72
Raw 5.65 6.75% 7.51%  7.56% 9.9 10.12% 10.342° 7.65% 7.77% 8.17% 8.6%° 6.58%° 7.27%
+0.57 +0.68 +0.75  +0.76  +0.99 +1.01 +1.03 +0.77 +0.78 +0.82 +0.86 +0.66 +0.73
2
Grilled 6.16 7.03%° 7.64%% 767 10.32° 10.35° 10.51° 8.14% 8.182 8.34% 8.63%° 6.63%° 7.34%°
+0.62 +0.70 +0.76  +0.77  +1.03 +1.04 +1.05 +0.81 +0.82 +0.83 +0.86 +0.66 +0.73
R 6.32 7.08%° 774 776" 10.46° 10.47° 10.58% 8.40° 8.43% 8.46° 8.76° 6.724° 7.46%°
aw +0.63 +0.71 +0.77  +0.78  +1.05 +1.05 +1.06 +0.84 +0.84 +0.85 +0.88 +0.67 +0.75
3
Grilled 6.71 7.13% 7.88%% 797 10.59° 10.59° 10.69* 8.74% 8.62° 8.69° 8.85%° 6.83° 7.56%
rile +0.67 +0.71 +0.79  +0.80  +1.06 +1.06 +1.07 +0.87 +0.86 +0.87 +0.89 +0.68 +0.76
Raw % * * * * * * * * * * NS *
Sig
NS= Not significant diference * = significant difference between treatment and time in raw state
a = significant difference between control and treatments b =significant difference within treatment

** = significant difference between treatments and time in grilled state ¢ = significant difference between raw and grilled state
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However, by advancement of frozen storage, the protein
content of all treatments was decreased with a significant
statistical difference when compared treatments with time of
storage.[9] found that protein content of the uncooked
low-fat beef burger samples at zero time storage ranged from
60.3 to 61.4% (on dry weight basis) and decreased with the
progression of frozen storage at -20°C for 3 months to 59.4 -
60.3% (on dry weight basis).

3.3.Ash content

From the same Table (3) it could be seen that ash content
was higher in all samples as compared with control sample
due to the added fat replacers. Such results agreed with that
previously reported by[34], who reported that ash content
significantly increased with the addition of walnut to low-fat
frankfurters[35].

The data presented in Table (3) indicated that treatment
containing goat meat at different levels had higher ash
content than that of control sample.[25] showed that edible
tissue of goats contained more moisture and ash than lambs,
but less amount of fat. Moreover, from the same table it
could be noticed that when the ratios of fat replacers
increased the ash content increased with signific ant
difference in comparison with in each treatment. This result
might be due to their formulae containing high amount of
ingredients.

Data given in Table (3) revealed that after grilling, it could
be noticed that all samples recorded no significant increase
for ash content than raw beef burgers. This increase might be
due to the moisture loss during cooking. This explanation
coincided with[9][14] findings.[36] found that cooking of
low-fat beef burger samples increased ash content to 2.41% -
2.92% in the cooked product. They found that cooking yield
ranged from 72.72% to 81.46%. From their results it could
be deduced that retention of ash after cooking ranged from
90.40% to 97.50%.

With advancement of fro zen storage, the percentage ofash
content increased for all treatments whether control sample
or low-fat beef burger samples with a significant statistical
difference except in the sample having 50% goat meat. Such
findings are in agreement with the previously reported by[10]
and[14], who stated that ash content increased during frozen
storage for sausages influenced by why protein, texturized
soy flour and iota carrageenan stored at -18°C for 6 months
and for beef sausage, ostrich sausage and beef washed
sausage; respectively.

3.4. Crude fat content

Results given in the Table (4) illustrated that the fat
content of control sample had high amount of fat with high
significant difference than that of other treatments, as it was
58.29% at zero time. While, the fat yield after manual
eliminating visible fat to prepare low-fat beef burgers
formulae reaching to 9.40% in sample containing 0.5%
carrageenan (on dry weight basis), also other treatments had
approximately similar percentage of fat content.[37]
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prepared low-fat patties containing 5.1% fat on fresh weight
basis.

The low percentage of fat content in samples containing
goat meat + beef at different levels might be due to that goat
meat had less amount of fat.[26] showed that chevon might
be an excellent resource in the preparation of low-fat diets,
since the fat content of lean meat is significantly less.
Similarly,[29] found that fat levels were 2.29,7.07, 2.77 and
3.02%; respectively, in chevon, beef, pork, and mixed meat
sausages.

However, the increase of fat content in the treatment
containing soy flour at different levels might be duo to the
higher fat content of soy flour. Such results supported the
finding of[31] who found that the replacement of 10% and
20% ofhens meat with soy flour led to raising the higher fat
content of soy flour than in hens meat. Similar findings was
reported by[38]. Moreover, there was a significant difference
in comparison within each treatment in most cases.

Such data revealed that fat content of all treatments was
decreased after grilling which might be due to fat loss from
beefburgerby grilling. The results are in agreement with that
previously obtained by[9] who showed that grilling or
microwave-grilling caused a clear reduction in the fat
content of beef burger samples from~ 12.7% (on dry weight
basis) in uncooked beef burger to ~ 8% (on dry weight basis)
in the grilled burger.

Results given in the same Table (4) showed that the fat
content of all treatments was increased as long as frozen
storage period increased with a significant statistical
difference on the expense of losses in moisture and protein
percentage. Similar findings were reported by[14];[31]
and[38].

3.5. Total Carbohydrate Contents

From the results presented in Table (5), it could be
concluded that fat replacers (carrageenan, carboxymethyl
cellulose, soy flour) incorporation increased the total
carbohydrates content of different low-fat beef burger with
high significant difference when compared to control
treatment which had 7.70% at zero time.

From the same Table (5) it could be noticed that as the
ratios of fat replacers increased the total carbohydrates of
samples were increased with a significant difference in
comparison within each treatment. This probably was due to
the presence of carbohydrates in original additives as fat
replacers. The treatments containing carrageenan and
carboxymethyl cellulose by different levels had the highest
carbohydrates content than other treatments. These results
might be due to its being polysaccharides, then followed by
samples which containing soy flour by different levels.[10]
found that the treatment containing 8% fat + texturized soy
flour had the highest carbohydrates content followed by
sample having 12% fat + whey protein concentrate, then
samples containing 12% fat + texturized soy flour and the
treatment containing iota carrageenan having higher
carbohydrate content than control sample.



Table (4). Changes in fat content of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (% on dry weight basis)

Carrageenan Carboxymethy| cellulose
Time of Control
S“’raie Mean 0.3% 0.5% 1% 1.5% 3% 45%
(months) +SD Mean Mean Mean Mean Mean Mean
+SD +SD +SD +SD +SD +SD
Raw 58.29 11.03%° 9.4 11.13% 10.7%° 9.46%° 10.172%®
+5.83 +1.10 +0.94 +1.11 +1.07 +0.95 +1.02
0
Grilled 36.79 5.67%% 6.04%%  5.64%¢ 6.13%b¢ 5.66% 5abe
+3.68 +5.67 +0.60 +0.56 +0.61 +0.57 +0.50
Raw 59.09 11.55°°  10.12*  11.49% 11.46°  10.15®  10.92®
+£5.91 +1.16 +£1.01 +£1.15 +£1.15 +1.02 +1.09
1
Grilled 35.79 5.08% 5.83b¢ 5.318b 5.328b¢ 5.043%¢ 40430
nile +3.58 +0.51 +0.58 +0.53 +0.53 +0.50 +0.42
R 59.55 1236  10.61**  11.73% 11.62 10.43? 11.65%
aw +£5.96 +1.24 +1.06 +£1.17 +1.16 +1.04 +£1.17
2
Grilled 34.99 4.728¢ 4.91% 4.91%¢ 5.18%0¢ 4772 3.67%%¢
+3.50 +0.47 +0.49 +0.49 +0.52 +0.48 +0.37
Raw 60.7 13.27°  12.37%  12.25% 12.43%°  11.42%  12.48®
+6.07 +1.33 +1.24 +1.23 +1.24 +1.14 +1.25
3
Tled 34.2 4.52%¢ 4.5% 4.51%¢ 4842 4.25% 311
& £3.42 £0.45 £0.45 £0.45 +£0.48 +£0.43 £0.31
Raw * * * * * * *
Sig
Grilled *% *k *k sk Hk % .

5%
Mean
+ SD

11.87%°
+1.19

6.18%%
+0.62

13.14%
+1.31

4,67
+0.47

14.56%°
+1.46

4abc
+0.40

15.62%°
+1.56

3abc
+0.30

sk

Soy flour

10%
Mean
+ SD

11.54%°
+1.15

6.54%
+0.65

12.42%%+1.
24

5.933b¢
+0.59

14.63%
+1.46

5.250%¢
+0.53

16.924°
+1.69

4 553¢
+0.46

&k

15%
Mean
+ SD

11.59%
+1.16

6.521bc
+0.65

12.7%
+1.27

5.943b¢
+0.59

14.75%
+1.48

5.39%b¢
+0.54

17ab
+1.70

5.02%
+0.50

dk

100% goat

meat

Mean
+ SD

10.812°
+1.08

6.38%%
+0.64

11.98®
+1.20

6.17%
+0.62

12.21%
+1.22

5.76%%
+0.58

12.51%°
+1.25

5.208b¢
+0.52

kK

Goat meat + Beef

50% goat
meat +
50% beef
Mean
+ SD

12.01%°
+1.20

7abc
+0.70

12.45%
+1.25

6.58°
+0.66

12.76*
+1.28

6.35%¢
+0.64

13.04%°
+1.30

5.958b¢
+0.60

&k

25% goat
meat +75%
beef
Mean
+ SD

11.34%°
+1.13

6.4
+0.64

11.96%°
+1.20

5.983b¢
+0.60

12.27%®
+1.23

5.76%%
+0.58

12.68°
+1.27

5.36%%
+0.54

sk

NS= Not significant difference * = significant difference between treatment and time in raw state
a = significant difference between control and treatments b =significant difference within treatment
** = gignificant difference between treatments and time in grilled state c= significant difference between raw and grilled state
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Table (5). Changes in total carbohydrates content of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (% on dry weight basis)

Time of
storage
(months)
Raw
0
Grilled
Raw
1
Grilled
Raw
2
Grilled
Raw
3
Grilled
Raw
Sig
Grilled

Control

Mean
+ SD

7.73
+0.77

32.98
+3.30

9.36
+0.94

34.50
+3.45

10.06
+1.00

35.29
+3.53

10.50
+1.05

35.87
+3.59

3k

0.3%
Mean
+ SD

25.19%
+2.52

34.81%%
+3.48

25.23%
+2.52

35.34%°
+3.53

25.45%
£2.55

35.84%b¢
+3.58

25.52%
+2.55

36.12%
+3.61

3k

Carrageenan

0.5%
M ean
+ SD

32.07%
+3.21

40.62%
+4.06

33.26%
+3.33

41.01%%
+4.10

33.62%
+3.36

42.01%
+4.20

33.9220
+3.39

42.55%¢
+4.26

sk

1%
M ean
+ SD

37.44%
+3.74

46.36*
+4.64

37.64%°
+3.76

46.77%%¢
+4.68

37.98
+3.80

47.11%%
+4.71

38.22%
+3.82

47.45%¢
+4.75

Ak

Carboxymethy]1 cellulose
1.5% 3% 4.5%
Mean Mean Mean
+SD +SD +SD

23.00°  34.82%%  37.26%
+£2.30 +3.48 +3.73
34.81%%¢ 47228 57 9p3be
+3.48 +4.72 +5.29
23.45% 3547 37.67%
+£2.35 +3.55 +3.77
35.73%¢  47.95%¢ 53 6120
+3.57 +4.80 +5.36
2445  3596"  38.30%
+2.45 +3.60 +3.83
36.35%¢  48.83%%  54.57%¢
+£3.64 +4.88 +5.46
25.48% 3662 39.01%
+£2.55 +3.66 +3.90
36.91%%  49.81%  61.06°
+3.69 +4.98 £6.11
* * *
Kk skk skk

5%
Mean
+SD

7.20%
+0.72

29.743b¢
+2.97

7.912°
+0.79

30.92%b¢
+3.09

11.98
+1.20

33.85%
+3.39

13.15%
+1.32

34.87%%
+3.49

sk

Soy flour

10%
Mean
+ SD

12.39%
+1.24

28.41%%
+2.84

13.43%°
+1.34

29.03%¢
+2.90

14.66*
+1.47

30.28%
+3.03

15.11%
+1.51

30.96%%
+3.10

3k

15%
Mean
+ SD

13.07%
+1.31

28.18%
+2.82

13.76*®
+1.38

28.75%¢
+2.88

15.02%°
+1.50

30.428%
+3.04

15.68%°
+1.57

31.128
+3.11

3k

100%
goat
meat
Mean
+ SD

4.96*
+0.50

20.25%°
+2.03

6.10%°
+0.61

21.45%¢
£2.15

7.07%
+0.71

23.318b
+2.33

.32
+0.83

24.228b°
+2.42

3k

50% goat

meat +

50% beef

Mean
+ SD

6.05%
+0.61

32.79%
+3.28

6.75%
+0.68

33.992b¢
+3.40

7.62:°
+0.76

34.66%%
+3.47

8.94%°
+0.89

35.5330¢
+3.55

3k

Goat meat + Beef

25% goat
meat +75%

beef
Mean
+ SD

6.66™°
+0.67

29.78:b¢
+2.98

6.78%
+0.68

30.66%
+3.07

8.09%°
+0.81

31.46%%
+3.15

9.35%
+0.94

44 48w
+4.45

3k

NS= Not significant difference

* = significant difference between treatment and time in raw state

a = significant diflerence between control and treatments
** = significant difference between treatments and time in grilled state ¢ = significant difference between raw and grilled state

b =significant diference within treatment
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On the other hand, it could be noticed that the treatment
which containing goat meat at different levels had lower
carbohydrates content than control sample. Such results
might be due to the high percentage of moisture content for
samples having 100% goat meat, 50% goat meat + 50% beef
and 25% goat meat + 75% beef, as it was ( 70.34%, 70.03%,
and 70.02%); respectively.

Data showed that carbohydrate content increased by
grilling process. Such results indicated that total
carbohydrate content increased for all beef burger samples.
This also was probably due to the moisture loss during
cooking. Similar finding was reported by[14] who found that
after cooking total carbohydrate content increased for all
studied low-fat sausage samples.

By extending of frozen storage period, the total
carbohydrate increased for all treatments with a significant
difference in comparison between treatments and time of
frozen storage. This probably might be dueto losses in either
moisture or protein content or both as shown in Tables (1,
2).[31] found that during cold and frozen storage the total
carbohydrates content in all sausage samples increased
continuously as the time of storage period was increased,
possibly due to the loss in either moisture or protein or both
contents. Such findings are on line with[ 10] and[14].

3.6. Caloric value

Low-fat meat products can exert a bigger effect in
reducing dietary fat intake as many traditional meat products
had high-fat content. The decrease of fat in ingredients and
the use of fat substitutes can cut down meat caloric value by
up to, or more than, half[39].

The datarepresented in Table (6) indicated that the control
sample had the highest caloric value 671.02 k. cal / 100g
with high significant difference when compared with other
treatments. Such results might be due to that control sample
had high percentage of fat content, as expected, since fat is
the most concentrated dietary energy source, providing 9 k.
cal/ 100 g, more than the twice that supplied by the proteins
or carbohydrates[40].

On the other hand, the caloric values of samples
containing fat replacers were lower than the control sample.
Lower caloric values in low-fat beef burger were a natural
result of the reduced fat content in the formulation.[41]
found that energy of the frankfurters containing carrageenan
was 452.2 k. cal / 100 g, while energy of the control sample
was 634.4 k. cal/ 100 g. While,[42] stated that lean patties
with added 0.5% carrageenan and 0.2% hydrolyzed
vegetable proteins would had a composition of 66.3%

Assessment of the Nutritional Status of Beef and Low-Fat Beef Burger

moisture, 8.2% fat, 24.5% protein and 172 k. cal / 100 g.
Meanwhile, there was a significant difference in comparison
within each treatment in all of cases. Data indicated a clear
reduction in caloric values caused by grilling process than
raw beef burger. However, with advancement of frozen
storage time, the caloric value of all treatments increased
with a significant statistical difference. This probably was
due to increased fat and carbohydrates contents during
storage.

3.7. Thiobarbituric acid value (T.B.A)

The TBA value test had been widely used for measuring
oxidation rancidity in fat containing foods, especially fish
and meat. The TBA test is a sensitive test for the
decomposition products of highly unsaturated fatty
acids[43].

Results given in Table (7) indicated that TBA value for
control sample had the highest TBA value, as it was 0.452
mg malonaldehyde / kg sample with a significant difference
than that of other treatments. This might be due to the higher
fat content of control sample when compared with other
samples.

Meanwhile, the samples containing soy flour at different
ratios had the lower TBA values. This probably was due to
the presence of natural antioxidants which could retard lipids
oxidation[10].

From the results presented in Table (7) it could be
observed that samples containing 100% goat meat had lower
TBA value as compared to control sample. This might be due
to the low-fat content of goat meat.[44] reported that chevon
is attractive to health conscious consumer due to its lower fat
compared to other traditional red meats such as lambs, beef
and pork.[25] stated that the edible tissue of goats contains
more moisture and ash than that of lambs, but less amount of
fat. Moreover, the samples containing 50% goat meat + 50%
beef and 25% goat meat + 75% beef had lower TBA value
when compared to control. Such results might be due to the
low fat content.

Furthermore, from the data presented in Table (7) it could
be observed that the treatments containing carrageenan and
carboxymethyl cellulose had lower TBA values as compared
to the control sample. Lower TBA values recorded for
low-fat beef burger were a natural result of the reduced fat
content in the formulation.[45] found that the sausages with
carrageenan had lower (P < 0.05) TBA values than that
produced without carrageenan. Meanwhile, there was a
significant difference in treatment having goat meat + beef
and in all cases in comparison within each treatment.



Table (6). Changes in caloric values of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (k.cal/ 100g)

Time of storage
(months)

Raw

Grilled

Raw

Grilled

Raw

Grilled

Raw

Grilled

Raw

Sig
Grilled

Control
M ean
+ SD

671.13
+67.11

561.95
+56.20

675.05
+67.51

556.79
+55.68

675.15
+67.52

550.31
+55.03

678.22
+67.82

544.16
+54.41

*k

0.3%
Mean
+SD

428.95%
+42.90

401.63%¢
+40.16

431.07*
+43.11

397.96%
+39.80

437.51%
+43.75

395.483b¢
+39.55

438.03%
+43.80

394.08%¢
+39.41

kk

Carrageenan
0.5% 1%
Mean Mean
+SD +SD
419.72%° 428.29%
+41.97 +42.83
401.12%% 399,08
+40.11 +39.91
421.56* 428.37%
+42.16 +42.84
399.36°¢  396.83%
+39.94 +39.68
423.01% 428.41%
+42.30 +42.84
392,078  393.99%b¢
+39.21 +39.40
430.89%° 430.21%
+43.09 +43.02
390.98%  390.67%%
+39.10 +39.07

*k

&k

Carboxy methy| cellulose

1.5%
Mean
+ SD

418.26%
+41.83

391.85%
+39.19

418.30%
+41.83

385.60%
+38.56

418.50%°
+41.85

384.62%
+38.46

420.31%
+42.03

381.84%
+38.18

sk

3%
Mean
+ SD

411.30%
+41.13

389,343
+38.93

41147
+41.15

384.16
+38.42

411.67%
+41.17

382.454%¢
+38.25

415.22%
+41.52

378.85%¢
+37.88

kK

4.5%
Mean
+ SD

413.53%
+41.35

385,794
+38.58

414.32%
+41.43

379.76%%
+37.80

416.89%°
+41.69

376.314%
+37.63

420.08°
+42.00

372.79%¢
+37.28

kK

5%
Mean
+ SD

431.99%
+43.20

402.78%¢
+40.28

435.34%
+43.53

392.63%¢
+39.26

44220
+44.22

387.44%¢
+38.74

444 .50
+44.45

380.04%b¢
+38.00

kk

Soy flour

10%
Mean
+ SD

429.82%
+42.98

402.46
+40.25

431.58%
+43.16

398.38%¢
+39.84

442.07%
+4421

393,593
+39.36

450.88%
+45.09

388.28%¢
+38.83

sk

15%
Mean
+ SD

429.35%
+42.94

402.24%¢
+40.22

432.22%
+43.22

398.39%b¢
+39.84

440.07%°
+44.00

39356
+£39.36

451.16*
+45.12

390.34%b¢
+39.04

sk

100%
goat meat

Mean
+ SD

424.61%°
+42.46

402.18
+40.22

425.82%
+42.58

394.49%b¢
+39.45

426.65%
+42.67

394283
+39.43

427.5%
+42.75

390.70%
+39.07

kk

Goat meat + Beef

50% goat
meat +
50% beef
Mean
+ SD

434.33%
+43.43

409.042%
+40.90

436.13%
+43.61

406.66**
+40.67

437.48%
+43.75

405.23%0¢
+40.52

438.32%
+43.83

402.4320¢
+40.24

sk

25% goat
meat +75%
beef
M ean
+ SD

428.10%
+42.81

403.84%%
+40.38

431.12%
+43.11

401.06%*
+40.11

432.27%
+43.23

399.44%b¢
+39.95

433.56°
+43.36

396.56%
+39.66

kk

NS= Not significant diference
a = significant difference between control and treatments
** = significant difference between treatments and time in grilled state ¢ = significant difference between raw and grilled state

* = significant difference between treatment and time in raw state
b =significant difference within treatment
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Table (7). Changes in T.B.Avalues of (raw/ grilled) beef burger after adding fat replacers during frozen storage. (mg malonaldehyde/ kg sample)

Time of
storage
(months)
Raw
0
Grilled
Raw
1
Grilled
Raw
2
Grilled
Raw
3
Grilled
Raw
Sig
Grilled

control
Mean
+SD

0.452
+0.045

0.655
+0.066

0.482
+0.048

0.685
+0.069

0.521
+0.052

0.705
+0.071

0.533
+0.053

0.715
+0.072

NS

NS

0.3%
Mean
+ SD

0.383°
+0.038

0.581%
+0.058

0.389%°
+0.039

0.593%
+0.059

0.391%°
+0.039

0.601%*
+0.060

0.393%°
+0.039

0.607%¢
+0.061

NS

NS

Carrageenan

0.5%
M ean
+ SD

0.404°
+0.040

0.622%
+0.062

0.415°
+0.042

0.626*
+0.063

0.421%°
+0.042

0.631%
+0.063

0.426*
+0.043

0.637¢
+0.064

NS

NS

1%
Mean
+ SD

0.35%
+0.035

0.562%
+0.056

0.357°
+0.036

0.566*
+0.057

0.36%°
+0.036

0.571*
+0.057

0.366%°
+0.037

0.577%¢
+0.058

NS

NS

Carboxymethy]1 cellulose
1.5% 3% 4.5%
Mean Mean Mean
+SD +SD +SD
0.311% 0.32? 0.333%

+0.031 +0.032 +0.033
0.515% 0.536% 0.545%
+0.052 +0.054 +0.055
032 0326  0.347%"
+0.032 +0.033 +0.035
0.527%¢ 0.54% 0.549%¢
+0.053 +0.054 +0.055
0.329% 0.331% 0.35?
+0.033 +0.033 +0.35
0.535% 0.543% 0.552%
+0.054 +0.054 +0.055
0.332% 0.334* 0.354*
+0.033 +0.033 +0.035
0.538% 0.546% 0.554%¢
+0.054 +0.055 +0.055
NS NS NS
NS NS NS

5%
Mean
+SD

0.099°
+0.009

0.109°
+0.011

0.12%°
+0.012

0.129*
+0.013

0.124%
+0.012

0.134°
+0.013

0.126
+0.013

0.137*
+0.014

NS

Soy flour

10%
Mean
+ SD

0.084%°
+0.008

0.099*
+0.009

0.0912°
+0.009

0.11°
+0.011

0.096%
+0.009

0.116*
+0.012

0.097%°
+0.009

0.118*
+0.012

NS

NS

15%
Mean
+SD

0.06®
+0.006

0.075%
+0.007

0.069%°
+0.007

0.079*
+0.008

0.075%°
+0.008

0.084°
+0.008

0.078%°
+0.008

0.087°
+0.009

NS

NS

100% goat
meat
Mean
+ SD

0.277%
+0.028

0.37%
+0.037

0.28%
+0.028

0.376%
+0.038

0.289%°
+0.029

0.3792%
+0.038

0.2932®
+0.029

0.382%
+0.038

NS

NS

Goat meat + Beef

50% goat
meat +
50% beef
Mean
+ SD

0.412°
+0.041

0.633%
+0.063

0.422°
+0.42

0.64%
+0.064

0.428%
+0.043

0.645"
+0.065

0.431%
+0.043

0.647%
+0.065

NS

NS

25% goat

meat +75%

beef
Mean
+ SD

0.433°
+0.043

0.65%
+0.065

0.439°
+0.044

0.659"
+0.066

0.442%°
+0.044

0.662"
+0.066

0.445%
+0.045

0.667%
+0.067

NS

NS

NS= Not significant difference

* = significant difference between treatment and time in raw state

a = significant difference between control and treatments
** = significant difference between treatments and time in grilled state ¢ = significant difference between raw and grilled stat

b =significant difference within treatment
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Thiobarbturic acid in all treatments was increased through
the frozen storage with no significant difference as storage
period increased indicating continuous oxidation of lipids
and consequently production of oxidative by products.

Likewise, the rate of increase in TBA values differed with
the fat leveland type of formula.[46] reported that TBA of all
meat samples increased as storage period increased.[9]
reported that extending storage time of uncooked prepared
low-fat beef burger for 3 months at -20°C was accompanied
by an increase in TBA levelto 0.17 - 0.21 mg malonaldehyde
/ kg samp le regardless of the type of additive used.

According to results given in Table (7) it could be noticed
that grilling beef burgersamples had higher TBA values than
that obtained for raw beef burger. Increasing T.B.A values
after grilling indicated continuous oxidation of lipids and
consequently production of oxidative by products. Similar
findings were reported by[9], who found that T.B.A value
before cooking was 0.15, 0.17, 0.19 and 0.21, while after
grilling the T.B.A values were 0.24, 0.30 , 0.35and 0.41 mg
malonaldehyde/ kg sample for control sample, basal formula
+ 0.75% thyme, basal formula + 0.75% rosemary;
respectively.

3.8. Total volatile basic nitrogen (TVBN)

From the data obtained in Table (8) it could be observed
thatat any given time of fro zen storage (as well as zero time),
the TVN was highest for control sample with a significant
difference and samples containing goat meat + beef at
different levels, followed by low-fat beef burger which had
soy flour at different ratios. Carrageenan, carboxymethyl
cellulose and soy flour as fat substitutes reduced the level of
TVBN contents which was found to increase continuously
during frozen storage at -20°C for all samples. Similar
findings were previously reported by[10] who found that the
TVN was highest for control sample and followed by
sausages which contained either textured soy flour or iota
carrageenan with 8% fat. Furthermore, there was a
significant difference in comparison within each treatment in
most of cases. rapid development of total volatile basic
nitrogen (T.V.B.N).

By advancement o f frozen storage, the T VBN values of all
samples increased with a significant statistical difference,
which coincided with the decreasing of protein content
during frozen storage as shown in Table (2).[46] mentioned
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that the increase in TVBN values during storage of beef
sample, could be due to the bacterial breakdown associated
by the formation of some alkaline substances such as
ammonia, which was confirmed by the

3.9. Protein fractions

3.9.1. Total soluble nitrogen (T.S.N)

Total soluble nitrogen fraction contains water soluble
protein (sarcoplasmic proteins), salt soluble protein
(myofibriullar proteins), and non protein nitrogen (free
amino acid and other extractive nitrogenous
compounds)[28].

Data obtained in Table (9) indicated that the highest total
soluble nitrogen was found in beef burgers containing soy
flour at different ratios with a significant difference than that
of other treatments. This might be due to the high original
crude protein content of these samples as compared to
control and other treatments. Such findings are in agreement
with the results previously obtained by[31] who found that
replacement of a part of hens meat with 10 and 20% soy flour
increased the T.S.N of sausage than that of the control
sample. Similar findings were reported by[27] and[38].

Besides, it might be due to the higher protein solubility of
soy flour protein as reported[47] who found that the protein
solubility of commercial soy flour was 21.4%. Meanwhile,
there was a significant difference in comparison within each
treatment in most of cases except treatments which had
carrageenan and carboxy methyl cellulose.

With advancement of frozen storage, the protein solubility
decreased with a significant statistical difference, possibly
due to protein denaturation as well as the escape of soluble
nitrogen with the separated drip as reported by[48]. [49]
reported that T.S.N content decreased which might be due to
ascribed to possible denaturation of protein due to
association of lipid oxidation and hydrolysis products with
protein molecules. The decrease in protein solubility during
frozen storage could be attributed to denaturation of protein
associated with freezing as well as to the reaction of myosin
protein with malonaldehyde which is a product of
polyunsaturated fatty acids oxidation[50].[10] found that
T.S.N of low-fat 8% meat sausage was 0.88% (representing
29.1% of total nitrogen) and decreased to 0.73% after 3
months of storage at -18°C.



Table (8). Changes in T.V.B.N (mg N/ 100g) of beef burger after adding fat replacers during frozen storage

Carrageenan Carboxymethy| cellulose Soy flour Goat meat + Beef
Time of Control 25% goat
0, 0,
storage Mean 3% 0.5% 1% 1.5% 3% 45% 5% 10% 150,  100% gtoat 3 Oé(ff/atbmiat T meat +75%
(months) +SD Mean Mean Mean Mean Mean Mean Mean Mean Mean I\I}Eea MO ce beef
+SD +SD +SD +SD +SD +SD +SD +SD +SD can can Mean
+SD +SD D
0 10.56 7.56%° 6.88%° 6.72% 7.7 7.7 7.7 9.94% 7.728° 7.39% 10.41 10.63 10.57
+1.06 +0.76 +0.69 +0.67 +0.77 +0.77 +0.77 +0.99 +0.77 +0.74 +1.04 +1.06 +1.06
1 1211 11.79*  10.82%° 10.37% 11.75%  11.33% 112 11.88° 10.92% 9.8 12.09 12.1 12.11
£121  +0.1.18 +1.08 +1.04 +1.18 +1.13 +1.10 +1.19 +1.09 +0.98 +1.21 +1.21 +1.21
) 1478 1225  11.87%® 11.2® 12.27% 11.8% 11.76% 12.3% 128 11.23% 14.5% 13.54%° 13.24%
+1.48 +1.23 +1.19 +1.12 +1.23 +1.18 +1.18 +1.23 +1.20 +1.12 +1.45 +1.35 +1.32
3 15.96 13.3% 12.95% 12.68%° 13.27°  12.89% 1280 13.36% 132 12.8% 15.74° 14.59° 14.5%
+1.60 +1.33 +1.30 +1.27 +1.33 +1.29 +1.20 +£1.34 +1.30 +1.28 +1.57 +1.46 +1.45
NS= Not significant difference *= significant difference between treatment and time
a = significant difference between control and other treatments b =significant difference within treatment
Table (9). Changes in total soluble nitrogen (gm/100g) of beef burger after adding fat replacers during frozen storage
Carrageenan Carboxymethy| cellulose Soy flour Goat meat + Beef
Time of Control 100% soat 50% goat 25% goat
storage Mean 0.3% 0.5% 1% 1.5% 3% 4.5% 5% 10% 15% mga?f"a meat+ 50%  meat +75%
(months) + SD M ean M ean Mean M ean M ean Mean M ean M ean M ean Mean beef beef
+ SD +SD +SD +SD +SD + SD + SD + SD + SD & SD Mean Mean
+SD +SD
0 0.40 0.46° 0.45° 0.45° 0.43° 0.41° 0.41° 0.70%° 0.71%° 0.73% 0.57%° 0.53% 0.48%
+0.040 +0.046 £0.045  +0.045  £0.043  +0.041 +0.041 +0.070  +0.071  +0.073 +0.057 +0.053 +0.048
. 0.38 0.44 0.42° 0.43 0.40° 0.40° 0.38° 0.67% 0.68% 0.71% 0.55% 0.49%° 0.44%°
+0.038 +0.044 £0.042  +0.043  £0.040  +0.040 +0.038 +0.067  +0.068  +0.071 +0.055 +0.049 +0.044
: 0.35 0.41° 0.4° 0.41° 0.38%° 0.37% 0.35% 0.66* 0.65% 0.70% 0.53% 0.47% 0.41%
+0.035 +0.041 £0.040  +0.041  +£0.038  +0.037 +0.035 +0.066  +0.065  +0.070 +0.053 +0.047 +0.041
3 0.33 0.38% 0.37% 0.40%° 0.37% 0.35% 0.34%° 0.64%° 0.63% 0.68%° 0.51%° 0.45% 0.40%°
+0.033 +0.038 £0.037  +0.040  +0.037  +0.035 +0.034 +0.064  +0.063  +0.068 +0.051 +0.045 +0.040

NS= Not significant difference
a = significant difference between control and other treatment

*= significant difference between treatment and time
b =significant difference within treatment
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Table (10). Changes in soluble protein nitrogen (gm/100g) of beef burger after adding fat replacers during frozen storage

Carrageenan Carboxymethy]1 cellulose Soy flour Goat meat + Beef
Time of Control . o 0
storage Mean 03%  0.5% 1% 1.5% 3% 4.5% 5% 10% 15% 10(1)11/23%oat migtﬁgggﬁ/ nf:af’ i
(months) + SD Mean Mean Mean Mean Mean Mean Mean Mean Mean M ean beefMeano beefMeano
+ SD + SD + SD + SD + SD + SD + SD + SD + SD +SD +SD +SD
0 0.27 0.28% 0.31°% 0.25% 0.22% 0.21% 0.19% 0.55% 0.45% 0.46% 0.39% 0.34% 0.32%
+0.027 +0.028 +0.031 +0.025 +0.022 +0.021 +0.019 +0.055 +0.045 +0.046 +0.039 +0.034 +0.032
{ 0.23 0.24% 0.21°%° 0.21°%° 0.17% 0.19% 0.15% 0.50* 0.41%° 0.42°° 0.35% 0.28% 0.27*
+0.023 +0.024 +0.021 +0.021 +0.017 +0.019 +0.015 +0.050 +0.0041 +0.042 +0.035 +0.028 +0.027
) 0.18 0.18* 0.16* 0.17* 0.14% 0.15% 0.12% 0.43% 0.37% 0.38%° 0.31% 0.25% 0.23%
+0.018 +0.018 +0.016 +0.017 +0.014 +0.015 +0.012 +0.043 +0.037 +0.038 +0.031 +0.025 +0.023
3 0.13 0.13% 0.11% 0.13% 0.11* 0.11* 0.10* 0.38%° 0.33% 0.34% 0.27% 0.21% 0.20%°
+0.013 +0.013 +0.011 +0.013 +0.011 +0.011 +0.010 +0.038 +0.033 +0.034 +0.027 +0.021 +0.020
NS= Not significant difference *= significant difference between treatment and time
a = significant difference between control and other treatment b =significant difference within treatment

Table (11). Changes in non protein nitrogen (gn/100g) of beef burger after adding fat replacers during frozen storage

Carrageenan Carboxymethy| cellulose Soy flour Goat meat + Beef
Time of Control 0
storage  Mean  03%  0.5% 1% 1.5% 3% 4.5% 5% 10% 15%  100% goat  50% goat meat+ nf:af’ i
(months) + SD M ean M ean Mean Mean Mean Mean Mean Mean Mean meat Mean  50% beef Mean beef M eano
+SD +SD +SD +SD +SD +SD +SD +SD +SD +SD +SD <D
0 0.13 0.18° 0.14%® 0.20% 0.21° 0.20° 0.22° 0.15° 0.26%° 0.27% 0.18° 0.19° 0.16°
£0.013  +0.018  £0.014  £0.020  +0.021  +0.020  +0.022  0.015  £0.026  +0.027 +0.018 +0.019 +0.016
1 0.15 0.20° 0.21° 0.22° 0.23% 0.21° 0.23% 0.17%° 0.27% 0.29° 0.20%° 0.21%° 0.17%
£0.015  £0.020  +0.021  +£0.022  £0.023  +£0.021  £0.023  £0.017  £0.027  +0.029 +0.020 +0.021 +0.017
) 0.17 0.23° 0.24° 0.24* 0.24* 0.22° 0.23* 0.23% 0.28% 0.32% 0.22%° 0.22% 0.18%
£0.017  £0.023  +0.024  £0.024  +0.024  +0.022  +0.023  +0.023  +0.028  +0.032 +0.022 +0.022 +0.018
3 0.20 0.25% 0.26% 0.27° 0.26° 0.24° 0.24° 0.26® 0.30% 0.34% 0.24% 0.24% 0.20%
£0.020  +0.025  +0.026  +£0.027  +0.026  +£0.024  +0.024  +0.026  +0.030  +0.034 +0.024 +0.024 +0.020
NS= Not significant difference *= significant difference between treatment and time

a = significant difference between control and other treatment b =significant difference within treatment
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3.9.2. Soluble protein nitrogen (S.P.N)

Soluble protein nitrogen fraction contains only the
sarcoplasmic and myofibrillar proteins[18]. It indicates the
loss of solubility of proteins in meat and meat products, and
can be used to follow up protein denaturation and
breakdown[51].

Moreover, results given in Table (10) showed that
extending storage time of beefburgers was accompanied by
remarkable decrease in soluble protein nitrogen.[9] found
that the prepared uncooked low-fat beef burger samples and
stored to 3 months at -20°C was accompanied by remarkab le
decrease of soluble protein nitrogen to 0.16% in sample
contained basal formula + 0.75% thyme — 0.2% in sample
contained basal formula + 0.75% rosemary.

3.9.3. Non protein nitrogen (N.P.N)

Non protein nitrogen (NPN) fraction contains free amino
acids, protein degradation products and other extractive
nitrogenous compounds. It can be calculated by subtracting
soluble protein nitrogen (SPN) from total soluble
nitrogen[18]. Non protein nitrogen was studied as an
indication of protelysis[50].

From data given in Table (11) it could be noted that
extending storage time as influenced by different fat
replacers to 3 months at-20°C was accompanied by a gradual
significant statistical increase in NPN content.[9] found that
NPN content of low-fat beef burger was increased, since it
reached 0.19% in samples having basal formula + 0.75%
rosemary — 0.29% in sample had basal formula +
0.75%thyme after 3 months of storage at -20°C.[52] found
that non protein nitrogen content (NPN) of fresh chicken
white (breast) and dark (thigh) meat samples was 0.42 and
0.37%; respectively and increased to 0.5% and 0.44%;
respectively after 3 months of storageat-20C.

4. Conclusions

On the basis of the above-mentioned data, Fat level can be
successfully reduced by the addition of fat replacers
(carrageenan, CMC, Soy Flour, and Chevon) at different
ratios would improve nutritional value and health benefits.
TBA value for control sample had the highest TBA value
compared with other samples which containing fat replacers.
Carrageenan, carboxymethyl cellulose and soy flour as fat
substitutes reduced the level of TVBN contents. The highest
total soluble nitrogen was found in beef burgers containing
soy flour at different ratios. extending storage time of beef
burgers was accompanied by remarkable decrease in soluble
protein nitrogen and increase in non-protein nitrogen. The
low-fat beef burger recommended to include in diet regimen
of both over weight and obese persons as well as diabetic,
hypercholesterolemic and hyperlipidime mic patients.
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