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ABSTRACT 
The present study was conducted to evaluate the physicochemical and sensory quality of beef patties 
containing different levels of pennyroyal powder (PP) during storage at 4 °C for up to 9 days. The PP was 
added to patties at 0.75, 1.5, 2.25, and 3.0% levels and compared to negative (without PP) and positive 
controls (0.01% propyl gallate). The PP addition decreased the protein content and increased the ash content 
(P <0.05). The PP inclusion improved cooking loss, but negatively affect the hardness and overall 
acceptability (P <0.05). However, overall acceptability scores of patties containing up to 1.5% PP were 
similar to the negative and positive controls (P >0.05). The PP incorporation improved the pH, lipid, and 
color stability during the storage period (P <0.05). Thus, the inclusion of 1.5% PP could be recommended 
to retard the lipid and color oxidation of patties with minimal compositional, textural, and sensory changes. 
Keywords: Beef patty, pennyroyal, quality, storage stability 
 

YARPUZ (Mentha pulegium L.) TOZU İLE FORMÜLE EDİLEN SIĞIR 
KÖFTELERİNİN FİZİKOKİMYASAL VE DUYUSAL KALİTESİNİN 

DEĞERLENDİRİLMESİ 
 

ÖZ 

Bu çalışma, farklı düzeylerde yarpuz tozu (YT) içeren sığır köftelerinin 4 °C'de 9 güne kadar depolama 
sırasında fizikokimyasal ve duyusal kalitesini değerlendirmek için gerçekleştirilmiştir. YT, köfte 
formülasyonlarına %0.75, 1.5, 2.25 ve 3.0 düzeylerinde ilave edilmiş ve gruplar, negatif (YT 
içermeyen) ve pozitif kontrol (%0.01 propil gallat içeren) ile karşılaştırılmıştır. YT ilavesi protei n 
miktarını düşürmüş, kül miktarını artırmıştır (P <0.05). YT ilavesi pişirme kaybını azaltmış ancak 
sertliği ve genel kabul edilebilirliği olumsuz yönde etkilemiştir (P <0.05). Bununla birlikte %1.5'e 
kadar YT içeren köftelerin genel kabul edilebilirlik puanları, negatif ve pozitif kontrole benzer 
bulunmuştur (P >0.05). YT ilavesi depolama süresince pH, lipit ve renk stabilitesini geliştirmiştir (P 
<0.05). Böylece minimum bileşimsel, tekstürel ve duyusal değişikliklerle köftelerin lipit ve renk 
oksidasyonunu yavaşlatmak için %1.5 düzeyinde YT kullanımı önerilebilir.  
Anahtar kelimeler: Sığır köftesi, yarpuz, kalite, depolama stabilitesi  
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INTRODUCTION 
Minced meat products called beef patty, burger, 
or meatball are very popular foods among 
consumers of all age groups in many countries 
due to their easy preparation, attractive sensory 
properties, and low price (Selani et al., 2016; 
Hautrive et al., 2019; Öztürk and Turhan, 2020). 
However, the fact that these meat products often 
lack dietary fiber which should be present in a 
healthy diet (Öztürk and Turhan, 2020), and are 
exposed to apart from microbial spoilage, lipid 
oxidation during cold storage require them to be 
supplemented with different additives 
(Fernandez-Lopez et al., 2005; Juntachote et al., 
2007). Because oxidative reactions in meat during 
processing and storage result in deterioration of 
color and sensory quality and decreased shelf-life 
(Fernandez-Lopez et al., 2005; Juntachote et al., 
2006; Choe et al., 2011). Also, it can lead to the 
potential formation of toxic oxidation 
compounds (Juntachote et al., 2006). Although 
synthetic additives have been widely used in the 
meat industry to overcome these problems, the 
trend is to decrease their use because of the 
toxicity and carcinogenicity of such chemical 
additives (Fernandez-Lopez et al., 2005; 
Juntachote et al., 2006, 2007; Choe et al., 2011). 
Therefore, the addition of plant materials can 
provide dietary fiber, vitamins, and phenolic 
compounds and enhance oxidative stability.         
  
Pennyroyal (Mentha pulegium) is an aromatic herb 
that belongs to the family Lamiaceae, is 
naturalized in America, and thrives in Western, 
Southern and Central Europe, Asia, Iran, Arab 
countries, and Ethiopia (Teixeira et al., 2012). It is 
a perennial, and herbaceous plant, which can 
reach up to half a meter in height (Gülçin et al., 
2020). Its essential oil and dry parts have been 
traditionally used in medicine (digestive, liver and 
gallbladder disorders, amenorrhea, gout, colds, 
increased micturition, skin diseases, and 
abortifacient), gastronomy (culinary herb), 
aromatherapy, and cosmetics (Teixeira et al., 
2012; Çelik et al., 2017). Recent research has 
shown that extracts of pennyroyal are an excellent 
source of phenolic compounds such as 
kaempferol-3-O-rutinoside, quercetagetin-3,6-
dimethylether, fumaric acid, chlorogenic acid, 

apigenin, and epicatechin, which are responsible 
for antioxidant capacity (Çelik et al., 2017; Gülçin 
et al., 2020). Despite the high phenolic content 
and antioxidant capacity of pennyroyal, there are 
limited studies on the use of its essential oil, 
powder, and extracts in foods. For example, 
Kamkar et al. (2010) reported that water extract 
of pennyroyal is a potent antioxidant for 
sunflower oil during storage.  
 
Unfortunately, there are no studies about the 
application of pennyroyal essential oil, powder, or 
extracts in meat systems. Therefore, this study 
aimed to assess the effect of the use of pennyroyal 
powder on physicochemical (proximate 
composition, cooking loss, texture, pH, TBARS, 
and color) and sensory quality of beef patties 
during cold storage (4 °C). 
 
MATERIAL AND METHOD 
Materials 
Pennyroyal (Mentha pulegium L.) plants were 
collected from their natural habitat, Baku, 
Azerbaijan, in early July 2019. The plants were 
dried in a dark place at room temperature, 
powdered using an electrical device, and passed 
through a 0.5 µm sieve. The obtained pennyroyal 
powder (moisture 11.80%) was kept in the 
refrigerator until use. The minced beef (moisture 
61.90%, protein 21.56%, fat 14.54%, and ash 
1.00%) and beef fat (moisture 8.05%, fat 87.65%) 
were supplied from a butcher shop in Samsun 
city, Turkey. Food grade propyl gallate (PG) was 
purchased from Merck (Darmstadt, Germany). 
Unless otherwise stated, all chemicals used were 
of analytical grade. 
 
Total phenolic content and antioxidant 
activity of the pennyroyal powder 
Extraction procedure  
For the extraction of phenolic compounds in 
pennyroyal, 5 g of pennyroyal powder was mixed 
with 20 mL of 80% methanol aqueous solution, 
placed in an ultrasonic bath (Bandelin Sonorex, 
RK 100, Germany), and sonicated at room 
temperature for 15 min. At the end of sonication, 
the suspension was left in dark at room 
temperature for 12 h and filtrated through filter 
paper (Whatman No. 1, Maidstone, UK). The 
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obtained extract was used for both the total 
phenolic content and antioxidant activity 
determinations.   
 
Determination of total phenolic content 
Total phenolic content was determined following 
the method described by Singleton and Rossi 
(1965) with some modifications. Briefly, 20 μL of 
the diluted pennyroyal extract was transferred to 
test tubes and mixed with diluted (1:10 with 
water) Folin-Ciocalteu reagent (100 μL), distilled 
water (1580 μL), and 7.5% Na2CO3 solution (300 
μL). After incubating the test tubes in dark at 
room temperature for 2 h, the absorbance (760 
nm) of the solutions was measured. The total 
phenolic content was expressed as mg of gallic 
acid equivalent (GAE)/g sample. 
 
2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging activity 
The DPPH scavenging activity assay was carried 
out following the protocol described by Nakajima 
et al. (2004), with a slight modification. Briefly, 50 
µL of the diluted pennyroyal extract was added to 
1 mL of DPPH methanol solution (100 µM). 
After incubating in dark for 2 h, the absorbance 
readings were performed at 517 nm. The results 
were expressed using Trolox as standard: mmol 
Trolox equivalents (TE)/g sample. 
 
Ferric reducing antioxidant power (FRAP)  
The FRAP assay was performed according to the 
methodology, described by Gao et al. (2000). 
Briefly, 50 µL of the diluted pennyroyal extract 
was mixed with 0.95 mL ferric-2,4,6-tripyridil-s-
triazine (TPTZ) reagent (which was done by 
mixing 300 mM acetate buffer, pH 3.6, 10 mM 
TPTZ in 40 mM HCl and 20 mM FeCl3 at the 
ratio 10:1:1, respectively). After incubating at 
room temperature for 5 min, the absorbance 
readings were performed at 593 nm. The results 
were expressed using Trolox as standard: mmol 
TE/g sample. 
 
Preparation of beef patties 
Two separate trials were performed on different 
days using different minced meat and beef fat but 
the same ingredients, and 6 kg of beef patties were 
manufactured for each trial. Six different batches 

of beef patties were produced as follows: 1) CON 
- negative control (78.50% minced beef + 20% 
beef fat + 1.5% salt); 2) PG - positive control 
(78.49% minced beef + 20% beef fat + 1.5% salt 
+ 0.01% PG); 3) P075 (77.75% minced beef + 
20% beef fat + 1.5% salt + 0.75% pennyroyal 
powder); 4) P150 (77.00% minced beef + 20% 
beef fat + 1.5% salt + 1.5% pennyroyal powder); 
5) P225 (76.25% minced beef + 20% beef fat + 
1.5% salt + 2.25% pennyroyal powder); 6) P300 
(75.50% minced beef + 20% beef fat + 1.5% salt 
+ 3.0% pennyroyal powder). All batches were 
mixed for 10 min to obtain a homogenous mass, 
weighed into ~25 g portions, and shaped by hand 
with gloves. The final products with a mean of 50 
mm diameter and 10 mm thickness were 
aerobically packaged in polyamide bags with an 
oxygen transmission rate of 52.4 cm3/m2/24 h at 
1 atm and 23 ºC and stored at 4 ± 1 °C home-type 
refrigerator for 9 days. Proximate composition, 
cooking loss, texture parameters, and sensory 
attributes of samples were evaluated at the initial 
day of storage, while the pH, thiobarbituric acid 
reactive substances (TBARS), and color 
parameters were analyzed on days 0, 3, 6, and 9 of 
storage.  
 
Determination of proximate composition, 
cooking loss and texture parameters 
The proximate composition (moisture, protein, 
fat, and ash) of the beef patties and raw materials 
was determined according to the official standard 
method (AOAC, 2000). For cooking loss, beef 
patties were cooked in a preheated electrical grill 
(Arçelik Midi Fırın, Turkey) for a total of 8 min, 5 
min one side and 3 min the other side. The weight 
of three meatballs per batch was measured at 
room temperature, before and after cooking to 
calculate the percentage of cooking loss, and the 
results were expressed in percentage (%).   
 
Texture parameters of the beef patties were 
determined at 25 °C using a Texture Analyzer 

(TA‐XT Plus, Stable Micro Systems, UK) 
equipped with an aluminum cylindrical probe 
(model P/50R). For analysis, samples were placed 
on the center of the TPA platform and 
compressed twice to 60% of their original height. 
The conditions were as follows: pre-test speed 2.0 
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mm/s, post-test speed 5.0 mm/s, test speed 5.0 
mm/s, and the testing interval 5 s. The values for 
hardness (N), springiness (mm), cohesiveness, 
and chewiness (N.mm) were calculated from the 
curves provided by the equipment (Öztürk and 
Turhan, 2020). 
 
Evaluation of sensory attributes 
Sensory properties (appearance, flavor, juiciness, 
and tenderness) of the beef patties were evaluated 
by an experienced panelist group of 10 members 
from the staff and graduate students on the initial 
day of storage. All sensory work was carried out 
in the sensory evaluation room under 
fluorescence lighting to minimize the scope of 
errors. The cooked samples were cooled to room 
temperature, cut into blocks, coded with a three-
digit random number, and served to each panelist. 
The panelists evaluated the samples randomly and 
after rating each sample, rinsed their mouths with 
water and waited 1-2 min before evaluating the 
next sample. A 9- point hedonic scale was used to 
assess appearance and flavor (1 = undesirable to 
9 = desirable), while a 9- point descriptive scale 
was used to assess juiciness (1 = dry to 9 = juicy) 
and tenderness (1 = tough to 9 = tender). The 
overall acceptability was calculated taking into 
account appearance, flavor, juiciness, and 
tenderness (each with 25%) (Turhan et al., 2014). 
 
Determination of pH value and TBARS 
content 
The pH values of the stored beef patties were 
determined in homogenates composed of 10 g of 
sample and 100 mL of distilled water. Readings 
were taken with a digital pH-meter (Cyberscan PC 
510, Singapore) at room temperature, and pH-
meter calibration was regularly checked. 
 
The TBARS content of the stored beef patties 
was determined according to the method 
described by Witte et al. (1970), with a slight 
modification. Briefly, to 10 g of the beef patty 
sample, 25 mL of 20% trichloroacetic acid was 
added, and the mixture was homogenized with a 
homogenizer (Ultraturrax-IKA, T25 model, 
Germany) for 2 min. The homogenates were 
filtered through Whatman No.1 filter paper. 
Then, 5 mL of 0.02 M 2-thiobarbituric acid (TBA) 

solution was added to 5 mL of filtrate, heated in 
boiling water for 30 min, and cooled down with 
tap water. The absorbance was measured at 532 
nm using a UV-Vis spectrophotometer (Agilent 
Technologies, Cary 60 model, Australia) against a 
blank containing 5 mL of 20% trichloroacetic acid 
and 5 mL of 0.02 M TBA solution. Further, a 
standard curve was plotted using the compound 
1,1,3,3-tetraethoxypropane, and the results 
obtained were expressed as mg malonaldehyde 
(MA)/kg sample.   
 
Determination of instrumental color 
Instrumental color was measured on the surface 
of the stored beef patties using a colorimeter 
(Minolta Chronometer CR-400, Japan). Five 
patties per batch were randomly selected and 
three readings were taken from each patty. Color 
measurement included Hunter L, a, and b 
parameters, where L represents lightness with a 
scale from 0 (black) to 100 (white), a represents 
redness with a scale from -60 (green) to +60 (red), 
and b represents yellowness with a scale from -60 
(blue) to +60 (yellow).         
      
Statistical analysis 
The data were analyzed with the SPSS 21 
statistical software (IBM, Chicago, IL, USA), and 
first checked for normal distribution and 
homogeneity of variances. The obtained data 
from proximate composition, cooking loss, 
texture and sensory evaluation were analyzed by 
one-way ANOVA, while data from pH, TBARS, 
and color parameters were analyzed by two-way 
ANOVA. When the ANOVA was significant (P 
<0.05), differences between means were 
compared using Duncan's multiple range test. All 
results were expressed as mean values ± standard 
deviations.  
 
RESULTS AND DISCUSSION 
Total phenolic content and antioxidant 
activity of pennyroyal powder  
Phenolic compounds, which are abundantly 
found in plants and change depending on genetic 
and environmental factors, as well as on post-
harvest processing conditions, constitute one of 
the major groups of compounds acting as primary 
antioxidants or free radical terminators (Shahidi 
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and Ambigaipalan, 2015). Therefore, it is 
important to determine the phenolic content of 
plants used in food applications as antioxidants. 
In this study, total phenolic content in the 

pennyroyal powder was 44.60 mg GAE/g, and 
the antioxidant capacity measured by DPPH 
scavenging activity and FRAP was 744.91 and 
73.89 mmol TE/g, respectively (Table 1).  

  
Table 1.  Total phenolic content and antioxidant capacity of pennyroyal powder1 

Parameters Values 

Total phenolic content (mg GAE/g) 44.60±0.39 
DPPH scavenging activity (mmol TE/g) 744.91±36.44 
Ferric reducing antioxidant power (FRAP) (mmol TE/g) 73.89±1.84 

1Values are presented as the mean ± standard deviation of duplicate samples. 

 
A similar phenolic content was recorded by 
Gülçin et al. (2020) in methanol extract of 
pennyroyal, while higher phenolic content was 
recorded by Gülçin et al. (2020) in water extract 
and Çelik et al. (2017) in methanol extract. Also, 
similar to our findings, various authors reported 
that pennyroyal extracts have a strong antioxidant 
capacity (Teixeira et al., 2012; Çelik et al., 2017; 
Gülçin et al., 2020). The phenolic content and 
antioxidant activity of pennyroyal extracts are 
extremely variable due to different factors 
including the extraction temperature, time, pH, 
solvent polarity, as well as the above-mentioned 
(Gülçin et al., 2020). These findings show that 

pennyroyal powder could be a good source of 
natural antioxidants and use as a natural additive. 
 
Proximate composition and cooking loss of 
beef patties with pennyroyal powder 
The proximate composition and cooking loss of 
the beef patties formulated with different levels of 
pennyroyal powder (P075, P150, P225, and P300) 
and control samples (CON and PG) are given in 
Table 2. As seen, the addition of pennyroyal 
powder significantly affected the protein and ash 
content of beef patties (P <0.05) whereas its effect 
on moisture, and fat content was not significant 
(P >0.05).  

  
Table 2. Proximate composition, cooking loss, and texture parameters of beef patties formulated with 

different levels of pennyroyal powder1 
Parameters Batches 

 CON2 PG3 P0754 P1505 P2256 P3007 

Moisture (%) 50.96±1.29a 52.16±0.80a 49.81±0.71a 50.11±0.97a 48.33±0.42a 48.81±1.26a 

Protein (%) 18.86±0.28a 18.76±0.45a 17.84±0.35ab 17.37±0.25bc 15.96±0.01d 16.46±0.72cd 

Fat (%) 26.54±0.76a 27.51±0.11a 27.41±0.00a 27.09±0.84a 27.50±0.70a 27.50±0.70a 

Ash (%) 2.45±0.04d 2.49±0.08d 2.54±0.00cd 2.65±0.06bc 2.74±0.00b 2.94±0.05a 

Cooking loss (%) 28.57±0.42a 28.00±0.42ab 27.28±0.40b 27.39±0.28b 25.08±0.14c 22.33±0.28d 

Hardness (N) 86.84±1.28d 94.13±2.34c 101.31±2.82b 95.51±4.55bc 117.45±2.82a 116.36±1.10a 

Springiness (mm) 0.55±0.02b 0.65±0.04ab 0.67±0.04a 0.69±0.04a 0.65±0.01ab 0.74±0.05a 

Cohesiveness 0.23±0.01a 0.24±0.01a 0.25±0.01a 0.24±0.01a 0.24±0.01a 0.24±0.01a 

Chewiness (N.mm) 10.80±0.56d 14.58±1.56c 17.18±0.70bc 16.33±2.02bc 18.26±1.41b 22.36±1.52a 

1Values are presented as the mean ± standard deviation of duplicate samples. Means not sharing a common 
superscript a, b, c or d in a row are significantly different at P <0.05 as assessed by Duncan's multiple range test.  
2CON - negative control sample. 
3PG - positive control sample with 0.01% propyl gallate. 
4P075 - sample with 0.75% pennyroyal powder. 
5P150 - sample with 1.5% pennyroyal powder. 
6P225 - sample with 2.25% pennyroyal powder. 
7P300 - sample with 3.0% pennyroyal powder. 
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The protein content of patties gradually decreased 
with an increase in pennyroyal powder level, but 
the ash content increased. The decrease in protein 
content could result from the dilution effect 
because the protein content in the pennyroyal 
powder was lower than in the minced beef. 
Similarly, Bilek and Turhan (2009) reported a 
decrease in the protein content of beef patties 
formulated with different levels of flaxseed flour. 
Also, Aykin Dinçer et al. (2018) observed a 
concomitant decrease in protein content in 
meatballs formulated with retrograded flour. The 
increase in ash content could be attributable to the 
high ash content (10.63%) of pennyroyal powder. 
It was also stated in previous studies that the 
addition of plant materials containing high 
amounts of ash to beef patties could increase the 
ash content of products (Bilek and Turhan, 2009; 
Alakali et al., 2010; Ran et al., 2020). Despite these 
changes in protein and ash content, the moisture, 
protein and fat contents of all beef patties were 
within the limits of the Turkish Uncooked 
Meatball Standard (TSE 10581, 2007). 
 
The addition of pennyroyal powder significantly 
affected the cooking loss of beef patties (P <0.05) 
and the cooking loss gradually decreased with 
more pennyroyal powder addition (Table 2). 
Turhan et al. (2005) reported that cooking losses 
were due to loss of fat and evaporation of 
moisture during the cooking process. The 
improvement in cooking performance with 
pennyroyal powder addition could attributed to 
its high ability to keep moisture and fat in patty 
matrix. Various researchers also reported that 
addition of non-meat ingredients to patty 
formulation reduce the cooking losses. For 
example, Turhan et al. (2005) reported decreased 
cooking loss in beef burgers formulated with 
different levels of hazelnut pellicle. Similarly, 
Alakali et al. (2010) also observed that addition of 
bambara groundnut (Vigna subterranean L.) seed 
flour to beef patties resulted in better cooking 
yield. 
 
Texture parameters of beef patties with 
pennyroyal powder 
As seen in Table 2, the addition of pennyroyal 
powder to formulation significantly affected the 

hardness, springiness, and chewiness (P <0.05) 
whereas its effect on cohesiveness was not 
significant (P >0.05). A progressive increase in the 
pennyroyal powder level remarkably increased the 
hardness and chewiness values of beef patties but 
slightly increased the springiness values. 
However, no significant differences were 
observed among springiness values of beef patties 
with pennyroyal powder at different levels. The 
increase in hardness, springiness, and chewiness 
with pennyroyal powder addition might be due to 
the decreasing moisture content (Table 2) with 
increased levels of pennyroyal powder. Namely, a 
higher amount of pennyroyal powder may 
contribute to higher dry matter content which 
therefore resulted in beef patties with greater 
hardness and chewiness. It was also reported in 
previous studies that the addition of plant 
materials containing high amounts of dry matter 
to beef patties increases the hardness and 
chewiness of products (Huang et al., 2005; Aykin 
Dinçer et al., 2018; Ran et al., 2020). In addition, 
high-fiber ingredients added to patties can also 
increase the hardness (Saraiva et al., 2019).  
 
Sensory attributes of beef patties with 
pennyroyal powder  
The incorporation of pennyroyal powder at 
different levels to beef patties significantly 
affected the appearance, flavor, and overall 
acceptability (P <0.05) whereas its effect on 
juiciness and tenderness was not significant (P 
>0.05), as shown in Fig. 1.  
  
Generally, the highest appearance, flavor, and 
overall acceptability scores were observed in the 
CON and PG samples, and the scores decreased 
with more pennyroyal powder addition. However, 
the addition of pennyroyal powder to beef patties 
at a level up to 1.5% did not affect the flavor and 
overall acceptability compared to CON and PG, 
while even the addition of pennyroyal powder 
level to 0.75% resulted a slightly greenish color 
and this state was probably evaluated with the 
lower score by the panelists. Finally, the lowest 
flavor, appearance, and overall acceptability 
scores were noticed in P225 and P300 patties due 
to an intense mint flavor and greenish color 
formation after high-level pennyroyal powder 
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addition. Such negative effects of the use of non-
meat ingredients at high levels on the sensory 
properties of comminuted meat products were 
also reported by many authors. For example, 
Turhan et al. (2005) reported that overall 
acceptability scores of beef burgers formulated 
with different levels of hazelnut pellicle were 
decreased as the pellicle content increased due to 

less mastication and mask the meat flavor. 
Similarly, Bilek and Turhan (2009) found that the 
sensory scores of beef patties decreased as the 
flaxseed content increased and this decrease was 
higher with more than 6% flaxseed flour addition. 
Therefore, 1.5% of pennyroyal powder is 
considered optimum for use an enhancer to the 
nutritive value in beef patties.  

 

 
Figure 1. Sensory scores of beef patties formulated with different levels of pennyroyal powder 

 
pH and TBARS values of beef patties with 
pennyroyal powder during storage 
The pH and TBARS values of the beef patties 
formulated with different levels of pennyroyal 
powder during storage at 4 °C are given in Table 
3. As seen, the initial pH values of beef patty 
samples ranged from 5.84 to 5.93, and on days 0 
and 3 of storage, the differences between pH 
values of samples were not significantly different 
(P >0.05). However, the pH values of all samples 
gradually increased after day 3 of storage, and the 
highest pH values were recorded in the CON 

patty samples which increased from 5.69 on day 3 
to 7.10 on day 9 followed by the pH of PG beef 
patties presenting pH values ranging from 5.78 to 
7.04 on 3rd day and on 9th day, respectively. Thus, 
propyl gallate as synthetic antioxidants did not 
show any effect on pH. The pennyroyal powder 
addition to beef patties significantly (P <0.05) 
slowed the rate of pH increase and on days 6 and 
9 of storage, P225, and P300 patties exhibited the 
lowest pH values. Consequently, the addition of 
pennyroyal powder significantly enhanced the pH 
stability of the patties simultaneously with the 
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level of pennyroyal powder suggesting the 
protective role of pennyroyal against spoilage 
microorganisms. The increase in pH could be due 
to the degradation of nitrogenous components in 
beef patties during the storage period. This 
process was directly influenced by the action of 
endogenous or microbial enzymes such as 
proteases or lipases (Danowska-Oziewicz and 
Kurp, 2017; Morsy et al., 2018; Villasante et al., 

2020). Similarly, Ikhlas et al. (2012) reported an 
increase in the pH value in Cosmos caudatus, 
Polygonum minus, and BHT treated quail meatballs 
during the refrigeration storage. Also, Villasante 
et al. (2020) reported a significant increase in the 
pH of beef patties including different 
combinations of pecan shells, rosella flowers, and 
red pepper during the storage period. 

  
Table 3. Changes in pH and TBARS values of beef patties formulated with different levels of 

pennyroyal powder during storage at 4 °C1 
Parameters Batches Storage period (days) 

0 3 6 9 

pH  CON2 5.87±0.17aC 5.69±0.27aC 6.38±0.07bB 7.10±0.14aA 

PG3 5.84±0.21aC 5.78±0.27aC 6.36±0.03bB 7.04±0.16abA 
 P0754 5.91±0.18aC 5.68±0.18aC 6.57±0.09aB 6.84±0.24abA 
 P1505 5.93±0.13aC 5.53±0.11aD 6.33±0.27bB 6.77±0.30bA 
 P2256 5.85±0.02aB 5.58±0.05aC 5.85±0.02cB 6.08±0.01cA 
 P3007 5.85±0.02aB 5.61±0.01aD 5.74±0.05cC 5.99±0.01cA 

TBARS  
(mg MDA/kg) 

CON2 1.43±0.56aC 3.36±0.13aAB 3.12±0.86aB 4.06±0.51aA 

PG3 0.73±0.46bB 1.00±0.16dB 1.50±0.31bA 1.76±0.14cA 
 P0754 1.35±0.17aB 1.29±0.10cdB 1.63±0.41bB 2.32±0.19bA 
 P1505 1.77±0.22aB 1.26±0.07cdC 1.37±0.17bBC 2.61±0.53bA 
 P2256 1.39±0.43aB 2.50±0.10bA 1.78±0.20bB 1.79±0.17cB 
 P3007 1.85±0.19aAB 1.54±0.44cC 1.71±0.76bAB 2.41±0.27bA 

1Values are presented as the mean ± standard deviation of duplicate samples. Means not sharing a common 
superscript a, b, c or d in a column or A, B, C or D in a row are significantly different at P <0.05 as assessed by 
Duncan's multiple range test.  
2CON - negative control sample.  
3PG - positive control sample with 0.01% propyl gallate.  
4P075 - sample with 0.75% pennyroyal powder.  
5P150 - sample with 1.5% pennyroyal powder.  
6P225 - sample with 2.25% pennyroyal powder.  
7P300 - sample with 3.0% pennyroyal powder. 

 
As seen in Table 3, the addition of pennyroyal 
powder showed a significant effect on TBARS of 
beef patties (P <0.05). At the beginning of 
storage, the lowest TBARS value was determined 
in the PG samples (P <0.05), while CON and 
patties containing pennyroyal powder exhibited 
similar TBARS values (P >0.05); however, the PG 
and patties containing pennyroyal powder 
revealed a noticeable decrease in TBARS value 
compared to the CON samples in other storage 
periods (P <0.05). On day 9 of storage, the 
TBARS values of all patty samples increased 
compared to the beginning of storage, but the rate 
of increase was considerably slower in PG and 

beef patties containing pennyroyal powder 
compared to the CON samples. On day 9 of 
storage, the lowest TBARS values were 
determined in PG and P225 samples. Similarly, 
other patty samples containing pennyroyal 
powder also exhibited lower TBARS value than 
the CON samples, thus indicating high protection 
of pennyroyal powder against lipid oxidation in 
beef patties. These results are also supported by 
phenolic content and antioxidant capacity results 
of pennyroyal powder (Table 1). The 
antioxidative effect of pennyroyal powder could 
be explained by phenolics such as kaempferol-3-
O-rutinoside, quercetagetin-3,6-dimethylether, 
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fumaric acid, chlorogenic acid, apigenin, and 
epicatechin present in pennyroyal. These phenolic 
components have multifunctional properties and 
can act as ROS scavengers, singlet oxygen 
scavengers, reducing agents, and hydrogen atom 
donators. Additionally, phenolics especially 
flavonoids are capable of metal chelating and 
reducing abilities (Gülçin et al., 2020). Similarly, 
Kamkar et al. (2010) observed that water and 
methanol extracts of Mentha pulegium are able to 
inhibit both primary and secondary oxidation of 
sunflower oil during storage. 
 
P075 and P150 on 3rd day, all patties containing 
pennyroyal on 6th day, and P225 on 9th day of 
storage showed similar TBARS values to those 
treated with PG (P >0.05) (Table 3). Similar to our 
results, Kamkar et al. (2010) reported that the 

protection offered by water and methanol extracts 
of Mentha pulegium is comparable to widely used 
synthetic antioxidant BHT and it can be added to 
the commercial vegetable oils as a natural 
antioxidant. Therefore, the present study results 
indicate that pennyroyal powder can be 
considered as a natural antioxidant to prevent 
lipid oxidation in beef patties. 
 
Instrumental color parameters of beef patties 
with pennyroyal powder during storage 
The instrumental color parameters of the beef 
patties formulated with pennyroyal powder 
during storage at 4 °C are given in Table 4. As 
seen, the addition of pennyroyal powder showed 
a significant effect on L, a and b values of the 
samples (P <0.05).  

  
Table 4. Changes in color parameters of beef patties formulated with different levels of pennyroyal 

powder during storage at 4 °C1 

Parameters Batches Storage period (days) 

0 3 6 9 

L CON2 42.51±3.47aA 45.08±3.82aA 43.37±3.11aA 42.26±5.53aA 
 PG3 44.74±4.41aA 44.13±3.66abA 41.39±2.34bA 42.26±1.61aA 
 P0754 43.79±1.52aA 41.92±0.44bB 38.30±0.84cC 37.65±0.85bC 
 P1505 39.31±3.04bA 38.03±2.75cAB 36.63±2.14cB 35.91±1.46bB 
 P2256 39.14±1.40bA 37.68±0.69cB 36.50±1.13cC 35.61±0.85bC 
 P3007 35.87±2.60cA 33.69±2.94dAB 34.38±2.51dAB 32.63±1.48cB 
a CON2 15.16±1.19bA 12.17±3.87aB 14.15±2.03aAB 12.36±1.88aB 
 PG3 16.34±1.66aA 11.23±1.99aB 11.22±2.02bB 10.04±2.82bB 
 P0754 9.58±0.79cA 3.89±0.55bC 7.26±1.13cB 7.13±1.91cB 
 P1505 3.82±0.34dB 2.96±0.50bC 5.10±1.37dA 5.71±0.81cA 
 P2256 3.25±0.31dB 2.62±0.37bC 2.83±0.37eC 3.92±0.63dA 
 P3007 1.93±0.32eB 2.15±0.34bB 3.26±0.45eA 3.30±0.49dA 
b CON2 11.31±1.05abA 10.49±1.16abAB 9.57±1.05aBC 8.83±0.97cC 
 PG3 12.04±1.03aA 10.28±1.17abB 8.43±1.67bC 7.65±1.28dC 
 P0754 11.67±0.54abA 11.16±0.77aB 9.72±0.24aC 9.53±0.39bcC 
 P1505 10.90±0.76bcA 10.72±0.84aA 10.01±0.53aB 10.41±0.39aAB 
 P2256 11.35±0.41abA 10.42±0.21abB 10.07±0.31aC 9.67±0.34bD 
 P3007 10.31±0.80cA 9.65±0.88bAB 9.77±0.79aAB 9.19±0.71bcB 

1Values are presented as the mean ± standard deviation of duplicate samples. Means not sharing a common 
superscript a, b, c, d or e in a column or A, B, C or D in a row are significantly different at P <0.05 as assessed by 
Duncan's multiple range test.  
2CON - negative control sample.  
3PG - positive control sample with 0.01% propyl gallate. 
4P075 - sample with 0.75% pennyroyal powder.  
5P150 - sample with 1.5% pennyroyal powder.  
6P225 - sample with 2.25% pennyroyal powder.  
7P300 - sample with 3.0% pennyroyal powder. 
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The incorporation of different levels of 
pennyroyal powder to beef patties reduced the 
lightness (L) and redness (a) values of formulated 
patties compared to the CON and PG, and values 
further reduced with increasing pennyroyal 
powder level. Thus, the beef patties formulated 
with more pennyroyal powder became darker and 
greenish in color. This decline in lightness and 
redness could be attributed to the natural color of 
pennyroyal powder, ranging from light green to 
deep green, which depends on drying conditions. 
Similarly, Choe et al. (2011) reported that the 
addition of lotus leaf (Nelumbo nucifera) powder 
and barley leaf (Hordeum vulgare) powder to raw 
minced pork caused lower L and a values 
compared to the control samples over the storage 
time. While L values of CON and PG samples did 
not change during storage, those of beef patties 
containing pennyroyal powder decreased. This 
decrease could be related to the presence of 
antioxidant compounds in pennyroyal powder 
retarding metmyoglobin formation in beef patties. 
However, the a values of the CON, PG and P075 
samples decreased compared to the beginning of 
the storage but those of samples containing 
pennyroyal powder slightly increased. Like the 
lightness results, the redness values also confirm 
that the antioxidant compounds in pennyroyal 
powder retarded myoglobin oxidation. On day 9 
of storage, all beef patty samples exhibited lower 
b values compared to the beginning of storage. 
Similar results were also reported by various 
authors (Hawashin et al., 2016; Prommachart et 
al., 2020; Bellucci et al., 2021).  
 
CONCLUSION 
Our findings showed that the pennyroyal powder 
is a natural source of phenolic compounds and 
has potent antioxidant properties in two 
bioanalytical assays including DPPH scavenging 
activity and FRAP. Although the addition of 
pennyroyal powder to beef patties decreased the 
protein content and increased the ash content, the 
proximate composition of all patties was within 
the limits of the Turkish Uncooked Meatball 
Standard (TSE 10581, 2007). The inclusion of 
pennyroyal powder to the beef patties improved 
cooking loss, but adversely affect the hardness 
and overall acceptability. However, the addition 

of pennyroyal powder to beef patties at a level up 
to 1.5% did not affect the flavor and overall 
acceptability compared to control samples. Also, 
the addition of pennyroyal powder into beef 
patties improved the pH, lipid, and color stability 
during 9 days of cold storage. Thus, pennyroyal 
powder could be used in beef patties at 1.5% 
concentration to retard the lipid and color 
oxidation with minimal compositional, textural, 
and sensory changes.  
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