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1. INTRODUCTION

Chicken steak has emerged as a prominent culinary choice in contemporary gastronomy,
particularly gaining momentum in the past five years due to its versatile preparation methods and health-
conscious positioning [1]. Recent market analyses indicate a 30% increase in chicken steak consumption
from 2020-2023, attributed to its lean protein content, portion controllability, and adaptability to modern
dietary preferences [2]. Current research has demonstrated that consumer selection of chicken steak is
significantly influenced by its superior nutritional profile, with studies showing 65% lower saturated fat
content compared to traditional red meat alternatives [3]. The latest food science research has revealed that
the Maillard reaction during grilling creates a complex flavor profile through surface caramelization,
enhancing both sensory appeal and consumer acceptance [4]. However, contemporary food safety studies
have identified critical concerns regarding high-temperature grilling processes. Recent investigations have
demonstrated that grilling at temperatures exceeding 200 °C leads to the formation of polycyclic aromatic
hydrocarbons (PAHs) and heterocyclic amines, compounds now recognized as potential carcinogens [5].
Advanced analytical studies from 2023 have quantified that when meat fat drips onto heat sources at
temperatures above 300 °C, PAH formation increases by up to 85% [6]. Long-term epidemiological studies
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conducted between 2020-2024 have established a significant correlation between regular consumption of
high-PAH grilled meats and increased cancer risk, with a hazard ratio of 1.8 (95% CI: 1.3-2.4) [7]. This
emerging understanding has sparked intensive research into innovative methods for PAH reduction while
maintaining the desirable sensory characteristics that make chicken steak appealing to modern consumers.

One promising approach to mitigating PAH formation is the use of marination. Marinating meat
before cooking has been shown to enhance flavor, tenderness, and juiciness by altering the meat's physical
and chemical properties [6]. It also serves as a protective barrier, reducing direct exposure of the meat to high
heat, which in turn can reduce PAH formation [7]. Furthermore, marinades can incorporate ingredients rich
in antioxidants, which have been shown to neutralize free radicals and inhibit the formation of PAHSs during
grilling [8]. Cashew apple extract (CAE), derived from the fruit of Anacardium occidentale, has emerged as a
potential natural marinade ingredient due to its high antioxidant content, particularly polyphenols, flavonoids,
and vitamin C, which are known to counteract oxidative stress during cooking [9].

Cashew apple, though primarily used in the production of juices, jams, and fermented beverages,
remains underutilized in the broader context of food preservation and processing [10]. Recent studies have
highlighted its potential not only as a flavor enhancer but also as a preservative due to its bioactive
compounds, which exhibit antimicrobial, antioxidant, and anti-inflammatory properties [11], [12]. The use of
CAE in marinades aligns with the growing consumer preference for clean-label products, which seek natural
alternatives to synthetic preservatives and additives [13]. Moreover, fruit-based extracts like CAE have been
shown to improve the nutritional quality of meats by increasing the retention of protein and reducing fat
content during cooking [14]. The benefit of enhancing both the health profile and sensory characteristics of
meat makes CAE a promising candidate for further exploration in meat processing.

Tomato sauce is a common ingredient in many marinades due to its acidity, which helps tenderize
the meat and enhance flavor [15]. However, tomato sauce offers limited functional benefits beyond flavor
and texture enhancement. In recent years, researchers have explored various natural extracts as alternatives to
tomato sauce in marinades, focusing on ingredients that can also provide health benefits, such as reducing
PAH formation and adding bioactive compounds that improve the meat’s nutritional profile [16]. Studies
have demonstrated that fruit extracts, which are rich in antioxidants and other bioactive compounds, can
significantly reduce the formation of harmful compounds during cooking while maintaining or even
enhancing the sensory qualities of the meat [17]. Therefore, exploring CAE as a substitute for tomato sauce
in chicken steak marinades may provide both health and culinary advantages.

The present study aims to investigate the use of CAE as a substitute for tomato sauce in chicken steak
marinades. Specifically, the study will assess the effects of varying concentrations of CAE on the chemical
composition of chicken steak, focusing on protein and fat content, while also evaluating its potential to reduce
PAH levels during grilling. In addition, sensory evaluations will be conducted to determine consumer
acceptance, with particular attention to attributes such as tenderness, juiciness, and flavor. This research is
expected to contribute to the development of healthier meat products by offering a natural alternative to
traditional marinades that can enhance both the nutritional quality and safety of grilled meats.

2. METHOD
2.1. Research design

This research employed a completely randomized design (CRD) with four treatments and five
replications to evaluate the effects of different concentrations of CAE as a substitute for tomato sauce in the
marinade on the chemical and organoleptic characteristics of chicken steak. The treatments consisted of four
levels of CAE substitution: 0, 15, 30, and 45%, replacing the corresponding percentages of tomato sauce in
the marinade. This research was conducted from May to September 2024 at the Food Chemistry and
Nutrition Laboratory, Faculty of Animal and Agricultural Science, Diponegoro University. Cashew apples
were obtained from the cashew home industry as a waste product in Wonogiri, Central Java, Indonesia.

2.2. Research procedure
2.2.1. Preparation of cashew apple extract

The CAE was produced by first drying the cashew apple flesh, and then grinding it into a fine
powder. The extraction was performed using maceration with 70% ethanol. A ratio of 250 g of cashew apple
powder to 1 L of ethanol was used, and the mixture was left to macerate for 48 hours, with agitation every
2 hours. The extract was filtered using filter paper, and the filtrate was evaporated using a rotary evaporator
to obtain a concentrated extract [18].

2.2.2. Marinade preparation

Chicken breasts were selected for the steak, trimmed of excess fat, and marinated using the prepared
marinades. The primary ingredients for the marinade include onion, garlic, red bell pepper, brown sugar,
Worcestershire sauce, black pepper, salt, broth, and sunflower seed oil. Four different marinades were
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prepared by varying the proportion of CAE and tomato sauce. The baseline formula contained 100 g of
tomato sauce, which was partially or fully substituted with CAE at 0, 15, 30, and 45%. Other marinade
ingredients remained constant across all treatments as shown in Table 1. The ingredients were mixed
thoroughly to ensure uniform distribution of the CAE or tomato sauce in the marinade.

Table 1. Composition of marinade with various proportions of CAE and tomato sauce

Ingredients Composition
Onion (g) 150 150 150 150
Garlic (g) 20 20 20 20
Red pepper (g) 125 125 125 125
Brown sugar (g) 100 100 100 100
Worcestershire sauce (ml) 90 90 90 90
Pepper (g) 5 5 5 5
Salt (g) 5 5 5 5
Flavoring (g) 10 10 10 10
Sunflower oil (ml) 45 45 45 45
Tomato sauce (g) 100 85 70 65
*CAE extract (%) 0 15 30 45

2.2.3. Marinade and cooking procedure

The chicken breast pieces were marinated using the tumbling method for 15 minutes, followed by
refrigeration at 4 °C for 4 hours to ensure even penetration of the marinade [19]. After marination, the chicken
was cooked on a preheated grilled pan. The internal temperature of the chicken was maintained between 60
and 70 °C to ensure proper doneness. The cooking time was approximately 4-6 minutes per side.

2.3. Chemical analysis
2.3.1. Protein content

Protein content was determined using the Kjeldahl method. A 0.5 g sample of homogenized chicken
steak was digested using 10 mL of concentrated sulfuric acid and 0.5 g of selenium in a Kjeldahl flask until a
clear solution was obtained. After distillation, the nitrogen content was determined and converted to protein
using a conversion factor of 6.25 [20].

2.3.2. Fat content

Fat content was measured using the Soxhlet extraction method. A 2 g sample of chicken steak was
weighed, dried in an oven at 105 °C for 4 hours, and then extracted using n-hexane as the solvent for 8 hours.
The fat percentage was calculated based on the initial and final weight of the sample after extraction [20].

2.3.3. Polycyclic aromatic hydrocarbons

PAH content was analyzed using gas chromatography with a flame ionization detector (GC-FID). A
10 g sample of grilled chicken steak was extracted using a mixture of dichloromethane and n-hexane (1:1) for
18 hours. The extract underwent a cleanup process using basic alumina before PAH compounds were
quantified [21].

2.3.4. Organoleptic evaluation

The organoleptic properties of the marinated and grilled chicken steaks were assessed by a panel of
25 semi-trained panelists using a 4-point scoring system. The attributes evaluated included tenderness,
juiciness, aroma, taste, and overall preference. The panelists assigned scores from 1 to 4, with 1 indicating
the lowest preference and 4 indicating the highest preference [22].

2.4. Data analysis

The data from the chemical and organoleptic evaluations were analyzed using analysis of variance
(ANOVA) [23]. Significant differences between treatments were determined using Duncan’s multiple range
test at a significance level of p<0.05. PAH levels were reported descriptively due to the low detection limits
in some treatments. Organoleptic data were analyzed using a ranking test to determine overall panelist
preferences.

3. RESULTS AND DISCUSSION
3.1. Protein and fat content

Table 2 presents the effect of CAE substitution on the protein and fat content of chicken steaks.
Protein levels increased with higher CAE concentrations, with the 45% treatment yielding the highest value
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(40.60+5.68%), significantly higher than the control group (33.83+4.88%, p<0.05). This enhancement in
protein content may be attributed to the antioxidant activity in CAE that potentially preserves protein
integrity during grilling. Similar findings were reported by Ribeiro et al. [24], who found that antioxidants in
natural extracts help maintain protein levels during thermal processing. Additionally, proteolytic enzyme
activity enhanced by acidic fruit extracts may contribute to better protein retention [25].

In contrast, fat content exhibited a downward trend, albeit not statistically significant. The 45%
CAE group showed a slight reduction (1.07+0.37%) compared to the control (1.16+0.27%). This aligns with
Akyereko et al. [26], who observed that flavonoid-rich extracts reduce lipid oxidation in meat products.
These results demonstrate that CAE enhances the nutritional profile of chicken steak by increasing protein
while slightly reducing fat. Compared to other fruit-based marinades such as lemon [16] or pomegranate [6],
CAE offers comparable nutritional benefits with the added advantage of reducing cooking-induced oxidative
degradation.

This finding is consistent with previous studies suggesting that antioxidants like flavonoids can
modulate fat metabolism during cooking [27]. Specifically, the flavonoids present in CAE, such as quercetin,
may inhibit lipid oxidation, resulting in slightly lower fat content in the final product [26]. This makes CAE a
valuable addition to marinades, enhancing protein content while reducing fat, and contributing to the
production of healthier meat products.

Table 2. Protein and fat levels of chicken steak cooked by marinade containing CAE as a substitute for
tomato sauce
Proportion of CAE (%)

Parameter 0 15 30 45
Protein 33.83+4.88° 38.1+3.38® 39.94+2.84%® 40.60+5.68°
Fat 1.16+0.27 1.1140.21 1.10+0.14 1.07+0.37

The data are presented as meanzstandard deviation. Different superscripts in the same row
indicate significant differences among the CAE proportion categories (p<0.05)

3.2. Levels of polycyclic aromatic hydrocarbons

The levels of PAHSs in grilled chicken steaks are shown in Table 3. The control sample (0% CAE)
contained detectable levels of several PAH compounds, including acenaphthene (3.46 mg/kg) and
benzo[a]pyrene (1.86 mg/kg). Remarkably, PAHs were undetected in the 15% CAE treatment. This supports
the hypothesis that antioxidants in CAE inhibit PAH formation by neutralizing free radicals during high-
temperature cooking.

Compared with the use of other antioxidant-rich marinades, such as rosemary or thyme extracts
[28], CAE appears to be more effective at lower concentrations. The complete absence of benzo[a]pyrene in
15% CAE-treated samples underscores CAE's potential as a natural mitigation strategy for foodborne
carcinogens. These findings are consistent with [29], who emphasized the role of polyphenol-rich marinades
in suppressing PAH formation. The complete absence of PAHSs in the 15% CAE treatment is especially
noteworthy, as it underscores CAE's potential to improve food safety by minimizing the health risks
associated with grilled meat consumption. These results highlight CAE’s efficacy in reducing PAH formation
compared to conventional marinades. Therefore, incorporating CAE into meat marinades can provide a
practical solution to minimizing PAH formation while maintaining the flavor and quality of grilled meats.

Table 3. The existence of PAH on the chicken steak cooked by marinade containing CAE as a substitute for
tomato sauce

PAH compounds (mg/Kg)  LoD(mg/Kg) Level of cashew apple le(;(tract (‘1/_:))

0 5
Naphthalene 0.55 nd nd nd nd
Acenaphthene 4.85 3.46 3.25 nd nd
Phenanthrene 271 nd nd nd nd
Pyrene 0.86 nd nd nd nd
Benzo[a]anthracene 8.38 6.81 nd nd nd
Benzo[a]pyrene 2.00 1.86 nd nd nd

Note: LoD is detection limit and nd is not detected.

3.3. Organoleptic analysis

Organoleptic scores for tenderness, juiciness, aroma, taste, and overall preference are summarized in
Table 4. The 5% CAE treatment received the highest hedonic score (3.16+0.62), with significant
improvements in tenderness (3.56+0.65) and juiciness (3.08+£0.86) compared to the control. The 10% CAE
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treatment scored highest for aroma (3.24+1.01) and taste (3.04+0.77), suggesting that moderate CAE levels
enhance flavor and aromatic profile.

These improvements in sensory attributes can be linked to the presence of natural acids and volatile
compounds in CAE that aid in meat tenderization and flavor development. This is in line with findings from
Latoch et al. [13], who reported enhanced meat quality from natural fruit-based marinades. In comparison to
lemon-based marinades studied by Yunita et al. [16], CAE showed better tenderness and overall acceptance,
likely due to its balanced acidity and unique flavor profile. Excessive CAE concentration (15%) led to a drop
in preference scores, possibly due to overly acidic taste. The significant improvement in tenderness observed
with the 5% CAE treatment aligns with findings from recent studies indicating that acidic fruit-based
marinades enhance meat tenderness by breaking down muscle fibers [29]. This concentration achieved an
optimal balance between tenderness and other sensory attributes, suggesting that moderate CAE levels are
ideal for improving texture without causing over-softening. Similarly, the increase in juiciness in the 5%
CAE group can be attributed to CAE’s moisture retention properties during grilling, as corroborated by
studies on fruit-based marinades. However, the slight decrease in juiciness at higher concentrations, such as
15% CAE, may result from an excessively acidic environment, which can cause over-denaturation of
proteins, reducing moisture retention.

The 10% CAE treatment was rated highest for aroma, likely due to the release of volatile
compounds from the cashew apple during cooking. This observation is supported by Latoch et al. [13], who
demonstrated that fruit-based marinades enhance the aroma of grilled meats by contributing additional flavor
compounds during cooking. Additionally, the improved taste noted in the 10% CAE treatment can be
attributed to the sweet and acidic notes of the cashew apple, which complement the savory flavor of the
grilled chicken. This finding concurs with studies showing that moderate concentrations of fruit extracts
enhance the flavor of grilled meats. However, higher concentrations, such as 15% CAE, introduced a more
dominant acidic flavor, which could overpower the natural taste of the meat, resulting in lower taste scores.

The 5% CAE marinade was found to have the highest overall preference score, reflecting a balance
of tenderness, juiciness, aroma, and taste improvements. This suggests that moderate concentrations of CAE
are most effective in enhancing both the nutritional and sensory qualities of grilled chicken steaks, making
them more appealing to consumers. Overall, the findings demonstrate that CAE, especially at 5-10%
substitution levels, offers a balanced improvement in sensory and nutritional qualities while effectively
reducing harmful PAHSs.

Table 4. Organoleptic value of chicken steak cooked by marinade containing CAE as a substitute for tomato

sauce

i 0,
Attributes 0 Prgportlon of CAElé %) 15 Scores interpretation (1-4)
Tenderness 3.240.872 3.56+0.65° 3.240.76° 3.12+0.83° Not tender—tender
Juiciness 2.76+0.97 3.08+0.86 2.8+0.76 2.84+0.85 Not juicy—juicy
Aroma 2.64+1° 2.92+0.85° 3.24+1.01° 2.56+0.82% Not roasted—roasted
Taste 2.44+0.86% 2.8440.707 3.04+0.77% 2.48+0.87¢ Not savory—savory
Hedonic 2.48+1.00% 3.16+0.62° 3.08+0.81° 2.6+0.76 Not favor—favor

Data was expressed as meanzstandard deviation. Different superscripts in the same line showed significant
differences among the categories (p <0.05)

4. CONCLUSION

This study demonstrates that CAE is an effective natural substitute for tomato sauce in chicken steak
marinades, enhancing both nutritional and sensory qualities. The addition of CAE significantly increased
protein content, slightly reduced fat levels, and, most importantly, inhibited the formation of harmful PAHs,
with the 15% CAE marinade eliminating detectable levels of PAHS, including benzo[a]pyrene. Sensory
analysis revealed that the 5% CAE marinade achieved the highest scores for tenderness, juiciness, and overall
preference, providing a balanced flavor and texture. These results suggest that CAE offers a valuable clean-
label alternative for improving the health and safety of grilled meats, with potential applications in both
domestic cooking and the commercial food industry. Further exploration of CAE’s role in other food
products and processing methods is recommended.
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