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Abstract 

In global direction to "zero-waste", herbal wastes such as 
chamomile which is a source of dietary fiber and antioxidants may be used 
in food products as in meat processing sector. Chemical composition and 
antioxidant contents in chamomile stems powder were determined, then 
sensorial evaluation of different formula of beefburgers with replacement 
2.5, 5.0, 7.5 and 10% meat with chamomile stems powder. Results 
showed chamomile stems powder was high in crude oil and dietary fiber 
(6.39 and 24.50 %, respectively). Antioxidant activity in chamomile was 
higher than vitamin C (88.18 and 38.24%, respectively). These results are 
attribute to the synergism of antioxidant contents in chamomile as total 
phenols, flavonoids and carotenoids (3.50, 1.50 and 0.57 mgjg, 
respectively) and also for the present volatile oil chamomile (0.10%). 
Water holding capacity as a one of the quality parameters was increased 
gradually by increasing the percentage •of chamomile in beefburger 
formulas. But, oil absorption and cooking loss were decreased parallel to 
the increase of the chamomile wastes contents in different formulas. 
Formulas which contained 5.0 and 7.5% chamomile stems powder were 
the best of sensorial evaluation parameters. The tested hamburger was 
subjected to the total bacterial count (TBC), Salmonella sp. and Coliform 
group counts of before and after cooking at three months frozen storage 
( -18°C), results showed the decrement of TBC cotltent gradually by 
increasing of chamomile percentage of different beefburger formulas 
before and after frying, also salmonella sp. and Coliform group were not 
detected in the same condition. These results are due to the content of 
antioxidants in formulas which may prevent growth of microorganisms 
during frozen storage 3 months. Conclusively, herbs and spices wastes 
can be recycled and used as thickening and antimicrobial agents in food 
processing and raising the level of the added value of the product. 

INTRODUCTION 

Chamomile ( Chamomil/a recutita [L.] Rauschert) belongs to the Compositae 

family and grows in Europe, North East Asia, North and South America. Some 

countries that produce chamomile for the international market are: Argentina, Egypt, 

Bulgaria, Hungary, Spain, Czech Republic, Germany, Brazil, Chile and Peru (Povh et 

a!., 2001). Its flowers are popularly used to prepare tea due to its sedative effects. In 

addition, chamomile extracts are widely used in the cosmetology industry to impart 

flavor to a number of personal care products (Rahimi eta/., 2011). 
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The flowering tops of the chamomile plant are used to make teas, liquid extracts, 

,capsules, or tablets. The herb can also be applied to the skin as a cream or an 

ointment, or used as a mouth rinse (Lippincott and Wilkins, 2000) . Also, Chamomile 

(Matricaria chamomilla) flower heads and extracts are used in the pharmaceutical and 

especially in the cosmetic industry for their antispasmodic, anti-inflammatory and 

antimicrobial properties (Scalia eta!., 1999). 

Havkin-Frenkel eta!., (2011) reviewed to highlight the specific fraction that 

contributes to the antioxidant activity in herbs and to describe appropriate techniques 

for preserving the active and beneficial compounds in herbal wastes. 

New food products are prepared to satisfy costumer's demands concerning taste, 

appearance, value and comfort. Beefburgers are reasonably priced, highly consumed 

food products, which have great acceptability in many regions around the world. 

Despite being considered as a high caloric value food, beef burgers can be produced 

with good quality raw materials and can be enriched with some ingredients that could 

offer some functional properties (Livia eta!., 2011). Water holdin~ capacity is one of 

the most important qualitative characteristics of meat, it can affect the appearance of 

the product, its behavior on cooking and its juicy sensation on chewing (Woelfel et 

a!., 2002). On the other hand, Jama eta!., (2008) reported that the decrease in 

cooking loss as ageing increased was as expected since enzymatic reactions by 

endogenous enzymes, such as collagenase which are produced by bacteria within 

beef .or by ionic solubilisation, progresses at faster rates as ageing increases. The 

collagenase enzymes disintegrate the myofibrillar proteins . and connective tissue 

thereby improving water holding capacity by proteins. 

Therefore, the main purpose of this work was to prepare beefburgers with partial 

substitution of the meat with chamomile stem remains, left over after harvesting. 

Sensory analyses were performed and the determination of some quality 
-~: 

characteristics of this, product was evaluated. Also, studying bacterial count, 

Salmonella sp. and Coliform group before and after frying was in the scope of this 

work. 

MATERIALS AND METHODS 

Materials: 

Ground beef muscle meat (16% fat) was obtained from local market. Also, 

chamomile wastes were obtained from herbs and Spices Company in obour Cityii 

Egypt. Chamomile wastes was crushed then pass through sieve (100 mesh size) and 

was used particles under this sieve. 

Chemical analyses: 

The chemical analyses of chamomile wastes powder such as, moisture, ash, 

crude oil, crude fiber and crude protein were determined according the procedures 
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described in AOAC, (1995). While, hydrolyzable carbohydrates were calculated by 

Difference. 

Total phenols were determined calorimetrically as described by Daniel and 

George (1957). The content of flavonoids was determined by a Pharmacopeia method 

(1989). Total chlorophyll and carotenoids were extracted from dehydrated chamomile 

stems according to the methods of Fedtke (1973), the optical density of the diluted 

supernatant was determined by using spectrophotometer (Jenway 6050) at 662nm, 

644nm and 440nm. The concentration of total chlorophyll and carotenoids were 

calculated by means of Wettstian·s formula (Wettstian, 1957). Also, ~-Carotene was 

determined according to the method of Nagata and Yamashita (1992). While, 

essential oil was determined according to ISO Method 6571 (2009). 

The DPPH free radical scavenging activity was determined by the method of 

Yang et a!., (2008) with some modifications. Each sample, at a different 

concentration in ethanol (2 ml) was mixed with 2 ml of ethanolic solution containing 1 

mM DPPH. The mixture was shaken vigorously, then left to stand for 30 min in the 

dark. The absorbance was measured at 517 nm. The absorbance of the control was 

obtained by replacing the sample with ethanol. DPPH radical scavenging activity of 

the sample was calculated as follows: 

DPPH radical scavenging activity (%): [1 - absorbance of sample/absorbance of 

control] X 100. TBHQ and vitamin C were used for positive controls. 

Preparation of beefburger formulas 

In order to prepare the beefburgers, ground beef muscle meat, powder from 

chamomile wastes, and a commercial mix composed of refined salt, onion, garlic and 

seasons were used. Five types of formulations were prepared in which the meat 

replacement percentage varied from 2.5, 5.0, 7.5, 10.0% and 0.0% (control) with 

equal level of chamomile waste powder. 
, 

Table 1. Beefburgers Formulas contained different chamomile w~ste percentages 

(2.5, 5.0, 7.5 and 10% of original beef level respectively) 
Mixture Control Chamomile residue oercentaqes 

2.5% 5% 7.5% 10% 

Beef meat 250 243.75 237.50 231.25 225.0 

Chamomile j)owder 0.0 6.25 12.50 18.75 25.0 

Minced onion 25.0 25.0 25.0 25.0 25.0 

Minced Garlic 2.5 2.5 2.5 2.5 2.5 

Corn Starch 20.0 20.0 20.0 20.0 20.0 

Seasons* 2.5 2.5 2.5 2.5 2.5 

Salt 5.0 5.0 5.0 5.0 5.0 

*Seasons (nutmeg 4g : cardamom 12g: carnation 12g : 72g black pepper) 

The raw materials and ingredients were mixed for 10 minutes. The beef 

burgers weighing at least 60 g were shaped in comprised beefburger, a burgc 

shaping hand device, packed in plastic bags and stored in a freezer at -18°C. 
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Physical parameter~ of beefburgers 

Cooking loss: Water holding capacitY was calculated as the percent weight . ., 
reduction of the cooked sample con\pared with the raw sample. The method reported 

by Jama eta/. (2008). 

Cooking loss= 

[(weight of raw sample- weight of cooked sample) I weight of raw sample] x 100. 

Water-holding Capacity (WHC): Water holding capacity (WHC); was measured 

using the method of EI-Seesy (2000) as follows: Minced meat burger sample 0.3 g 

was placed on an ashless filter paper Whatman, No. 41 and placed between two glass 

plates, and pressed for 10 minutes by one kg weight, two zones were found on the 

filter paper, their surface areas were measured by a planimeter. The outer zone 

resulted from the water separated from the pressed tissues thus indicating the water 

holding capacity. 

Oil absorption: on: absorption was measured according to Nurul eta!., (2009) as 

suggested by Mohamed eta!., (1989). Beefburgers were weighed before and after 

frying in hot oil. Then, the beef burgers were ground and dried overnight in an oven 

at 105°C. The percentage of oil absorption was calculated as follows: 

Dried sample weight - Dried sample weight 

after frying before frying X 100 

Oil absorption % = Dried sample weight before frying 

Longitudinal and accidental shrinkage ratios were determined according to 

Kong et a/., (2008) as the percent reduction in the cooked sample length along and 

across the muscle fiber, respectively, compared with the raw sample. Maximum 

lengths of the raw and cooked samples radial and the shrinkage ratios calculated as 

follows: 

Accidental shrinkage ratio = 

Longitudinal shrinkage ratio = 

X1- X2 X 100 

X2 

Y1- Y2 

Y2 

X 100 

Where X1 and X2 were the diameters (em) of the raw and cooked sample disks 

across the muscle fibers, respectively, and Y1 and Y2 were the diameters (em) of the 

raw and cooked sample disks along the muscle fibers, respectively., 
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Sensorial evaluation of beefburger formulas: 

Burgers were assessed (before and after frying) for a number of sensory 

characteristics by ten members of the Department's staff, selected on the basis of 

interest and experience in sensory for evaluation and availability. Panelists were 

in'structed to evaluate colour, texture, taste, flavour and overall acceptability using 10 

point scale for grading the quality of samples (Crehan eta!., 2000). 

Statistical analysis: 

Data of sensorial evaluation was subjected to analysis of variance (ANOVA) 

followed by Duncan's multiple range tests carried out using SPSS computer program 

(SPSS, 1999). 

Microbiological evaluation of beef burger formulas: 

Total bacterial count (T.B.C.) and detection of Coliform groups were carried 

out according to APHA (1971). Whereas, detection of Salmonella spp. was according 

. to ISO 6579 (2002). 

RESULTS AND DISCUSSION 

T bl 2 P a e f h . I I .. h 'I t ercentaqe o c em1ca ana1ys1s 1n c amom1 e s ems wastes on d . h b . 1ry we1g1 t as1s 
Items % 

Moisture 3.21 
Crude protein 1.43 

Ash 12.40 
Crude oil. 6.39 

Total Dietary fiber 24.50 
Mucilage 1.15 

Total hydrolysable Carbohydrate 76.57 

Results in table (2) indicated that the chamomile stems after harvesting was 

rich in dietary fiber (24.50%) and minerals (12.40%) followed by crude oil content . . 
(6.39%). Mucilage in chamomile stems residue (1.15%) as a soluble dietary fiber has 

several health benefits as hypolipidiemia and antidiabetic agents (Krishnaiah eta!., 

2007), also have industrial functions in food products as a binding agent (Sanchez

Aionso eta!., 2007). 

Table 3. Antioxidant contents of chamomile stems wastes powder (mgjg on dry weight) 
n 

Components mgjg 
Total _Qhenols 3.50 

Total flavonoids 1.50 
Total chlorophyll 0.21 

Carotenoids 0.57 
13-carotene 0.066 

Volatile oil f_%) 0.10 
DPPH activlty* 88.18 

*DPPH activity_ vitamin C 38.24% TBHQ 93.50% 
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Antioxidant activity in chamomile (Table 3) was higher than vitamin C (88.18 

and 38.24%, respectively), while was lower than the synthetic antioxidant (TBHQ, 

93.50%). These results attribute to the synergism of antioxidant contents in 

chamomile as phenol, flavonoids and carotenoids (3.50, 1.50 and 0.57 mg/g, 

respectively) also the content of volatile oil (0.1% ). 

Table 4. Water holding capacity (WHC), oil absorption (OA) and cooking loss in 

d'ff b fb f I 1 ereRt ee urger ormu as 

Formulas WHC before frvinq OA after frvinq Cookinq loss 

Control 1.82 15.18 22.40 

Formula 1 (2.5%) 2.37 12.90 18.17 

Formula 2 (5.0%) 2.50 10.89 15.10 

Formula 3(7.5%) 2.90 8.02 13.23 

Formula 4.(10%) 4.36 7.4 12.03 

Water holding capacity was increased gradually by the percentage increase 

of chamomile in beefburger formulas. But, oil absorption and cooking loss showed 
l 

parallel decrements by the increase of chamomile left over contents in different 

formulas (Table 4), these results are agreement with that of Drummond and Sun 

(2005), they reported that the cooking loss refers to the reduction in weight of 

beefburger during the cooking process. 

Fiber has been used in cooked meat products to increase water and fat

binding properties and to improve texture. Sanchez-Aionso eta!., (2007) indicated 

that the addition of fiber either 3 or 6% to minced hake and horse mackerel muscle 

increased water holding capacity and water binding capacity. 

Table 5. Diameter and thickness before and after frying beefburgers formulas 

con ame o c amom1 e s ems was es pow er t . d t h ·1 t t d 
Formula Lon:)itudinal rem) Accidental em) Thickness em) 

Before After shrinkage Before After Shrinkage Before after Increase 

ratio ratio % 

Control 7.44 6.80 8.60 8.20 7.40 9.76 0.78 0.88 12.82 

Formula 7.98 6.98 12.53 7.54 7.50 0.53 0.75 0.88 17.33 

1 (2.5%) 

Formula 8.30 7.00 15.66 7.98 7.55 5.39 0.75 0.88 17.33 

2 (5.0%) 

Formula 8.88 7.38 16.89 7.98 6.88 13.78 0.68 0.87 27.94 

3 (7.5%) 

Formula 9.54 7.10 25.58 9.40 7.65 18.61 0.66 0.87 31.82 

4 (10%) 
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Data in table (5) showed that before and after frying the diameter was 

increased by increment of chamomile· percentage before frying, but thickness was 

decrease gradually in different formulas. Due to frying, however, diameter decreased, 

while thickness increased. On the other hand, Kong eta/. (2008) reported that the 

change in macromere length resulted in longitudinal shrinkage, whereas that in fiber 

diameter was more related to transverse shrinkage. The simultaneous occurrence of 

the increase in fiber diameter and transverse shrinkage for both chicken and salmon 

indicates that the shrinkage of collagen, particularly perimysium, might be the main 

reason for the transverse shrinkage. 

Results in table (6) show the sensory evaluation scores of the beef burgers 

samples by panel test. The tested chamomile stems wastes powder was submitted to 

a series of qualitative measures {including elements such as overall acceptability, 

texture, odor, color and taste). It appears, there for that the taste in formula 1, 2 and 

3 were the best compared with control and formula 4. While, the color decreased 

due to frying. On the other view, odor and texture in formula 3 and 4 before and 

after frying were the best. Generally, overall acceptability in formula 2 and 3 before 

and after frying were better than formula 1, 4 and control. From the results in table 

(6), it could be noticed that fried beefburgers samples with 5% and 7.5% showed the 

appreciably highest significantly scores in texture. The texture of meat and meat 

products is one of the most important characteristics that affect consumer 

acceptability, also taste followed the increase of overall-acceptability scores. 

Microbiological assay of the manufactured beefburger 

The inhibition of microbial growth and prevention of pathogenic 

microorganisms present are important factors in meat preservation. Total bacterial 

count {TBC) has been used to assess sanitary quality, safety and organoleptic ability 

(Fliss eta!., 1991). The tested beefburger was subjected to the total bacterial {TBC), 

Salmonella sp. and Coliform group counts of before arid after cooking at zero time 

storage, and the obtained results are shown in table (7). The data revealed that the 

total bacterial count {TBC) in beef burgers prepared with 10% chamomile wastes 

powder, followed by formula (7.5%), formula (5%) then formula {2.5%) were 

significantly lower than that found in control. These findings are concurrent and 

confirmed with that found by Szoke eta!., (2004) who reported that, chamomile has 

been used for preserving food as antimicrobial. Chemical constituents' agent of 

chamomile wastes powder included to total phenols, flavoniods and carotenoids 

groups, which are known as therapeutically and food preservative active compounds. 
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Table 7. Microbiological evaluation for beefburger formulas contained chamomile 

stems wastes powder at zero time 

Before frying After frying 

Total 
Formulas Total bacterial Salmonella Coliform group bacterial Salmqnella Coliform 

counts (cfu/g) (cfu/25g} (cfu/g} counts (cfu/25g) group ( cfu/g} 
(cfu/g) 

Control 69x 103 NO NO 2x103 NO NO 

Formula 4x103 NO NO 
9x102 NO NO 

(2.5%) 

Formula 6x102 NO NO 
4x102 NO NO 

(5.0%) 

Formula 5x102 NO NO 
3x102 NO NO 

(7.5%) 

Formula 4x102 NO NO 
2x102 NO NO 

(10%) 

NO=not detected Cfu=colony form unit 

Results in the same table indicated that frying decreased TBC from ':}x102 to 

2x102 in formula (10%). On the other hand, Salmonella and Coliform group before 

and after frying were not detected in all samples at zero time~ 

Table 8. Microbiological evaluation for beefburger formulas contained chamomile 

stems residue powder at one m_onth after frozen storage ( -18°C) 

Before frying After frying 

Total 
Coliform 

Formulas Total bacterial Salmonella Coliform group bacterial Salmonella 
counts (cfu/g) (cfu/25g) (cfu/g} counts (cfu/25) 

group 

(cells/g) 
(cfu/g) 

Control 11x103 NO NO 9x102 .NO NO 

Formula 9x103 NO NO 
7x102 NO NO 

(2.5%) 

Formula 5x102 NO NO 
5x102 NO NO 

(5.0%) 

Formula 4x102 NO NO 
3x102 NO NO 

(7.5%) 

Formula 3x102 NO NO 
2x102 1x102 NO 

(10%) 

NO=not detected Cfu=colony form unit 
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Table 9. Microbiological evaluation for beefburger formulas contained chamomile 
stems wastes powder at two months after frozen storage ( -18°C) 

Before frying After frying 

Salmonella Coliform 
Total 

Salmonella Coliform Formulas Total bacterial bacterial 
counts (cfu/g) (cfu/25g) group 

counts (cfu/25g) group 
(cfu/g) (cells/g) (cfu/g) 

Control 9x103 NO NO 8x102 NO NO 
Formula 8.2x102 . NO NO 

5x102 NO NO 
(2.5%) 
Formula 4x102 NO NO 

4 x102 NO NO 
(5.0%) 
Formula 3x102 NO NO 

3xl02 NO NO 
_(7.5%) 
Formula 2x102 NO NO 

1xl02 NO NO 
(10%) 

ND=not detected Cfu=colony form unit 

At the same trends, data in tables (8) and (9) indicated that TBC in uncooked 

samples were higher than those of the fried samples at one and two month's storage. 

From the same tables it can notice that TBC of prepared samples (either uncooked or 

cooked samples) that contained chamomile at 10% level was somewhat lower than 

that of the other investigated formula at one and two month storage time. 

On the other hand, results in the table (10) illustrated that frying eliminated 

TBC of beef burger samples from 1x102 in control sample to 3x10 in sample contained 

10% chamomile wastes powder. Conclusively, these data are adapted to Egyptian 

standard (ES 1688: 2005) of frozen beefburger, which include maximum limit of TBC 

of 105
, while salmonella not detected. 

From these results it could be concluded that efficiency of frying in 

elimination of bacterial load of prepared samples was remarkable when compared 

with uncooked. for all formula and storage time. Also, chamomile waste powder 

contained antioxidant constituents may prevent the microbial growth during storage 

for three months along increasing of the replacement percentage. 

Table 10. Microbiological evaluation for beefburger formulas contained chamomile 
stems wastes powder at three months after frozen storage ( -18°C) 

Before frying After frying 
total Coliform Formulas Total bacterial Salmonella Coliform group bacterial Salmonella 

counts ( cfu/g) (cfu/25g) (cfu/g) counts (cfu/25g) group 

(cfu/g) (cfu/g) 

Control 7x102 NO NO 2x102 NO NO 

Formula 6x102 NO NO 9x10 NO NO 
(2.5%) 
Formula 4x102 NO NO 7x10 NO NO 
(5.0%) 
Formula 2x102 NO NO 

Sx10 NO NO 
(7.5%1 
Formula lx102 NO NO 

3x10 NO NO 
(10%) 

NO= not detected Cfu=colony form unit 
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Finally, the results presented in this study demonstrate that herbs and spices 

wastes have generally high polyphenolic contents, making their utilization worthwhile 

and thus supporting sustainable agricultural production. In particular, the by-products 

vilipended are suitable as dietary supplements or as ingredients in functional foods. 

Moreover., the composite from herbs and spices wastes confers adequate 

characteristics for its use as a soil conditioner. Furthermore, herbs and spices wastes 

can be recycled and used as a substrate for the production of a high-added value 

product. 
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