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Abstract

L-glutaminase (L-glutamine amidohydrolase EC3.5.1.2) is the key enzyme in enhancing the taste and aroma of oriental fermented
foods by increasing their glutamic acid content and as a result imparting a palatable taste. Beef burgers were prepared using differ-
ent levels of the partially purified L- glutaminase (2.0 t010.0 U/100 g) prepared from Aspergillus oryzae NRRL 32567. Beef burgers
treated with 6.0 U/100g and the others treated with monosodium glutamate (5000 ppm) were chemically, sensory and microbio-
logically evaluated and compared to untreated control during frozen storage at -18 °C for 3 months. Treatment with L-glutaminase
(6 U/100g) resulted in an increase of 443% in glutamic acid and a reduction of 63% in glutamine contents resulting in an enhanced
preferable taste and odor of the prepared beef burgers. Burgers treated with 6.0 U/100g exhibited the best odor, texture, taste and
overall quality scores when compared to the untreated control and samples treated with monosodium glutamate (5000 ppm). Dur-
ing the frozen storage of all samples, an expected slight, but significant (p<0.05), increase in the total mesophilic bacterial count
was evident and such increase was quite acceptable since numbers did not exceed the limit of 5.7x10° cfu/g. Similarly, the total
psychrotrophs did not exceed 3.7x10° cfu/g.
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as a flavor enhancing agent in beef burgers. Theory and practice of meat processing, 6(4), 375-380. https://doi.org/10.21323/2414-
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Introduction

L-Glutaminase (L-glutamine amidohydrolase EC3.5.1.2)
catalyzes the hydrolysis of L-glutamine to L-glutamic acid
and ammonia [1,2]. L-glutaminase is generally regarded as
a key enzyme in enhancing the taste and aroma of oriental
fermented foods such as soy sauce by increasing their glu-
tamic acid content and thereby imparting a palatable taste
[3,4,5]. Amino acids that are produced by the enzymatic
degradation of the proteins contained in the raw materials
are well known as basic flavor components of fermented
condiments. L-glutamic acid is one such flavor enhancing
amino acid produced by the hydrolytic action of L-gluta-
minase on L-glutamine [6,7].

Monosodium glutamate (MSG) gives the taste “umami’,
which has been widely recognized as the fifth basic taste
besides sweet, acid, salty and bitter. It has been widely used
as a flavor enhancer in the food industry. However, there
is some questions about its safety, since it may cause some
side effects for some people such as wheezing, changes in
the heart rate and difficulty in breathing [8,9]. Therefore,
the need to develop a safer natural flavor enhancer as an
alternative to MSG has been increased.

Glutamic and aspartic acids are well known amino ac-
ids contributing not only fine taste, “umami” and sharp
sour taste but also nutritional effects to food [10,11]. There-
fore, in the present study, microbial L-glutaminase has re-
placed the use of monosodium glutamate to enhance flavor
in beef burgers. Besides, the effect of such replacement on

the chemical, sensory and microbiological quality of the
produced burger were evaluated.

Materials and methods

Enzyme
Partially purified Aspergillus oryzae NRRL 32567 L-glu-
taminase was utilized in this study [12,13].

Raw materials

Frozen lean beef and fat were purchased from the local
market in Giza, Egypt. Soy flour was obtained from Food
Technology Research Institute, Agricultural Research Cen-
ter, Giza, Egypt.

Formulation of beef burgers

Beef burgers were prepared, in accordance with the
Egyptian standard specification for beef burgers (ES:
1688-2005) [14], as follows: 60% frozen lean beef, 20%
fat, 10% soy flour, 1.3% spices mixture, 1.7% salt, 1% corn
starch, 1% casein and 5% onion. All ingredients were well
mixed and then the mixture was divided into two batches.
The first batch was divided into six treatments (a control
and five treatments with partially purified L-glutaminase
at different concentrations, from 2.0 to 10.0 U/100 g).
Each treatment was separately mixed for 5 min at medi-
um speed to obtain homogeneous mixture. This mixture
was shaped using a commercial burger maker to obtain
burgers of approximately 9 cm diameter, 50 g in weight
and 0.5 cm thick. Burgers were then cooked by frying in
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sunflower oil and evaluated by sensory analysis. The sec-
ond batch was divided into three portions; the first was
used as control, the second (treatment A) was mixed with
5000 ppm of monosodium glutamate, while, the third
batch (treatment B) was mixed with 6.0 U/100g of the
partially purified glutaminase (as the best enzyme con-
centration). Each treatment was processed as described
before to obtain beef burgers that were packed in foam
plates and stored at -18 °C for 3 months. After storing,
samples from the three treatments were chemically and
microbiologically evaluated (after thawing) every month.
Sensory evaluation was performed on the cooked burgers
only at the end of storage.

Enzyme assay

The glutaminase activity was assayed according to Ima-
da et al. [15]. One unit of glutaminase was defined as the
amount of enzyme that liberates 1 pmol of ammonia under
optimal assay conditions.

Chemical analyses

Moisture, protein, fat, crude fibers, total ash and total
carbohydrates of beef burger samples were determined
according to the official methods [16]. Free amino acids
(FAA) were analyzed by HPLC [17]. The pH value of beef
burger samples was measured by homogenizing 10 g of
sample with 100 ml distilled water for 30 sec. The pH of the
prepared sample was measured using a pH meter (Orion
301, USA) at 20°C [18].

Microbiological quality

Samples (30 g) were aseptically taken from each beef
burger and homogenized with peptone water (0.1%) in a
Lab-Blender for 3 min to have a final dilution of 1:10. Se-
rial decimal dilutions were made using the same diluent
and then plated in duplicate for bacterial counts. Aerobic
mesophilic bacteria were determined on plate count agar
(Merck, Darmstadt, Germany) after 48 h incubation at
30°C. Mold and yeast were counted on acidified potato
dextrose agar (Merck, Darmstadt, Germany) after 48 h in-
cubation period at 28°C. Coliform group was determined
on MacConkey agar (Merck, Darmstadt, Germany) after
48 h incubation at 37°C. Psychrotrophs were determined
on plate count agar (Merck, Darmstadt, Germany) after
ten-day incubation at 7°C [19].

Sensory evaluation

Burgers were assessed for a number of sensory char-
acteristics by ten members from the Food Science De-
partment, Faculty of Agriculture, Cairo University,
Egypt. They were selected on the basis of interest and ex-
perience in sensory evaluation and availability. Panelists
were instructed to evaluate color, texture, taste, odor and
overall quality using 10-point hedonic scale for grad-
ing the quality of samples where, 10 points indicated the
highest acceptability and 5 was the acceptance bound-
ary. On the other hand, 4 points indicated unacceptable
samples [20].

Statistical analysis

Results were subjected to one way analysis of variance,
ANOVA [21], and data were presented as the mean of three
experiments.

Results and discussion

Chemical composition of frozen beef

The chemical composition of the frozen beef meat was
as follows (g/100 g fresh weight): 75.0, moisture; 18.5, pro-
tein; 5.56, fat; 1.0, ash and zero total carbohydrates. These
results were in accordance with those of Gehan and Emara
[22] and Kassem et al. [23].

Chemical composition of frozen beef burgers

The moisture content of prepared beef burgers at zero
time was 62.51, 62.49 and 63% for control, treatment A and
treatment B samples, respectively. A slight reduction in the
moisture content during burger frozen storage was expected
and it was due to the evaporation of moisture through the
polyethylene bags [24,25]. The protein content was 15.2,
15.18 and 15.5% for the control, treatment A and treatment
B samples, respectively at zero time. A very slight decrease
in the protein content during frozen storage at -18°C was
noted and might be a result of slight protein degradation by
meat enzymes [26]. Also, at zero time, the fat content was
16.72, 16.70 and 16.3%, ash content was 1.73, 1.75 and 1.77%,
crude fibers content was 1.26, 1.33 and 1.00% and carbo-
hydrate content was 2.58, 2.55 and 2.45% for the control,
treatment A and treatment B samples, respectively. On the
other hand, during storage at -18°C, storage such values
were slightly increased for all samples due to a decrease in
the moisture content [25,27,28]. The hydrolysis of meat pro-
teins generates polypeptides that can be further degraded
to smaller peptides and free amino acids. This degradation
can be produced by endogenous and microbial enzymes
as reported by different authors [29,30,31]. The results for
free amino acids generated during beef burger processing
of both the control and treatment B are presented in Table
1. Mainly, results clearly show an increase in the amount of
glutamic acid from 23 to 125 mg/100 g and a decrease in glu-
tamine content from 119 to 75 mg/100 g in the control and
treatment B samples, respectively. These results were the di-
rect effect of the added L-glutaminase. Such findings were
confirmed when both odor and taste scores increased by the
addition of L-glutaminase up to 6.0 U/100 g(Table 2). It was
reported that the large amounts of hydrophobic amino acids
(such as methionine, valine, leucine and tryptophan, which
are usually associated with bitter taste) were generated dur-
ing processing [32,33]. Some of these amino acids, especially
the branched-chain amino acids, have been proved to be
metabolized by Debaryomyces sp. generating volatile com-
pounds in dry fermented sausage [34]. Meanwhile, high
quantities of alanine and glutamic acid caused a sweet taste
and umami sensation, respectively, the final sausages [35].
Therefore, the balance of these free amino acids will affect
the sensory characteristics of the product [36,37].
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Table 1. Free amino acid (FAA, mg per 100 g dry matter)
concentration in beef burgers at zero time

FAA Control Treatment B
Asparagine 34 3.9
Glutamic acid 23.0 125.0
Serine 8.3 9.2
Glycine 20.6 25.0
Glutamine 119.0 72.0
Alanine 58.0 61.0
Arginine 7.1 7.4
Proline 8.2 94
Tyrosine 53 10.0
Histidine 4.2 6.1
Threonine 6.7 8.2
Valine 8.5 10.0
Methionine 34 9.2
Tryptophan 2.1 4.1
Leucine 9.0 13.0

Sensory evaluation of beef burgers as affected by

different levels of partially purified glutaminase

Beef burgers were prepared using different levels of par-
tially purified glutaminase (2.0 to 10.0 U/100 g) and data
are presented in Table 2. Results indicate that, odor scores
ranged from 6.5 to 9.0 and the best odor was observed
for the sample with enzyme treatment of 6.0 U/100g.
Meanwhile, increasing the enzyme concentration above
6.0 units caused a gradual decrease in the odor attribute.
Increasing the enzyme concentration, up to 8.0 U/100 g,
in burger treatments caused an increase in texture scores.
This increase in texture scores may be due to the increase
in the proteases content contaminating the partially puri-
fied glutaminase. These proteases improved tenderness of
beef burgers as compared with the control sample. Regard-
ing taste, it was noticed that by increasing the glutaminase
level, the taste scores increased reaching the highest level
of 9.0 for samples treated with 6.0 U/100 g followed by a
gradual decrease where scores of 7.5 and 6.0 were obtained
for samples treated with 8.0 and 10.0 U/100 g, respectively.
Such decrease in scores was due to the appearance of bit-
ter taste (as distinguished by panelists) which was prob-
ably due to the degradation of protein and an increase in
the bitter amino acids such as: methionine, valine, leucine
and tryptophan [32]. The highest color score (8.8) was re-
corded for the control sample. By increasing the enzyme
level, the color attribute decreased due to the increase in

the undesirable dark color, which was probably due to the
formation of the Maillard reaction between reducing sug-
ars and the formed amino acids and the lowest score (6.0)
obtained at 10.0 U/100 g. Also, the highest overall qual-
ity score of 8.6 was given by the panelists for the sample
treated with 6.0 U/100 gfollowed by the score of 8.0 for the
sample treated with 4.0 U/100 g. Therefore, the concentra-
tion of 6.0 U/100 g was selected as the best enzyme concen-
tration and was used for the further experiments.

Data in Table 3 indicate that the pH values of differ-
ent beef burgers (control, treatment A and treatment B) at
zero time ranged from 6.15 to 6.60 with significant differ-
ences (5% level) between them. Similarly, the pH values of
all samples during storage showed significant differences
(p<0.05). A slight but significant decrease in pH values
for all samples was noted after one month of storage. This
might be due to the breakdown of glycogen to lactic acid
[24]. Then, pH values were stable until the end of storage.

Table 3. pH values of beef burgers during frozen storage at -18 °C
for 3 months.

Storage time (month)

Treatments
Zero 1 2 3
*C **6.15¢, 6.05, 6.02°, 6.01°,
A 6.25", 6.15" 6.12° 6.11°
B 6.60°, 6.47°, 6.46°, 6.45°,

*C = Control, A = treatment with monosodium glutamate at

5000 ppm, B = treatment with partially purified glutaminase (6.0 U/100 g)

** Means followed by different superscripts (within each column) and
different subscripts (within row) are significantly different (p <0.05).

Microbiological quality of beef burger

The total bacterial count has been used to assess sanitary
quality and safety of various meat products. High microbi-
al load leads to certain undesirable changes in color, flavor
and accumulation of their toxins in meat [38]. The results
(Table 4) indicate that at zero time all samples including
control were acceptable in terms of microbiological qual-
ity since the microbial load range was 3.1-3.3x10° cfu/g,
which was much lower than the limit (10° cfu/g) of the
Egyptian Standard Specification (ES: 1688-2005) of fro-
zen beef burgers [14]. It is essential to start with clean raw
materials to get high quality products even over a period
of long-term storage. During storage, an expected slight,
but significant (p<0.05), increase in the microbial count
was evident and such increase was quite acceptable since
numbers did not exceed the limit of 10°. This could be due

Table 2. Sensory evaluation of beef burgers as affected by different levels (2.0 to 10.0 U/100 g) of partially purified glutaminase + SD

Treatments
Characteristic
*C 2U 4U 6U 8U 10U
Odor **7.04+0.00 7.5+ 0.01 8.2°+0.03 9.0°+0.00 7.2¢+0.01 6.5¢+0.01
Color 8.8 +0.02 8.5 +0.00 8.2+0.01 7.54+0.02 7.0¢+£0.01 6.0+0.00
Texture 7.5¢+0.00 8.0°+0.01 8.5°+0.02 8.9°+0.00 9.0°+0.00 8.0°+0.02
Taste 6.5¢+0.01 7.5+ 0.01 8.0°+0.00 9.0°+0.01 7.5°+0.02 6.0°+0.01
Overall quality 7.04+0.03 7.7°£0.02 8.2°+0.01 8.6+ 0.02 7.7°£0.03 6.1°£0.00

* C = Control ** Means followed by different superscripts within each row are significantly different (p <0.05).
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to an increase in the amounts of free nitrogen compounds
as well as fatty acids due to the slow activity of proteases
and lipases during storage, which allow for better micro-
bial growth.

Microorganisms that can grow at refrigerated condi-
tions have usually been called psychrotrophic microorgan-
isms. They are a subgroup of mesophilic microorganisms
and when presented in large numbers can cause a variety
of off-flavors as well as physical damage to refrigerated
food [39]. Psychrotrophic bacterial counts (cfu/g) in beef
burgers (treatment A and B as well as control) were moni-
tored during storage at — 18 °C for three months (Table 5).

Table 4. Total bacterial count (cfu/g) in beef burgers during
frozen storage at —-18 °C for 3 months.

Storage time (month)

Treatments
Zero 1 2 3
*C #33x10%,  3.9x10%  4.8x10%  5.7x10%
A 3.0x10% ~ 3.2x 103"b 3.6x10%  4.5x 103"a
B 31x10%,  37x10%  42x10%  5.7x10%

* C = Control, A = treatment with monosodium glutamate at 5000 ppm,

B = treatment with partially purified glutaminase (6.0 U/100 g).
** Means followed by different superscripts (within each column) and
different subscripts (within each row are significantly different (p <0.05).

Table 5. Psychrotrophic count (cfu/g) in beef burgers during
frozen storage at -18 °C for 3 months.

Storage time (month)

Treatments
Zero 1 2 3
*C HL6x10%,  2.1x10%  25x10%  3.7x10%
A <10 <10 <10 <10
B <10 1.8x10%  22x10%  3.5x10%*

* C=Control, A = treatment with monosodium glutamate at 5000 ppm,
B = treatment with partially purified glutaminase (6.0 U/100 g).
** Means followed by different superscripts (within each column) and
different subscripts (within row) are significantly different (p <0.05).
*** Estimated Standard Plate Count (ESPC/g).

Counts in the control and treatment B show a similar
trend, where a slight increase in the psychrotrophic count
was noted during storage and did not exceed 10* cfu/g. On
the other hand, samples A showed no growth at all and
this was probably due to the inhibiting effect of mono-
sodium glutamate [40]. Similarly, a slight but significant
increase, in the mold and yeast count was observed dur-
ing storage with no significant differences between control
and sample B. Sample A showed lower counts and this
was probably due to the inhibitory effect of monosodium

glutamate [40,41] and in all cases numbers did not exceed
3.6 x10° cfu/g, which is very acceptable. The Egyptian Stan-
dard (ES: 1688-2005) [14] for frozen beef burgers indicates
that the coliform group count should not exceed 10* cfu/g.
However, there was no evidence of the presence of the co-
liform group in any treatment as well as the control.

Sensory evaluation of beef burgers

The results for sensory evaluation of beef burgers after
three months of storage are presented in Table 6. Most of
beef burger characteristics have been affected by the en-
zymatic treatment (B). The highest odor, texture and taste
scores (8.9, 8.9 and 8.5, respectively) were recorded for
treatment B. Meanwhile, the lowest color score (7.0) was
given by the panelists for treatment B; the color score de-
creased due to the increment in the undesirable dark color,
which was probably due to the formation of the Maillard
reaction between reducing sugars and the formed amino
acids. Also, the highest overall quality score (8.6) was for
treatment B. Therefore, it can be concluded that, the par-
tially purified glutaminase improved the overall quality of
frozen beef burgers especially, the enhancement in odor
and taste.

Table 6. Sensory evaluation of beef burgers at the end of 3 month
of frozen storage at -18 °C (xSD).

Characteristics Treatments

*C A B
Odor **7.0¢+£0.01 7.5°+0.00 8.9 +0.02
Color 8.8*+£0.00 8.7°+£0.00 7.0°+0.01
Texture 7.9°+0.02 8.1'+0.01 8.9°+0.00
Taste 6.5+ 0.00 7.7°+0.02 8.5+ 0.01
Overall quality 7.3£0.03 7.9°+0.02 8.6°+£0.00

* C=Control, A = treatment with monosodium glutamate at 5000 ppm,
B = treatment with partially purified glutaminase (6.0 U/100 g).
** Means followed by different superscripts within each row are
significantly different (p<0.05).

Conclusion

The extracellular L-glutaminase of Aspergillus oryzae
NRRL 32567 was successfully utilized as a flavor enhancing
agent in beef burgers. The produced burgers showed high
sensory scores as well as high microbiological quality. As a
result, L-glutamiase from this source could be considered
as a potential flavor improver in food industries replacing
monosodium glutamate. However more applications on
other products should be also tested.
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