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Meat and meat products are excellent sources of high-
quality proteins, essential amino acids, fats, miner-
als (such as zinc, iron, and phosphorus), vitamins, 
and other bioactive compounds, making them vital 
components of human nutrition (Amoli et al., 2021; 
Cheng et al., 2020; Zhang et al., 2010). However, the 
meat industry continues to face significant challenges 
in maintaining product quality—particularly flavor, 
color, and freshness—throughout shelf life, while also 
managing production costs (Cmlp et al., 2021).

In recent years, the incorporation of apple pomace 
has emerged as a promising strategy to address these 
challenges. Apple pomace is rich in total phenolic 

compounds, flavonoids, and tannins, making it a valu-
able functional ingredient for enhancing the nutri-
tional profile of food products (Krasnova and Segliņa, 
2019). Its addition to meat products has been shown to 
enhance dietary fiber content and antioxidant activity, 
while also contributing beneficial functional proper-
ties such as water-holding capacity, stabilization, and 
thickening (Iqbal et al., 2021).

The integration of apple pomace into meat products 
offers multiple advantages, including improved dietary 
fiber content and enhanced radical scavenging activ-
ity (Abd El-Khalek and Zahran, 2013; Antonic et al., 
2020; Chaouch and Benvenuti, 2020; Jung et al., 2015; 
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ABSTRACT

�This review provides a comprehensive overview of apple pomace, an agricultural by-product, as a functional 
fortifying ingredient in various meat products. Scientific articles published in English between 2000 and 
2024 were sourced from databases including Google Scholar, Scopus, Web of Science, and ResearchGate. 
The findings were synthesized and summarised in a table. This review examines different methods of in-
corporating apple pomace into meat products and evaluates its effects on their physical, chemical, textural, 
color, sensory, and microbiological properties. The evidence highlights the potential of apple pomace in meat 
processing due to its favorable nutritional profile, high levels of antioxidant compounds, and environmental 
sustainability. Fortification with apple pomace was shown to enhance techno-functional attributes such as 
water-holding capacity and emulsion stability, while also improving textural and color characteristics. Given 
its rich dietary fiber content and natural antioxidant properties, apple pomace and its bioactive compounds 
hold promise for future application in meat product development. Overall, apple pomace presents a valuable 
opportunity to improve the nutritional quality and sustainability of meat products, offering both functional 
and economic benefits to the meat industry.
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Skinner et al., 2018). Although meat is naturally rich in 
proteins and essential amino acids, the addition of ap-
ple pomace significantly enhances its nutritional value 
by enriching it with bioactive compounds (Bhushan et 
al., 2008; Kauser et al., 2024; Wichrowska and Żary- 
-Sikorska, 2015). With dietary fiber comprising ap-
proximately 55% of the dry weight of apple pomace, 
this by-product represents a highly promising ingredi-
ent for developing health-focused meat formulations 
(Gołębiewska et al., 2022; Kołodziejczyk et al., 2007).

This review presents a comprehensive analysis of 
recent studies on fortification of meat products with 
apple pomace. By evaluating both the potential and 
limitations, it aims to guide future research and inno-
vation in this area. The novelty of this review lies in 
its systematic exploration of how apple pomace sup-
plementation affects the quality, functionality, and nu-
tritional profile of a variety of meat products.

METHODS OF PREPARATION OF APPLE POMACE

Apple pomace has been processed and incorporated 
into various meat products in numerous studies to 

enhance their nutritional and functional properties 
(Figs.  1–2). The preparation typically begins with 
washing and grinding raw apple, which can then be 
directly integrated into formulations such as low-fat 
chicken and mutton nuggets (Huda et al., 2014; Verma 
et al., 2010). For improved shelf life and practical ap-
plication, apple pomace is often dried using hot-air de-
hydration. This process reduces moisture content and 
transforms the pomace into a powder, which has been 
successfully incorporated into products such as buf-
falo meat patties, Italian salami, chicken nuggets, and 
sausages (Grispoldi et al., 2022; Yadav et al., 2016a; 
2020; Younis and Ahmad, 2018). Another approach in-
volves producing dried fiber from apple pomace. This 
method includes washing, drying, gelatinizing, and 
further drying the material to yield a fiber-rich ingredi-
ent which is then used as a fat replacer in low-fat meat 
products such as chicken sausages (Choi et al., 2016). 
Freeze-drying, a dehydration technique carried out at 
extremely low temperatures, is employed to preserve 
the nutritional and sensory qualities of apple pomace. 
The resulting product is suitable for incorporation into 
baked meat products, beef burgers, and cooked turkey 

Fig. 1. Applications of apple pomace in meat products
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sausages (Kęska et al., 2024; Koishybayeva and Ko-
rzeniowska, 2024; Pollini et al., 2022). Furthermore, 
advanced processing techniques such as the combina-
tion of ultrasound treatment with freeze-drying have 
been utilized to enhance the extraction of bioactive 
compounds from apple pomace. These enriched ex-
tracts have been used in the formulation of functional 
meat products, particularly sausages (Thangavelu et 
al., 2022).

DISCUSSION

Effects on physical properties
Water activity. Water activity (aw) reflects the avail-
ability of free water in food that supports micro-
bial growth and biochemical reactions. Lower aw 
values typically inhibit microbial proliferation, there-
by enhancing shelf life and safety (Younis and Ahmad, 
2018). The effect of apple pomace on water activity 
varies across studies. For instance, in beef burgers 
fortified with 8% apple pomace, initial aw values de-
creased from 0.952 in the control to 0.943, further de-
clining from 0.928 to 0.908 after 96 h (Pollini et al., 
2022). Similarly, in Italian salami, aw decreased from 
0.79 in the control to 0.75 with 14% apple pomace at 

the end of ripening (Grispoldi et al., 2022). Incorpora-
tion of freeze-dried apple pomace maintained stable 
aw values, averaging 0.974 in baked meat products 
(Kęska et al., 2024). Conversely, in buffalo meat pat-
ties, aw increased from 0.81 in the control to 0.95 
with 8% apple pomace, suggesting that interactions 
between pomace and moisture content can differ, po-
tentially increasing free water availability (Younis and 
Ahmad, 2018).

Water holding capacity. Apple pomace enhances 
water-holding capacity (WHC) in meat products due 
to its high dietary fiber content, which effectively 
binds water. The impact depends on the source and 
chemical properties of the fiber (Elleuch et al., 2011). 
For instance, WHC increased from 6.69% in control 
to 20.03% with 8% apple pomace powder in buffalo 
meat patties (Younis and Ahmad, 2018). Addition-
ally, ultrasound (US)-treated formulations containing 
0.22% apple pomace (AP) and 0.58% coffee silverskin 
(CSS) exhibited a WHC of 85.0%, compared to 76.9% 
in non-US-treated AP and CSS formulations of Irish 
breakfast sausages (Thangavelu et al., 2022).

Emulsion stability. The addition of apple pomace 
to nuggets and patties generally improves emulsion 
stability, largely due to its dietary fiber’s water-holding 
and moisture absorption capacities (Huda et al., 2014). 
Examples include an increase from 93.14% to 94.79% 
emulsion stability with 6% dried apple pomace in 
chicken nuggets (Yadav et al., 2016a); from 95.57% 
to 98.35% with 15% apple pomace in mutton nuggets 
(Huda et al., 2014); and from 62.49% in to 80.67% 
with 8% apple pomace powder in buffalo meat patties 
(Younis and Ahmad, 2018). In contrast, emulsion sta-
bility slightly decreased from 94.90% to 92.88% with 
12 g apple pulp in chicken nuggets, likely due to the 
mild sourness of the pulp affecting the matrix (Verma 
et al., 2010).

Cooking loss/yield. Dietary fibers such as those 
in apple pomace enhance cooking yield by improv-
ing water and fat retention. Reported increases include 
cooking yields rising from 95.01% to 97.90% with 
15% apple pomace in mutton nuggets (Huda et al., 
2014), from 94.61% to 96.60% with 5% apple pom-
ace in gohttaba meat products (Rather et al., 2015), 
and from 70.61% to 98.17% with 8% apple pomace 
powder in buffalo meat patties (Younis and Ahmad, 
2018). In  chicken sausages, cooking yield increased 

Raw Material Preparation
→ Washing → Grinding → Application into Meat Products

(e.g., chicken nuggets, mutton nuggets)

Hot Air Drying
→ Drying → Grinding into Powder

→ Application in Meat Products (e.g., buffalo meat patties,  
Italian salami, chicken nuggets and sausages)

Drying to Fiber
→ Washing → Drying → Gelatinizing → Filtration → Further 

Drying
→ Application in Low-Fat Meat Products  

(e.g., chicken sausages)

Freeze-Drying
→ Freeze-Drying → Grinding → Application into Meat Products 

(e.g., baked meat products, beef burgers, and turkey-cooked 
sausages)

Ultrasound Treatment/Freeze-Drying
→ Drying → Hydrating → Ultrasound Treatment → 

Freeze-Drying
→ Application into Meat Products (e.g., Irish breakfast 

sausages)

Fig. 2. Processing methods of apple pomace in meat products
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from 97.6% to 102.1% with 9% dried apple pomace 
(Yadav et al., 2016b), while cooking loss decreased 
from 10.13% to 9.07% with 2% apple pomace fiber 
in uncured chicken sausages (Choi et al., 2016). How-
ever, coking yield decreased slightly from 96.11% to 
94.59% with 12 g of apple pulp in chicken nuggets, 
attributed to reduced sodium chloride content (Verma 
et al., 2010).

Effects on chemical properties
Moisture. The effect of apple pomace on moisture 
content depends on its form. Fresh apple pomace 
pulp generally increases moisture content, whereas 
dried apple pomace powder or fiber tends to decrease 
it. For instance, moisture content rose from 64.99% 
to 65.41% with 12 g of apple pulp in chicken nug-
gets (Verma et al., 2010), from 63.71% to 65.89% 
with 15% apple pomace in mutton nuggets (Huda 
et al., 2014), and from 28% to 29.5% with 14% ap-
ple pomace in Italian salami (Grispoldi et al., 2022). 
Similar increases were noted in goshtaba meat prod-
ucts (from 61.11% to 69.54% with 5% apple pomace 
powder) (Rather et al., 2015) and buffalo meat patties 
(from 62.77% to 66.17% with 8% apple pomace pow-
der) (Younis and Ahmad, 2018). Conversely, moisture 
content decreased from 69.49% to 64.95% with 9% 
dried apple pomace in chicken sausages (Yadav et al., 
2016b), and from 70.93% to 68.67% with 8% freeze-
dried apple pomace in turkey sausages (Koishybayeva 
and Korzeniowska, 2024). Moisture levels remained 
stable (approximately 62.6%) across formulations re-
gardless of apple pomace or coffee silverskin addition 
in other studies (Thangavelu et al., 2022).

Protein content. A consistent trend across vari-
ous studies indicates that replacing meat with apple 
pomace, whether in pulp or dried form, generally re-
sults in a significant decrease in the protein content 
of meat products. This reduction is primarily attrib-
uted to the substantially lower protein content of apple 
pomace (approximately 3–5%) compared to meat. For 
example, Yadav et al. (2016a) reported a decrease in 
protein levels from 17.80% in the control to 15.65% 
with 6% dried apple pomace. Similarly, Verma et al. 
(2010) found a reduction from 17.68% to 14.72% 
with the inclusion of 12 g of apple pulp in chicken 
nuggets. Huda et al. (2014) observed a decrease from 
16.89% to 13.90% with 15% apple pomace in mutton 

nuggets, while Rather et al. (2015) reported a drop 
from 17.63% to 15.97% using 5% apple pomace pow-
der in chevon rolls. Grispoldi et al. (2022) found a re-
duction from 40.3% to 34.7% with 4% apple pomace 
in Italian salami. Yadav et al. (2016b) showed a de-
crease from 16.74% to 15.35% with 9% dried apple 
pomace in chicken sausages, and Koishybayeva and 
Korzeniowska (2024) noted a reduction from 16.87% 
to 13.89% with 8% freeze-dried apple pomace in 
turkey sausages. In contrast, some studies reported 
no significant impact on protein content. Choi et al. 
(2016) found that protein levels remained statistically 
unchanged, ranging from 12.34% to 12.45% in un-
cured chicken sausages. Thangavelu et al. (2022) also 
observed stable protein content, approximately 16% in 
Irish breakfast sausages containing ultrasound-treated 
and non-treated combinations of apple pomace and 
coffee silverskin.

Crude fiber. Incorporating apple pomace, which 
includes approximately 40.68% crude fiber, signifi-
cantly increases the crude fiber content of meat prod-
ucts, as meat inherently lacks dietary fiber. Several 
studies have consistently demonstrated that substi-
tuting meat with apple pomace enhances the crude 
fiber content in various products such as rolls, nug-
gets, patties, and sausages. For example, crude fiber 
in chevon rolls increased from 0.28% in the control 
to 1.68% with 6% dried apple pomace (Parkash et al., 
2016); from 0.31% to 1.97% in chicken nuggets with 
6% dried apple pomace (Yadav et al., 2016a); from 
0.67% to 3.29% in mutton nuggets with 15% apple 
pomace (Huda et al., 2014); from 0.63% to 5.11% in 
buffalo meat patties with 8% apple pomace powder 
(Younis and Ahmad, 2018); from 0.2% to 2.5% in 
chicken sausages with 9% dried apple pomace (Yadav 
et al., 2016b); from 0.0% to 1.63% in turkey sausages 
with 8% freeze-dried apple pomace (Koishybayeva 
and Korzeniowska, 2024); and from 0.87% to 2.45% 
in chicken nuggets with 12 g of apple pulp (Verma et 
al., 2010).

Fat content. The incorporation of apple pom-
ace into mutton nuggets and salami generally results 
in a reduction in fat content. However, some studies 
have reported either negligible differences in products 
like chicken nuggets and sausages or even an increase 
in buffalo meat patties, likely due to the oil-holding 
capacity of apple pomace. For example, fat content 
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Table 1. Effects of apple pomace fortification on different meat products

Additive Dose Product An increase A decrease No effect
1 2 3 4 5 6

Apple 
pulp 

8, 10 and 
12 g/100 g

low-fat chicken nuggets 
(Verma et al., 2010)

↑ moisture content; ↑ dietary 
fiber content; ↑ springiness; 
↑ redness, ↑ yellowness; ↑ 
chroma index

↓ emulsion stability; ↓ pH; 
↓ cooking yield; ↓ protein; ↓ 
ash; ↓ hardness; ↓cohesive-
ness; ↓ gumminess; ↓ chewi-
ness; ↓ flavor score; ↓ texture 
score; ↓ overall acceptability

hue 
value; fat; 
adhesiveness

Apple 
pomace

5, 10 and 
15%

mutton nuggets (Huda 
et al., 2014)

↑ emulsion stability; ↑ cooking 
yield; ↑ moisture; ↑ crude fiber

↓ pH; ↓ protein, ↓ ash; ↓ fat; 
↓ hardness; ↓ texture score; 
↓ flavor score; ↓ overall 
acceptability

springiness; 
cohesiveness; 
chewiness; 
gumminess

Apple 
pomace 
powder

2, 4, 6 and 
8%

buffalo meat patties 
(Younis & Ahmad, 
2018)

↑ water activity; ↑ water hold-
ing capacity; ↑ cooking yield; 
↑ emulsion stability; ↑ fat; ↑ 
moisture; ↑ crude fiber; ↑ firm-
ness, ↑ toughness; ↑ hardness; 
↑ gumminess; ↑ chewiness; ↑ 
redness; ↑ thickness

↓ pH; ↓ lightness; ↓ yellow-
ness; ↓ diameter; ↓ color; 
↓ taste score; ↓ overall 
acceptability

cohesiveness; 
springiness 

Apple 
pomace 
powder

7% and 
14%

Italian salami (Grispoldi 
et al., 2022)

↑ moisture; ↑ ash; ↑ carbohy-
drates; ↑ total phenolic content; 
↑ TPC; ↑ ABTS, ↑ DPPH; ↑ 
FRAP; ↑ bitter flavor; ↑rancid 
flavor; ↑ hardness; ↑ yellow-
ness; ↑ bacterial population

↓ pH; ↓ water activity; ↓ red-
ness, ↓ fat; ↓ protein; ↓ juici-
ness; ↓ chewiness; ↓ overall 
acceptability

elasticity; 
cohesiveness; 
fattiness

Dried 
apple 
pomace

3, 6 and 
9% 

fiber-enriched chicken 
nuggets (Yadav et al., 
2016a)

↑ cooking yield; ↑ emulsion 
stability; ↑ total dietary fiber; ↑ 
crude fiber; ↑ insoluble dietary 
fiber; ↑ hardness; ↑ gummi-
ness; ↑ chewiness; ↑ shear 
force; ↑ redness; ↑ color score

↓ pH; ↓ moisture; ↓ protein; 
↓ lightness; ↓ springiness; 
↓ cohesiveness; ↓ flavor; ↓ 
juiciness 

yellowness

Dried 
apple 
pomace

3, 6 and 
9% 

dietary fiber-enriched 
chicken sausage (Yadav 
et al., 2016b)

↑ cooking yield; ↑ emulsion 
stability; ↑ crude fiber; ↑ hard-
ness; ↑ shear press; ↑ gummi-
ness; ↑ redness; ↑ color score

↓ pH; ↓ protein; ↓ moisture; ↓ 
thiobarbituric acid reactive; ↓ 
springiness; ↓ cohesiveness; 
↓ lightness; ↓ juiciness; ↓ 
tenderness score

fat; chewi-
ness; yellow-
ness; SPC; 
PC; Y&M

Dried 
apple 
pomace 

2%, 4%, 
6%, 8% 

chicken sausage (Yadav 
et al., 2020)

↑ color score; ↑ hardness; ↑ 
gumminess; ↑ shear press; 
↑redness

↓ springiness; ↓ cohesive-
ness; ↓ chewiness; ↓ light-
ness; ↓ color score; ↓ sensory 
attributes 

yellowness

Apple 
pomace 
powder 

1–5% goshtaba meat product 
(Rather et al., 2015)

↑ cooking yield; ↑ redness; ↑ 
yellowness; ↑ springiness; ↑ 
flavor score

↓ pH; ↓ protein; ↓ ash; ↓ fat; 
↓ thiobarbituric acid reactive; 
↓ reduction in diameters; 
↓ reduction in thickness; ↓ 
metmyoglobin; ↓ lightness; 
↓ hardness, ↓ gumminess; ↓ 
chewiness; ↓ firmness score

moisture; 
cohesiveness; 
juiciness
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decreased from 13.00% in the control to 10.15% 
with 15% apple pomace in mutton nuggets (Huda et 
al., 2014), and from 23.8% to 20.5% with 14% apple 
pomace in Italian salami (Grispoldi et al., 2022). In 
contrast, fat content increased from 3.06% to 11.13% 
with 8% apple pomace powder in buffalo meat pat-
ties (Younis and Ahmad, 2018); from 9.36% to 9.53% 
with 12 g of apple pulp in chicken nuggets (Verma et 
al., 2010); and remained almost unchanged (~13.5%) 
in Irish breakfast sausages, as well as from 8.5% in 
the control to 8.4% with 9% dried apple pomace in 

chicken sausages (Thangavelu et al., 2022; Yadav et 
al., 2016b).

Ash content. The observed decrease in ash content 
can be attributed to the dilution effect caused by the 
high moisture content of apple pomace pulp, which 
lowers the overall mineral concentration in meat prod-
ucts. For example, ash levels decreased from 3.40% in 
the control to 2.68% with 12 g apple pulp in chicken 
nuggets (Verma et al., 2010); and from 3.54% to 2.70% 
with 15% apple pomace in mutton nuggets (Huda et 
al., 2014). Conversely, some studies have reported 

Table 1 – cont.

1 2 3 4 5 6
Dried 
apple 
pomace

2, 4 and 
6%

dietary fiber enriched 
chevon rolls (Parkash et 
al., 2016) 

↑ water holding capacity; ↑ 
emulsion stability; ↑ crude 
fiber; ↑ cooking yield; ↑ poly-
phenolic content 

↓ pH; ↓ moisture; ↓ protein ash; fat; shear 
press

Apple 
pomace 
fiber

1 and 2% uncured, reduced-fat 
chicken sausages (Choi 
et al., 2016)

↑ ash; ↑ emulsion stability; 
↑ lightness; ↑ yellowness; ↑ 
hardness; ↑ cohesiveness; ↑ 
gumminess; ↑ chewiness

↓ pH; ↓ cooking loss; ↓ 
redness 

protein

Freeze-
dried 
apple 
pomace

0.5% of 
peel or 1% 
of flesh

baked meat products 
(Kęska et al., 2024)

 ↑ brightness; ↑ saturated fatty 
acid; ↑ total bacterial content; 
↑ the coliform content 

↓ pH; ↓ redness; ↓ thiobarbi-
turic acid reactive

water 
activity; 
yellowness

Freeze-
dried 
apple 
pomace

3, 5 and 
8% 

turkey sausages 
(Koishybayeva and 
Korzeniowska, 2024)

↑ TPC; ↑ total fiber content; ↑ 
ABTS; ↑ DPPH; ↑ flavor score

↓ pH; ↓ moisture; ↓ protein; 
↓ lightness; ↓ redness; ↓ 
yellowness; ↓ hardness; ↓ 
springiness; ↓ cohesiveness; 
↓ gumminess; ↓ chewiness; ↓ 
standard plate count

fat; ash; 
WHC; cook-
ing yield

Ultra-
sound-
assisted 
extrac-
tion of 
apple 
pomace

4% and 
8%

beef burgers (Pollini et 
al., 2022)

↑ yellowness; ↑ color intensity; 
↑ fiber; ↑ phenol content; ↑ 
lactic acid bacteria; ↑ acid and 
sweet flavor

↓ lightness, ↓ redness, ↓ 
total coliform; ↓ elasticity; ↓ 
cohesiveness; ↓ chewiness; ↓ 
juiciness; ↓fattiness; ↓ overall 
acceptability

pH

Ultra-
sound-
treated 
apple 
pomace 

0.22% and 
0.94% 

Irish breakfast sausage 
(Thangavelu et al., 
2022)

↑ water holding capacity; ↑ 
emulsion stability; ↑ redness

↓ cooking loss moisture; fat; 
protein; fiber; 
salt content; 
thiobarbituric 
acid reactive

Abbreviations: TPC – total phenolic content; ABTS – 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt; 
DPPH – 2,2-diphenyl-1-picrylhydrazyl; FRAP – ferric reducing antioxidant power; SPC – standard plate count; PC – psychro-
trophic plate count; Y&M – yeasts and molds.
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increases, such as from 7% to 8% with 14% apple 
pomace in Italian salami (Grispoldi et al., 2022); and 
from 1.73% to 2.68% with 2% apple pomace fiber in 
uncured chicken sausages (Choi et al., 2016), possibly 
due to the inherent mineral content of apple pomace.

pH. The initial reduction in pH values following 
apple pomace incorporation is primarily due to its 
natural mild acidity. For example, pH decreased from 
6.27 in the control to 6.03 with 1% freeze-dried ap-
ple peel in baked meat products (Kęska et al., 2024); 
from 5.80 to 5.41 with 15% apple pomace in mutton 
nuggets (Huda et al., 2014); from 6.88 to 6.36 with 
14% apple pomace in Italian salami after 25 days of 
storage (Grispoldi et al., 2022); from 6.46 to 6.29% 
with 2% apple pomace fiber in uncured chicken sau-
sages (Choi et al., 2016); from 6.17 to 5.75% with 
8% apple pomace powder in buffalo meat patties 
(Younis and Ahmad, 2018); from 6.3 to 5.9 with 9% 
dried apple pomace in chicken sausages (Yadav et 
al., 2016b); from 5.80 to 5.34 with 8% freeze-dried 
apple pomace in turkey sausages (Koishybayeva and 
Korzeniowska, 2024); and from 5.67 to 5.53 with 5% 
apple pomace powder in goshtaba samples (Rather 
et al., 2015). In contrast, pH remained nearly un-
changed in beef burgers, increasing slightly from 
6.60 to 6.64 after 96 hours with 8% apple pomace 
(Pollini et al., 2022).

TBARS. Apple pomace contains bioactive com-
pounds, particularly polyphenols, that act as antioxi-
dants by neutralizing reactive oxygen species, thereby 
mitigating lipid oxidation, which is a major cause of 
meat quality deterioration. For instance, adding 0.5% 
freeze-dried apple peel or 1% freeze-dried apple flesh 
was most effective in inhibiting oxidative changes 
in baked meat products, reducing TBARS values by 
47.5% and 39.04%, respectively (Kęska et al., 2024); 
TBARS values decreased from 0.377 (mg MDA/kg) 
in the control to 0.220 (mg MDA/kg) with 5% apple 
pomace powder in uncooked goshtaba, and from 0.670 
(mg MDA/kg) in control to 0.506 (mg MDA/kg) with 
5% apple pomace powder in the cooked version (Rath-
er et al., 2015); from 0.6 to 0.5 (mg MDA/kg) with 6% 
dried apple pomace powder on the day of production 
day, and from 2.1 to 1.6 (mg MDA/kg) after 20 days 
of storage in chicken sausages with 6% dried apple 
pomace powder (Yadav et al., 2016b). No significant 
differences in TBARS values were observed on days 

0, 3, and 6 in Irish breakfast sausages, regardless of 
treatment (Thangavelu et al., 2022).

Effects on the textural properties
Apple pomace generally enhances certain textural 
properties such as hardness, gumminess, chewiness, 
and cohesiveness. However, the specific effects de-
pend on factors such as the type and concentration of 
pomace used, as well as the fat content of the product.

For example, Yadav et al. (2016a) reported an in-
crease in hardness from 48.59 (control) to 60.24 with 
9% dried apple pomace in chicken nuggets. Similarly, 
Choi et al. (2016) observed an increase in hardness 
from 2.35 kg (control) to 2.55 kg with the addition of 
2% apple pomace fiber in uncured, reduced-fat chicken 
sausages. They also noted slight increases in cohesive-
ness, gumminess, and chewiness with higher levels of 
apple pomace fiber. In chicken sausages, the incorpora-
tion of 8% dried apple pomace combined with wheat 
bran increased hardness from 26.85 (control) to 44.83, 
along with increases in gumminess and chewiness. 
However, springiness and cohesiveness decreased with 
higher apple pomace levels (Yadav et al., 2020). A sim-
ilar trend was reported by Yadav et al. (2016b), where 
hardness increased from 22.9 to 41.0 with 9% dried ap-
ple pomace in chicken sausages, while springiness and 
cohesiveness decreased. In buffalo meat patties, You-
nis and Ahmad (2018) reported that hardness rose dra-
matically from 47.85 (control) to 109.54 with 8% apple 
pomace powder. Firmness, toughness, gumminess, and 
chewiness also increased significantly with pomace 
incorporation. Conversely, in some formulations, ap-
ple pomace had a softening effect. In chicken nuggets, 
hardness decreased from 63.04 (control) to 33.34 with 
12 g of apple pulp, likely due to the soft texture and 
high moisture content of the pulp. While springiness 
increased, cohesiveness, gumminess, and chewiness 
decreased (Verma et al., 2010). Similarly, Huda et al. 
(2014) observed a decrease in hardness from 75.16 to 
46.24 with 15% apple pomace in mutton nuggets, along 
with reductions in springiness, cohesiveness, gummi-
ness, and chewiness. The hardness of goshtaba prod-
ucts decreased from 189.924 in the control to 143.202 
with 5% apple pomace powder. Springiness increased 
with decreasing fat content and higher levels of apple 
pomace powder. Conversely, gumminess and chewi-
ness declined with increased levels of apple pomace 
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powder (Rather et al., 2015). Similarly, in turkey sau-
sages, hardness decreased from 76.73 in the control to 
59.7 with 8% freeze-dried apple pomace. Gumminess, 
chewiness, springiness, and cohesiveness all showed 
a downward trend with higher levels of apple pomace. 
(Koishybayeva and Korzeniowska, 2024). However, 
sausage formulations containing both non-ultrasound- 
and ultrasound-treated apple pomace showed no signif-
icant differences in texture parameters, with hardness 
ranging from 26.6 to 27.7 (Thangavelu et al., 2022).

Effects on color properties
Color is a key determinant of consumer preference, 
especially in meat products, where the a* coordinate 
(redness) plays a significant role (Pollini et al., 2022; 
Grispoldi et al., 2022). Incorporating apple pomace 
generally enhances redness, reduces lightness and var-
iably affects yellowness (Pollini et al., 2022).

Redness values increased with apple pomace in 
several studies from 6.61 to 7.44 with 8% dried ap-
ple pomace in chicken sausages (Yadav et al., 2020), 
from 2.83 to 3.37 with 12 g of apple pulp in chicken 
nuggets (Verma et al., 2010), and from 13.62 to 16.30 
with 8% apple pomace powder in buffalo meat pat-
ties (Younis and Ahmad, 2018). In contrast, reduc-
tions in redness were reported, such as from 2.71 to 
2.18 in frankfurters with 2% apple pomace fiber, and 
from –0.34 to –0.54 with 2% apple pomace fiber in 
another batch (Choi et al., 2016), as well as from 5.87 
to 4.31 in turkey sausages with 8% freeze-dried apple 
pomace (Koishybayeva and Korzeniowska, 2024).

Lightness typically decreased, resulting in darker 
meat products. For instance, lightness decreased from 
57.74 to 52.02 with 8% dried apple pomace in chicken 
sausages (Yadav et al., 2020), from 84.29 to 76.50 
with 8% freeze-dried apple pomace in turkey sau-
sages (Koishybayeva and Korzeniowska, 2024), and 
from 47.09 to 31.14 (uncooked) and 49.74 to 35.99 
(cooked) with 5% apple pomace powder in goshtaba 
samples (Rather et al., 2015). Similar reductions were 
observed in buffalo patties (from 33.64 to 27.19 with 
8% apple pomace (Younis and Ahmad, 2018), and 
beef burgers (from 23.6 to 23.4 with 8% apple pomace 
on day one and 17.4 in the control to 11.0 with 8% ap-
ple pomace after 96 hours) (Pollini et al., 2022).

Apple pomace can also influence yellowness due to 
the presence of natural pigments such as carotenoids, 

xanthophyll, and chlorophyll. Yellowness increased 
from 8.74 to 9.48 with 1% apple flesh and to 9.03 with 
1% apple peel in baked meat products (Kęska et al., 
2024); from 3.20 to 3.65 with 12 g of apple pulp in 
chicken nuggets (Verma et al., 2010); from 21.53 to 
23.54 (uncooked) and from 13.6 to 26.98 (cooked) 
with 5% apple pomace powder in goshtaba meat prod-
ucts (Rather et al., 2015), and from 17.90 to 18.43 with 
8% dried apple pomace in chicken sausages (Yadav 
et al., 2020). However, a decline in yellowness was 
also noted, such as a reduction from 20.91 to 18.24 
with 8% freeze-dried apple pomace in turkey sausages 
(Koishybayeva and Korzeniowska, 2024).

Effects on microbiological properties
This increase in microbial populations with apple 
pomace inclusion, particularly coliform bacteria, is at-
tributed to the presence of simple sugars, which pro-
vide a conducive environment for bacterial growth. 
Studies have reported that the total bacterial content is 
significantly higher in meat products with added apple 
pomace, regardless of the type and dose.

For example, the lactic acid bacterial populations 
increased after 72 and 96 h in beef burgers fortified 
with apple pomace (Pollini et al., 2022). The total bac-
terial count ranged from 2.58 log cfu/g in the control 
group to 3.47 log cfu/g in batches of 0.5% freeze-dried 
apple flesh, LAB counts ranged from 1.45 log cfu/g in 
variant batches with 1% addition of freeze-dried apple 
peel to 3.34 log cfu/g in batches with 0.5% addition of 
freeze-dried apple flesh, and Coliform bacteria counts 
ranged from 1.48 to 3.35 log cfu/g in batches with 
0.5% addition of freeze-dried apple flesh in baked meat 
products (Kęska et al., 2024). Further observations in-
dicated that apple pomace addition resulted in higher 
average values of bacterial populations, including En-
terobacteriaceae, total coliforms, and Pseudomonas 
spp., initially measured at approximately 5 log cfu/g, 
which decreased during the ripening process. Nota-
bly, no Staphylococcus aureus was detected during the 
experiment, suggesting that replacing a portion of the 
meat with apple pomace does not promote the growth 
of this pathogen (Grispoldi et al., 2022). Standard Plate 
Counts were 2.5 log cfu/g for both control and sausag-
es with 6% dried apple pomace on the preparation day, 
and after 20 days of storage, the counts were 6.3 and 
6.2 log cfu/g, respectively. Similarly, Psychrotrophic 
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plate counts were 1.4 log cfu/g on the preparation day 
and 3.7 log cfu/g after 20 days for control, and 1.4 and 
3.6 log cfu/g for sausages with 6% dried apple pom-
ace. Yeast and mold counts were 1.0 log cfu/g on the 
preparation day and 3.0 log cfu/g after 20 days for con-
trol, and 1.1 and 3.2 log cfu/g for sausages with 6% 
dried apple pomace in chicken sausages (Yadav et al., 
2016b). Additionally, Standard Plate Counts decreased 
from (2.6 × 103 cfu/g) in the control to (9.0 × 102 cfu/g) 
with 8% freeze-dried apple pomace in turkey sausag-
es immediately after production day. This reduction 
in microbial load might be due to the phenolic com-
pounds and other bioactive constituents of apple pom-
ace (Koishybayeva and Korzeniowska, 2024).

Effects on sensory properties
The inclusion of apple pomace may reduce texture 
scores due to diminished protein binding within the 
meat matrix. However, it can improve acceptabil-
ity for consumers who prefer milder flavors, such as 
children and the elderly (Pollini et al., 2022). Apple 
pomace often enhances color scores of meat prod-
ucts, particularly by increasing redness, improving 
visual appeal (Verma et al., 2010; 2016a; Pollini et 
al., 2022). Flavor scores tended to decrease at high-
er pomace levels because its mild, sweet, and fruity 
notes may mask traditional meaty flavors. This was 
observed in chicken nuggets with increased apple 
pulp, and sausages with wheat bran and dried apple 
pomace, as well as in beef burgers with higher pom-
ace levels, which resulted in stronger acidic and sweet 
flavors, but a decreased overall meaty taste (Verma 
et al., 2010; 2016a; Pollini et al., 2022). Texture 
scores also declined with increased pomace, likely 
due to its fibrous content reducing matrix cohesive-
ness. This effect was noted in chicken nuggets, mut-
ton nuggets, and beef burgers which showed reduced 
elasticity and chewiness (Verma et al., 2010; Huda et 
al., 2014; Pollini et al., 2022; Koishybayeva and Ko-
rzeniowska, 2024). Despite these changes, juiciness 
was largely retained, even with higher pomace levels. 
The high moisture retention capacity of apple pomace 
helps bind water, thereby maintaining the juiciness 
of the product. This finding is consistent across vari-
ous studies, where the fibrous nature of the pomace 
helps to retain moisture (Rather et al., 2015; Yadav 
et al., 2020; Huda et al., 2014). Overall acceptability 

decreased with higher levels of apple pomace. Sau-
sages with moderate levels of apple pomace (up to 
3%) received higher acceptability scores, indicating 
that lower inclusion levels are preferable for main-
taining sensory quality. Similar trends were observed 
in buffalo meat patties and turkey sausages, where 
6% apple pomace powder (Younis and Ahmad, 2018) 
and 8% freeze-dried apple pomace (5.37) yielded the 
highest overall acceptability (Koishybayeva and Ko-
rzeniowska, 2024). Higher levels of pomace incorpo-
ration generally lead to reduced acceptability due to 
the negative impact on flavor and texture (Grispoldi 
et al., 2022; Rather et al., 2015).

CONCLUSION

Apple pomace, a byproduct of the apple processing 
industry, is rich in dietary fiber, bioactive compounds, 
and pectin, positioning it as a valuable functional in-
gredient for the food industry. Its incorporation into 
meat products not only enhances nutritional and func-
tional profiles but also supports environmental sustain-
ability by reducing food waste. The addition of apple 
pomace into meat products has been shown to improve 
water-holding capacity, emulsion stability, and cook-
ing yield, while increasing crude fiber content and re-
ducing fat and protein levels in certain formulations. 
Its natural antioxidant properties help mitigate lipid 
oxidation, thereby extending shelf life. In terms of 
textural properties, apple pomace enhances attributes 
such as hardness and chewiness, while also improving 
visual appeal by increasing redness. Sensory evalua-
tions reveal that, although higher concentrations may 
mask meaty flavors due to its mild, fruity notes, apple 
pomace can improve overall palatability for specific 
consumer groups, such as children and the elderly. 
Overall, optimizing the incorporation of apple pomace 
offers significant potential as a functional ingredient, 
promoting both innovation and sustainability in the 
meat processing industry.
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