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Abstract: Heterocyclic aromatic amines (HAAs) are mutagenic/carcinogenic compounds that can be
formed during the cooking process of proteinaceous foods such as meat. Therefore, it is needed to
inhibit or reduce their formations in cooked meats. Hereby, the effects of sumac usage (0.5%, w/w)
in beef meatball preparation on the formation of HAAs and some quality parameters (water, pH,
cooking loss, and lipid oxidation values) of meatballs cooked at 150 and 250 ◦C were investigated.
The sumac usage caused a reduction in pH (p < 0.01), cooking loss (p < 0.05), lipid oxidation level
(TBARS, p < 0.01), and total HAA amount (p < 0.05) of the samples. In addition, increasing the cooking
temperature significantly decreased the pH value (p < 0.01) and increased the cooking loss (p < 0.05)
of the samples. Only one compound, 2-amino-3,8-dimethylimidazo [4,5-ƒ]quinoxaline (MeIQx), from
nine different HAAs studied in this study, could be determined, and the levels of the other HAAs
studied were lower than their detection limits. On the other hand, MeIQx was not detected in the
samples cooked at 150 ◦C, it was only determined in the control group samples cooked at 250 ◦C.
The sumac usage completely inhibited MeIQx formation in the samples. Due to its positive effect
on cooking loss value, lipid oxidation level, and MeIQx formation, it can be suggested to use sumac
powder in meatball preparation.

Keywords: heterocyclic aromatic amines; sumac; meatball; lipid oxidation; cooking loss; mutagenic;
carcinogenic; quality

1. Introduction

Consumer awareness of the relationship between foods and diseases has been con-
siderably expanded in recent years. Nutrition, which is a basic requirement of the human
being, is supplied by food. Among the foods, meat has an important place in terms of
nutrition due to some of its advantages, such as a high amount and quality protein, fat and
fatty acid composition, and vitamin and mineral contents [1–4]. On the other hand, it is
known that some heat treatment toxicants such as heterocyclic aromatic amines (HAAs)
are formed in meat and meat products that are generally consumed after cooking [5–8].
Until today, nearly 30 types of HAAs have been identified in foods [9,10]. Many factors
can affect the formation of these compounds in meats, such as high temperature, cooking
conditions, amino acid content, meat type, creatine/creatinine, pH, water activity, surface
area, and cooking time [11,12].

Epidemiological studies have shown that almost all of the HAAs are mutagenic and
most of them are carcinogenic. Therefore, considering the risks associated with HAAs these
days, their occurrence needs to be inhibited or reduced. For this aim, many studies have
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been carried out in the literature to reduce the formation of HAA in foods. It has been
reported that the most effective and easiest way to reduce the formation of these harmful
compounds is to use spices in the preparation of foods [6,13–15]. It is declared that this
inhibitory effect is attributed to the antioxidant activity of spices and their interference
with some steps of HAA formation reactions [16]. Various studies have been conducted
in the literature [3,12,17–22] to reduce the occurrence and exposure of HAAs. It has been
determined that there are about 600 separate compounds and complex mixtures exhibiting
antimutagenic/anticarcinogenic effects against HAAs [23]. Therefore, the use of natural
and/or synthetic antioxidants in meat and products is increasing day by day. However,
with the prohibition of synthetic antioxidants due to their carcinogenic potential, in some
countries, the interest in the antioxidant properties of natural spices has increased [3,15].

Sumac (Rhus coriaria L.), which is one of the antioxidant spices belonging to the Anac-
ardiaceae family, is in the genus Rhus [24,25]. Sumac is a rich source of tannins, phenolic
compounds, anthocyanins, organic acids, fatty acids, vitamins, and minerals [26–28]. It
is also stated that sumac fruit has antioxidant, antibacterial, antifungal, antilipidemic,
hypoglycemic, and therapeutic effects [28–33]. Sumac is also used as a spice, food coloring,
food preservative, and medicinal plant, as well as in the cosmetic and pharmaceutical
industries [27,34,35].

In recent years, it is seen that the importance given to the safety of foodstuffs in terms
of sensory, physical, and chemical properties and human health, as well as their nutritional
value, has been increasing. Beef meatballs are one of the most popular foods consumed in
the world. It is stated that this meat and its products, which are involved in the human diet,
constitute an important source of HAAs [36]. As a matter of fact, HAAs can be significant
in the formation of many diseases, especially cancer [37]. So far, many spices with high
antioxidant activities have been used in meat products to reduce HAA formation. However,
since spices with antioxidant activity can have prooxidant effects contingent on their usage
rates, the popularity of these spices must be investigated [12,38]. Although there are many
studies in the literature investigating the effect of spices with antioxidant properties on
HAA formation, to the best of our knowledge, no report investigating the impact of sumac
on HAA formation has been found in the literature review. Therefore, this study aimed to
see how sumac usage (0.5%) in meatball preparation affected HAA formation and meat
quality in beef meatballs cooked at 150 and 250 ◦C. In addition, the antioxidant activity of
sumac was determined.

2. Materials and Methods
2.1. Materials

The raw materials used in the research were supplied from the Erzurum province.
Beef muscle and intermuscular fat were purchased from the Erzurum Meat and Dairy
Association Meat Combination, while sumac was purchased from a local herbalist selling
spice products.

2.2. Chemicals

The HAA standards were purchased from Toronto Research Chemical (Downsview,
ON, Canada): 2-amino-3-methylimidazo[4,5-ƒ]quinoxaline (IQx), 2-amino-3-methylimidazo
[4,5-ƒ]quinoline (IQ), 2-amino-3,8-dimethylimidazo[4,5-ƒ]quinoxaline (MeIQx), 2-amino-
3,4-dimethylimidazo[4,5-ƒ]quinoline (MeIQ), 2-amino-3,7,8-trimethylimidazo[4,5-ƒ] quinox-
aline (7,8-DiMeIQx), 2-amino-3,4,8-trimethylimidazo[4,5-ƒ]quinoxaline (4,8-DiMeIQx), 2-
amino-3,4,7,8-tetramethylimidazo[4.5-ƒ]quinoxaline (4,7,8-DiMeIQx), 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP), 2-amino-9H-pyrido[2,3-b]indole (AαC), and 2-amino-
3-methyl-9H-pyrido[2.3-b]indole (MeAαC). In HAA analysis, 4,7,8-TriMeIQx was used as
an internal standard. All solvents and chemicals (analytical and HPLC-grade) including
2,2-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid, butylated hydroxyanisole (BHA), and
butylated hydroxytoluene (BHT) were obtained from Sigma-Aldrich, Taufkirchen, Germany.
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2.3. Methods
2.3.1. Production of Meatballs

The prepared meatball dough (with 15% fat) was divided into two parts. The first
part consists of meatball dough without sumac, while the second part consists of meatball
dough with sumac at the rate of 0.5%. Meatball dough with and without sumac was kept
in the refrigerator for six hours and then it was shaped into meatballs (7 × 1 cm).

2.3.2. Cooking Conditions

Neither fat nor oil was used in the cooking process on the electric hot plate. After the
surface temperature of the heating plate was adjusted to 150 and 200 ◦C using a laboratory
thermometer (Testo, Lenzkirch, Germany), the cooking process was started. Meatballs were
cooked for a total of 8 min.

2.3.3. Some Chemical and Physicochemical Analyses

Water, pH, and cooking loss values were determined according to the methods pro-
posed by Ekiz and Oz [39]. The lipid oxidation level was determined according to the
method of Kılıç and Richards [40]. Briefly, two grams of meat samples were homogenized
(Ultra-Turrax, IKA Werk T 25, Staufen, Germany) for 30 s in 12 mL of trichloroacetic acid so-
lution (7.5% TCA, 0.1% EDTA, 0.1% propyl gallat), and 3 mL of thiobarbituric acid solution
(0.02 M) was applied to 3 mL of filtrate after straining through Whatman 1 filter paper. This
mixture was kept in a 100 ◦C water bath for 40 min, then cooled down to room temperature.
After centrifuging for 5 min at 2000 rpm, absorbance values against the blank sample at
530 nm were determined in the spectrophotometer (PG Instruments, T60V, Leicestershire,
UK). 1,1,3,3- tetraethoxypropane (TEP) was used for the calculation of value. TBARS values
were expressed in mg malondialdehyde (MDA)/kg. In addition, the value of vitamin C
was determined according to Cemeroğlu [41]. Briefly, sumac (10 g) and oxalic acid (10 mL)
were homogenized (Ultra-Turrax, IKA Werk T 25, Staufen, Germany) and filtered through
Whatman 1. Oxalic acid (1:10 w/w, 2%) was added to the filtrate again, and the extraction
was continued. The filtrate (5–25 mL) was titrated with 2,6-dichlorophenolindophenol
solution (0.05%).

2.3.4. Antioxidant Extraction

The extract was prepared per Azizah et al. [42]. In summary, to determine 2.2-diphenyl-
1-picrylhydrazil, an ethanol-water (9:1, v/v) mixture was first prepared. It was then mixed
with 25 g of sample and 75 mL of ethanol–water in the dark using a magnetic stirrer. Finally,
the obtained filtrate was evaporated at 50 ◦C and a stock solution was prepared with
distilled water.

2.3.5. DPPH• Free Radical Scavenging Activity

Solutions prepared at different concentrations were transferred to tubes for DPPH•

analysis. Then, 1 mL of the prepared DPPH• solution (1 mmol/L) was added to the samples
and mixed thoroughly with the help of a vortex. Absorbance was measured at 517 nm.
The samples were compared with the butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT) standards [43,44].

2.3.6. Extraction and Determination of HAAs

In the research, HAA extraction of meatballs was determined according to the method
of Savaş et al. [45]. In summary, the meatball sample and sodium hydroxide (1 N, 12 mL)
were mixed for 1 h. Afterward, the packaging material (13 g, Extrelut NT, Sigma-Aldrich)
was added and mixed. Extraction was passed through the cartridge (Oasis MCX, 3 cc,
60 mg, 30 µm, Waters) by adding different proportions of ethyl acetate (75 mL), hydrochloric
acid (2 mL), and methanol (2 mL). The eluate (2 mL) was taken up with a mixture of 95:5%
methanol:NH3. The extracted samples were treated at −18 ◦C and the samples were
dried at 45 ◦C before HPLC analysis. An internal standard containing 100 µL of methanol
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(including the internal standard) was added to the dried vials. The HAA content of the
samples was determined using a reverse-phase analytical column (AcclaimTM 120 C18,
3 µm, 4.6 × 150 mm, Tosoh Bioscience GmbH, Stuttgart, Germany) in HPLC (Thermo
Ultimate 3000, Thermo Scientific, Waltham, MA, USA) equipment with a diode array
detector (DAD-3000). The HAAs were separated in a column oven at 35 ◦C with a flow
rate of 0.7 mL/min. The injection volume was 10 µL. Solvent A consists of methanol,
acetonitrile, water, and glacial acetic acid (8/14/76/2, v/v/v/v). Furthermore, solvent B
consists of acetonitrile (100%). For the method validation parameters, the limit of detection
(LOD) and limit of quantification (LOQ), R2, and recovery values were determined. LOD
and LOQ values were calculated with signal-to-noise ratios of 3 and 10, respectively. R2

and recovery rates for different HAAs in the samples were determined by the standard
addition method [45].

2.3.7. Statistical Analysis

The present research was established according to the completely randomized design
and carried out with two replicates (each replicate with two parallel). The data obtained
were evaluated with the SPSS 25.0 program and the differences between the averages were
evaluated with the Duncan multiple range test. Principal component analysis (PCA) was
performed by SIMCA.14.1 software (UMETRICS, Umea, Sweden).

3. Results and Discussion
3.1. Some Physicochemical Analyzes of Raw Materials

The water, pH, and TBARS values of the raw materials used for the preparation of the
meatballs are given in Table 1. It can be seen that the results of the analysis are consistent
with the data in the literature [20,46,47]. In addition, the free radical scavenging activity
(DPPH•) and ascorbic acid content of sumac were determined as 85.74% and 6.8 mg/100 g,
respectively. Ozcan et al. [27] determined that the DPPH• values of sumac were between
73.37% and 77%, while Morshedloo et al. [48] determined that DPPH• values were between
35.66% and 82.73%. While Fereidoonfar et al. [49] determined that the ascorbic acid content
of sumac was between 10 and 45 mg/kg, Kossah et al. [50]—in Chinese and Syrian sumac—
found, in order, 13.90 to 38.91 mg/kg of ascorbic acid.

Table 1. Various analysis results of raw material.

n Water (%) ± SD pH ± SD TBARS (mg MDA/kg) ± SD

Meat 2 74.70 ± 0.18 a 5.46 ± 0.01 b 0.305 ± 0.035 a

Intermuscular fat 2 13.89 ± 0.16 c 6.47 ± 0.37 a 0.375 ± 0.134 a

Raw meatball 2 65.62 ± 0.8 b 5.63 ± 0.08 b 0.340 ± 0.070 a

Sign. ** * ns

Sign.: significance; ns: not significant (p > 0.05); SD: standard deviation; MDA: malondialdehyde; *: p < 0.05;
**: p < 0.01. Different letters (a–c) in the same column are significantly different (p < 0.05).

3.2. Water Contents of the Cooked Meatballs

The effects of sumac addition and cooking temperature on water content are shown
in Table 2. The addition of sumac had a significant impact on the water content of the
meatballs (p < 0.05). It was determined that the water content of the samples increased with
the addition of sumac. The increase in the water content of meatballs with the addition of
sumac is thought to be due to the high dry matter content in the sumac powder used in this
study. On the other hand, the cooking temperature did not significantly affect the samples
(p > 0.05). Similar results are also found in the literature [20,51,52].
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Table 2. Various analysis results of cooked meatballs (mean ± SD).

Sumac
Concentration

(SC)
Water (%) pH TBARS (mg

MDA/kg) Cooking Loss (%) Total HAA (ng/g)

C (0%) 48.08 ± 4.65 b 5.83 ± 0.08 a 1.27 ± 0.11 a 43.81 ± 3.22 a 0.33 ± 0.43 a

0.5% 57.74 ± 2.24 a 5.48 ± 0.25 b 0.61 ± 0.05 b 38.72 ± 3.69 b nd
Sign. * ** ** * *

Cooking
Temperature (CT)

150 ◦C 51.68 ± 6.60 a 5.76 ± 0.07 a 0.94 ± 0.44 a 38.61 ± 3.26 b nd
250 ◦C 54.13 ± 6.42 a 5.55 ± 0.32 b 0.95 ± 0.34 a 43.93 ± 3.42 a 0.33 ± 0.43 a

Sign. ns ** ns * *

Interactions
SC × CT ns ** ns ns *

Sign.: significance; different letters (a, b) in the same column are significantly different (p < 0.05) Abbreviations:
ns: not significant (p > 0.05); SD: standard deviation; **: p < 0.01, *: p < 0.05, nd: not detected, n = 4.

3.3. pH Values of Meatballs

Sumac addition had a significant effect on the pH values of the meatballs (p < 0.01). It
was observed that the pH values of the samples decreased with the addition of sumac. This
decrease is thought to be due to the acidic content of sumac (2.73). In their study, Langroodi
et al. [53] determined that the pH values of the beef samples decreased compared with
those of the control group as the addition of sumac extract and chitosan increased on the
0th day. On the other hand, as the cooking temperature increased, the values of the pH
averages significantly decreased (p < 0.01). This result is different from the results found in
the literature. This effect is thought to be caused by sumac, which has an acidic structure.

3.4. TBARS Values of Meatballs

The TBARS value is one of the most important indicators reflecting the degree of lipid
oxidation [54]. It was determined that sumac addition significantly (p < 0.01) decreased
the TBARS value. This decrease is thought to be due to the tannins, phenolic compounds,
and antioxidant capacity of sumac [28,53]. On the other hand, the cooking temperature
did not have a significant effect on the TBARS values of the meatballs (p > 0.05). Similar
results have been found in the literature and have shown that cooking does not affect lipid
oxidation as highly reactive compounds react with various compounds such as proteins
and amino acids in meat [12,55,56].

3.5. Cooking Loss of Meatballs

Cooking time and losses affect various quality criteria of meat (color, flavor, juiciness,
tenderness, and micronutrient content). During cooking, most of the meat is separated in
the form of broth [56,57]. It was determined that the cooking loss values of the meatballs
decreased with the addition of sumac. Khan et al. [58] found that the cooking losses
of beef patties prepared using a mixture of thyme, sesame, and sumac varied between
39.84% and 48.18%. The addition of sumac and cooking temperature had a significant
impact on the cooking loss values of the samples (p < 0.05). It was determined that as
the cooking temperature increased, the cooking losses of the meatballs increased (Table 2).
As a matter of fact, it is stated that the removal of the water in the meat during cooking
is due to the denaturation and shrinkage of the protein structures due to the increase in
temperature [57,59].

3.6. HAA Results of Cooked Meatballs

In the present research, the LOD and LOQ values of the analyzed cooked meatballs
were determined separately for each HAA. LOD values were found between 0.025 and



Separations 2023, 10, 29 6 of 13

0.004 ng/g, and LOQ values were between 0.085 and 0.013 ng/g. The coefficients of the
regression line (R2) for the standard curve are higher than 0.999 and the recovery values
are between 55.63% and 87.16%. The method validation parameters are given in Table 3.
When the HAA results were examined, only the MeIQx compound was detected among
the nine HAA compounds in the analyzed meatballs.

Table 3. LOD, LOQ, R2, and recovery values (n = 4).

HAA LOD (ng/g) LOQ (ng/g) R2 Recovery (%)

IQx 0.004 0.013 0.9999 75.65
IQ 0.009 0.029 0.9999 60.04

MeIQx 0.024 0.081 0.9999 78.48
MeIQ 0.014 0.047 0.9999 55.63

7,8-DiMeIQx 0.005 0.018 0.9999 75.87
4,8-DiMeIOx 0.008 0.025 0.9999 76.96

PhIP 0.025 0.085 0.9999 87.16
AαC 0.012 0.039 0.9999 79.71

MeAαC 0.010 0.035 0.9998 69.01

IQ was determined as below the detectable level in the samples. Similarly, Gibis [60]
could not detect IQ in meatballs grilled at 230 ◦C for up to 4.5 min. In another study, non-IQ
was detected in beef cutlet samples cooked up to 250 ◦C [61]. Korkmaz and Oz [21], Uzun
and Oz [20], and Bingöl et al. [47] could not determine IQ in different meatball samples.
Likewise, Oz [51] could not detect IQ in meatballs cooked in barbecue using different
animal fats. There are also studies in the literature in which IQ was determined at different
levels by other researchers. Balogh et al. [62] detected 2.8 ng/g IQ in beef patties cooked
at 175–275 ◦C for 12 min. Oz and Kaya [15] reported IQ up to 5.46 ng/g, Oz et al. [61]
determined IQ between nq–1.34 ng/g, and Lu et al. [6] determined IQ up to 11.29 ng/g.
Keşkekoğlu and Üren [63] determined IQ up to 303.06 ng/g in beef patties that were cooked
using different cooking methods. Gümüş and Kızıl [64] also reported that up to 0.82 ng/g
IQ formed in beef samples marinated with blueberry and propolis extracts.

IQx could not be detected in the control and sumac-added meatball samples. There
are many studies in the literature that support these findings. Gibis [60] did not detect
IQx in beef patties cooked on the grill for up to 4.5 min at 230 ◦C. Likewise, Puangsombat
et al. [65] did not detect IQx in meatball samples fried for 30 min up to 275 ◦C, nor did
Uzun and Oz [20] and Bulan and Oz [66] in beef meatballs cooked up to 250 ◦C. On the
contrary, Zeng et al. [67] determined nd–0.31 ng/g IQx in roast beef patties grilled at 225 ◦C.
Oz et al. [61] reported that they detected nd–0.45 ng/g IQx in beef cutlet samples cooked
at 250 ◦C. Korkmaz and Oz [21] determined 0.10 ng/g of IQx in meatballs cooked up to
250 ◦C. Similarly, Gümüş and Kızıl [64] reported that nd–0.17 ng/g IQx formed in beef
samples marinated with blueberry and propolis extracts.

It is stated that one of the most common HAAs in meat products is MeIQ [68,69].
However, in this study, MeIQ was below the detectable level in the samples. Similarly,
MeIQ was not detected in beef meatballs [60]. Oz et al. [61] reported that they could not
detect MeIQ in beef cutlet samples cooked at 150 and 200 ◦C. Again, Khan et al. [70] could
not detect MeIQ in goat meat patties cooked using different cooking methods at 175 ◦C,
195 ◦C, and 225 ◦C. On the contrary, Oz and Kaya [15] reported MeIQ at nd–2.66 ng/g in
fried beef and chicken patties, Lu et al. [6] reported MeIQ at nd-18.09 ng/g in beef and
chicken patties, Oz [51] reported MeIQ at 1.40–2.48 ng/g in beef meatballs, MeIQ was
found at 2.31 ng/g by Kılıc et al. [12] in chicken meatballs cooked on a heating plate, and
reported that nd–5.33 ng/g MeIQ was formed.

Meat products are an important part of our diet. Particularly in the cooking process
applied to meat products, changes occur in the protein structure, appearance, taste, and
chemical properties of meat. As a matter of fact, the cooking process makes the meat
even more appetizing. However, with the cooking process, mutagenic and carcinogenic
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compounds such as HAA can be formed [71]. In the study, MeIQx occurred at different
levels in meatballs (up to 0.67 ng/g) (Table 4). Only MeIQx was determined in the control
group cooked at 250 ◦C. In addition to the reaction of dialkylpyrazine free radicals and
creatinine in the formation of MeIQx—one of the important HAAs compounds—, glycine
and alanine amino acids also play a role [68,72]. On the other hand, sumac-inhibited MeIQx
antioxidants are used in meat products to delay or prevent oxidative reactions. It is stated
that antioxidants can effectively diminish the formation of MeIQx [13]. As a matter of
fact, studies using apple peel powder, mallow extract, and onion powder have shown
that the formation of MeIQx decreases [73–75]. Similarly, MeIQx (up to 18.23 ng/g) was
determined by other researchers at different temperatures and in different meat samples
(beef meatballs, beef cutlets, and goat meatballs) by other researchers [37,61,70,76]. Gümüş
and Kızıl [64] reported that between nd and 0.39 ng/g MeIQx was formed in beef samples
marinated with blueberry and propolis extracts. Nuray and Oz [18] and Korkmaz and
Oz [21] reported that they did not determine MeIQx in samples cooked up to 250 ◦C. Again,
Oz [51] reported that no MeIQx was detected in beef patties.

Table 4. HAA levels in the meatballs with and without sumac cooked at different temperatures
(ng/g).

Sumac Concentration Temperature MeIQx Total

C (0%)
150 ◦C nd nd
250 ◦C 0.67 0.67

0.5%
150 ◦C nd nd
250 ◦C nd nd

nd: not detected, n = 4.

7,8-DiMeIQx is below the detectable level in the samples. Similarly, Gibis [60] reported
that they could not detect 7,8-DiMeIQx in beef patties cooked on the grill at 230 ◦C for up to
4.5 min. Oz et al. [46] could not detect 7,8-DiMeIQx in chitosan meatballs. Oz [51] reported
that 7,8-DiMeIQx was not detected in beef patties. On the other hand, Uzun and Oz [20]
could not detect 7,8-DiMeIQx in control and basil meatballs cooked on a heating plate at
150 ◦C and 200 ◦C, while nd−0.08 ng/g was determined in samples cooked at 250 ◦C. Oz
et al. [61] reported that they detected 7,8-DiMeIOx at nd–0.15 ng/g in beef cutlet samples.
Unal and the others determined [17] 7,8-DiMeIQx at 0.32 ng/g in their research. Again,
Gümüş and Kızıl [64] reported that 7,8-DiMeIQx was formed between nd−1.74 ng/g in
beef samples marinated in blueberry and propolis extracts.

4,8-DiMeIQx could not be detected in the control and sumac-added meatball samples.
Jautz et al. [76] were unable to detect 4,8-DiMeIQx in beef patties grilled at 230 ◦C for up to
3 min. Likewise, for Bulan and Oz [66], control and tarragon meatballs did not exhibit 4.8-
DiMeIQx. On the other hand, Oz and Kaya [15] found 4.8-DiMeIQx between nd–3.35 ng/g
in meatballs fried up to 225 ◦C, and Gibis and Weiss [37] found nd to 1.27 ng/g 4,8-DiMeIQx
in meatballs cooked on the grill at 230 ◦C for up to 4.5 min. Oz et al. [61] reported that they
detected 4,8-DiMeIQx at nd–0.05 ng/g in beef cutlet samples. Zeng et al. [67] determined
0.02–0.19 ng/g 4,8-DiMeIQx in roast beef patties cooked at 225 ◦C. While Uzun and Oz [20]
could not detect 4,8-DiMeIQx in control and basil patties cooked on the heating plate at
150 ◦C and 200 ◦C, it was determined at nd–0.08 ng/g in samples cooked at 250 ◦C. Oz [51]
determined 0.44 ng/g in beef patties, Erdogan and Ocak [77] determined 4,8-DiMeIQx at
10.54 ng/g in beef patties cooked up to 250 ◦C using a pan and oven. Again, Erdogan and
Ocak [78] determined 4,8-DiMeIQx at 0.49–5.71 ng/g in beef patties cooked in a pan and
oven up to 250 ◦C using different extracts (propolis and carob extracts).

PhIP, one of the most studied HAAs in cooked meats, could not be identified in the
current study. Similarly, no PhIP was detected in meatballs prepared using different animal
fats (Oz, 2021). In contrast to Oz [51], PhIP was determined from nd to 31.80 ng/g by
various researchers in beef patties, chicken patties, and veal chops [15,17,61,63,76,79–81].
PhIP was detected between 0.70–7.11 ng/g in roast beef patties cooked at 225 ◦C [67].
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Erdoğan and Ocak [77] determined 1.08 ng/g PhIP in beef patties cooked up to 250 ◦C
using a pan and oven.

AαC could not be determined in the samples. Gibis [60] stated that AαC could not
be detected in beef meatballs cooked on the grill for up to 4.5 min at 230 ◦C. Again, in
different studies on meatballs, AαC was not detected [20,51]. Contrary to the results found
by other researchers, there are also studies where AαC was detected. AαC was determined
at different levels in beef cutlet samples (nd−0.68 ng/g) cooked at 250 ◦C and beef samples
marinated with blueberry and propolis extracts (nd–3.27 ng/g) [61,64].

MeAαC is below the detectable level in the samples. This compound could not be
determined in meatballs cooked on the grill for up to 4.5 min at 230 ◦C by Gibis [60], in
beef cutlet samples cooked up to 250 ◦C by Oz et al. [61], or in control and basil meatballs
cooked on a hot plate by Uzun and Oz [20]. In a different study, MeAαC could not be
detected in meatballs prepared using different animal fats and others [51]. On the contrary,
MeAαC was determined between nd–0.05 ng/g in meatballs fried at 250 ◦C [82]. Xu
et al. [83] determined that the total HAA (MeIQx, 7,8-DiMeIQx, Norharman, Harman, PhIP,
and IFP) amounts of their samples (pan-fried pork patty, roasted pork patty, pan-fried
beef patty, and roasted beef patty) were between 0.60 and 5.77 µg/kg. Herein, the total
amount of HAA in meatball samples was determined as nd−0.67 ng/g depending on the
addition of sumac and cooking temperature. When the results were examined, none of the
HAAs were detected in all meatballs cooked at 150 ◦C. MeIQx formed especially in the
control group meatballs (without sumac) cooked at 250 ◦C. It is rather difficult to directly
compare the results of the current study with other studies. This is because HAA levels
are highly variable due to the composition of the preparation and heating equipment as
well as the precursors, this study is also the first study investigating the effect of sumac
on HAA formation. Nuray and Oz [18] found 0.10 ng/g total HAA in meatball samples,
0.06 ng/g total HAA was identified by Bulan and Oz [66] in their meatball samples, and
Puangsombat & Smith [84] found 11.82 ng/g total HAA in different meatball samples.

The obtained data show that an increase in cooking temperature will increase the
formation of HAA. Findings are consistent with previous studies reported by Bula et al. [85],
Kılıç et al. [12], and Ishak et al. [86]. Sumac addition reduced the total HAA formation
of meatballs. Research results show that sumac can significantly reduce HAA formation.
This decrease is thought to be due to the antioxidant contents/activity of sumac. This is
due to sumac having 85.74% free radical scavenging activity. In fact, our TBARS data also
support this result. It is also stated that sumac is rich in phenolic acids such as syringic,
protocatetic, caffeic, quinic, and coumaric acids [30,48]. As a matter of fact, antioxidants,
various spices, and plant extracts have been shown to reduce HAA formation and have an
inhibitory effect [6,13–15,87].

3.7. Correlation Results of Samples and PCA Analysis

When the analysis results are examined in terms of the correlation between the an-
alyzes (Figure 1), there is a negative relation between only water and TBARS (r = −0.81,
p < 0.05). On the contrary, a positive relation between cooking loss with MeIQx was found
(r = 0.73, p < 0.05). Total HAA showed a positive relation with cooking loss (r = 0.73,
p < 0.05) and MeIQx (r = 1.00, p < 0.01).
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PCA analysis was performed to identify differences between samples. The score
scatterplot, loading scatter plot, and biplot are shown in Figure 2A–C, it can be seen that
two principal components accounted for 88.6% of the variance. Meatball samples were
formed in two groups. The first group consists of control-150, S-0.5%-150, and S-0.5%-250,
while the second group consists only of control-250 (Figure 2A). TBARS, pH, cooking loss,
MeIQx, and total HAA were collected in the right region, while water was located on the
left (Figure 2B). As seen in Figure 2C, total HAA has a positive correlation with MeIQx and
cooking loss. In addition, it is seen that control-250 is directly related to the formation of
total HAA (Figure 2C).
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 Figure 2. Score scatter plot (A), loading scatter plot (B), and biplot (C) of PCA analysis (PC1 versus
PC2) for the components in the meatballs. C-150–250: control group meatballs cooked at 150, and
250 ◦C, respectively. S-0.5–150–250: meatballs formulated with 0.5% sumac and cooked at 150, and
250 ◦C, respectively.

4. Conclusions

In this study, the effect of sumac addition to meatballs on HAA formation was in-
vestigated. The results showed that the addition of 0.5% sumac prevented the formation
of MeIQx in meatballs cooked at 250 ◦C and decreased lipid oxidation and cooking loss.
As the cooking temperature increased, the pH values of the samples decreased, but the
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cooking loss values increased. The use of 0.5% sumac in the production of meatballs
is recommended as it reduces lipid oxidation, cooking loss, and formation of MeIQx in
the samples.
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52. Karadaş, Ö.; Yılmaz, İ.; Geçgel, Ü. Determination of physicochemical properties of irradiated sumac (Rhus coriaria L.) fruit oils.
Radiat. Phys. Chem. 2022, 198, 110210. [CrossRef]

53. Langroodi, A.M.; Tajik, H.; Mehdizadeh, T.; Moradi, M.; Kia, E.M.; Mahmoudian, A. Effects of sumac extract dipping and chitosan
coating enriched with Zataria multiflora Boiss oil on the shelf-life of meat in modified atmosphere packaging. LWT 2018, 98,
372–380. [CrossRef]

54. Zhang, J.; Zhang, Y.; Wang, Y.; Xing, L.; Zhang, W. Influences of ultrasonic-assisted frying on the flavor characteristics of fried
meatballs. Innov. Food Sci. Emerg. 2020, 62, 102365. [CrossRef]

55. Alfaia, C.M.; Alves, S.P.; Lopes, A.F.; Fernandes, M.J.; Costa, A.S.; Fontes, C.M.; Castro, L.M.F.; Bessa, R.J.B.; Prates, J.A. Effect of
cooking methods on fatty acids, conjugated isomers of linoleic acid and nutritional quality of beef intramuscular fat. Meat Sci.
2010, 84, 769–777. [CrossRef] [PubMed]
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