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Abstract

Five treatments of non-irradiated and irradiated minced meat were used to compare the effects of
oleoresins of fresh ginger and rosemary, on sensory attributes and chemical deterioration criteria of minced meat
after three weeks of refrigeration. Treatments included a control (C) of minced meat without additives, while the
other four groups were treated with 2% fresh ginger (FG), 0.1% ginger oleoresin (GO), 2% fresh rosemary (FRM),
and 0.1% rosemary oleoresin (RMO), respectively. In total, 20 bags of 100 g each were prepared for every
treatment, wherein 10 pages of each treatment were subjected to 2.5 KGy irradiation. All samples were examined
for discoloration percentage, off-odor intensity, pH and thiobarbaturic acid (TBA)value. We performed the
following procedures on fresh ginger and rosemary, as well as their oleoresins: bacterial load, total colony count
(TCC), psychotropic bacterial count (PBC), and coliform count (CC). Oleoresins of ginger and rosemary extended the
shelf life of non-irradiated minced meat for three more days compared with the control, with a superior effect to
the rosemary oleoresin. In addition to a significant reduction in irradiation, there was an off-odor and slow
oxidative rancidity in irradiated minced meat. High TCC and PBC were detected from fresh ginger and rosemary,
while their oleoresins showed undetectable levels (<102 of TBC and PBC). The use of ginger and rosemary
oleoresins could improve non-irradiated and irradiated minced meat quality and overcome some disadvantages
resulting from meat preservation.
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1. Introduction

For over a hundred years, the meat industry has applied culinary herb leaves and roots as flavoring agents
in either fresh or dried forms. Moreover, recent studies proved that apart from their aroma, spice essential oils
exhibit potent antioxidant and antimicrobial effect Arora and Kaur, (1999); Giillice, et al. (2003) ; Lagouri, and
Nisteropoulou, (2009).These results may lead to partial or total replacement of chemical preservatives in the meat
processing industry to avoid the adverse effect of chemical preservatives used in meat products. However, the
intensive application of fresh or dried forms of culinary herbs in the meat industry has become less convenient, so
the use of spice oils and oleoresins has increased and become more applicable. In the past, the antibacterial
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effects of spices and their oils have been tested against many types of bacteria. They have many different bioactive
compounds. These bioactive compounds of spices constitute two types, volatile and non-volatile compounds,
responsible for the antimicrobial activity of spices. They constitute three groups: terpenes, terpenoids, and
phenylpropenes (Hyldgaard, et al., 2012).

Spices have natural antioxidant ability as they contain phenolic compounds such as flavonoids, phenolic
acids, and volatile compounds. Plant phenolic compounds can act as either reducing agents, free radical
terminators, or metal chelators (Elyse, 2009). Oleoresins are a concentrated form of spices, consisting of volatile
essential oils and non-volatile resinous fractions that represent the characteristic flavor and taste of spice
(Varakumar et al., 2017). They are obtained using a non-aqueous solvent extraction from powdered dried spice,
with subsequent removal of the solvent. In food, oleoresins can replace spice powder by providing a standardized
consistent flavor and longer shelf life that are free from microbes (Chen, et al., 1999 and Nam, et al., 2007).

Natural antioxidants could be defined as any substance that, when present at a lower concentration, can
either delay or inhibit the oxidation of fat content (Pisoschi, and Pop, 2015). New antioxidants have been recently
derived from plant sources due to their enrichment of phenolic compounds (Karre et al., 2013). Food irradiation is
proven to be the best method in eliminating microbial contamination from raw meat (Thayer, 1993 and Murano,
1995).

The chemical changes of irradiated meat, such as the production of unpleasant odor are considered as
critical parameters for both consumer consumption and the meat industry (Patterson and Stevenso. 1995 Ahn, et
al.,2001). The industry faces difficulties in using irradiation technology to achieve its food safety and quality. The
off-odor phenomena in irradiated meats is caused by sulfur volatile production (Ahn, 2002; Jo, 2000)

The initiation of chemical changes in irradiated meat is caused by free radicals produced via irradiation
(Nam and Ahn 2002). Hence, antioxidants have free radical scavenging activities that can protect irradiated meat
against chemical changes. The study aimed to compare the effect of oleoresins of ginger and rosemary on sensory
attributes, as well as on oxidative stability in non-irradiated and irradiated minced meat during refrigerated
storage.

2. Materials and methods
2.1. Rosemary andinger fresh andoleoresins

Fresh ginger and rosemary were obtained from a local supermarket. They were then separately washed,
dried, and ground(powdered). Meanwhile, their oleoresins were obtained from Nubassa, Germany and were used
in a meat processing plant.

2.2. Mincing of meat

Fresh beef flanks were purchased from a local butcher’s shop and ground through a 4 mm plate using a
meat grinder. The resulted beef mince was divided into five groups. The first group was kept as the control. The
four remaining groups were treated with fresh ginger (2%), fresh rosemary (2%), ginger oleoresin (0.1%), and
rosemary oleoresin (0.1%). Each was packed (100 g/package) in sterile polyethylene bags. In total, 20 bags were
prepared for each treatment and 10 of them were subjected to irradiation. All samples were stored at fridge shelf
(6 °C).

2.3. Samples Irradiation

Irradiation of pre-packed minced meat was carried out in a package irradiator (Russian Gamma chamber,
Issledovatel, the National Center for Radiation Research and Technology NCRRT, Cairo, Egypt) with a 60 Co source
with dose rate 3.753 KGy/h at a melting temperature of 0-2 °C. The irradiated dose employed was 2.5 KGy. The
non-irradiated samples were held at the same condition. All samples were investigated for their sensory quality
(surface discolorations and off-odor), lipid oxidation, and PH. Moreover, total colony count (TCC), psychrotrophic
bacterial count (PBC), and coliforms count (CC) of both fresh and oleoresins of ginger and rosemary were
performed. Analysis was done immediately after irradiation and subsequently every three days for three weeks.
2.4. Sensory Evaluation
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Next, a panel team of 11 members familiar with meat irradiation was formed. A 5-point descriptive scheme
(Djenane et al., 2001) was used to evaluate surface discoloration percentage and off-odor intensity FOR all samples
(Table 1).

Table 1. Scheme for sensory evaluation

Discoloration Off-odor
Percentage Intensity
Grade Grade
1 Non 1 Non
2 0-10% 2 Slightly
3 11-20% 3 Small
4 21-60% 4 Moderate
5 61-100% 5 Extreme

2.5. Measurement of pH

A quantity of 20 g of the prepared sample was mixed with 20 ml of distilled water. Then, a digital pH
meter (EU TECH, Leicester, England) with a calibrated probe type combined electrode (ORION/KNI PHE) was
introduced into the prepared mixture and the constant pH value was recorded, as recommended by Kirk, and
Sawyer (1991).

2.6. Determination of Thiobarbituric Acid (TBAjlue

The TBA-value (mg malonaldehyde/kg) was estimated using a distillation technique with 2-Thiobarbituric
acid 0.02 M (sigma). The TBA-value was calculated and expressed as milligrams of malonaldehyde per kilogram of
sample, Oxidized lipids are formed as fats become rancid. Thiobarbituric acid will react with these lipids to form a
red-colored complex which can be determined spectrophotometrically. Malonaldehyde is one of the end products
of oxidative rancidity and is believed to be involved in the reaction with TBA. Therefore, the TBA value is expressed
as mg malonaldehyde per kg sample as described by (FAO ,1986). The TBA test is applicable to fatty foods (e.g.
meat) as well as fats and oils.

Macerate 10 g of minced sample with 50 ml water for 2 minutes and then transfer to distillation flask,
using 47.5 ml water for washing. Add 2.5 ml 4N HC1. (pH should be 1.5). Add antifoam and a few glass beads. Distil
at a rate so that 50 ml of distillate is collected in 10 minutes from the time boiling commences. Pipette 5 ml of the
distillate into a glass-stoppered tube. Add 5 ml TBA reagent. Shake and heat in boiling water for 35 minutes.
Prepare a blank similarly, using 5 ml water, for 35 minutes. Cool the sample and blank tubes and measure the
absorbance of the sample against the blank at 538 nm using 1 cm cells.

TBA value (as mg malonaldehyde per kg sample) =7.8x A
where A = absorbance of sample vs blank (Caution: the method must be followed exactly for the 7.8 factor to be
valid).

2.7. TCC, PBC, and CC (MPN) of fresh gingseprary, and theioleoresins

The methods recommended by (APHA, 1992) were applied. Briefly, 25 g of fresh ginger and rosemary
were aseptically homogenized in 225 ml sterilized peptone water 0.01% using a stomacher (model 400, Seward
Laboratory, London, UK) for one minute. For the oleoresin samples, peptone water containing 1.0% (v/v) Tween 80
was used. The homogenate was serially diluted, inoculated onto a standard plate count agar medium, and
incubated at 32 °C for 48 h for TCC and at 7 °C for 10 days for PBC. From each treatment, a serial dilution of 1.0 ml
was aseptically inoculated in 9 ml Lauryl sulphate tryptone broth. Further, inoculated tubes (three tubes for each
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dilution) were incubated at 35 °C for 48 h. Tubes showing acid and gas production were considered positive, and

the coliform count was thus estimated.

2.8. Statisti@l analysis

The values given in each treatment are the mean values for the three replicates. Results were recorded as
mean * SE. The data generated were analyzed using SPSS statistics 17.0 for Windows with a standard procedure
for analysis of variance (ANOVA) and least significant (LSD). Significance was defined at p < 0.05 to compare the

means and determine the effect of treatments.
3. Results and Discussion

3.1. Sensory Evaluation

Meat appearance is the most important sensory attribute used by consumers to make food selection,
whereas odor is a second sensory perception for food favorites (Lawless, 1991). Because spices enhance the flavor,
aroma, and color of food (Jiang, 2019) , sensory evaluation including discoloration percentage and off-odor
intensity measurements was applied to non-irradiated and irradiated minced meat that was treated with ginger

and rosemary in fresh and oleoresin states, as shown in Figures 1-4.
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Figure 1: Discoloration % in non-irradiated minced meat
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Figure 2: Discoloration % in irradiated minced meat
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Figure 3: Off odor intensity in non-irradiated samples
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Figure 4: Off-odor intensity in irradiated samples

3.2. Meat discoloration
3.2.1. Nonirradiated samples

For the first three days, the panelists could not detect any significant discolorations in any sample put in
refrigerated storage. After that, significant (p < 0.05) discolorations were spotted in the control samples. Its
percentage increased when storage time increased. These samples were rejected on the 12th day and by the 15
day had 100% discoloration. When oleoresins were added to minced meat, rosemary showed a smaller
discoloration percentage throughout the storage time (20%), followed by ginger oleoresin. On the other hand,
adding fresh ginger and rosemary also retarded minced meat discoloration until the 9th day of storage. This was
followed by a significant increase in meat discoloration. There was no significant difference (p < 0.05) between the
effects of fresh ginger and rosemary. This could have been attributed to bacterial contamination of the fresh herbs
(Rizvi, et al.,, 1986 and Khan et al., 2012). In general, the addition of ginger, rosemary, and their oleoresins
extended shelf life by three days compared with the control samples. Further, rosemary oleoresin prevented
minced meat discoloration.

3.2.2. Irradiated amples

Irradiating minced meat (control) samples resulted in a 10% discoloration at zero time, which could be
due to the interaction of free radicals produced during irradiation, wherein heme pigments were found in meat
and changed in color (Elizabeth, D.L.T.J.; 2015)Other treatments showed no discolorations after nine days of
storage; this may reflect antioxidant properties in ginger and rosemary when added to minced meat samples. With
extended storage time, the discoloration percentage increased to 20% in all samples by the end of the storage
period, with the exception of rosemary-oleoresin-treated samples, which showed no increase in discoloration
(10%). These results could prove a more potent antioxidant effect of rosemary oleoresin than ginger (Riznar, et al.,
2006).
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3.3. Offodor

3.3.1. Nonirradiated samples

It was obvious that adding fresh ginger and rosemary and their oleoresins to minced meat significantly (p
< 0.05) reduced off-odor after the third day of refrigeration in comparison with control samples. Oleoresin-treated
samples showed a marked reduction in off-odor intensity after 12 and 15 days of storage, especially when
compared to fresh-herb-treated samples. This could be explained by the high concentration of antibacterial and
antioxidant volatiles in the oleoresins of fresh herbs( Nam, et al., 2007).

3.3.2. Irradiated amples

Concerning irradiated minced meat, adding ginger and rosemary oleoresins significantly (p < 0.05)
improved irradiation quality and overcame the off odor that was produced during the irradiation process. Control
samples showed significant off-odor at the beginning of storage time due to the formation of sulfur volatiles during
the irradiation process (Ahn, et al., 2002). A marked decrease was seen at the end of storage time as a result of the
aerobic packaging conditions in which the meat was stored (Chen, et al., 1999).The addition of fresh ginger and
rosemary could not significantly (p < 0.05) reduce off-odor in irradiated samples.

3.4. pHvalues

The pH values of the control, treated non-irradiated, and irradiated minced meat samples during 21 days
of chilled storage are presented in Figures 5 and 6. The given results indicated that adding ginger and rosemary in
fresh and oleoresin states did not significantly (p < 0.05) change pH values from their controlled states. This could
indicate a buffering effect of meat. Irradiating minced meat) increased the pH value (not significant (p < 0.05),
especially compared to non-irradiated samples. However, during storage, a significant increase was recorded in pH
values in non-irradiated samples. In general, pH values significantly increased (p < 0.05) as the storage time
increased in every examined sample. Our obtained results are in harmony with those of other studies (Djenane et
al., 2001 and Zahran, 2008).
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Figure 5: pH value of non-irradiated samples
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Figure 6: pH value of irradiated samples
3.5. TBA-Value

Oxidative deterioration criteria are a significant contributing factor to the limited expiry of foods
containing lipids. The fat in meats make them susceptible to oxidation, limiting the amount of time that such
products can be stored before a change in the sensory properties (Chen, X. et al., 1999). The TBA-values of non-
irradiated and irradiated minced meat mixed with fresh ginger, rosemary, and their oleoresins were determined

during three weeks of refrigerated storage under aerobic conditions (Tables 2 and 3).

Table 2. TBA-values of non-irradiated samples during refrigeration storage.

Storage FG GO FRM RMO

in Days

0 0.15 £ 0.008a 0.15 + 0.008a 0.14 £ 0.008a 0.16 £ 0.009a 0.16 £ 0.009a

3 0.24 £ 0.013a 0.23+0.017a 0.21 £ 0.010a 0.20 £0.011a 0.21 £0.010a

6 0.38 £ 0.021a 0.40 £ 0.023a 0.25 £ 0.010a 0.24 £ 0.029a 0.20 £0.011a

9 0.67 £ 0.038a 0.64 +0.036a 0.50 £ 0.028b 0.42 £ 0.024b 0.40 £ 0.023b

12 1.15 + 0.066a 0.73 £ 0.040b 0.70 £0.040b 0.69 £0.05s1b 0.59 £0.030b

15 1.90+0.109a 1.30 +£0.075b 0.90 £0.051c 0.98 £ 0.057c 0.72 £ 0.040d
Means with different superscripts within the same row differ significantly (p < 0.05).

Table 3. TBA-values of irradiated samples during refrigeration storage.

Storage in Days C FG GO FRM RMO

0 0.6 +0.034a 0.33+0.019b 0.26 £ 0.01bc 0.32+0.018b 0.25 £ 0.014c
3 1.0 £0.057a 0.38 £ 0.024b 0.3+0.017b 0.3+0.017b 0.3+0.017b
6 1.45 + 0.083a 0.46 £ 0.026b 0.32£0.017c 0.3+0.017c 0.3+0.017c
9 1.0 £0.057a 0.61 £ 0.035b 0.4 +£0.023c 0.4 +£0.023c 0.4 +£0.023c
12 1.1+0.063a 0.6 £0.034b 0.44 £+ 0.025c¢ 0.49 £ 0.028bc 0.42 £ 0.024c
15 1.5+ 0.086a 0.8 £ 0.046b 0.45 + 0.025c¢ 0.59 + 0.034c 0.45 + 0.025c¢
18 1.7 £ 0.098a 1.0 £0.057b 0.52 +0.03c 0.63 £ 0.036¢ 0.5+0.028c
21 2.06 +0.093a 1.03 £ 0.049b 0.72 £ 0.041c 0.81 + 0.046cd 0.56 + 0.033c

Means with different superscripts within the same row differ significantly (p < 0.05).
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3.5.1. Nonirradiated samples

The TBA-values for all examined samples increased as the storage time increased. Moreover, adding fresh
ginger, rosemary, and their oleoresins to minced meat showed no significant difference after six days of storage.
With extended storage time, rosemary-oleoresin-treated samples showed the lowest (0.72 mg mal/kg) TBA-value,
followed by ginger oleoresin (0.9 mal/kg), both being within an acceptable limit at the end of storage time. Fresh
ginger and rosemary samples recorded higher TBA-values (1.3 and 0.98 mal/kg, respectively) at the end of
refrigerated storage. This could be explained by a high concentration of antioxidant substances, bactericidal
substances, better distribution, and low bacterial contamination of oleoresins than fresh herbs. The obtained
results are in harmony with those recorded by (Sanchez-Escalante 2003). Untreated samples showed the highest
TBA-values after 12 and 15 (1.15 and 1.9 mal/kg respectively) days of storage.

3.5.2. Irradiated amples

Higher TBA-values were observed in all irradiated samples compared to non-irradiated samples at zero
time. Factors such as irradiation in the presence of oxygen, heme pigment, and tissue disintegration may have led
to the susceptibility of minced meat to lipid oxidation. The irradiated controlled minced meat showed significantly
(p < 0.05) higher TBA-values compared to other treated samples at zero time. Moreover, the addition of fresh
ginger, rosemary, and their oleoresins significantly (p < 0.05) reduced TBA-values at zero time. The TBA-values of
the control samples significantly increased during the 3rd and 6th days of storage, followed by a fluctuation in the
result during the 9th, 12th, and 15th days of storage. A marked increase was recorded until the end of refrigerated
storage. Adding rosemary oleoresin significantly (p < 0.05) reduced TBA-values from zero time (0.25 mg mal/kg)
until the end of the third week of storage (0.56 mg mal/kg). The obtained results are in harmony with those of past
studies (Riznar, et al., 2006 and Keokamnerd, et al., 2008), which may be due to the presence of essential oils of
rosemary, commonly used for its flavoring compounds, as well as its antimicrobial and antioxidant activity.
Carnosic acid has antimicrobial and antioxidant activity higher than the common Synectic food additives, butylated
hydroxytoluene (BHT), and butylated hydroxy anisole BHA .Shahidi and Hossain (2018) , Elizabeth, et al.,(2015)
Fresh ginger application showed the lowest reduction effect on the TBA-value of treated minced meat.

3.6. Bacterial loads of ginger andsemary

Food spoilage is known as the process where food becomes unsuitable for consumption. There are
several factors leading to these changes, most of which are either physical and/or biological. Despite the current
technologies available in the production chain (for instance, freezing, pasteurization, drying, preservatives), it
seems impossible to completely eliminate the risk of food spoilage (Gutierrez et al., 2009).Extracts of plants
obtained with diverse solvents (ethanol, methanol, and ethyl acetate) have been tested against microbes
(Tajkarimi, et al., 2010). Plant oils or active compounds have been used as antimicrobial compounds (Singh et al.,
2007 and Weerakkody,2010). Growing consumer demand for food without chemical preservatives has shown
more of an effort to discover natural additives with potential food preservatives of a natural origin (Gutierrez et al.,
2009).Bacterial loads of fresh ginger, rosemary, and their oleoresins in term of total colony count, psychrotrophic
bacterial count, and coliform count were recorded in (Table 4).

Table 4. Bacterial load of fresh ginger, rosemary, and their oleoresins.

FG GO FRM RMO
TCC 6.65a ND 6.52a ND
PBC 4.50a ND 4.71a ND
CcC 3.32a ND 3.04a ND

TCC: total colony count; PBC: psychrotrophic bacterial count; CC: coliform count. Different superscripts within the
same row differ significantly (p < 0.05).

These results showed that fresh ginger and rosemary were significantly (p < 0.05) contaminated with TCC,
PBC, and CC, thus constituting an adverse effect of using fresh herbs. TCC, PBC, and CC were not detected from the
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herb’s oleoresins. This may be attributed to ethanolic extraction of fresh herbs during oleoresin production.
Moreover, the antioxidant efficacy of spices, particularly their essential oils, ensures strong antimicrobial activity
against bacteria, fungi, yeasts, and microbial toxin synthesis (Karre et al., 2013). The obtained results are in
harmony with those of other studies (Rizvi, et al., 1986 and Khan et al., 2012). However, no significant difference
was recorded between fresh ginger and rosemary in terms of their bacterial load. It has been reported that
identifying new antioxidants from phenolic-compound-rich plant sources can provide alternatives to currently used
traditional antioxidants (Karre et al., 2013).

4. Conclusions

From the obtained results, we conclude that the addition of ginger and rosemary oleoresins could
significantly improve meat (non-irradiated and irradiated) quality in term of color, odor, oxidative stability, and
such addition extended the shelf life of non-irradiated minced meat by three days when compared to the control.
Moreover, the use of oleoresins was more effective in reducing meat discoloration, off-odor, and TBA-value during
refrigerated storage for three weeks, overcoming the off-odor of irradiated samples.
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