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1  |  INTRODUC TION

Convenience-driven lifestyles, occupational demands, and dietary 
habits have all culminated into increased production and consump-
tion of minced meat globally (Reham & Shimaa, 2017). Arising from 
its rich nutrient matrix, animal meat is universally recognized as a 
veritable option for a protein of high biological value (Shaltout 
et  al.,  2017). Paradoxically, the shelf life of meat is short, usually 
a day or less at ambient temperature and a few days even at re-
frigerated temperature. Naturally, meat is low in antioxidants and 
during refrigeration, ground meat is susceptible to microbial growth 

together with oxidative stress resulting in lipid oxidation (Ansorena 
& Astiasarán, 2004; Reham & Shimaa, 2017); in the process, the pro-
tein structure is damaged, sensory attributes and nutritive values are 
hampered, and hence, decrease in its shelf life, affecting the quality 
and acceptability of meat products (Dave & Ghaly, 2011). Intuitively, 
lipid oxidation could be influenced by many factors, such as the 
chemical structure of meat, entrance of oxygen and light, storage 
temperature, and some technological procedures during processing 
(Rather et al., 2016). Besides, as a consequence of continued depen-
dent on meat as a protein source by both elite and the masses, the 
price of meat is turning sky rocketed and unaffordable to the latter 
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Abstract
Potentials of crude essential oil from the roots of white's ginger (EOWG) as a natu-
ral preservative in minced beef were investigated. EOWG was produced using 1% 
(T1), 1.5% (T2), and 2% (T3) n-hexane, and their antibacterial and in vitro antioxidant 
activities were assessed. pH, thiobarbituric acid reactive substances (TBARs), total 
volatile basic nitrogen (TVBN) values, total plate count (TPC), and bacterial count (BC) 
of EOWG-treated meat were determined and compared with those of BHA-treated 
(T4) and untreated samples (T0) for 12 days (3 days interval) at 2°C. Meat color change 
was determined. The pH, TBARs, TVBN, TPC, and BC significantly (p ≤ .05) reduced in 
EOWG-treated beef and reduction was higher with an increase in concentration. Total 
color difference (TCD) of refrigerated EOWG-treated minced beef varied and was 
concentration dependent. Meat treated with 1.5% and 2% EOWG compared most 
favorably with BHA-treated sample and could be considered as natural means of meat 
preservation.
Novelty impact statements 
Crude essential oil from roots of white's ginger preserved the quality and shelf life of 
minced beef during refrigeration.
Minced beef treated with 1.5%–2% crude essential oil from roots of white's ginger 
yielded comparable quality attributes with butylated hydroxyl anisole (BHA)-treated 
beef.
Natural antioxidants and antimicrobial could give impetus to novel meat products 
development with enhanced health benefits, prolonged shelf life, and improved 
safety and quality.
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group. Hence, meat preservation continues to be a sine qua non. 
Although various preservation techniques have been developed in 
a bid to counteract both lipid oxidation and microbial spoilage, the 
two main meat deterioration mechanisms, synthetic antimicrobial 
and antioxidants, are endemic, such as butylated hydroxyl anisole 
(BHA). These synthetic chemicals are lately associated with tox-
icity, carcinogenicity, and potential health hazards (Gbadamosi & 
Erinoso, 2015; Reham & Shimaa, 2017; Salem, 2013). Thus, extend-
ing the shelf life of meat by natural antioxidant and antimicrobial 
alternatives, usually from plant origin, is considered novel and safer 
technique. Various extracts, powder or essential oil, from differ-
ent parts of some plants have been employed with huge successes 
(Hernández-Ochoa et al., 2014; Phimolsiripol et al., 2021; Shaltout 
et  al.,  2017). Essential oils, volatile or ethereal oils as they are so 
called, are situated in 10% of the plant kingdom. They are stored in 
plants in special brittle secretory structures, such as glands, secre-
tory hairs, secretory ducts, secretory cavities, or resin ducts (Bozin 
et al., 2006). Potentials of essential oil in the preventions of oxidative 
rancidity and microbial spoilage of foods have been documented (Al-
Hajj et al., 2014). In the food industry, essential oils do not preserve 
meat against spoilage alone but are also used as flavoring additives. 
Nowadays, the import of essential oils from peppermint, lavender, 
geranium, eucalyptus, rose, bergamot, sandalwood, and chamomile 
is rampant. Most of them are foreign to sub-Sahara Africa and could 
be too expensive with the possibility of adulterations. Therefore, the 
use of indigenous but neglected materials like roots of Mondia whitei 
in the production of essential oil and its subsequent application as 
natural food preservatives constitute a healthier alternative. Mondia 
whitei, also known as Apocynaceae, or white's ginger is traditionally 
known as Isirigun in some western states of Nigeria. It is a rich source 
of essential oil with little or no awareness. Its roots’ extract was 
reportedly rich in antioxidant vitamins C and E (Amaechi & Egesi, 
2017) and several secondary metabolites (phytochemicals: carot-
enoids, phenols, flavonoids, saponin, etc.) which are antimicrobial 
(Amani et al., 2017; Gbadamosi & Erinoso, 2015). The crude essential 
oil derived from the roots of white's ginger has been found to pos-
sess great antioxidant and antimicrobial activities too (Solorzano-
Santos & Miranda-Novales, 2012). Given the paucity of information 
on quality attributes and shelf life of minced beef treated with crude 
essential oil from roots of white's ginger, its potential as a beef pre-
servative was investigated.

2  |  MATERIAL S AND METHODS

2.1  |  Sources of materials

Weighted amount (1.5 kg) of beef was purchased immediately after 
slaughter from a butcher's shop inside Dr. Abubakar Saraki Memorial 
Abattoir, Sobi Road, Ilorin. The meat was minced with a portable 
mincer and packed in clean polythene bags. It was then transported 
with aids of insulated and iced containers to the Microbiology 
Laboratory of Kwara State University (KWASU). Mature roots 

(10 kg) of Mondia whitei were obtained from Bode market, Ibadan. 
Chemicals and reagents used are of good analytical grades, obtained 
from Laboratories of Chemistry, Food Science and Technology, and 
Microbiology Departments, KWASU.

2.2  |  Extraction of crude essential oil from roots of 
white's ginger (EOWG)

Soxhlet extraction technique was adopted according to a modi-
fied method of Alhassan et al.  (2018). This was done by setting up 
a medium-size Soxhlet apparatus containing 30 g of the pulverized 
sample in a thimble and 300  ml of solvent (n-hexane) in a round 
bottom flask to obtain 1% extract. The procedure was repeated by 
dissolving 45 and 60 g of the pulverized sample in 300 ml of sol-
vent (n-hexane) to obtain 1.5% and 2% extracts, respectively. The 
n-hexane was gently heated at 65°C with the aid of a heating mantle. 
The condenser cooled down the vapor passing through the vapor 
tube, and thereafter, the condensed hot solvent dropped into the 
thimble containing the sample. After reaching the top of the tube, 
it was siphoned over into the flask. The process was not stopped 
until complete extraction had been done. The solvent was separated 
from the oil sample using a rotary evaporator; it was then bottled in 
a sterile container before use.

2.3  |  Assessments of the in vitro antioxidant 
activities of crude essential oil from roots of 
white's ginger

2.3.1  |  Determination of total phenolic content

Folin–Ciocalteu reagent was used for total phenolic content deter-
mination as reported by Miguel et al. (2010) with slight modification. 
Fifty microliters of each oil dissolved in methanol (500 µg/ml) was 
combined with 250 μl of the Folin–Ciocalteu reagent and 0.750 ml 
of sodium carbonate (20%). This was followed by shaking of the mix-
ture, which was then made up to 5 ml using distilled water and al-
lowed for a 2 hr standing. Thereafter, the absorbance was measured 
at 765 nm against a blank with distilled water. Gallic acid serves as 
a standard and the results were expressed as milligram gallic acid 
equivalent per gram dry weight extract (mg GAE/g extract). The re-
sults were presented as the averages of triplicate analyses done.

2.3.2  |  DPPH radical scavenging activity

The procedures described by Liu et al. (2008) were used for the DPPH 
radical scavenging activity determination. Different concentrations of 
the extracted essential oil were added to 2 ml of a solution of DPPH 
in methanol (0.1 mmol L − 1). Incubation was done for 30 min at 37°C 
in the dark and the absorbance, at 517 nm, was recorded. All experi-
ments were carried out in triplicate and ascorbic acid and vitamin E 
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were used as standards. A decrease in the DPPH solution absorbance 
is an indication of an increase in the DPPH radical scavenging activity. 
The DPPH scavenging activity of the extracts was calculated and the 
concentration of sample required to scavenge 50% of DPPH radicals 
(SC50) value was determined from Equation (1):

Where Asample is the absorbance of a sample solution, and 
Acontrol is the absorbance of the control solution. The control solu-
tion contains all of the reagents except the test sample.

2.3.3  |  Determination of the reducing power

The method of Oyaizu (1986) was used to evaluate the reducing 
power of the extract. Precisely, 200 µg/ml of each sample dissolved 
in 1 ml methanol was mixed with 2.5 ml of sodium phosphate buffer 
(0.2 M, pH 6.6) and 2.5 ml of 1% K3Fe (CN)6. Thereafter, incubation 
of the mixture was done at 50°C for 20 min. Then, the addition of 
2.5 ml of trichloroacetic acid (TCA) was done and the mixture was 
centrifuged at 3,000 rpm for 10 min. The (2.5 ml) supernatant solu-
tion was taken out and immediately mixed with 2.5 ml of methanol 
and 0.5  ml of 0.1% ferric chloride. The absorbance against blank 
was measured at 700 nm after incubation for 10 min at room tem-
perature. An increase in absorbance of the reaction mixture is an 
indication of increased reducing power. Ascorbic acid and vitamin E 
standards were used for comparison. All the tests were carried out 
in triplicates.

2.4  |  Treatment of minced beef

Minced meat was divided into five groups (300 g each). The first four 
samples were treated with 0%, 1%, 1.5%, and 2% EOWG, respec-
tively, while the fifth sample was treated with butylated hydroxyl 
anisole (BHA). Samples were coded as T0, T1. T2, T3, and T4, re-
spectively, stored at 2°C, and examined every 3 days for chemical, 
microbiological, and physical (color) changes. The experiment was 
conducted in triplicate for 12 days of storage, according to a modi-
fied method of Reham and Shimaa (2017).

2.5  |  Quality attributes assessment

2.5.1  |  pH determination

The pH values of minced beef in all samples were determined with a 
digital pH meter (HAANA, hI902 meter, Germany) every 3 days using 
10 g of the sample. The sample was homogenized in a blender with 
50 ml of distilled water for 1 min before pH measurement (Ibrahim 
et al., 2012).

2.5.2  |  Thiobarbituric acid reactive substances 
(TBARS) measurement

Two grams of homogenized sample was measured and TBARS ex-
tracted twice with 10 ml of 0.4 M perchloric acid. The extract was 
made up to 25  ml with 0.4  M perchloric acid and centrifuged for 
5 min at 1,790 g. Thereafter, 1 ml of the extract was poured into a 
glass stoppered test tube. Then, exactly 5 ml of TBARS reagent was 
added and the extract was heated for 35 min in a boiling water bath, 
followed by cooling under tap water. The absorbance of the sample 
was then measured against the blank solution at 538 nm. Preparation 
of a standard curve was done by using 1,1,3,3-tetraethoxy propane 
(TEP). The TBARS value was expressed as milligram of malonalde-
hyde/kg of the minced beef sample (Ibrahim et al., 2012).

2.5.3  | Measurement of total volatile nitrogen 
(TVBN)

The total volatile basic nitrogen (TVBN) measurement was carried 
out according to the procedure of FAO (1980) (FAO, 1991), as re-
ported by Shaltout et al. (2017).

2.5.4  | Microbiological analysis

Total plate count was determined by the method described by APHA 
(1984). Readymade media (HImedia) (a commercial media) were used 
for the analysis. Spread plate techniques were used as described 
by HImedia laboratories (FLOO6, NOV, 2008). Enterobacteriaceae 
count (EBC) was done according to ICMSF (1996).

2.5.5  |  Antimicrobial assay

One milliliter of each of the oil was screened using an agar well dif-
fusion assay (Hood et al., 2003). Precisely, 19 ml of nutrient agar was 
inoculated with 1 ml of overnight cultures (101 to 106 cfu/ml) of the 
test organisms. The agar that has been inoculated was then poured 
into Petri dishes and allowed to set. Four wells were bored in the 
agar from each of the plates, using 6-mm sterile cork-borer; 100 μl of 
essence was introduced into each of the wells using a micropipette. 
The plates were left at room temperature, allowing for a time long 
enough for the diffusion of the oil into the agar. The plates were 
subsequently incubated at 35 ± 2°C for 18–36 hr. Zones of inhibition 
were then recorded in millimeters. Each experiment was carried out 
in triplicates for all the organisms.

2.5.6  |  Color measurement

The color of each sample was instrumentally measured by L*, a*, and 
b* system using Minolta CR400 (Tokyo, Japan) colorimeter according 

(1)Scavenging activity % =

[

Acontrol − Asample
∕Acontrol

]

× 100,
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to Zengin and Baysal (2015) method. Standardization of the instru-
ment was first carried out against a white reference plate. Then, five 
measurements were taken for each sample and direct measurement 
of three color features of L* (lightness), a* (red–green component), 
and b*(yellow–blue component) was done by the colorimeter. Total 
color difference (TCD) represented as ▴E was determined using 
Equation (2).

2.6  |  Statistical analysis

All data, in triplicates, were statistically analyzed by one-way analysis 
of variance (ANOVA) using the SPSS package (SPSS 23.0, Chicago, IL, 
USA). Significant (p <  .05) differences between treatments were de-
termined using Duncan's multiple-range test. Data were expressed as 
means ± standard deviation (SD).

3  |  RESULTS AND DISCUSSIONS

3.1  |  In vitro antioxidant activities of crude 
essential oil from roots of white's ginger

In vitro antioxidant activities of various concentrations of crude 
essential oil from roots of white's ginger (EOWG) were presented 
in Table  1. Total polyphenols (mg GAE/g), percent inhibition of 
DPPH+, and reducing capacity IC50 (µg/mL) of EOWG ranged be-
tween (254.50 and 393.17, 46.21 and 49.22, and 14.56 and 15.79, 
respectively, and rose with increase in concentration. With excep-
tions of 1.0% and 1.5% for percent inhibition of DPPH+ and 1.5% 
and 2.0% for reducing capacity, significant differences exist among 
the antioxidant activities of various concentrations of crude es-
sential oil from roots of white's ginger (EOWG). The result was 
slightly lowered than 416.67–573.33 mg GAE/g. The range of val-
ues of total phenol obtained in this study (254.50–393.17 GAE/g) 
was slightly lower than (416.67–573.33 GAE/g) earlier reported 
by Gbadamosi and Erinoso (2015). However, reducing capacity in 
the present study was generally higher than 5.7 µg/m recorded by 
Esievo et al. (2018), and increases as the concentration increases. 
Effects of concentration on antioxidant activities of essential 
oil have been diversely reported (Fankam et  al.,  2011; Mayunzu 

et al., 2011; Gbadamosi & Erinoso, 2015 and Esievo et al., 2018). 
It was clearly shown that crude essential oil from roots of white's 
ginger (EOWG) possesses antioxidant activities, which is depend-
ent on concentration.

3.2  |  Influence of concentration of crude essential 
oils from roots of white's ginger (EOWG) and BHA on 
PH values of minced beef during refrigerated storage

The pH values of minced beef samples as influenced by con-
centration of essential oil obtained from roots of white's gin-
ger (EOWG) and BHA during refrigerated storage are shown 
in Figure 1. Initial pH values 7 steadily increased between the 
3rd and 12th days of storage, for all samples, depending on the 
treatments. The pH value ranged between 7.20 and 7.55 at day 
3, with T4 (sample treated with BHA) and T0 (untreated meat) 
samples being the lowest and highest, respectively. In samples 
T1 to T3 (treated with 1%, 1.5%, and 2% essential oil of white's 
ginger), pH value reduces with an increase in the concentration 
of crude essential oil. Similar trends were observed for days 6, 9, 
and 12 with pH values ranging between 7.14 and 7.70, 7.00 and 
7.60, and 7.25 and 7.55, respectively. A similar result has been 
documented by earlier researchers (Salem-Amany et al., 2010; 
Kassem et  al.,  2011; and Kesavan et  al.,  2014). Specifically, 
Salem-Amany et  al.  (2010) reported lowering of pH values of 
refrigerated minced beef treated with different concentrations 
of essential oil of thyme compared with untreated ones. Kassem 
et al. (2011) documented lowering of pH values of burger sam-
ples treated with a high concentration of natural extract oil 
(1.2%) compared with control samples after 4 days of storage at 
refrigeration temperature. Kesavan et  al.  (2014) also reported 
lower pH values in raw beef meat samples treated with crude 
essential oil than untreated counterparts during storage at 
4  ±  1°C for 15  days. These researchers opined that the pres-
ence of phenolic acid and the consequential antimicrobial effect 
of phenolic compounds in herb oil might have been responsi-
ble for this observation. Reduction in pH is desirable, since an 
increase in pH reflects the degree of meat spoilage through 
protein breakdown for the production of free amino acids, lead-
ing to the formation of NH3 and amines, compounds of alkaline 
reactions.

(2)▴E =
[

(▴L)2 + (▴a)2 + (▴b2)
]

1∕2.

Concentrations of 
EOWG in %

Polyphenols (mg 
GAE/g)

% Inhibition of 
DPPH+

Reducing capacity 
IC50 (µg/mL)

1.0% 254.50 ± 0.02c 46.21 ± 0.17b 14.56 ± 0.18b

1.5% 317.34 ± 0.13b 46.52 ± 0.14b 15.77 ± 0.02a

2.0% 393.17 ± 0.21a 49.22 ± 0.14a 15.79 ± 0.03a

Note: Superscripts a, b, c, d, and e show significant difference (along the rows); n = number of 
observation (3); and p ≤ .05 (99.05% confidence level).

TA B L E  1 In vitro antioxidant properties 
of various concentrations of crude 
essential oil from roots of white's ginger 
(EOWG)
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3.3  |  Thiobarbituric acid reactive substances 
(TBARs) values of minced beef as influenced by the 
concentration of crude essential oils from roots of 
white's ginger and BHA during refrigerated storage

A commonly used index of lipid oxidation in stored meat products 
is TBARs values. When TBARs reaches a value of 0.9, the rancid 
flavor is initially detected (EOS,  2005). The initial value of TBARs 
value of minced beef in this study was 0.29 mg malonaldehyde/kg 
as shown in Figure 2. However, there was a gradual increase in this 
value between days 3 and 12 for all samples. Variations exist among 
the samples depending on the concentration of crude essential oil 
of white's ginger used. TBARs values ranged from 0.35 to 0.45, 0.58 

to 0.86, 0.66 to 0.91, and 0.94 to 1.02 for the 3rd, 6th, 9th, and 
12th day, respectively, with samples T0 and T4 being the highest and 
lowest in each case, respectively. Noticeably, no significant differ-
ences exist between samples T3 and T4, except on day 3 of storage. 
Sample T0 had a TBARs value of 0.91 on the 9th day, while every 
other sample reaches 0.9 and above on the 12th day. This implied 
that untreated and treated minced meat started producing rancid 
flavor on days 9 and 12, respectively, and therefore, crude oil ex-
tracted from white's ginger may prevent this rancidity for 9  days 
under refrigerated storage. Sample T3 was especially compared fa-
vorably with T4 (BHA-treated sample). This also indicated that 2% 
of this oil will suffice to do this preservation. Such findings may be 
attributed to the high antioxidant effect of crude essential oil, which 

F I G U R E  1 Mean PH of untreated, 
white's ginger oil and BHA treated 
minced beef during refrigerated storage. 
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F I G U R E  2 Thiobarbituric Acid Reactive 
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white's ginger oil and BHA treated beef 
during refrigerated storage
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is related to the scavenging potentials of its flavonoids and phenolic 
contents. A similar result was documented by Kassem et al. (2011) in 
a study on the effect of different concentrations of essential oil on 
lipid oxidation of beef under refrigeration. This finding also agreed 
with Irfiana et al. (2017), who reported a decrease in TBARs values 
of vacuum-packed ground beef during refrigerated storage (at 0, 4, 
8, 12, and 16 days) when compared with TBARs values of control 
samples. Likewise, fresh pork treated with the ultrasonicated ex-
tracts of Ceylon spinach at 100 and 120  mg/ml had lower values 
of thiobarbituric acid reactive substances (TBARS) than the control 
(Phimolsiripol et al., 2021). Crude essential oils are known to con-
tain active compounds which are antioxidants and can curtail the 
incidence of autoxidation in meat and its products (Homayounpour 
et al., 2021; Irfiana et al., 2017).

3.4  |  Total volatile basic nitrogen (TVBN) values of 
minced beef as influenced by the concentration of 
crude essential oils from roots of white’s ginger and 
BHA during refrigerated storage

Total volatile basic nitrogen can be regarded as an index of raw 
minced meat spoilage, especially at 20 mg/100 mg raw minced meat 
(EOS, 2005). In this study, the initial TVBN values in mg/100 mg raw 
minced meat were 10.47 (Figure 3). This was steadily increased with 
duration of storage, but significantly influenced by the concentra-
tion of treatment for days 3, 6, 9, and 12, which ranged between 9.81 
and 13.57, 10.20 and 14.07, 12.11 and 16.20, and 20.40 and 24.65, 
respectively. Although in each day, an increase in TVBN was ob-
served, the sample without treatment had the highest values while 

the sample treated with BHA had the lowest. Statistically there were 
no significant differences between samples treated with 2% crude 
essential oil (T3) and BHA (T4). A similar trend was observed for sam-
ples treated with 1.5% (T2) and BHA (T4), except on day 9. It implies 
that both samples T2 and T3 can compete favorably with T4 in pre-
serving the minced meat under refrigerated storage. Treatment of 
meat with between 1.5% and 2% crude essential oil of white's ginger 
roots could be considered as a natural means of meat preservation 
as against utilization of BHA, a synthetic antioxidant with track re-
cords of TVBN lowering. The degree of autolysis and bacterial pro-
teolysis in meat can be measured by TVBN, which determines the 
proportions of amino acids, that is, tyrosine, and tryptophan present 
in an extract of meat (Shaltout et al., 2017). This finding agreed with 
Salem-Amany et al. (2010), who reported similar results on minced 
beef stored at 4°C. These researchers also confirmed that 1.5% 
natural extract oil concentration was more effective in decreasing 
TVBN values than samples treated with 1% natural extracted oil at 
6th and 12th day of storage period due to the role of naturally ex-
tracted oil on microbial population and bacterial growth as antimi-
crobial agents.

3.5  |  Total plate count of minced beef treated with 
different concentrations of crude essential oil from 
white's ginger during refrigerated storage

Total plate counts (log cfu/g) significantly varied, both with storage 
period and concentration of crude essential oil from white's ginger 
(Table 2). Total plate counts (log cfu/g) increase with an increase 
in storage period (0–12 days) and range between 1.88 and 5.11, 

F I G U R E  3 Effect of different 
concentrations of crude essential oil from 
the root of white ginger and BHA on Total 
Volatile Basic Nitrogen(TVBN) values of 
minced meat during refrigerated storage
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1.84 and 3.83, 1.81 and 3.81, and 1.79 and 2.55, but decrease 
with increase in the concentration of crude essential oil from 
white's ginger and ranged between 1.88 and 1.79, 2.13 and 1.97, 
3.34 and 2.23, 4.56 and 2.45, and 5.11 and 2.55. It can be inferred 
from this result that crude essential oil of white's ginger has the 
potentials to inhibit the growth of microorganisms and also that 
higher concentrations of the oil possess the greater power of mi-
crobial inhibition. This is consistent with Irfiana et al. (2017), who 
recorded that the total plate count of microorganisms in vacuum-
packed ground beef treated with natural essential oil from thyme 
was lesser than the untreated sample in the same package during 
refrigerated storage (at 0, 4, 8, 12, and 16 day). The observation 
was associated with high content and wide spectrum of phenolic 
compounds, variety of flavonoids, including apigenin, naringenin, 
luteolin, and thymonin, and antimicrobial and antioxidant proper-
ties of thyme. Bark and leaves of cinnamon were reported to pos-
sess similar characteristics. The major compounds in the essential 

oil of cinnamon are cinnamaldehyde, benzaldehyde, limonene, lin-
alool, and eugenol (Irfiana et al., 2017).

3.6  |  Effect of different concentrations of 
crude essential oil from white's ginger on different 
species of bacteria during refrigerated storage

Salmonella, Listeria, and Staphylococcus aureus comprised of the most 
pathogenic genus of mesophilic bacteria.  For instance, Salmonella 
spp. is a common cause of food poisoning. Listeria monocytogenes is 
frequently distributed through contaminated foods like raw meats 
(Valenzuela et al., 2021). In this study, counts of Escherichia coli (log 
cfu/g) and Salmonella/ Shigella (log cfu/g) significantly varied across 
the storage duration and with increase in the concentration of es-
sential oil from white's ginger (Tables 3 and 4). From Table 3, E. coli 
counts (log cfu/g) increased with the increase in storage duration 

TA B L E  2 Total plate counts (log cfu/g) of minced beef treated with different concentrations of crude essential oil from white's ginger 
during refrigerated storage

Treatment Day 0 Day 3 Day 6 Day 9 Day 12

T0 1.88 ± 0.01ew 2.13 ± 0.01dw 3.34 ± 0.12cw 4.56 ± 0.02bw 5.11 ± 0.10aw

T1 1.84 ± 0.21ex 2.03 ± 0.04dx 2.78 ± 0.02cx 3.24 ± 0.02bx 3.83 ± 0.11ax

T2 1.81 ± 0.01ey 2.00 ± 0.01dy 2.34 ± 0.00cy 2.68 ± 0.03by 3.11 ± 0.14ay

T3 1.79 ± 0.02ez 1.97 ± 0.02dz 2.23 ± 0.01cz 2.45 ± 0.01bz 2.55 ± 0.01az

Note: Superscripts a, b, c, d, and e show significant difference along the rows and w, x, y, and z showed significant difference along the column; 
n = number of observation (3); and p ≤ .05 (99.05% confidence level). T0 (untreated raw meat serving as control); T1 (meat treated with 1% essential 
oil); T2 (meat treated with 1.5% essential oil); and T3 (meat treated with 2% essential oil).

TA B L E  3 Escherichia coli (log cfu/g) counts of minced beef treated with different concentrations of crude essential oil from white's ginger 
during refrigerated storage

Treatment Day 0 Day 3 Day 6 Day 9 Day 12

T0 0.96 ± 0.01ew 1.75 ± 0.02dw 2.23 ± 0.01cw 3.71 ± 0.01wbw 4.55 ± 0.01aw

T1 0.88 ± 0.01ex 1.44 ± 0.01dx 1.78 ± 0.01cx 2.33 ± 0.01bx 2.84 ± 0.14ax

T2 0.80 ± 0.01ey 1.13 ± 0.01dy 1.25 ± 0.01cy 1.47 ± 0.01by 1.90 ± 0.01ay

T3 0.67 ± 0.00dz 0.94 ± 0.02cz 1.03 ± 0.01bz 1.06 ± 0.01bz 1.02 ± 0.01az

Note: Superscripts a, b, c, d, and e show significant difference along the rows and w, x, y, and z showed significant difference along the column; 
n = number of observation (3); and p ≤ .05 (99.05% confidence level). T0 (untreated raw meat serving as control); T1 (meat treated with 1% essential 
oil); T2 (meat treated with 1.5% essential oil); and T3 (meat treated with 2% essential oil).

TA B L E  4 Salmonella/Shigella (log cfu/g) counts of minced beef treated with different concentrations of crude essential oil from white's 
ginger during refrigerated storage

Treatment Day 0 Day 3 Day 6 Day 9 Day 12

T0 0.75 ± 0.02ew 1.15 ± 0.02dw 1.63 ± 0.01cw 2.72 ± 0.01bw 3.75 ± 0.02aw

T1 0.70 ± 0.01ex 0.95 ± 0.02dx 1.32 ± 0.01 cx 2.64 ± 0.01bx 2.81 ± 0.02 ax

T2 0.59 ± 0.00ey 0.75 ± 0.01dy 1.13 ± 0.02cy 1.78 ± 0.02by 1.19 ± 0.01ay

T3 0.46 ± 0.02ez 0.52 ± 0.02dz 0.81 ± 0.01cz 1.04 ± 0.00bz 1.20 ± 0.26az

Note: Superscripts a, b, c, d, and e show significant difference along the rows and w, x, y, and z showed significant difference along the column; 
n = number of observation (3); and p ≤ .05 (99.05% confidence level). T0 (untreated raw meat serving as control); T1 (meat treated with 1% essential 
oil); T2 (meat treated with 1.5% essential oil); and T3 (meat treated with 2% essential oil).
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(0–12  days) and ranged between 0.96 and 4.55, 0.88 and 2.84, 
0.80 and 1.90, and 0.67 and 1.02, but decreased with increase in 
the concentration of crude essential oil from white's ginger and 
ranged between 0.96 and 0.67, 1.75 and 0.94, 2.23 and 1.03, 3.71 
and 1.06, and 4.55 and 1.02. A similar trend was observed in Table 4 
for Salmonella/Shigella counts (log cfu/g) which increased with in-
crease in storage period (0–12 days) and ranged between 0.75 and 
3.75, 0.70 and 2.81, 0.59 and 1.19, and 0.46 and 1.20, but decreased 
with increase in the concentration of crude essential oil from white's 
ginger and ranged between 0.75 and 0.46, 1.15 and 0.52, 1.63 and 
0.81, 2.72 and 1.04, and 3.75 and 1.20. This result justified the fact 
that crude essential oil of white's ginger has capability of preventing 
the growth of bacteria and a higher concentration of the oil per-
formed better than lower concentrations. Antibacterial properties 
of essential oil from plants with similar characteristics (garlic, thyme, 
and lemongrass) on minced beef at 4°C storage were documented 
(Salem-Amany et al., 2010; Solomakos et al., 2008). High counts of 
Enterobacteriaceae in untreated minced beef in comparison with 
those treated with different concentrations of plant essential oils had 
also been reported and were attributed to the presence of bioactive 
compounds in the oil (Shaltout et al., 2017). Additionally, results of 
antimicrobial activities of various concentrations of crude essential 
oil from roots of white's ginger were presented in Table 5. The zones 
of inhibition in millimeter (mm) for E. coli, Staphylococcus aureus, and 
Salmonella typhi were 19.12–25.30, 9.79–13.54, and 17.11–23.10, 
respectively. There was a significant difference among organisms 
treated with different concentrations of EOWG. The zones of inhi-
bition in mm increase with the increase in the concentration of the 
EOWG. This further revealed that crude essential oil of white's gin-
ger possesses antibacterial activities, which could be associated with 
the presence of bioactive compounds in the root, such as alkaloids, 
flavonoids, saponins, tannins, and polyphenols, in varying quantities 
(Esievo et al., 2018). Similar results have been documented (Fankam 
et al., 2011; Mayunzu et al., 2011; and Gbadamosi & Erinoso, 2015).

3.7  |  Effect of different concentrations of crude 
essential oil from white's ginger on color (L, a, and b 
values) of minced beef during refrigerated storage

Table 6 presented the color of the treated and untreated meat at a 
storage temperature of 2°C. Accordingly, lightness (L), redness (a), 
and yellowness (b) were reported for each day. On day 3, the color 

values of the control sample (T0) for L, a, and b were insignificantly 
different from T4 (treated with BHA). This was closely followed by 
T1 (treatment with 1% essential oil from white's ginger). Redness of 
control (T4) and other treated samples (T1, T2, and T2) decreases 
as the concentration of the essential oil increases, with T1 closely 
compared with T0 and T4. The reverse was the cases with lightness 
(L) and yellowness (b) values, which increased with a higher concen-
tration of treatment. The (L, a, and b) values ranged between 26.40 
and 42.55, 16.49 and 25.87, and 6.61 and 4.02, respectively, at day 
3. The trends were very similar in day 6 with ranges 18.07–26.74, 
13.66–24.82, and 3.71–4.64; day 9 with ranges 17.94–20.90, 11.95–
18.38, and 2.93–4.51; and day 12 with ranges 16.78–19.09, 9.50–
12.53, 2.26–3.11, respectively. Redness is an important attribute 
being sought by consumers and it appears that lower concentrations 
of the essential oil of white's ginger might be better for adequate 
protection of redness in refrigerated minced beef. All the color val-
ues (lightness, redness, and yellowness) diminish with storage dura-
tion, regardless of the treatment type and proportion. This result 
agrees with Fernández-López et al. (2005), who studied the effects 
of different antioxidants on the color of meat and meat products 
and reported that meat oxidation decreases a* values. This finding 
corroborated with Borella et al. (2019), who observed variations in L* 
and a* values when commercial antioxidants of rosemary in different 
concentrations in mixed hamburger processing were used. Borella 
et  al.  (2019) also confirmed that lower variations were those with 
higher antioxidant concentrations. The decrease in redness value 
could be attributed to the influence of pH on the myoglobin propor-
tion. The a* values of treated minced meat were decreased due to 
low pH which formatted metmyoglobin during storage. The pres-
ence of oxygen resulted in the oxidation of myoglobin to oxymyoglo-
bin and consequently, the color change with storage time (Shalaby 
et al., 2018).

3.8  |  Total color difference of minced beef treated 
with different concentrations of crude essential oil 
from white's ginger during refrigerated storage

Total color difference (TCD) of minced beef significantly (p ≤ .05) 
varied across storage durations and with an increase in concen-
trations of essential oil from white's ginger (Table 7). TCD ranged 
between 6.00 and 8.19, 6.23 and 7.69, 4.86 and 13.15, 3.99 and 
16.18, and 5.76 and 7.33 for samples T0, T1, T2, T3, and T4, 

TA B L E  5 Inhibitory effects of various concentrations of crude essential oil from roots of white's ginger (EOWG) against some pathogens 
organisms

Concentrations of 
EOWG in %

Escherichia coli (105 cfu/ml)/Zone 
of inhibition (mm)

Staphylococcus aureus (105 cfu/ml)/Zone 
of inhibition (mm)

Salmonella typhi (105 cfu/
ml)/Zone of inhibition (mm)

1.0% 19.12 ± 1.51c 9.79 ± 1.21c 17.11 ± 1.15c

1.5% 21.13 ± 1.25b 10.54 ± 2.11b 18.12 ± 1.20b

2.0% 25.30 ± 1.35a 13.54 ± 5.11a 23.10 ± 1.00a

Note: Superscripts a, b, c, d, and e show significant difference along the rows; n = number of observation (3); and p ≤ .05 (99.05% confidence level).
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respectively, within 12 days of storage. However, between 3 and 
6 days, the range of color change was 7.33–16.18, with samples 
T4 and T1 being the highest and lowest, respectively. Samples T1 
and T0 closely followed T4 and indicted that low concentration of 
the essential oil from white's ginger resulted in little color change 
relative to others, and similar to that of T4 (commercial preserva-
tive). Color changes between 6 and 9 days and 9 and 12 days fol-
lowed a similar trend, with few exceptions. The result is consistent 
with those of earlier researchers (Falowo et al., 2019; Karabagias 
et al., 2011; Shalaby et al., 2018; Unal et al., 2014) in related studies. 
In their works, meat treated with essential oils from oregano, sage, 

rosemary, and thyme compared with the control group through-
out the storage period, perhaps as a result of protective effect of 
essential oil treatment on color lightness. These researchers also 
reported progressive decrease across the days of storage within 
the treatments. However, the concentration remains an important 
guiding factor. One of the most essential parameters governing 
a consumer's decision in purchasing, selecting, and acceptability 
of meat and meat products during display is meat color (Grunert 
et  al.,  2004). Caution must be exercised concerning concentra-
tion when utilizing these essential oils as meat preservatives. In 
the present study, utilization of between 1% and 1.5% of crude 

Samples/storage days L values a values b values

Day 3

T0 26.18 ± 3.58d 25.87 ± 5.72a 4.02 ± 0.54d

T1 29.95 ± 0.74c 24.04 ± 1.69b 4.54 ± 1.09c

T2 35.90 ± 5.23b 18.06 ± 2.26c 5.69 ± 0.69b

T3 42.55 ± 4.93a 16.49 ± 0.71d 6.61 ± 2.21a

T4 26.40 ± 2.40d 24.60 ± 0.15ab 4.13 ± 0.43cd

Day 6

T0 18.07 ± 1.22cd 24.82 ± 5.84a 3.77 ± 1.05c

T1 22.31 ± 5.76bc 24.14 ± 0.91a 3.75 ± 0.09c

T2 22.87 ± 3.56b 17.56 ± 2.68b 4.02 ± 1.07b

T3 26.74 ± 0.61a 13.66 ± 0.61c 4.64 ± 0.91a

T4 19.71 ± 0.24c 24.01 ± 1.23a 3.71 ± 0.38c

Day 9

T0 17.94 ± 1.60c 18.38 ± 2.57a 2.93 ± 1.31d

T1 20.28 ± 0.84ab 18.25 ± 1.58a 3.19 ± 1.66c

T2 20.10 ± 1.08ab 14.73 ± 0.45b 3.40 ± 0.41b

T3 21.90 ± 1.25a 11.95 ± 2.07c 4.51 ± 0.47a

T4 18.75 ± 0.98b 18.38 ± 2.57a 2.97 ± 0.09d

Day 12

T0 16.78 ± 0.47c 12.53 ± 0.52a 2.26 ± 1.82c

T1 18.34 ± 1.71ab 12.17 ± 0.41ab 2.48 ± 0.60b

T2 18.52 ± 1.49ab 10.12 ± 0.48b 2.92 ± 1.51ab

T3 19.09 ± 1.85a 9.50 ± 0.92bc 3.11 ± 0.34a

T4 17.33 ± 1.09b 12.52 ± 0.56a 2.27 ± 0.23c

Note: T (untreated raw meat); T1 (meat treated with 1% essential oil); T2 (meat treated with 1.5% 
essential oil); T3 (meat treated with 2% essential oil); and T4 (meat treated with BHA).

TA B L E  6 Effect of different 
concentrations of crude essential oil 
from white's ginger on Hunter's (L, a, and 
b) color values of minced beef during 
refrigerated storage

TA B L E  7 Effect of different concentrations of crude essential oil from white's ginger on total color difference in minced beef during 
refrigerated storage

Storage intervals T0 T1 T2 T3 T4

3–6 days 8.19 ± 0.12av 7.69 ± 0.02aw 13.15 ± 0.03ax 16.18 ± 0.02ay 7.33 ± 0.03az

6–9 days 6.48 ± 0.01bv 6.23 ± 0.01cw 7.24 ± 0.02bx 5.14 ± 0.01by 5.76 ± 0.02cz

9–12 days 6.00 ± 0.02cv 6.43 ± 0.11bw 4.86 ± 0.01cx 3.99 ± 0.15cy 6.07 ± 0.05bz

Note: Superscripts v, w, x, y, and z showed significant difference along the rows and a, b, and c significant difference along the column; n = number of 
observation (3); and p ≤ .05 (99.05% confidence level). T0 (untreated raw meat serving as control); T1 (meat treated with 1% essential oil); T2 (meat 
treated with 1.5% essential oil); T3 (meat treated with 2% essential oil); and T4 (meat treated with BHA).



10 of 11  |     OLATOYE

essential oil from white's ginger for protection of color change 
could be regarded as best.

4  |  CONCLUSIONS

Crude essential oil from the roots of white's ginger (EOWG) pos-
sesses antioxidant and antimicrobial activities, which are depend-
ent on concentration. Minced beef samples treated with EOWG had 
significantly lower values of pH, TBARS, TVBN, TPC, and BC than 
those of control (untreated meat) and comparable ranges of values 
with BHA-treated samples during refrigerated storage. The L, a, 
and b color values and total color difference of refrigerated minced 
beef were not markedly influenced by the treatment. The efficiency 
of EOWG depended on concentration and 1.5%–2% compared fa-
vorably with BHA. EOWG offered a satisfactory preservative effect 
against lipid oxidation and microbial spoilage and may be a suitable 
alternative to the synthetic antioxidant BHA. Therefore, EOWG 
could be used as both natural antioxidant and antibacterial agents 
during refrigerated storage of minced beef. In the meat industry, 
natural antioxidants may give impetus to novel meat products de-
velopment with enhanced health benefits, prolonged shelf life, and 
improved safety and quality. Further studies on isolation of major 
spoilage organisms, impacts of EOWG on major spoilage organisms, 
sensory analysis of minced beef during refrigeration, and the analy-
sis of the shelf life of minced beef treated with EOWG when stored 
at room temperature are recommended.
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