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Introduction 
 

Lipid oxidation and growth of undesirable 

microorganisms in food products result in the 

development of spoilage, rancidity and 

deterioration, rendering such products 

unacceptable for human consumption (Bozin 

et al., 2007). In an effort to retard this process, 

several synthetic food additives have been 

widely used in the meat industry. However, 

the application of synthetic antioxidants has 

been recently restricted due to the 

toxicological effects of synthetic antioxidants 

and there is suspicion that they are 

carcinogenic. Consumers have shown 

preference for the use of natural antioxidants 

(Byrd, 2001; Johnston et al., 2005). Natural 

plants can inhibit oxidative rancidity and delay 

the development of off-flavor in some 

products.  

 

Lemongrass (Cymbopogon citratus), a tall 

perennial grass comprising of about 55 

species, is native to warm region and grows in 

This study evaluated the use of lemongrass oil (0.5, 0.75 and 1%) in the formulation of 

camel burger on some chemical, physical, microbiological and sensory characteristic 

during cold storage at 4°C for 12 days. Increased the level of lemongrass improved the 

physical properties of camel burger. The lowest cooking loss and reduction in 

diameter % was found in camel burger formulated with lemongrass oil. During cold 

storage TBA and TVBN values were significantly increased as the time of storage 

increased but camel burger formulated with lemongrass oil had the lowest values than 

control sample. Cambuger formulated with 1% lemongrass showed the lowest total 

bacterial count than the other samples. Sensory evaluation of camel burger samples 

showed that camburger formulated with 1% lemongrass recorded the highest score for 

aroma, taste, color, texture and overall acceptability while, the control burger had the 

lowest score. 
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almost all tropical and subtropical countries 

(Cheel et al., 2005). It is an aromatic herb, 

known in the North and West tropical Africa, 

in Arabian Peninsula and in Egypt (Khadri et 

al., 2010). Due to the production of 

lemongrass oil as major component, two of the 

species i.e. Cymbopogan citrates and C. 

flexuosus are generally called Lemongrass.  

 

Therefore, the aim of this study to investigate 

the effect of added different levels of 

lemongrass oil as antioxidant and 

antimicrobial agent on the chemical, physical, 

microbial characteristics and sensory 

evaluation of camel burger during cold 

storage. 

 

Materials and Methods 

 

The present work was carried out at Desert 

Research Center (DRC), El Matarya, Cairo, 

Egypt, and National Research Center (NRC) 

Dokki, Cairo, Egypt. 

 

Plant material  

 

Fresh plant materials of Lemongrass 

(Cymbopogon citrates) were obtained from 

Siwa Research Station belonging Desert 

Research Center, Egypt. 

 

Preparation of lemongrass oil  

 

Fresh plant materials of lemongrass 

(Cymbopogon citrates) were subject to hydro-

distillation using a fabricated distillation 

apparatus  as described by Akin-Osanaiye et 

al., (2007). 

 

Gas Chromatography-mass Spectrometry 

(GC-MS) Analysis 

 

The analysis performed using Perkin Elmer 

Auto system equipped with a capillary column 

BPX5 (30 m x 0.25 mm i.d. and 0.25 mm μm 

film thickness) was used for separation of the 

component. Essential oils were positively 

identified by matching their RI values and 

mass spectra with those of standards, also run 

under identical chromatographic conditions in 

the laboratory (Adams, 2007). 

 

Preparation of camel burger (Camburger) 

 

Camel meat and humped fat obtained from 

local slaughter house were used in this study. 

Left round of 3-4 years aged camel were 

pooled to form an experiment unit, with three 

(batches) of lean ground meat being prepared 

from each burger formulation. Lean meat was 

ground through a 3mm plate grinder.  

 

The ingredients and lemongrass oil (0.5, 0.75 

and 1%) were added as given in Table 1. Each 

formula was handily mixed and formed by 

using manual burger press machine.  

 

Burgers were placed in plastic foam meat 

trays, packed in polyethylene bags and stored 

at 4 ±1
o
C for 12 days until analysis. 

 

Chemical analysis 

 

The extent of lipid oxidation in camel burger 

was assessed by measuring 2- thiobarbituric 

acid reactive substances (TBARS), as 

described by Rosmini et al., (1996) 

 

Total volatile basic nitrogen (TVBN) of camel 

burger was determined according to Kirk and 

Sawyer (1991). 

 

Physical analysis 

 

pH of raw camel burger was measured using a 

digital pH-meter (Jenway 3510 conductivity 

and pH meter) as described by Defreitas et al., 

(1997). 

 

Water holding capacity (W.H.C) and plasticity 

of samples were measured using the method 

of Wierbicki and Deatherage (1958). 
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Cooking measurements 

 

All cooking measurements were carried out on 

three replicates of each treatment as reported 

by AMSA (1995). 

 

(Uncooked sample weight) –  

(Cooked sample weight) ×100 

Cooking loss (%) = -------------------------------- 

(Uncooked sample weight) 

 

Raw and cooked samples were measured for 

diameter of burger as described by Berry 

(1993) using the following equation: 

 

(Uncooked sample diameter) –  

(Cooked sample diameter) ×100 

Reduction in diameter (%) = --------------------- 

(Uncooked sample diameter) 

 

Sensory evaluation 

 

Camel burger was subjected to organoleptic 

evaluation as described by Mailgaad et al., 

(1999). 

 

Microbiology analysis 

 

Duplicated 10g each of camel burger samples 

were collected aseptically immediately after 

each storage period and diluted in 90 mL of 

tryptone salt solution (0.3% tryptone and NaCl 

at 0.85%, sterilized at 121° C for 15 min) and 

homogenized for 30 s.  

 

Successive decimal dilutions were performed 

in test tubes containing 9 mL sterile tryptone 

salt for analyses of total bacterial count, and 

total psychrophilic according to the 

microorganisms appropriate for meat as 

recommended by Villa et al., (2016). 

 

Total bacterial counts determined as described 

by (ISO4833, 1991). The plates are incubated 

for 72 hours at 30°C. Psychrophilic counts 

were determined by the technique described 

by (Portuguese Standard2307, 1987). The 

plates are incubated at 7ºC±1 for 10 days.  

 

Statistical analysis 

 

One – way ANOVA was applied for sensory 

evaluation. The effects of addition of 

lemongrass oil and storage time were subject 

to two – way ANOVA. The results were 

expressed as mean ± SE, according to 

Armitage and Berry (1987). 

 

Results and Discussion 

 

Chemical composition of lemongrass oil 

 

The chemical composition of lemongrass oil 

are presented in Table 2, it can be found that 

the oil consist of monoterpene fraction. This 

monoterpene fraction mainly composed of a 

high percentage of geranial (44.76), neral 

(30.87), myrecene (7.59). Citral is a natural 

mixture of geranial and neral. These results 

are close to that obtained by Matasyoh et al., 

(2011) they found the essential oil of C. 

citrates (Lemongrass) dominated by 

monoterpene hydrocarbons which accounted 

for 94.25% of the total oil and characterized 

by a high percentage of geranial (39.53%), 

neral (33.31%), and myrecene (11.41%). The 

same results were found by Barbosa et al., 

(2008). 

 

The physical properties of camel burger 

during cold storage are shown in Table 3. 

Control camburger had the highest cooking 

loss %. During cold storage the cooking loss 

was significantly decreased after 3 day of 

storage for all camburger samples, but no 

significant differences were found during the 

rest of storage period.  

 

Control camburger had the highest reduction 

in diameter percentage than the formulated 

samples. No significant differences were 

found between camburger formulated with 0.5 
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and /or 0.75% lemongrass oil, the lowest 

percentage was found in camburger 

formulated with 1% lemongrass. During cold 

storage reduction in diameter % was increased 

with increase of cold storage for all 

camburger. These results are close to that 

obtained by Hussein et al., (2015). 

 

WHC and plasticity of all camel burger 

samples were significantly increased as the 

time of cold storage increased. At any time of 

cold storage camel burger formulated with 

lemongrass oil showed the highest value than 

control samples. Generally, addition of 

lemongrass oil in the formulation of camel 

burger improved the physical properties of the 

product during cold storage at 4° C for 12 

days.  The TVBN value of control and 

formulated camburger during cold storage are 

presented in Table 4. The control sample had 

the higher TVBN than other camburger 

containing different levels of lemongrass. 

TVBN value decreased as the level of 

lemongrass increased. During cold storage 

TVBN values were significantly increased as 

the time of storage increased in both control 

and formulated camburger. These results are 

agreed with Ibrahim and Abu Salem (2013). 

This increase of VBN in patties sample during 

cold storage might be attributed to the 

breakdown protein as a result of activity of 

microbial strains and proteolysis enzymes.  

 

Table.1 Camburger formulated with different levels of lemongrass oil 
 

Ingredients 

(%) 

Treatments 

Control Formula (1) Formula (2) Formula (3) 

Camel meat 67.0 67.0 67.0 67.0 

Camel fat 8.0 8.0 8.0 8.0 

Lemongrass oil ---- 0.5 0.75 1.0 

Onion 7.0 7.0 7.0 7.0 

Salt 2.0 2.0 2.0 2.0 

Rusk 5.0 5.0 5.0 5.0 

Spices 1.0 1.0 1.0 1.0 

Ice water 10.0 10.0 10.0 10.0 

 

Table.2 Chemical composition of lemongrass oil 
 

Serial number Compound R.I. Oil chemical 

composition% 

Molecular 

formula 

1 Β-Myercene 958 7.59 C10H16 

2 Ocimene 958 0.21 C10H16 

3 Β-Ocimene 976 0.58 C10H16 

4 Linalool 1082 0.56 C10H18O 

5 3-Undcyne 1132 1.98 C11H20 

6 Neral 1174 30.87 C10H16O 

7 Geranial 1174 44.76 C10H16O 

8 Citronllol 1179 0.32 C10H20O 

9 Nerol 1228 3.39 C10H18O 

10 α-Farnesene 1458 0.24 C15H24 

11 ȣ-Cadinene 1469 0.15 C15H24 
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Table.3 Physical properties of camburger formulated with lemongrass oil and storage at  

4 ±1
o
C for 12 days 

 

A-C
 means with different superscripts within the same column for each parameter are significantly different. 

a-c
 different superscripts in the same row are significantly (P˂0.05) different.  

Treatments Storage period (days) 

0 3 6 9 12 

Plasticity (cm
2
) 

Control 2.86
Ca

±0

.11 

2.78
Ca 

±0.13 

2.69
Ca 

±0.17 

2.57
Cb 

±0.19 

2.46
Cc 

±0.15 

Formula (1) 2.93
Ba

±0

.15 

2.85
Ba 

±0.18 

2.76
Ba 

±0.20 

2.65
Bb 

±0.13 

2.56
Bb

±0

.10 

Formula (2) 3.02
Aa

±0

.16 

3.11
Aa 

±0.24 

3.20
Aa 

±0.08 

3.29
Aa 

±0.15 

3.36
Aa 

±0.30 

Formula (3) 3.10
Ac

±0

.14 

3.21
Ab 

±0.12 

3.30
Ab 

±0.34 

3.37
Aa 

±0.16 

3.41
Aa 

±0.12 

WHC (cm
2
) 

Control 3.40
Bd

±0

.21 

3.52
Bc 

±0.26 

3.63
Bb 

±0.24 

3.90
Ba 

±0.17 

3.81
Ba 

±0.29 

Formula (1) 3.44
Bd

±0

.30 

3.58
Bc 

±0.07 

3.72
Bb 

±0.16 

3.80
Ba 

±0.23 

3.88
Ba 

±0.25 

Formula (2) 3.50
Ad

±0

.20 

3.67
Ac 

±0.31 

3.81
Ab 

±0.37 

3.90
Aa 

±0.16 

3.98
Aa 

±0.14 

Formula (3) 3.58
Ad

±0

.30 

3.71
Ac 

±0.34 

3.88
Ab 

±0.30 

3.97
Aa 

±0.25 

4.07
Aa 

±0.28 

Reduction in diameter (%) 

Control 17.64
Ac

±0

.13 

17.82
Ab

±0

.09 

17.95
Ab

±0

.11 

18.06
Aa 

±0.12 

18.19
Aa 

±0.14 

Formula (1) 16.59
Bc

±0

.14 

16.71
Bb

±0

.23 

16.84
Bb

±0

.27 

16.98
Ba 

±0.29 

17.05
Ba 

±0.19 

Formula (2) 16.48
Bc

±0

.34 

16.64
Bb

±0

.21 

16.75
Bb

±0

.23 

16.87
Ba 

±0.18 

16.95
Ba 

±0.09 

Formula (3) 16.29
Cc

±0

.17 

16.43
Cb

±0

.11 

16.60
Cb

±0

.19 

16.71
Ca 

±0.37 

16.80
Ca 

±0.32 

Cooking loss (%) 

Control 24.76
Ac

±0

.20 

24.90
Ab

±0

.17 

25.03
Aa

±0.

10 

25.12
Aa 

±0.23 

25.21
Aa 

±0.28 

Formula (1) 23.51
Bc

±0

.10 

23.70
Bb

±0

.34 

23.83
Ba

±0.

29 

23.95
Ba 

±0.37 

24.02
Ba 

±0.18 

Formula (2) 23.39
Bc

±0

.27 

23.58
Bb

±0

.19 

23.76
Ba 

±0.16 

23.84
Ba 

±0.12 

23.96
Ba 

±0.07 

Formula (3) 22.28
Bc

±0

.19 

22.46
Cb

±0

.23 

22.64
Ca 

±0.14 

22.73
Ca 

±0.08 

22.81
Ca 

±0.13 
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Table.4 Chemical properties of camburger formulated with lemongrass oil and storage at  

4 ±1
o
C for 12 days 

 
Storage period (days) 

samples
 

0 3 6 9 12 

 TVBN(mg/kg) 

Control 4.20
Ad

±0.23 5.24
Acd

±0.12 6.30
Abc

±0.16 7.37
Aab

±0.19 8.42
Aa

±0.23 

Formula (1) 3.86
Bd

±0.29 4.69
Bcd

±0.32 5.51
Bbc

±0.22 6.40
Bab

±0.15 7.32
Ba

±0.17 

Formula (2) 3.28
Bd

±0.13 4.15
Bcd

±0.39 5.20
Bbc

±0.36 6.07
Bab

±0.24 6.98
Ba

±0.14 

Formula (3) 3.00
Bd

±0.16 3.90
Bcd

±0.32 4.86
Bbc

±0.18 5.91
Bab

±0.17 6.75
Ba

±0.20 

 TBA (mg/kg) 

Control 0.57
Ac

±0.36 0.59
Abc

±0.10 0.61
Ab

±0.17 0.63
Aab

±0.11 0.65
Aa

±0.13 

Formula (1) 0.52
Bc

±0.18 0.55
Bbc

±0.20 0.58
Bb

±0.27 0.60
Bab

±0.21 0.62
Ba

±0.29 

Formula (2) 0.47
Ca

±0.31 0.43
Cab

±0.33 0.39
Cb

±0.40 0.35
Cbc

±0.05 0.30
Cc

±0.08 

Formula (3) 0.40
Da 

±0.17 0.36
Dab

±0.28 0.32
Db

±0.25 0.28
Dbc

±0.18 0.24
Dc

±0.12 

 pH value 

Control 5.68
Ac

±0.20 5.73
Ab

±0.22 5.80
Ab

±0.11 5.91
Aa

±0.13 5.00
Dd

±0.17 

Formula (1) 5.68
Aa

±0.19 5.65
Aab

±0.24 5.62
Ab

±0.10 5.60
Ab

±0.32 5.58
Abc

±0.26 

Formula (2) 5.68
Aa

±0.17 5.63
Bab

±0.19 5.59
Bb

±0.21 5.57
Bb

±0.13 5.55
Bbc

±0.11 

Formula (3) 5.68
Aa

±0.09 5.60
Cb

±0.07 5.58
Cb

±0.09 5.56
Cbc

±0.03 5.54
Bbc

±0.07 
A-D

 means with different superscripts within the same column for each parameter are significantly (P˂0.05) different. 
a-c

 different superscripts in the same row are significantly (P˂0.05) different.  

 

Table.5 Microbiological quality of camburger formulated with lemongrass oil storage at  

4 ±1
o
C for 12 days 

 
Treatments Zero time 3 days 6 days 9 days 12 days 

 Total Bacterial count as log10 CFU/g 

Control 1.82
Ad

±0.17 2.54
Ac

±0.21 2.97
Ac

±0.14 3.78
Ab

±0.12 4.63
Aa

±0.10 

Formula (1) 1.16
Bd

±0.18 1.31
Bc

±0.25 1.41
Bc

±0.07 1.61
Bb

±0.012 1.82
Ba

±0.14 

Formula (2) 1.03
Bd

±0.24 1.19
Bc

±0.21 1.28
Bc

±0.16 1.40
Bb

±0.15 1.64
Ba

±0.16 

Formula (3) 0.76
Cd

±0.12 0.92
Cc

±0.13 1.12
Cc

±0.19 1.25
Cb

±0.20 1.49
Ca

±0.18 

 Total Psychrophilic bacteria count as log10 CFU/g 

Control 2.57
Ad

±0.10 3.41
Ac

±0.15 4.86
Ab

±0.11 5.27
Aa

±0.16 5.64
Aa

±0.14 

Formula (1) 2.43
Ac

±0.12 2.55
Bb

±0.20 2.70
Bb

±0.23 3.10
Ba

±0.09 3.35
Ba

±0.11 

Formula (2) 2.31
Bc

±0.14 2.47
Bb

±0.18 2.53
Bb

±0.19 2.74
Ba

±0.07 3.06
Ba

±0.15 

Formula (3) 2.26
Bc

±0.16 2.34
Bb

±0.13 2.45
Bb

±0.08 2.60
Ba

±0.06 2.91
Ba

±0.12 
A-C

 means with different superscripts within the same column for each parameter are significantly (P˂0.05) different. 
a-c

 different superscripts in the same row are significantly (P˂0.05) different.  

 

Table.6 Sensory evaluation of cameburger formulated with lemongrass oil 
 

Treatments  Aroma Taste Color Texture Overall 

acceptability 

Control  7.2
c
±0.11 7.9

c
±0.24 7.7

c
±0.17 7.4

c
±0.14 30.2 

Formula (1)  8.7
b
±0.15 8.8

b
±0.19 8.5

b
±0.16 8.3

b
±0.11 34.3 

Formula (2)  9.2
a
±0.18 9.0

ab
±0.07 8.7

ab
±0.06 8.6

a
±0.09 35.5 

Formula (3)  9.5
a
±0.13 9.4

a
±0.10 9.1

a
±0.08 9.0

a
±0.12 37 

LSD0.05  0.79 0.58 0.57 0.69  
a-c 

means with different superscripts within the same column for each parameter are significantly (P˂0.05) different. 
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Control group had the highest TBA value than 

the other formulated samples. TBA value of 

both control and camel burger formulated 

with 0.5% lemongrass was significantly 

increased as the time of cold storage increased 

while, TBA value of cambuger formulated 

with 0.75 and/ or 1% lemongrass oil was 

significantly decreased as the time of storage 

increased. These results are coincided with 

(Olorunsanya et al., 2010; Ibrahim and Abu 

Salem, 2013) they reported that using 

lemongrass oil with chicken patties as 

antioxidant were effective and had lower 

TBARS values than the control samples 

during refrigerator storage at 4°C for 9 days. 

 

No significant differences were found in pH 

values for both control and formulated 

samples at zero time. These results are agreed 

with Ibrahim & Abu Salem (2013) they 

reported that the control and tested chicken 

patties had the same pH value at zero time. 

pH value of control camebuger was gradually 

increased during 3, 6 and 9 days and 

decreased at the end of storage period. The 

increase in pH may be due to the 

accumulation of metabolites by bacterial 

action in meat and deamination of proteins 

(Jay, 1996). The pH of camburger formulated 

with different levels of lemongrass was 

significantly decreased as the time of storage 

increased. This may be due to the lemongrass 

are a rich source of citrus which possessed an 

acidity taste and caused decreasing in the pH 

value compared with control (Hussein et al., 

2015). 

 

Table 5 showed the microbiological quality of 

camburger formulated with lemongrass oil 

and storage at 4 ±1
o
C for 12 days. Total 

bacterial count was higher in control sample 

and no significant differences were found in 

camburger formulated with 0.5 and/or 0.75% 

lemongrass oil. The lowest bacterial count 

was found cambureger with % lemongrass. 

These results are close to that obtained by 

Hussein et al., (2015) they found that the 

control beef burger showed the highest of 

total bacterial count. While, sample 

formulated with 2% lemongrass showed the 

lowest total bacterial count. During cold 

storage, the total bacterial count of both 

control and formulated cambuger was 

significantly increased, but no significant 

different was found after 3 and 6 days of 

storage and such increase was continued as 

the time of cold storage increased. However, 

at any time of cold storage cambuger 

formulated with 1% lemongrass showed the 

lowest total bacterial count than the other 

samples. These results are in line with 

Ibrahim &Abu Salem (2013) they found that a 

remarkable increase was noticed in aerobic 

plate count of chicken patties throughout cold 

storage, especially in the control sample at the 

6
th

 and 9
th

 days.  

 

From the same table, it can be found that at 

zero time, control and camburger formulated 

with0.5% lemongrass oil had the higher 

psychrophilic bacteria followed by camburger 

formulated with 0.75 and/ or 1%. During cold 

storage psychrophilic bacteria were 

significantly increased as the time of storage 

increased. At any time of cold storage 

camburger formulated with 1% lemongrass 

had the lower psychrophilic bacteria count? 

This reducing may be due the antimicrobial 

activity for lemongrass. These results are 

confirmed by Akin-Osanaiye et al., (2007) 

and Yaqub Khan et al., (2013). 

 

Table 6 represented the sensory evaluation of 

camburger formulated with different levels of 

lemongrass. Generally, camburger formulated 

with lemongrass oil recorded higher score 

than control sample. Also, It can be noticed 

that camburger formulated with 1% 

lemongrass recorded the highest score for 

aroma, taste, color, texture and overall 

acceptability while, the control burger had the 

lowest score. These results are close to that 
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obtained by Hussein et al., (2015) they found 

that that the formula made from 2% 

lemongrass gave the best acceptability 

followed by the formula contained equal 

weight (1%) of both lemongrass and thyme. 

 

Addition of lemongrass oil to camel burger 

decreased the cooking loss %, reduction in 

diameter %, the total bacterial count, 

psychrophilic bacteria, TBA, TVBN value 

during cold storage for 12 days at 4°C and 

improved the sensory evaluation of the 

product. It could be concluded that 

lemongrass oil can be successfully use as 

natural antioxidant and antimicrobial agent in 

meat products. 
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