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ABSTRACT

This research was aimed to use lupine flour as meat binder in processing of beef burgers by replacing meat
with lupine seeds flour from two lupine varieties; sweet (Lupinus albus) (SLF) and bitter (Lupinus termis) (BLF)
lupine seeds flour individually at different levels (5 and 7.5%). The effect of replacing meat ratio with lupine
seed flour on the quality characteristics of beef burger patties was studied. The obtained results showed that
lupine seeds flour of tested two varieties was richen with crude protein, crude fibers, leucine, isoleucine and
aromatic amino acids (phenylalanine & tyrosine), and was considered a good source of lysine. The present
results also evident that lupine seeds flour of tested varieties characterized with good function properties which
making it useful in meat products, as well as promising binder for further development of lupine seeds flour
utilization in producing of food products. The current results also revealed that the incorporation of lupine flour
as a binder into beef burger patties by replacing of meat resulted in enhancing the physiochemical properties;
total volatile basic-nitrogen(TVB-N), thiobarbituric acid (TBA) value, the pH value and water holding capacity
(WHC), and cooking measurements (cooking yield, cooking shrinkage, moisture retention and fat retention) of
beef burger patties having good sensory properties which did not significantly different from the control sample.
The present results are recommended with that it should be incorporated of sweet lupine seeds flour into beef
burger patties at the above mentioned replacing levels as a good functional and nutritional properties meat
replacer resulted in producing burger patties without detrimental effect on the sensory attributes, besides
improving the physiochemical properties and cooking measurements of the final product.
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Introduction

Processed meat products provide consumers with a wide variety of flavors and textures and allow efficient
use of less desirable meat cuts and trim. The major ingredient in meat products is the skeletal muscle, however,
other non-meat ingredients has been used as a partial replacement for meat protein since skeletal muscle is
relatively expensive. These ingredients are often referred to as binders, extenders or fillers which are added to
improve water binding capacity, meat granules binding ability, emulsion stability, cooking yield, slicing ability,
and flavor in addition to reduce the formulation costs (Standish, 1992).

Inducing of plant seed flour as replacer of the meat component will depend on the price, technological,
nutritional properties and consumer's acceptance of the used replacer (Sian and Ishak, 1991). Although soybean
is still the major plant protein used in these foods, other grain legumes are currently in rapid development as
protein sources, in particular pea and sweet lupine (Dijkstra et al., 2003). Legumes are usually recognized as the
richest source of vegetable proteins, the high nutritional value of this plant is attributed to amino acid protein
composition similar to the composition of animal proteins and a high nutritional value of lipid fraction, also
legumes contain valuable compounds such as oligosaccharides, phenol compounds tocopherols, fiber and
phytoestrogens (Duranti, 2006; Rochfort and Panozzo, 2007 and Pastor-Cavada et al., 2009.)

On the other hand in developed countries, plant proteins can now be regarded as versatile functional
ingredients or as biologically active components more than as essential nutrients. This evolution towards
health and functionality is mainly driven by the demands of consumers and health professionals ,the partial
replacement of animal foods with legumes is claimed to improve overall nutritional status (Guillon and
Champ, 1996).

New research approaches which rely strongly on biotechnology to improve growth and utilization of
grain legumes have significant impacts on the nutritional quality of legumes. Lupine (Lupinus spp.)
belongs to the Genisteae family, Fabaceae or Leguminosae (Pastor-Cavada et al., 2009).

Lupine is a good source of nutrients, not only proteins but also lipids, dietary fibre, minerals, and vitamins
(Martenez-Villaluenga et al., 2006, and Zielinska et al., 2008). Lupin generally contains about twice the amount
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of proteins found in those legumes that are commonly consumed by humans. There are variations in the protein
content (28% to 48%) between species and cultivars as a result of the characteristics of the growing conditions
and soil types (Sousa et al., 1996; Ogut, 1998; Papavergou et al., 1999; Linnemann and Dijkstra, 2002; Milayim
et al., 2002; Sironi et al., 2005; Martenez-Villaluenga et al., 2006, and Capraroa et al., 2008).

Lupine seed has great interest due to its augmented availability in many countries in recent years, chemical
composition (proteins amino acids, starch, sugars, fiber, lipids, fatty acids, vitamins, antinutritional compounds)
and potential use of different lupine seed products; (flour, protein isolates, and concentrates) and thereupon
lupine flour can be incorporated in production of different food products (Faeste et al., 2004 and Kohajdova et
al., 2011). It can be added to pasta, crisps, bread and emulsified meat products to increase nutritional value and
aroma, as well as modify the texture of the end products. Moreover, protein isolate produced from lupine seeds
can be utilized for milk and meat imitation products. In the Middle East area, lupine seeds are consumed as a
snack after they are soaked in water, scalded and dehulled. Additionally, in some European counties, pickle is
produced from lupine seeds (Dervas et al., 1999).

The aim of the current research is evaluating the effect of incorporating lupine flour into beef burger
production by replacing of meat on the quality physico-chemical and sensory characteristics, cooking
measurements (cooking yield, cooking shrinkage, moisture retention, and fat retention) of beef burger patties.

Materials and Methods
Materials:
Lupine seeds:

Lupine seeds of both varieties; bitter (Lupinus termis) and sweet (Lupinus albus), were obtained from the
local market at Tanta city, EI-Gharbia Governorate, Egypt. The seeds were cleaned manually to remove foreign
matter, immature seeds, damaged seeds and rendered free of dust, then stored in polyethylene bags at ambient
temperature (25+3°C).

Beef meat:

Beef meat of binned quarter and beef back fat were purchased from the local butcher shop at Tanta city, El-
Gharbia Governorate, Egypt. The meat was stored in a refrigerator at 5+1°C overnight, before experiment.

Other ingredients:

Spices, rusk, and salt (sodium chloride) were obtained from the local market at Tanta city, El-Gharbia
Governorate, Egypt. While, sodium tripolyphosphate, sodium ascorbate and sodium nitrite were obtained from
Adwic Laboratory Chemicals Co., Cairo, Egypt. Refined sunflower oil was purchased from Cairo Company for
Oils and Soap, Giza, Egypt.

Methods:
Preparation of lupine flour (LF):

Bitter lupine alkaloids have been removed from the seed by boiling for 30 min, then bitter lupine Steeping in
running water for 3 days to remove the antinutritional substances according to the procedure of Rahma and
Narsinga-Rao (1984). While, sweet lupine washed with running water for a few min. After that, lupine seeds
were dried in an air- oven dryer at 60+2°C, then lupine seeds were milled into flour by using a laboratory disc
mill (Braun AG Frankfurt Type: KM 32, Germany) for 2-3 min, and the resulting flours were ground in a
laboratory mill to obtain the lupine seed flours to particles passing through 60 mesh sieve and kept in
polyethylene bag until utilization and analysis.

Preparation of beef burger patties:

Three independent replicates of each batch were prepared in Laboratory of Food Science and Technology
Department, Faculty of Home Economic , AL- Azhar Univ. Beef burger patties were formulated to contain 65%
minced beef meat, 20% minced beef back fat, 10% (w/w) water (ice water), 1.5% (w/w) sodium chloride, 0.5 %
spices and 3% rusk as control sample, while tested samples were formulated to contain 5% or 7.5% from either
sweet lupine flour or bitter lupine flour individually by replacing meat. Curing salts were added by the following
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ratios of the final burger mixture, 0.3 Sodium tripolyphosphate, 0.03 Sodium ascorbate and 0.015 Sodium nitrite
according to Dreeling et al. (2000) and Oroszvari, et al. (2005 a & b).

Cooking of beef burger patties:

The beef burger patties were cooked for measuring the diameter shrinkage and organoleptic evaluation for
them. The beef burger patties were thawed at 4+1°C overnight in a refrigerator before frying, and not directly
from the frozen state. Whereas, 200 g for frying oil medium; refined sunflower oil, placed in stainless shallow-
pan and firstly heated at 165+5°C. then, the prepared beef burger patties were pan-fried individually at 165+5°C
for 6 min for each side; as described by Mansour and Khalil (1997); Dreeling et al. (2000) and Ou and Mittal
(2006).

Analytical Methods:
(1). Physico-Chemical Analysis:
a) Proximate chemical composition estimation:

Proximate composition: Moisture, protein (Nx6.25), ether extract, ash, and fiber contents of bitter and sweet
lupine seed flours and beef burger patties were determined using the methods of the A O A C (2000). Total
carbohydrates content was calculated by differences in bitter and sweet lupine seeds flour and beef burger patties
samples as followed:

% carbohydrates = 100- the sum of (% moisture + % protein + % fat + % ash).

b) Determination of amino acids composition:

Amino acids composition of tested sweet and bitter lupine seed flours was determined using HPLC-Pico-Tag
method according to Millipore Cooperative as reported by Cohen et al. (1989).

c) Determination of some functional properties of lupine seed flours:
1. Water absorption capacity (WHC):

The procedure of Sathe et al. (1982) was used to determine the WHC value for lupine flour. In this
procedure, 10 ml of water added to 1.0 g of each blend samples, the suspension was then stirred using magnetic
stirrer for 5 min. the suspension was transferred into centrifuge tubes and centrifuged at 3,500 rpm for 30 min.
the supernatant obtained was measured using a 10 ml measuring cylinder. The density of the water was assumed
to be 1g/ml. The water absorbed was calculated as the difference between the initial water used and the volume
of the supernatant obtain after centrifuging. The result was expressed as a percentage of water absorbed by the
blends on %g/g basis.

2. Oil absorption capacity (OAC):

The procedure of Sathe et al. (1982) was used as described above. Instead of water used, refined soybean oil
with density of 0.92g/ml was used. The oil and the flour blends (1g from blends in 10 ml oil) were mixed using a
magnetic stirrer at 1,000 rpm for 5 min and then centrifuged at 3,500 rpm for 30 minutes, the amount of oil
separated as supernatant was measured using 10 ml cylinder. The difference in volume was taken as the oil
absorbed by the samples. The oil absorbed was expressed as % g/g of oil absorbed.

3. Protein solubility (PS):

Protein solubility (PS) was determined according to the method of Aluko and Yada (1993) with some
modifications. Each sample was mixed with 0.01M sodium phosphate buffer, pH 7.0 to give a dispersion of
approximately 1% (w/v) protein content, followed by shaking on a vortex mixer for 5 min and centrifugation at
10 000 x g and 10°C for 30 min. The resultant supernatant (S1) was analyzed for protein content according to the
method of Markwell et al. (1978) and this was expressed as a percentage of the initial total protein content of the
meal lupine seeds to obtain the percentage of the solubility.
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4. Emulsifying capacity and emulsion stability:

Emulsifying capacity and emulsion stability were determined according to the method of Ockerman ( 1985)
and Cserhalmi et al. (2001) as follow: 1g of sample was dispersed in 1 M sodium chloride in a blender to give 1
% wi/v solution and corn oil was added to the dispersion by using a burette at the rate of 0.8-1ml /second and the
buildup of viscosity was observed during mixing, when emulsion visually collapses (increasing the blender
speed, decrease in emulsion viscosity and visual separation of emulsion was observed) the addition of oil was
stopped and the total added amount determined and the emulsion capacity expressed as the amount of oil
emulsified by 1 g of protein, the emulsion stability was determined by allowing the emulsions to stand at room
temperature (25+3°C) for 30 min and the volume of emulsion after 30 min of standing divided by the initial
emulsion volume and expressed as percentage.

5. Foam expansion and foam stability:

Foam expansion (FE) was determined according to the procedure described by Poole et al. (1984) and
sadeghi and Bhagya (2009). Sample dispersions containing 1% (w/v) protein were prepared in 0.01M sodium
phosphate buffer, pH 7.0 and homogenised for 30 s using a homogenizer (Braun AG Frank, 40-60 Hz /400W,
Tipe MX 32, No. 4142, German) The volume of foam obtained was expressed as a percentage of the initial
volume of the protein solution. To determine foam stability (FS), the volume of foam that remained after
standing at ambient temperature (25+3°C) for 30 min was expressed as a percentage of the initial foam volume.
d) The pH value determination:

The pH value for beef burger patties was determined by using a calibrated pH meter (Beckman model 3550,
USA) according to the procedure of Schoeni et al. (1991).

e) Estimation of water holding capacity (WHC):
Water holding capacity (WHC) was determined by filter press method described by Soloviev (1966).
f) Determination of total volatile basic- nitrogen (TVB-N) content:

The TVB-N content in prepared beef burger patties sample was determined by macro-distillation method as
described by Pearson (1976).

g) Determination of thiobarbituric acid (TBA) value:

The TBA values of prepared beef burger patties were estimated by colorimetric method at 538nm using
digital spectrophotometer Spekol 11 No. 849101 (as mg malonaldehyde / kg sample); according to the method of
Pearson (1976).

h) Calculation of cooking measurements:

Cooking yield, fat retention and water retention values were calculated by the method described by Aleson-
Carbonell et al. (2005). While, cooking shrinkage was calculated according to the method of EI-Akary (1986).

(2). Sensory Evaluation:

Sensory evaluation of pan-fried meat burger patties containing sweet or bitter lupine flour were sensory
evaluated according to the procedure of Lamond (1973) by panelists group of ten members randomly selected
from the staff members of Food Sci. and Techn. Dept., Fac. of Home Economic, Al-Azhar Univ. Tanta, Egypt.
Panelists were asked to score the color, flavor, tenderness, juiciness and overall acceptability properties
according to 10-points hedonic scale.

(3). Statistical Analysis:
The obtained results are represented as mean * standard error and were subjected to the analysis of variance

(ANOVA). Statistical analysis was performed using Origin® 7.0 SRO, V 7.0220 (B220), the criterion for
significance was P < 0.05; according the procedure of Gomez and Gomez (1984).
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Results and Discussion

1. Gross Chemical Composition of Sweet and Bitter Lupine Seed Flours:

3813

The gross chemical components; moisture, crude protein, crude fiber, ash and carbohydrate contents for
lupine seeds flour of sweet and bitter varieties were determined, and the obtained results are tabulated as in Table

).

Table 1: Proximate chemical analysis, on dry weight basis, of sweet and bitter lupine seed flours.

Tested Component (%)

Chemical Component % (M+SE*)

Sweet Lupine Flour (SLF)

Bitter Lupine Flour (BLF)

Moisture 14.34+0.18° 18.34+0.23°
Crude protein 3456 +0.342 39.40+0.34°
Ether extract 13.63 +0.45° 16.00+ 0.14°
Crude fiber 36.94 +£0.27 ° 2472+ 0.22°
Ash 3.60+0.18° 2.63x0.15°
Carbohydrate 11.27+0.22% 12.28+0.172

M+SE*: Mean =+ standard error for triplicate determinations of grass chemical component; the means within the same row having different
superscripts are varied significantly (at p <0.05).

As shown in Table (1), the moisture, crude protein, crude fat (ether extracts), crude fiber, ash and
carbohydrate contents for sweet lupine seeds flour (SLF) were 14.34, 34.56, 13.63, 36.94, 3.06 and 11.27 %,
versus 18.34, 39.40, 16.00, 24.72, 2.63 and 12.28 % for bitter lupine seeds flour (BLF), on dry weight basis;
respectively. Therefore, the BLF contained moisture, crude protein, crude fat and carbohydrate at a significant (p
< 0.05) higher contents than those in the SLF. In contrast, the SLF contained significant (p< 0.05) higher
contents of ash and crude fiber than those in the BLF. These results are in agreement with those reported by
Clark and Johnson (2002); Linnemann and Dijkstra (2002); Mulayim et al (2002); Hall et al. (2005); Sironi et al.
(2005); Martenez-Villaluenga et al. (2006,); Smith et al. (2006) Capraroa et al. (2008) and Kohajdova et al.
(2011). In this concern, it has been reported that although lupine belongs to the legumes and is not described as
an oil seed crop, its seeds contain a considerable amount of oil ranged between 5% and 20% crude oil of whole
seed weight (Mohamed and Rayas-Duarte, 1995; Ciesolska et al., 2005 and Uzun et al., 2007).

2. Amino Acids Composition of Sweet and Bitter Lupine Seed Flours:

Indispensable amino acids (IAAs) composition was determined and compared with the reference protein
pattern of FAO/WHO (1973) as shown in Table (2).

Table 2: Indispensible amino acids (IAAs) composition (g/16gN) of sweet and bitter lupine seed flours.

Indispensable amino acids (IAAS) The IAA content* FAO/

Sweet Lupine Flour Bitter Lupine Flour WHO

(SLF) (BLF protein

g/16 gN AS* g/16 gN A.S* pattern
Lysine 4.47 81.27 4.56 82.90 5.5
Leucine 7.38 105 7.18 102 7.0
Isoleucine 4.60 115 4.46 111 4.0
Valine 3.70 74 3.62 72 5.0
Therionine 3.43 85 3.50 87 4.0
Meth +Cyst 1.93 55 1.88 53 35
Phen+Tyro 8.85 147 8.78 146 6.0
Total .LA.As 34.36 -- 33.98 -- - -

IAA content*: Mean of triplicate determinations for IAA content. A.S*: Chemical score for indispensable amino acid;  Meth + Cyst:

Methionine and Cysteine; Phen + Tyro: Phenylalanine and Tyrosine.

From the obtained data (Table 2), it could be also observed that the sweet lupine seeds flour had higher
amounts of leucine, isoleucine and aromatic amino acids (Phenylalanine and tyrosine) than bitter lupine seeds
flour. The data in Table (2) also showed that the first limiting amino acid in lupine seeds flour (sweet and bitter)
was the sulfur containing amino acids, while the second limiting amino acid was therionine and the third limiting
amino acid was valine. These results are in agreement with those obtained by Kohajdova et al. (2011).

From the obtained data (Table 2), it could be also concluded that lupine seeds flour of the tested two
varieties was rich with leucine, isoleucine and aromatic amino acids (Phenylalanine and tyrosine). It was
considered to be a good source of lysine, and was generally poor in the sulfur-containing amino acids;
methionine and cysteine (Martinéz-Villaluenga et al., 2006,; Drakos et al., 2007; Gulewicz et al., 2008) and
threonine (Pisarikova et al., 2008).
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3. Functional Properties of Sweet and Bitter Lupine Seed Flours:

Table (3) shows some functional properties of flours produced from the tested two lupine seed varieties.
From the former data (Table 3), it could be showed that produced from the bitter lupine seeds flour has higher
values of the examined functional properties than those for the sweet lupine seeds flour. In general, the present
results (Table 3) indicated that the lupine flour produced from the two lupine varieties had good functional
properties which make it useful in meat products to enhance water and lipid binding capacities which resulted in
high quality meat products. Lupine proteins possess important emulsifying properties and are expected to
contribute to the stabilization of fat particles. Additionally, their gel-forming ability allowed them to strengthen
the structure of a processed/cooked product and meat products. It has been that lupine protein concentrates have
a better emulsifying capacity and poorer emulsion stability than whole flour (Pollard et al., 2002). In this rank,
Raymondo et al. (1998) increased the emulsion stability of lupine proteins by thermal treatments which favored
protein binding, yielding the development of an entanglement network. The emulsifying properties are thus
promising functional characteristics for further development of lupins utilization in producing of food products
(Pollard et al., 2002 and Drakos et al., 2007).

Table 3: Functional properties of sweet and bitter lupine seed flours.

Tested Functional Property Functional property (M+SE)*
Sweet Lupine Flour Bitter Lupine Flour (BLF)
(SLF)
Protein solubility (PS) % 55+1.73% 60 +1.67°
Water absorption capacity (g/100g) 210+1.97° 227 +2.08°
Fat absorption capacity (9/100g) 285+ 2.84°2 278+2.41°
Emulsion capacity (EC) (ml oil/g protein) 180+2.83° 185 +2.94°
Emulsion stability (ES) % 78+0.29° 81.5+0.35"
Foam expansion (FE) % 112 +2.76° 126 +2.99°
Foam stability (FE) % 73.38 0572 78.46 + 0.47 "

M4+SE*: Mean + standard error for triplicate determinations of functional property; the means within the same row having different
superscripts are varied significantly (at p <0.05).

4. Gross Chemical Composition of Beef Burger Patties Containing Lupine Seed Flours:

Gross chemical components; moisture, crude protein, either extract, ash, crude fibers, carbohydrate contents
for beef burger patties contained either sweet lupine flour (SLF) or bitter lupine flour (BLF) at either 5 % or 7.5
% related to meat weight used in burger pattie formulations and the control beef burger pattie sample no
containing any lupine flour were shown in Table (4).

Table 4: Proximately chemical composition (%, on dry weight basis) of beef burger patties as affected by the addition of tested lupine seed
flours.

Tested Component Chemical component % (M+SE*)
Control Tested Treatments
5% SLF 7.5% SLF 5% BLF 7.5% BLF

Moisture 63.65+0.28 * 61.86+0.31° 60.47+0.32°° 62.06+0.29 ° 60.77+£0.33 ¢
Crude protein 45.50+0.33 % 45.02+0.23 % 45.21+0.11% 45.88+0.10 ° 45.49+0.28 %
Ether extract 28.47+0.10° 28.52+0.17 * 28.98+0.19 ¢ 29.45+0.19°° 29.56+0.18 °
Ash 6.16+0.17° 6.12+0.12° 6.21+0.14° 6.11+0.11° 5.96+0.13°
Crude fibers 3.24+0.05 2 7.94£0.06 " 9.96+0.09 ¢ 7.39£0.05° 9.73+0.12°¢
carbohydrate 9.63+0.20 ° 9.33+0.21° 9.61+0.11° 9.54+0.15° 9.78+0.14°

M=SE*: Mean + standard error for triplicate determinations of chemical component; the means within the same row having different
superscripts are varied significantly (at p <0.05).

SLF: Sweet lupine seeds flour BLF: Bitter lupine seeds flour.

Component*: Determined component based on dry weight basis.

As shown in Table (4), the gross chemical components of all tested burger patties were not changed
significantly (at p< 0.05), except crude fibers content which was increased from 3.24 % for the control beef
burger pattie sample, no containing lupine seeds flour to 7.39 — 7.94 and 9.73 — 9.96 % in beef burger patties
contained either 5 % or 7.5 % of lupine seeds flour; respectively. Whereas, the replacing of meat with lupine
seed flours was reflected on the fiber content of the burger pattie samples containing lupine seed flour, since the
fiber content increased by replacing of meat with lupine seed flour as the replacing level was increased.

5. Physico-Chemical Quality Criteria of Beef Burger Patties Containing Lupine Seed Flours:

The most important physico-chemical quality criteria including the pH, water holding capacity (WHC), total
volatile basic-nitrogen (TVB-N) and thiobarbituric acid (TBA) values of tested beef burger patties as affected by
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the addition level from sweet and bitter lupine seed flours was investigated. The obtained results are recorded in
Table (5)

Table 5: Physico-chemical quality criteria of beef burger patties as affected by the addition of tested lupine seed flours.

Tested Criterion Physicochemical (M+SE*)

Control Tested Treatments

5% SLF 7.5% SLF 5% BLF 7.5% BLF

PH value 6.72+0.07% 6.82+0.03* 6.84+0.06° 6.78+0.03* 6.82+0.04*
WHC** 78.92+0.23° 80.96+0.17" 83.74+0.11° 81.55+0.17° 84.66+0.40°
TVB-N content 13.21+1.4° 12.72+1.2° 12.65+1.7% 12.57+1.9° 12.42+2.17
(mg/ 100g sample)
TBA value 0.96+0.12° 0.85+0.09° 0.80+0.09° 0.83+0.089%® 0.79+0.078%
(mg/kg sample)

M+SE*: Mean + standard error for triplicate determinations of physico-chemical quality characteristic; the means within the same row
having different superscripts are varied significantly (at p <0.05).
SLF: Sweet lupine seeds flour; BLF: Bitter lupine seeds flour;
Nitrogen; TBA: Thiobarbituric acid.

WHC**: Water holding capacity; TVB-N: Total volatile basic-

From the obtained results (Table 5), it could be noticed that the replacing of meat with lupine seed flour
resulted in a slight non-significant increase in the pH values of lupine flour containing burger patties when
compared to the pH value for the control sample no containing any flour (Oroszvari et al,. 2006,)

As given in Table (5), it could be also observed that the water holding capacity (WHC) of beef burger
samples increased significantly by replacing of meat with lupine seed flour. On the other hand, the incorporation
of lupine seed flours into beef burger patties caused a significant (p< 0.05) increase in water holding capacity
(WHC) value. Whereas, the increasing rate in the WHC of burger patties increased with increasing the added
ratio from lupine flour, regardless of the lupine seed variety. In addition, the WHC values of samples containing
bitter lupine flour were higher than the corresponding values for burger samples containing sweet lupine flour,
this variation due to the higher water absorption ratio of bitter lupine seed flour as reported by Stahnke (1995).

From the same previous data (Table 5), it could be also observed that total volatile basic-nitrogen (TVB-N)
content of beef burger patties as affected by incorporating sweet lupine flour and bitter lupine flour into the beef
burger caused the reduction in their TVB-N contents, as the addition level of sweet lupine flour and bitter lupine
flour was increased from 5 to 7.5 %. Beef burger patties contained sweet lupine flour and bitter lupine flour
individually represented the TVB-N content of 12.42 — 12.72 mg/100g, versus 13.21 mg/100g for the control
sample, on wet weight basis, and also noted that beef burger formulated by addition of bitter lupine flour
contained lower content of total volatile basic-nitrogen (TVB-N) than that found in beef burger formulated by the
addition of sweet lupine flour.

Concerning the thiobarbituric acid (TBA) value for prepared beef burger patties as a good indicator for the
amount of malonaldehyde which is the most predominant product of the secondary oxidation in the food lipids,
hence it is considered a good chemical constant for quality assurance and for measuring the extent of the
secondary oxidation of edible lipids during processing and storage (Jeffery et al., 2003 and Podsedek et al.,
2006). As shown in Table (5), the TBA values of the tested beef burger patties formulated by replacing of meat
with 5 % and 7.5 % of either sweet lupine flour or bitter lupine flour were lower (0.79-0.85 mg malonaldehyde
/kg wet weight of product) than that of control sample (0.96 mg malonaldehyde /kg wet weight of product).
Meanwhile, beef burger containing bitter lupine flour contained lower amount of thiobarbituric acid (TBA) than
that found in beef burger formulated by addition of sweet lupine flour. The formation of lower amount of
thiobarbituric acid (TBA) in beef burger after processing could be attributed mainly to the auto-oxidation of beef
burgers lipids bacteriologically and formation of some TBA-reactive compounds (Butler and Larick,1993), while
the reduction in the increment rate of that value for beef burger samples containing lupine flour than the control
sample could be attributed to some of antioxidant (phenol compounds) and tocopherols found in lupine seeds
flour (Duranti, 2006; Rochfort and Panozzo, 2007 and Pastor-Cavada et al., 2009.).

From previous discussion it could be seen that beef burger containing sweet or bitter lupine seed flour had a
good quality, and the incorporation of the sweet or bitter lupine seed flour into the beef burger trials, as a
substitute of meat, could be improved their physico-chemical quality criteria and nutritional quality with regards
crude fiber content.

6. Cooking Measurements of Beef Burgers Containing Lupine Seed Flours:

Regarding cooking measurements (cooking yield, cooking shrinkage, moisture retention, and fat retention )
which are considered one of the most important physical quality changes occur in beef burgers during cooking
process due to protein denaturation and releasing of fat and water from beef burger patties (Stahnke, 1995 and
Oroszvari et al., 2005p). Therefore, the impact of incorporating of sweet and bitter lupine seed flours individually
at ratios of either 5 % or 7.5 % from meat weight used in burger formulation on cooking measurements;
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including cooking yield, cooking shrinkage, moisture retention and fat retention of producing burger patties,
compared to the control burger pattie was studied. The obtained results are tabulated as in Table (6).

Table 6: Cooking measurements of beef burger samples as affected by the addition of tested lupine seed flours.

Tested measurement Cooking measurement value (%; M+SE*)
Control Tested Treatments
5% SLF 7.5% SLF 5% BLF 7.5% BLF
Cooking yield 68.66 ° 76.81° 78.57 ¢ 73.91° 79.86 ¢
cooking Shrinkage 33.37° 28.00 ¢ 26.33° 2459° 22.69°
Moisture retention 66.15° 70.41° 71.76° 71.72° 72.11°
Fat retention 69.847 72.80° 75.87°¢ 72.83° 75.32°

M+SE*: Mean * standard error for triplicate determinations of cooking measurement; the means within the same row having different
superscripts are varied significantly (at p <0.05).
SLF: Sweet lupine seeds flour; BLF: Bitter lupine seeds flour.

From the obtained results (Table 6), it could be noticed that the cooking yield percentage of beef burger
samples containing lupine flours at levels of 5 and 7.5 % was significantly higher (P<0.05) than that for the
control sample. The cooking yield increased with increasing the level of lupine flour incorporated into beef
burger pattie from 5 to 7.5% in each lupine flour burger pattie containing, these results are similar to those
obtained by Stahnke (1995). From the same Table, it could be noticed that cooking shrinkage percentage of beef
burger samples containing lupine flour were lower (P<0.05) than the control, also, cooking shrinkage percentage
decreased as the level of added lupine flour increased from 5 to 7.5 % in each lupine treatment. These results are
in accordance with those found by Oroszvari et al. (2005,) and Oroszvari et al. (2006, and ).

Also, From the same results (Table 6), it could be showed that moisture retention and fat retention values of
beef burger samples increased with incorporate lupine flour into the beef burger patties, also the values of
moisture and fat retention were increased with increasing lupine flour level in beef burger samples, which were
attributed to the high water and oil binding capacities of lupine flour. These results are in accordance with those
found by Lopez et al. (1991); Aluko et al. (2005) and Sadeghi and Bhagya (2009).

7. Sensory Quality Criteria of Beef Burgers Containing Lupine Seed Flours:

The organoleptic quality properties of meat products are greatly affected by the ingredients used in
processing treatments and correlated significantly with physico-chemical quality criteria of these products.
Sensory evaluation, together with estimation the former criteria have been used extensively to assess the quality
of meat products. Therefore, the organoleptic quality criteria (Color, flavor, tenderness, juiciness, overall
acceptability) of beef burger containing sweet and bitter lupine seed flours were evaluated sensory and the
obtained data are recorded in Table (7).

Table 7: Sensory quality properties score for prepared beef burger patties containing the tested lupine seed flours.

Sensory property Sensory property score (M+SE*)
Control Tested Treatments

5% SLF 7.5% SLF 5% BLF 7.5% BLF
Color 8.1+0.07a 8.3 +£0.10° 8.3 £0.09° 8.1+0.13° 8.1+0.19°
Flavor 7.9+0.11b 8.6 +0.13° 9.1 +0.149 7.7 +0.10® 7.4 +0.06%
Tenderness 8.3+ 0.14ab 8.3+ 0.09% 8.5+ 0.06° 8.1+0.07%® 7.9+0.13°
Juiciness 7.6£0.12a 7.9+0.05® 8.4+0.12° 7.6 £0.04° 8.2+0.10°
Overall acceptability 8.0+0.11a 8.3 + 0.09% 8.6 +0.10° 7.9+0.117 7.9+0.12°

M+SE*: Mean + standard error for sensory quality property; the means within the same row having different superscripts are varied
significantly (at p <0.05).
SLF: Sweet lupine seeds flour; BLF: Bitter lupine seeds flour.

As illustrate from sensory evaluation results (Table 7), the control and lupine flours containing beef burger
patties exhibited very good or excellent sensory quality and better acceptability; especially those containing
sweet lupine seed flours which had judging score ranged between 7.9 and 9.1 for all organoleptic quality
properties.

Generally, it could be concluded that the incorporation of sweet lupine seed flour into beef burger patties, as
a good functional and nutritional properties meat replacer, at the tested levels; 5 & 7.5 % of meat weight used in
burger pattie formulation resulted in producing burger patties without detrimental effect on the sensory attributes
besides improving physiochemical properties and cooking measurements of the product.
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