
Bhat et al. 
Food Production, Processing and Nutrition            (2023) 5:26  
https://doi.org/10.1186/s43014-023-00141-4

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

Food Production, Processing
and Nutrition

Effect of microwave-assisted vacuum 
and hot air oven drying methods on quality 
characteristics of apple pomace powder
Iqra Mohiuddin Bhat1, Shoib Mohmad Wani1, Sajad Ahmad Mir1*   and Zahida Naseem2 

Abstract 

Apple pomace, which makes up 20–30% of all processed apples, is an accessible source of bioactive ingredients that 
could be used in the food industry. A research of the impact of drying techniques on the quality characteristics of 
apple pomace powder was carried out to efficiently utilize this waste. The pomace was dried at 50 °C and 60 °C in a 
vacuum-assisted microwave dryer and an oven dryer, respectively. The different temperatures chosen for the drying 
of apple pomace were selected based on preliminary tests. Microwave drying resulted in reducing the drying time 
and improving the physicochemical, functional and morphological properties of the powder. The TPC (Total phenolic 
content) and AA (antioxidant activity) of pomace powder were found to be considerably influenced by the drying 
technique. Maximum TPC, DPPH and FRAP values observed for the apple pomace powder dried in the microwave 
were 5.21 ± 0.09 mg GAE/g, 93 ± 1% and 3.22 ± 0.04 µg/mg, respectively while as in oven drying, the values were 
3.14 ± 0.06 mg GAE/g, 89 ± 1% and 2.22 ± 0.02 µg/mg. Microwave drying led to increasing bulk density (0.55 ± 0.01 g/
cc), water hydration capacity (3.35 ± 0.09 mL/g), oil binding capacity (0.95 ± 0.04 g/g), solubility index (14.0 ± 0.9%), 
and emulsion capacity (60.0 ± 1.0%) of the powder. Lower values for bulk density (0.50 ± 0.01 g/cc), water hydration 
capacity (3.04 ± 0.08 mL/g), oil binding capacity (0.70 ± 0.03 g/g), solubility index (10.0 ± 0.8%), and emulsion capac-
ity (48.0 ± 0.9%) were observed in oven-dried powder. Microwave drying resulted in a more disordered, crystalline 
and porous structure of apple pomace powder as compared to oven-dried powder as confirmed by SEM (Scanning 
electron microscopy) and XRD (X-ray diffraction). Microwave-dried powder also had a higher vitamin C content 
(20.00 ± 0.12 mg/100 mg) than oven-dried powder (12.53 ± 0.08 mg/100 mg). This study may be helpful in the pre-
processing of apple pomace for bioconversion processes and extraction of valuable components from apple pomace.

Highlights 

✔ Vacuum-assisted microwave dryer reduced the drying time of apple pomace by 87% as compared toconventional 
oven drying

✔ Microwave dryingimproved the physicochemical, morphological and functional properties of applepomace powder

✔ The overall quality ofthe apple pomace was improved by microwave drying than conventional oven drying
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Introduction
The apple (Malus domestica Borkh) is the fruit of the 
domesticated tree Malus domestica, which belongs to 
the rose family (Rosaceae). The apple is a pome (fleshy) 
fruit, which is commonly grown all over the world. It 
is a prominent addition to countless diets as the pri-
mary source of polyphenolic compounds (Manzoor 
et  al.  2021). In India, the total area under apple cul-
tivation is 0.313 Mha and mainly grown in northern 
provinces, such as Himachal Pradesh and Jammu and 
Kashmir (Kumar  2017). Apples are the world’s fourth 
most consumed fruit crop, after oranges, bananas and 
grapes (Musacchi & Serra 2018). According to the FAO’s 
most recent report, global apple production amounted 
to a total of 86.44 million metric tons in 2020 increasing 
from approximately 83.14 million tons in 2017. Asia, as 
the world’s largest apple producer, accounts for 65.4% of 
global output, with China producing 41.4 million metric 

tons (Lyu et al. 2020). In India, the annual production is 
about 2.3 million metric tons and ranks  7th in total apple 
production in the world (Bhat et al. 2022).

During the production of apple juice or apple cider, 
apple pomace is a significant by-product, accounting 
for 25% of the dry mass of the apple (O’Shea et al. 2012; 
Vidović et  al.  2020). Apple skin/flesh makes up 95% of 
apple pomace (by weight), seeds make up 2 to 4%, and 
the stem makes up 1% (Perussello et  al.  2017). Apple 
pomace is said to be abundant in calcium, potassium, and 
magnesium and to have 9.0% moisture, 2.27% fat, 2.37% 
protein, 1.6% ash, 84.7% carbohydrate, 5.6% starch, and 
54.2% total sugar (O’Shea et  al.  2015). Apple pomace is 
a desirable byproduct with good sensory characteris-
tics, high dietary fiber content, and associated phenolic 
compounds (Sahni & Shere  2018). It also contains phy-
tochemicals such as phenolic acids like chlorogenic, 
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protocatechuic and caffeic acid, as well as flavonoids like 
flavanols and flavonols (Kohajdová et  al.  2014). Phenols 
are well-known for their various health benefits, includ-
ing antioxidant, antimicrobial, anti-inflammatory and 
anti-tumor properties (Liu et al. 2021). Apple consump-
tion has been linked to a lower risk of various lifestyle 
diseases like coronary artery disease, cerebrovascular 
disease, lung, breast, digestive system, oral cavity, and 
colon-rectal cancer and chronic obstructive pulmonary 
disease (Fabiani et al. 2016; Knekt et al. 2002). The major 
cause of mortality and morbidity in the world is CVD. 
Due to mostly problems pertaining to atherosclerosis, 
the prevalence of CVD is also rapidly increasing in other 
emerging countries (such as India and the continents 
of Africa and Latin America). It is known that the intri-
cate relationships between dietary fibre, intestinal flora, 
and gut-produced metabolites may be a major factor in 
CVD (Gan et al. 2022). So it has been seen that dietary 
fiber reduces glucose absorption in the intestines, low-
ers cholesterol and LDL levels and improves intestinal 
health (Kosmala et al. 2011). Fiber sources are used not 
only for their nutritional worth but also for their func-
tional and technological features, such as increasing 
cooking yield, fat binding ability, water hydration capac-
ity and texture improvement (Sudha  2011; Thebaudin 
et  al.  1997). According to several studies, apple pomace 
not only helps to avoid constipation and hypertension, 
but it can also scavenge certain toxic compounds in the 
human body, such as free radicals (Bhushan et al. 2008; 
Lyu et al. 2020; Yadav & Gupta 2015).

The presence of the value-added chemicals also sug-
gests that apple pomace has the potential to be used 
as a food additive and can also be used to make pectin, 
xyloglucan, pigment, fragrance compounds, biofuel and 
natural colors among other things (Bhushan et al. 2008). 
The dietary fiber content and health-promoting quali-
ties of bakery items such as bread, sweet bakery products 
and brittle bakery food can be improved by apple pom-
ace (Lyu et al. 2020). Apple pomace can also be used in 
slices of bread up to 5% without affecting the quality of 
the bread significantly (Masoodi & Chauhan 1998). Apple 
pomace was seen not to alter the physical properties of 
the cake to an unfavorable degree and thus can be used 
as a source of dietary fiber (Masoodi et al. 2002). It was 
also used as a fat replacer in meat formulations (Rather 
et al. 2015). It can also be utilized as a part of substrate 
for the production of alcoholic beverages and the culti-
vation of edible mushrooms. There are other potential 
applications as a flavoring and stabilizing agent (Lyu 
et al. 2020). Apple pomace was utilized as a substrate in 
a variety of microbial processes for the manufacture of 
organic acids (citric acid, lactic acid), enzymes (cellulases, 
hemicellulases, glucosidase and pectinase), biopolymers 

(chitosan, xanthan gum), single-cell protein, ethanol, 
low-alcohol beverages, pigments and even aroma com-
pounds due to its high carbohydrate, vitamin and fiber 
content (Bhushan et al. 2008; Perussello et al. 2017; Ven-
druscolo et al. 2008).

Apple pomace has a high biodegradable organic con-
tent (chemical and biochemical oxygen demand) in 
addition to its moisture content (70–75%) (Bhushan 
et al. 2008). This causes a high vulnerability to microbial 
decomposition, resulting in unpredictable fermentation, 
and thus causing pollution and potentially public health 
risks (Shalini & Gupta  2010; Skinner et  al.  2018). Off-
odors, as well as transportation and storage expenses, are 
reduced when apple pomace is dried and pulverized into 
powder. It also gives practical products with a longer shelf 
life at room temperature or materials that are easier for 
food processors to handle (Fellows 2009). More effort is 
needed to uncover new possibilities and scale up existing 
applications to industrial levels (Perussello et  al.  2017). 
Due to its highly perishable nature, the most proposed 
uses necessitate dehydration as a pretreatment. Dehydra-
tion is also a method of extending shelf life, reducing vol-
ume and lowering handling and shipping costs for future 
processing. Drying apple pomace for animal feed or fur-
ther processing, such as nutrient recovery, appears to be 
a promising option. The oven-drying of high moisture 
materials is a process that involves both heat and mass 
transport (Gullón et  al.  2007; Hang & Woodams  1995; 
Rawal & Masih  2014), resulting in the loss of various 
phytonutrients with low-quality powder. Microwave dry-
ing refers to the application of dielectric heating mecha-
nism, which depends on high-frequency electromagnetic 
oscillations brought on by molecular motion. Through 
molecular interactions with an electromagnetic field and 
the transformation of electrical field energy into thermal 
energy, the process for energy transfer during microwave 
heating delivers energy directly to materials. When com-
pared to conventional drying, microwave drying offers 
a number of benefits since heat is produced by imme-
diately converting electromagnetic energy into kinetic 
molecular energy. As a result, heat is produced deep into 
the item that needs to be dried. Specifically in microwave 
assisted vacuum drying, this technique offers substantial 
benefits for bulk commodities with poor heat conductiv-
ity (Parikh 2015; S. et al. 2012).

Microwave vacuum drying (MWVD) is thus a unique 
alternative drying process that combines the benefits of 
microwave heating and vacuum drying in a single opera-
tion. The combination of the low temperature provided 
by vacuum drying and the rapid energy transfer pro-
vided by microwave heating produces highly efficient and 
low-temperature drying, resulting in high-quality dried 
food products (Han et  al.  2010). MWVD, also known 
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as "volume heating," thus has a lot of benefits, includ-
ing increased energy efficiency, quick drying times and 
good final product quality (Staniszewska et al. 2020). The 
present work aimed to evaluate the effect of two drying 
methods on the physicochemical, nutritional, nutraceu-
tical and functional properties of apple pomace powder. 
An efficient drying method with most of the nutrients 
retained in apple pomace shall have greater industrial 
demand for the extraction and production of valuable 
products.

Materials and methods
Apple pomace was obtained from FIL Industries Pvt Ltd 
(Budgam, J&K, India). Apple pomace is mainly com-
posed of skin and seeds, with a moisture level of more 
than 75% on a fresh weight basis. Two types of dryers 
were used to dry the pomace: a vacuum assisted micro-
wave dryer (TW/MWVAC/BATCH/012; Twin Engi-
neers, India) and a hot air oven dryer (NSW-143; Narang 
Scientific Works Pvt. Ltd., New Delhi, India). A batch 
of apple pomace weighing 5 kg was dried in each dryer. 
For the vacuum-assisted microwave and oven dryer, the 
temperature was set at 50 °C and 60 °C, respectively. The 
different temperatures chosen for the drying of apple 
pomace were selected based on preliminary tests. The 
following two temperatures were optimum for drying 
AP. For MWD, 50 degrees temperature was the optimum 
where the pomace dried quickly without any loss of 
important components from the sample. Below this tem-
perature, the drying in the microwave took more time 
resulting in a loss of energy. In the case of oven drying, 

a temperature below 60 degrees took longer time to dry 
AP which caused fungal growth on the pomace and a 
temperature above 60 degrees might cause overheating 
and loss of bioactive components from the pomace. The 
pomace was dried until it attained a moisture content of 
2%. The seeds were manually removed and the grinding 
was done with the aid of grinder/mixer (Make: JUDGE 
Electricals UK, Model: JM2). After grinding the fine 
pomace powder was obtained by sieving using a sieve of 
mesh size BSS 72 (212 microns). The powder was stored 
in LDPE pouches in the refrigerator for further analysis. 
Figure  1 shows the general process for preparation of 
apple pomace powder.

Chemicals
The chemicals and reagents utilized throughout the 
experimental work were of analytical grade and were 
obtained from HiMedia Laboratories (HiMedia Labs, 
Mumbai, India Pvt. Ltd). Some chemicals were supplied 
by Sigma Chemicals Co (Sigma Aldrich, India). All the 
chemicals and reagents were of analytical grade and high 
purity.

Physicochemical properties
Moisture content
The moisture content of the powder was determined as 
per the procedure given by (Johnson 1945). 2 g of powder 
sample was dried in a convection oven at 105 °C for 10 h 
to determine the average initial moisture content. Mois-
ture content was measured in triplicate (n = 3).

Fig. 1 Apple pomace powder preparation
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Mc = moisture content, Wi = initial weight,  Wf = final 
weight.

Ash content
The ash content of apple pomace powder was determined 
as per the protocol of Owens et  al. (1952). Three gram 
of sample were weighed into a silica ashing crucible and 
burned, cooled in a desiccator and weighed beforehand. 
The samples were weighed after being incinerated in a 

muffle furnace until light grey ash was formed. The fol-
lowing formula was used to compute the amount of ash 
content:

Protein content
Protein content was estimated by Lowry’s method 
(Lowry et al. 1951). Five hundred milligram of the sample 
was weighed and grounded well with a pestle and mortar 
in 5–10  mL of the phosphate buffer pH 7. The mixture 
was centrifuged and the supernatant was used for protein 
estimation. Different concentrations of extract from 0.1 – 
0.2 mL were taken in test tubes and the volume was made 
up to 1 mL by distilled water. One millimeter water was 
taken as blank and bovine serum albumin as standard. 
Five millimeter of the alkaline copper solution was added 
to all the tubes including the blank. After 10 min, 0.5 mL 
of Folin–Ciocalteau Reagent was added and mixed well. 
All the tubes were incubated at room temperature in dark 
for 30 min and absorbance was read at 660 nm by UV–
Vis spectrophotometer (U—2900, Hitachi, Tokyo, Japan).

Crude fat percent
The fat content was calculated as per the method given 
by N. J. Thiex et  al. (2003). Fat content was determined 
by extracting it with solvent petroleum ether. The sam-
ple was held in a porous thimble, allowing the solvent to 
completely cover it. The thimble was placed in an extrac-
tion system that allowed the solvent to be recycled mul-
tiple times. This increases the amount of time the solvent 
has in contact with the sample, allowing it to dissolve all 

Mc(%) = (Wi −Wf /Wi × 100)

%Ash =
{(Weight of crucible + Weight of ash)−Weight of empty crucible}

Weight of sample
×100

of the fat in the sample. Then the sample was inserted 
into the distillation equipment for extraction after it has 
been weighed. The solvent was heated in the flask until it 
boils. The heat source was adjusted so that solvent drips 
from the condenser into the sample chamber at the rate 
of about 6 drops per second. Extraction was continued 
for 6 h. Then the flask was replaced in the extraction unit. 
The flask was placed in an oven at 102  °C and the con-
tents were dried until a constant weight was attained. 
Flask was left to cool in a desiccator and the weight of the 
flask and contents were recorded.

Total sugars
The phenol–sulfuric acid method (Dubois et  al.  1951) 
was used to determine the total sugar content. Five mil-
limeter of 2.5 N HCl was added to 100 mg of the AP pow-

der and the mixture was placed in a heating water bath 
for 2  h. The solution was neutralized by adding solid 
sodium carbonate until no effervescence occurred and 
the final volume of the solution was adjusted to 100 mL 
by adding distilled water. A series of serially diluted 
standard and sample solutions were prepared in glass 
tubes and the final volume was made upto 3 mL. 5% phe-
nol solution (0.5 mL) was added to the test tubes. Then 
5  mL of concentrated sulfuric acid was added and the 
mixture was vortexed for a few minutes. All the tubes 
were allowed to cool to room temperature for 20  min 
before being read using a UV–VIS spectrophotometer at 
a wavelength of 490 nm with a serially diluted 1 mg/mL 
solution of glucose as standard. The yield of crude poly-
saccharide extracts was determined as a percentage of 
dry weight using the following equation.

Total dietary fiber The total dietary fiber in terms of 
both soluble and insoluble fiber was determined accord-
ing to the method of   (McCleary et  al.  2012). The dry 
sample was homogenized with 40  mL MES/TRIS (pH 
8.2) solution and the α-amylase solution was added. 
This mixture was heated in a water bath at 95℃. Then 
the mixture was cooled at room temperature, washed 
with distilled water and protease solution was added at 

Crude fat(%) = {(Weight of thimble after fat extraction−Empty weight of thimble /Weight of sample}×100

Yeild (%dry weight) = (weight of polysaccharides /dried sample weight) × 100
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a temperature of 60℃ in a water bath. It was mixed with 
5 mL of 0.56 N HCl solution, and the pH was adjusted 
to 4.0. After then, 300 µL of amyloglucosidase solution 
was added and stirred at 60 ℃ on a hot plate. To extract 
the insoluble fiber, the solution was filtered using a glass 
filter, with 1  g celite, and the filtrate was washed with 
78% ethanol, 95% ethanol and acetone in turn. After 
overnight, the residue in the glass filter was weighed 
for insoluble fiber. The filtrate collected was added with 
95% ethanol and distilled water. For extraction of solu-
ble fiber, the solution was filtered using a glass filter with 
celite and the filtrate was washed with 15 mL of 78% eth-
anol, 95% ethanol and acetone, in turn. The filtrate was 
kept for precipitation at room temperature for 60 min 
after preheating at 60℃.

Physical characteristics
Color measurement
Using a chromameter (LABSCAN XE Hunterlab, VA, 
USA), the color value of the powder sample from both 
dryers was assessed and reported in CIELAB color 
scales. The degree of lightness to darkness is repre-
sented by L* value, the degree of redness to greenness is 
represented by a* value and the degree of yellowness to 
blueness is represented by b* value. Before measuring 
color, black and white standards were used to calibrate 
the system.

Particle size determination
Particle size was determined by following the method 
described by Ahmad et al., (Ahmad et al. 2019). A Zeta-
sizer (Nano S, Malvern Instruments, Worcestershire, 
U.K.) was used to evaluate the particle size of apple 
pomace powder. The sample (0.01%, w/v) was sus-
pended in milli-Q water (Elix-10, Millipore, Molsheim, 
France) for particle size measurements. To properly 
disperse the particles, samples were sonicated for 
30 min at 40 kHz in a sonicator bath.

X‑Ray Diffraction
X-ray diffraction (XRD) patterns were studied in a 
poly-crystal X-ray diffractometer (Smartlab, Rigaku 
Corporation, Japan) using Cu-Kα at operating condi-
tions of 40 kV, 30 mA, the angular range of 2θ = 2–90°, 
and scanning speed of 5°/min with a step size of 
0.01° to determine the relative crystalline natures of 
powders.

Scanning Electron Microscopy (SEM)
Scanning electron microscopy was used to examine 
the surface morphology of apple pomace powders to 
identify any changes that may have arisen as a result of 
the varied drying methods. Before being mounted on a 

sample table for scanning, dried samples were coated 
with gold powder under a vacuum. The images were 
captured with a scanning electron microscope (SEM) 
(Zeiss EVO, USA) at a 10 kV accelerating potential with 
magnifications of 100xand 1500x.

Functional properties
Bulk and tapped density
A known amount of apple pomace powder was placed 
into a 10 mL graduated cylinder, the volume occupied 
was measured and the bulk density (ρB) was calculated 
(weight per volume). After tapping the cylinder for 
5 min, the tapped density (ρT) was computed (32 taps 
per minute). The final volume was then scanned and 
the tapped density was calculated as per the method of 
Hayes et al. (1998).

Water hydration Capacity (WHC)
A weighed quantity (5 g) of the sample was transferred to 
a 50 mL centrifuge tube, and the tube was weighed along 
with the sample. Then after every 5 min, distilled water was 
added and the mixture was vortexed for 15  s. The same 
procedure was followed for 40 min until the pasty consist-
ency was attained. It was then centrifuged for 10  min at 
4000 g. If there was any supernatant, it was discarded, and 
the tube was weighed again (Grover et al. 2003).

Oil binding capacity (OBC)
The oil binding capacity (OBC) of powder was determined 
by the method of (Ma et al. 2017). Before placing one gram 
 (W0) of powder into a centrifuge tube, it was weighed sep-
arately  (W1). After that, 10 mL of soybean oil was added, 
and the mixture was vortexed for 5 min. The sample was 
allowed to sit at room temperature for 30  min before 
being centrifuged for 20  min at 3000  g. The supernatant 
was decanted, and the precipitate-filled centrifuge tube 
was weighed  (W2). Oil absorption was expressed as the 
amount of oil bound by per g of sample and was calculated 
as follows:

Swelling power and solubility index
The swelling power and solubility index was calculated by 
following the method given by (Younis & Ahmad  2015). 
A total of 1 g of material was extracted and weighed in a 
test tube  (W1). It was then combined with 50 mL of dis-
tilled water. The slurry was heated to 85 °C for 30 min in a 
water bath. After cooling, the sample was centrifuged for 

WHC (g∕g) = (Final weight − Initial weight) ∕ Initial weight

OBC (g/g) = (W2 − W1) / W0
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15 min at 2,200 g. The supernatant was collected in a dish, 
and 5 mL was placed onto a tarred evaporating plate  (A1) 
and dried at 100 °C for 4 h before being weighed again  (A2). 
The weight of the sediment was then calculated  (W2).

Foam Capacity (FC) and Foam Stability (FS)
A homogenizer was used to mix one gram of sam-
ple with 100  mL of distilled water and homogenized 
the solution vigorously for 5  min. The foam volume 
was measured after the homogenized suspension was 
transferred to a 250  mL graduated cylinder (Gannasin 
et al. 2012). After letting the foam stand for 1 h, the foam 
volume was measured to determine foam stability (FS) 
(Ahmad et al. 2016).

Emulsion capacity (EC) and Emulsion stability (ES)
Grover et  al. (2003)’s method were used to determine 
the emulsion capacity (EC) and emulsion stability (ES) 
of powder. A high-speed mixer was used to homog-
enize one gram of powder with 50 ml of distilled water 
and 50 mL of soybean oil for 1.5 min. The mixture was 
divided into two 50-mL centrifuge tubes (40  mL total). 
For the emulsion capacity measurement, one tube was 
centrifuged at 4,000  rpm for 10  min at room tempera-
ture. The other centrifuge tube was heated for 30 min in 
a water bath at 80 °C before being cooled to room tem-
perature. The emulsion stability was next tested by cen-
trifugation under the same conditions. The following 
formulas were used to compute emulsion capacity (EC) 
and emulsion stability (ES):

Swelling power (%) = {(W2 − W1) ∕ Weight of sample × 100

Solubility index (%) = {(A2 − A1) ∕ Weight of sample} × 100

FC (%) = {[Vol.after homogenization (ml) − Vol.before homogenization(ml)] ∕ Vol. before homogenization (ml)} × 100

FS (%) = (Foam vol.after 1 hr ∕ Initial foam vol.) × 100

EC (%) = (Height of emulsion layer / Total height layer) × 100

ES (%) = (Height of remaining emulsion / Total height of emulsion) × 100

Determination of antioxidant activities
Preparation of extract
In an electrical shaker at 30 °C, 10 g of each powdered 
sample was extracted for 8  h with 50  mL of acidified 
methanol (5% HCl v/v). The extract was centrifuged for 
15 min at 10,000 g, and the supernatant was kept at – 
40 °C, in a sealed container until further analysis.

Determination of DPPH radical scavenging activity
The antioxidant activity of apple pomace was deter-
mined using a modified version of the method described 
by (Chaouch et  al.  2015). Four millimeter of methanolic 
DPPH solution (0.1 mM) was added to 1 mL of sample in 
various concentrations (1–50 mg/ml). The mixtures were 
vortexed and incubated at room temperature for 30  min 
in the dark. A UV–Vis spectrophotometer was used to 
test the absorbance at 517  nm. As a standard, identical 
amounts of ascorbic acid (AA) were utilized. Higher anti-
oxidant activity is indicated by the lower absorbance of the 
samples. The activity of the DPPH radical was calculated 
as follows:

Determination of total phenolic content
The Folin–Ciocalteu technique (Liu & Yao  2007) with 
certain modifications was used to determine the total 
phenolic content of the samples. Two hundred millim-
eter of the extract was combined with 1 mL Folin–Cio-
calteu reagent diluted to 1:10 with water. 1 mL of 10% 
 Na2CO3 was added to the mixture, which was violently 
shaken, and the final volume was built up to 5 mL with 
distilled water. The absorbance was measured through 
a UV–Vis Spectrophotometer at 765 nm after the mix-
ture had been allowed to stand for 2  h at room tem-
perature. Total phenolic content was measured in mL 
of gallic acid equivalents per gram of dry weight sample 
powder.

DPPH radical activity (%) = [1− (Asample ÷ Acontrol)] × 100
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Ferric reducing antioxidant power (FRAP)
The assay was performed using the Benzie and Strain 
method (Benzie & Strain  1996). The FRAP reagent 
was made by adding  0.3  mol/L acetate buffer (pH 3.6), 
10 mmol TPTZ solution in 40 mmol HCl, and 20 mmol 
iron (III) chloride solution in 10:1:1(v/v) proportions. 
Before use, the reagent was warmed at 37 °C. In 1.5 mL 
of FRAP reagent, 50 µL of sample extracts were added. 
After 4 min, the absorbance of the reaction mixture was 
measured at 593 nm using a UV–vis spectrometer against 
a blank. The calibration curve was used to calculate the 
antioxidant activity of the extracts, which was expressed 
as mg TEAC (Trolox equivalent antioxidant activity)/g 
dry weight sample powder.

Estimation of Vitamin C (Ascorbic acid)
Ranganna  1986, used a titration approach to determine 
the ascorbic acid concentration of processed products, 
using a 2, 6 dichlorophenol indophenol dye solution. The 
basic concept includes ascorbic acid in an alkaline solu-
tion reducing 2, 6 – dichlorophenol indophenols dye to 
a colorless state. For ascorbic acid in a solution with a pH 
range of 1 to 4, the reaction is quantitative and specific. 
The dye solution was first calibrated against standard 
ascorbic acid to determine the dye factor in the method 
that followed. The filtered apple pomace fractions were 
diluted with 3 percent metaphosphoric acid and then 
titrated against the solution until a pink color appeared, 
which lasted 15  s. The dye factor was calculated as 
follows:

Dye factor = 0.5/titre vol.

 Statistical analysis
Results from each experiment were carried out in trip-
licate and expressed as mean ± SD. Analysis of variance 
(ANOVA) and Duncan’s multiple range test was used to 
analyze the data at the 5% level of significance.

Results and discussion
Proximate composition
The study on quality analysis of powder dried in a hot air 
oven and microwave-assisted vacuum dryer was based 
on physicochemical and morphological characteris-
tics. The drying time for MWVD and OD was noted as 
3  h and 24  h respectively. The values recorded for the 
moisture, ash, protein and fat content are mentioned 
in Table  1. Moisture content is among the most impor-
tant factors assessed in food as the moisture content is 
inversely related to a food’s dry matter. Food’s moisture 
level has an impact on its storage stability and quality 

mg of ascorbic acid ∕100ml = [titre vol (mL of dye used) × dye factor × vol made up × 100 × 100]∕ sample taken × vol of sample extract.

(Ishrat et  al.  2020). The value for the moisture content 
was recorded at around 2% for both OD powder and 
MWVD powder. The moisture content differences were 
not statistically significant. The value for the protein con-
tent, crude fat, and ash content were 4.56 ± 0.06 g/100 g, 
1.84 ± 0.05  g/100  g and 1.87 ± 0.06  g/100  g respec-
tively in case of MWVD and 4.03 ± 0.06  g/100  g, 
2.07 ± 0.03 g/100 g and 1.56 ± 0.04 g/100 g for OD pow-
der. The slightly higher value of ash content, protein con-
tent and sugar content in microwave dried apple pomace 
powder was observed as compared to hot air oven-dried 
powder. As per the drying conditions, less drying time 
and the temperature were applied in the preparation of 
MWVD powder which might have led to the retention 

of more nutrients and inorganic matter in the MWVD 
powder than OD powder which underwent more severe 
drying conditions for a longer period of time. Crude 
fat percent was seen slightly higher in oven-dried apple 
pomace powder as compared to MWVD apple pom-
ace powder. Sugar content was recorded as 47% in 
microwave dried powder and 41% in oven-dried pow-
der, similar results were obtained by Wang et  al. (2019) 
for apple pomace. Total dietary fiber was estimated as 
42.9 ± 0.1  g/100  g in the case of MWVD apple pomace 
powder whereas in the case of OD apple pomace pow-
der its value was recorded as 49.5 ± 0.1 g/100 g. The same 
has been reported by Sudha et  al. (2007) in the case of 
dried apple pomace powder. Apple pomace is generally 
poor in protein  and rich in fiber and sugars (Shalini & 
Gupta 2010). Overall protein content was seen lower in 
both (4.56 ± 0.06 g/100 g for MW and 4.03 ± 0.06 g/100 g 
for OD) apple pomace powders with.

Table 1 Proximate analysis of apple pomace powder dried from 
two different dryers

Table shows mean values with standard deviations of the mean (the results were 
averaged over three measurements)

a and b superscript letters in the same row indicate significant differences 
(p < 0.05) between samples

Components Microwave 
dried powder

Oven dried powder

Moisture (g/100 g) 2.03 ± 0.02a 2.05 ± 0.04a

Protein (g/100 g) 4.56 ± 0.06b 4.03 ± 0.06a

Crude fat (g/100 g) 1.84 ± 0.05a 2.07 ± 0.03b

Total sugars (g/100 g) 47.05 ± 0.10b 41.01 ± 0.09a

Total dietary fiber (g/100 g) 42.9 ± 0.1a 49.5 ± 0.1b

Soluble fiber (g/100 g) 25.54 ± 0.09b 23.91 ± 0.06a

Insoluble fiber (g/100 g) 17.4 ± 0.07a 25.6 ± 0.10b

Ash (g/100 g) 1.87 ± 0.06b 1.56 ± 0.04a
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Physicochemical parameters
Table  2 shows the bulk and tapped density, water-
hydration capacity, oil binding capacity, solubility index, 
swelling capacity, foam stability, foam capacity, emul-
sion activity, and emulsion stability of two apple pomace 
powders dried in different drying conditions. As MWVD 
powder was given less drying time and temperature, it 
showed a higher bulk density value. The findings were 
consistent with (Tonon et al. 2008), who discovered that 
higher temperatures induced a decrease in bulk density. 
Also, the results suggested that the microwave dried 
apple pomace powder has a high value of water hydra-
tion capacity and oil binding capacity, so can bind more 
water and oil. Because of its importance in foods, water-
binding capacity has been extensively explored in food 
functioning. The presence of soluble components such as 
sugar and soluble fibers may account for the high solubil-
ity and WHC values (Andrade-Mahecha et al. 2012). As 
a result, greater WHC values in microwave dried powder 
suggest more polysaccharides and fibers are retained as 
removing moisture at a higher temperature could result 
in the cell wall break down of polysaccharide network 
(Holloway & Greig  1984; Rana et  al.  2015). Soluble fib-
ers also have a high hydration ability and can gener-
ate viscous solutions, which improves product stability 
and reduces water separation (Kaushal et  al.  2012). The 
high OBC values could be related to the high number of 
hydrophobic groups in the sample’s molecules (Tharise 
et  al.  2014). Because of the rise in hydrophobicity, oil 
absorption capacity is related to the degree of acetyla-
tion and esterification of the molecules (Rubio-Senent 
et  al.  2015; Shekhar Mohapatra et  al.  2017). Ingredients 

with high OBC values can be used as emulsifiers and can 
also help improve the viscosity and texture of manufac-
tured foods (Aydin & Gocmen  2015). It has been seen 
that ingredients with a high WHC can be used as a thick-
ening agent or to reduce syneresis in food products con-
taining a lot of water, and ingredients with a high OBC 
can be used as an emulsifying agent. The apple pomace 
powder can be used in products where syneresis needs to 
be reduced or texture needs to be improved. The swell-
ing capacity of microwave dried apple pomace powder 
was also high which indicates its water absorption capac-
ity during heating. This could be because increasing the 
drying temperature can influence the porosity and par-
ticle size of the final powder, which is a key parameter 
impacting the pomace’s hydration properties (Carvalho 
et  al.  2009; Elleuch et  al.  2011). During the process of 
removing water at low temperatures, porous structures 
emerge within the cell wall matrix, allowing for easy and 
full rehydration (Cui et al. 2010) thus enhanced value of 
swelling capacity was seen in MWVD powder. The emul-
sion stability (ES) and emulsion capacity (EC) values for 
the two powders were significantly different, which may 
be due to variation in the protein and dietary fiber con-
tent of apple pomace powder. The EC and ES values were 
recorded in the MWVD powder sample which might be 
likely attributed to the high dietary fiber content in these 
samples. This might have enhanced the aqueous phase 
viscosity and reduced the tendency of scattered oil glob-
ules to migrate and coalesce, thus enhancing emulsion 
stability. Foam capacity was observed very low for both 
the powders leading to a formation of non stable foam.

Color analysis
The L*, a*, b* values of apple pomace powder deter-
mined for color estimation are shown in Table  3. In 
practice, a number of elements, such as the type of fruit 
and its maturity may affect the color, but especially the 
drying techniques play an important role as far color 
is concerned (Borchani et  al.  2011). The color of apple 

Table 2 Techno-functional properties of the powders

Table shows mean values with standard deviations of the mean (the results were 
averaged over three measurements)

NS  Not stable

a and b superscript letters in the same row indicate significant differences 
between samples (p < 0.05). 

Functional properties Microwave 
dried 
powder

Oven dried powder

Bulk density (g/cc) 0.55 ± 0.01b 0.50 ± 0.01a

Tapped density (g/cc) 0.56 ± 0.03b 0.52 ± 0.02a

Water hydration capacity (WHC) 
(mL/g)

3.35 ± 0.09b 3.04 ± 0.08a

Oil binding capacity (OBC) (g/g) 0.95 ± 0.04b 0.70 ± 0.03a

Swelling power (SP)(%) 770 ±  1b 764 ±  2a

Solubility index (SI) (%) 14.0 ± 0.9b 10.0 ± 0.8a

Foam capacity (FC) (%) 2.07 ± 0.07b 1.05 ± 0.06a

Foam stability (FS) (%) NS NS

Emulsion capacity (EC) (%) 60.0 ± 1.0b 48.0 ± 0.9a

Emulsion stability (ES) (%) 52.0 ± 1.0b 31.0 ± 0.8a

Table 3 Color measurements of powders

Table shows mean values with standard deviations of the mean (the results were 
averaged over three measurements)

a and b superscript letters in the same row indicate significant differences 
between samples (p < 0.05)

Physical parameters Microwave dried 
powder

Oven dried powder

L* 54.15 ± 1.02a 55.09 ± 1.05b

a* 7.02 ± 0.09b 5.76 ± 0.07a

b* 38.65 ± 1.01b 37.24 ± 1.02a

Hue 79.69 ± 1.13a 81.27 ± 1.17a

Chroma 39.28 ± 1.08b 37.68 ± 1.05a
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pomace can be used to determine chemical changes dur-
ing drying. The L* (lightness) values of the apple pomace 
powder were found at 54.15 ± 1.02 and 55.09 ± 1.05 for 
MWVD and OD powders. The L* value for oven-dried 
powder was seen more as compared to MWVD pow-
der. L* value may be suggestive of browning events that 
occur during drying, according to Krokida et al. (2001), 
browning reactions, which occur at higher temperatures, 
cause a drop in lightness value (L*) and shift to increased 
redness. Thus, the color of MWVD powder was seen 
darker than OD powder. Enzymatic browning is more 
responsible for the development of redness and yellow-
ness in the samples than non-enzymatic browning, as is 
evident from the lower values of a* and b* for pomaces 
dried in OD compared to pomace dried in MWVD. The 
perceived color is represented by the hue angle, which 
is 0° for red, 90° for yellow, 180° for green, and 270° for 
blue. The Chroma value goes from 0 (neutral grey, black, 
or white) to 100 for very high chroma (or color purity). 
As apparent from the table a difference was seen in hue 
angle between the two powders, however, the OD pow-
der had a modest increase in hue angle. The hue angle 
for MWVD powder was 79.69 ± 1.13°, whereas the hue 
value for OD powder was 81.27 ± 1.17°, indicating a red-
to-yellow tint. Chroma values ranged from 39.28 ± 1.08 
for MWVD powder to 37.68 ± 1.05 for OD powder, indi-
cating low color saturation.

Particle size analysis of powder
The structural–functional relationship of polymers in 
solution requires an understanding of their molecu-
lar size distribution. The surface characteristics of 
apple pomace are influenced by particle size. Particle 
size exhibits a stronger impact on fat binding capacity 
and emulsifying qualities of pomace powder (Grover 
et al. 2003).The particle sizes of MWVD and OD pow-
der are displayed in Table  4. MWVD and OD powder 
particles have hydrodynamic particle sizes of 4451 nm 
and 2692  nm, respectively. The polydispersity index 
(PDI) for MWVD powder particles was reported to be 
29%, while it was 25% for OD powder particles. The 
particle size of OD powder has decreased significantly, 

which might be due to powder particle breakdown or 
breakage produced by high drying temperature and 
longer drying time as Guillon and Champ (2000) claim 
that the nature of cell walls and the technological inter-
ventions (degree of grinding, thermal treatment, etc.) 
affect the particle size distribution. The polydispersity 
index (PDI) is a measurement of particle size distribu-
tion; a higher PDI indicates a wider size distribution, 
which could include aggregates or big particles (Ahmad 
& Gani  2021). The polydispersity index value of OD 
powder particles was seen low, indicating a significantly 
smaller size distribution. As a result of the higher tem-
peratures, the particles dried were smaller and more 
rounded. It is possible because the pomace that had 
been dried at a higher temperature was more delicate 
and hence more easily cracked during the grinding pro-
cess. Larger particle size may be an important feature 
in improving the quality characteristics of some food 
commodities. In one of the studies, it was revealed 
that the apple pomace with the largest particle size 
produced cookies that were less firm and had a larger 
spread ratio, both of which are desirable characteristics 
(Rocha Parra et al. 2019).

X‑Ray analysis of powder
X-ray diffraction is a technique used to obtain infor-
mation about the molecular structure of a substance 
(crystalline or non-crystalline). X-ray diffraction is a 
well-established method for studying crystal lattice con-
figurations and provides valuable information on sample 
crystallinity (Bourbon et al. 2011). Similarly, XRD analy-
sis was used to determine how different drying processes 
affected crystallinity. The x-ray diffraction pattern of both 
microwave-assisted vacuum and oven-dried powder is 
shown in Fig. 2.

X-ray diffractograms of both powders showed a semi-
crystalline pattern with an amorphous broad hump and 
crystalline peaks. The x-ray diffraction patterns of the 
MWVD and OD powder showed the diffractive peak in 
the region from 2θ = 5° to 80° with MWVD showing the 
maximum intensity of about 1210.1 counts at 2θ = 21.6°. 
The OD powder showed the peaks with the highest 
intensity of about 1304 counts at 2θ = 21.4°. Microwave 
treatment without heating led to an increase in the crys-
tallization of glass ceramics as compared to conventional 
heating. In the influence of the microwave field, many 
metals precipitate which leads to many crystal nuclei (Li 
et al. 2020). According to Roncero et al. 2005, the inten-
sity peak for crystalline materials is maximum at a 2θ 
angle between 22 and 23, while for amorphous materi-
als it is between 18 and 19. From the data, it is evident 
that during the processing, a slight loss of crystallinity 

Table 4 Particle size and polydispersity index of MWVD and OD 
powder samples

Table shows mean values with standard deviations of the mean (the results were 
averaged over three measurements), a and b superscript letters in the same 
column indicate significant differences between samples (p < 0.05)

Sample Hydrodynamic diameter 
(nm)

Polydispersity 
index (%)

MWVD 4451 ±  76b 29 ±  1b

OD 2692 ±  49a 25 ±  2a
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occurred in OD powder. It is possible that subjecting the 
molecule to the harsh circumstances experienced during 
drying causes a change in the molecule lattice, irregularly 
exposing part of the components, resulting in the loss of 
an ordered structure, which would otherwise have a lit-
tle higher crystallinity (Palacio-Lopez et  al.  2020). The 
semi-crystalline nature of pomace powders indicates the 
presence of less crystalline cellulose, which may be due to 
the presence of high content of hemicelluloses and lignin 
(Chen et al. 2011; Zain et al. 2014).

Scanning Electron Microscopy (SEM)
SEM is a type of surface imaging method that provides 
information about surface topography and structure. 
Scanning electron microscopy analyzes differences in size 
and shape of intercellular and cellular spaces, as well as 
structural changes, that occur when the food is processed, 
using microscopic techniques (Alzamora et  al.  1997). 
Food’s physical qualities are closely related to its micro-
scopic structure (Tortoe & Orchard 2006). Scanning elec-
tron micrographs at varying magnifications of both apple 
pomace powders are depicted in Fig. 3. Apple pomace is 
seen as having a porous and fibrous nature. This might 
be due to the presence of hemicelluloses and fibers in the 
peel and flesh (Liu et al. 2021; Naqash et al. 2021; Skinner 
et al. 2018). Both types of powders have an uneven finish, 
with distorted and deformed surfaces. As depicted from 
SEM pictures, it can be observed that drying resulted in 
structural alterations in the powders. The MWVD dried 
sample granules were more irregular than the OD sam-
ple granules and showed more cracks and micropores, 
resulting in changes in surface area. This might be due 
to the leaching out of more phenolics from the bonded 
structure. Similar results were shown by Lohani & Muth-
ukumarappan  2014, also this was following the findings 

of research by Giri & Prasad  2007 for mushrooms. As 
for OD powder particles, there was seen greater reten-
tion of the basic matrix in apple pomace. The variation 
in microstructures of dried samples could be attributed 
to the fact that the lower temperature under vacuum 
and the shorter microwave drying time caused acceler-
ated removal of moisture, resulting in a hasty fluid flow 
that helps prevent compression and case-hardening. 
This results in a substantial puffing effect during micro-
wave vacuum drying when compared to hot air drying. 
Similar results were recorded by Han et al. 2010 for apple 
slices. The severity of drying conditions might have led 
to particle deformation and cellular structural changes in 
powder samples. The same was depicted by Sargent 1988; 
Tortoe & Orchard 2006 for apples and bananas, respec-
tively, concluding that dehydration caused the movement 
of water and deformation of the pectin, hemicellulose, 
and cellulose of the cell structure plasma membrane and 
middle lamella, resulting in the collapse of the cell and 
plasmolyzed cells. A study also showed that the level of 
cell wall collapse during drying is proportional to the 
amount of water lost during the drying process (Zogzas 
et al. 1994). This is comparable to what Mavis et al. 2014 
found in a study on the structure of oven dried tomatoes. 
The SEM images make it abundantly evident that drying 
temperature has a significant impact on particle struc-
ture. The rate of drying as well as the rate of a number 
of other reactions, which are regulated by the amount 
of water and drying temperature, may be the cause of 
the changes in the size and form of the particles (Afrin 
et al. 2021).

Antioxidant activity
Apple polyphenols have a variety of pharmacological 
actions, including antibacterial and antiviral activity (Bai 

Fig. 2 X-ray diffraction pattern of oven-dried (ODAP) and microwave dried powder (MDAP)
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et al. 2013). Their main medicinal value, however, comes 
from the antioxidant and antiradical action, which is 
because of the specific chemical structure of polyphe-
nols. Each phenolic acid is made up of a single aromatic 
ring connected by hydroxyl and carboxyl residues. They 
can neutralize reactive oxygen species (ROS), reduce 
transition metals responsible for Fenton’s reaction and 
reduce oxidative stress by acting as a hydrogen atom 
or single electron donor. Antiradical activity refers to a 
compound’s ability to scavenge free radicals, whereas 
antioxidant activity refers to the ability to suppress the 
oxidation process (Spiegel et al. 2020).These polyphenols 
are thought to alter food products’ organoleptic features, 
such as color, flavor, and odor, as well as their antioxi-
dant potential (Perussello et  al.  2017; Rana et  al.  2015). 

According to numerous studies, adding AP to food for-
mulations increases AO activity, avoiding or delaying oxi-
dative change, such as lipid oxidation in the food product 
(Gorjanović et al. 2020).

Total phenolic content
Phenolic acids are naturally occurring chemicals with 
antioxidative and antiradical properties. The Folin-
Ciocalteu method was used to evaluate the total phe-
nolic content of pomace powders, which is based on 
electron transfer from the phenolic component to the 
Folin-Ciocalteu reagent in an alkaline medium. Phe-
nolic content determination is one of the most essen-
tial aspects of determining antioxidant capabilities. 

Fig. 3 SEM images of MWD (a) and OD (b) powder at 100 × and 1500 × magnification power
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The total phenolic content (TPC) of microwave dried 
powder was recorded as 5.21 ± 0.09  mg GAE/g, while 
oven-dried powder showed a significantly lower value 
of 3.14 ± 0.06 mg GAE/g, as shown in Table 5. Because 
of the less rigorous drying conditions, more phenolic 
components were released and retained in the micro-
wave dried powder and there was seen a loss of TPC in 
oven drying due to the thermal degradation of phenolic 
compounds. Polyphenolic compounds are known to 
breakdown at high temperatures, especially when they 
are unbound and in high moisture environments (Sad-
ilova et al. 2007). The rate of degradation varies depend-
ing on the product, and some phenolic compounds are 
seen as more heat resistant than others. Thus, a higher 
drying temperature leads to a low TPC value in OD.As 
per several studies, there is seen a link between phe-
nolic content and antioxidant capacity (Candrawinata 
et al. 2015; Kim et al. 2003). With the increasing value of 
phenolic content, the antioxidant activity also increases. 
So a higher value of TPC in MWVD might lead to the 
enhanced antioxidant activity of the same. The polyphe-
nols that give apples their antioxidant action are still 
present in the pomace and can be easily extracted for 
food fortification or the development of nutraceutical 
products (Bhushan et al. 2008).

DPPH assay
The antiradical activity of both powders was estimated 
using the DPPH radical scavenging method, which is 
one of the most practical methods for determining anti-
oxidant activity. DPPH is widely used to assess a com-
pound’s potential to operate as a free radical scavenger 
or hydrogen donor, as well as to assess antioxidant activ-
ity in liquids and food samples. DPPH is a violet-colored 
stable free radical, changing color from violet to pale yel-
low or colorless if free radicals have been scavenged and 
provide visual monitoring at 517  nm. Microwave-dried 
powder showed a scavenging activity of 93 ± 1%, whereas 
oven-dried powder showed an activity of 89 ± 1% which 
may be due to more polyphenols. The temperature and 
drying time significantly affected antioxidant activity and 

a higher level of TPC leads to higher antioxidant activity. 
Abd El-Baky et al. 2011, also found that the DPPH radi-
cal scavenging activity of algal extracts varied based on 
the particular phenolic content, with the highest DPPH 
radical scavenging activity in samples rich in phenolic 
compounds.

FRAP value
The reduction of the ferric tripyridyl-s-triazine com-
plex to ferrous colored form in the presence of antioxi-
dants is the basis for this assay. The antioxidants in the 
samples decrease the ferric tripyridyl-s-triazine com-
plex to generate a blue-colored complex, increasing the 
absorbance at 593 nm. The ability of a material to trans-
port electrons is related to its reducing power, which 
can be used to predict its potential antioxidant activity. 
Microwave dried powder showed a higher FRAP value 
of 3.22 ± 0.04 mgTEAC/g, whereas oven-dried powder 
had a FRAP value of 2.22 ± 0.02 mgTEAC/g.

Based on the TPC, DPPH and FRAP values as given 
in Table 5, it is evident that the microwave dried pow-
der has higher antioxidant activity than oven-dried 
powder, and showed more retention of phenolic groups. 
There was a degradation of phenolic compounds, heat-
sensitive bioactive chemicals and hence decreased anti-
oxidant activity due to the severe drying conditions and 
higher temperature in oven drying. Studies have shown 
that high temperatures can cause phenolic compounds 
to degrade, and decrease in antioxidant capacity (Can-
drawinata et al. 2014). As a result, the drying tempera-
ture had a significant impact on antioxidant activity. 
Vardin and Yılmaz (2017) found a similar tendency in 
dried pomegranate arils. Apart from improving the 
functional and physicochemical qualities and enhanc-
ing the antioxidant activity of AP powder, MWVD 
reduced drying time by around 87% compared to oven 
drying.

Vitamin C content
Vitamin C is an antioxidant that is non-enzymatic 
and is effective in scavenging reactive oxygen species 
(ROS). Apples are thought to have less vitamin C con-
tent than other fruits. When total antioxidant activity 
contributed by vitamin C is taken into account, apples 
(97.23 mol of vitamin C equivalents/g) come in second 
to cranberries (176.98 mol of vitamin C equivalents/g) 
(Skinner et  al.  2018; Sun et  al.  2002). The strong bio-
activity of apples has been proven to have an antipro-
liferative effect on cancer cells (Sun et al. 2002). Apple 
pomace has been found to have 22.4  mg of vitamin C 
per 100  g, indicating that it could be a good source 
of antioxidant chemicals (Pieszka et  al.  2015). In the 

Table 5 Total phenolic content and antioxidant activity

Table shows mean values with standard deviations of the mean (the results were 
averaged over three measurements)

a and b superscript letters in the same row indicate significant differences 
between samples (p < 0.05)

Parameters Microwave Dried Oven Dried

Total phenolic content (mgGAE/g) 5.21 ± 0.09b 3.14 ± 0.06a

DPPH scavenging activity (%) 93 ±  1b 89 ±  1a

FRAP assay (mgTEAC/g) 3.22 ± 0.04b 2.22 ± 0.02a

Vitamin C (mg/100 g) 20.00 ± 0.12b 12.53 ± 0.08a
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current studies, for microwave dried powder the vita-
min C content was reported as 20  mg per 100  g. For 
oven-dried powder, the value was 12.5  mg of vitamin 
C per 100 g. As there is a higher temperature and dry-
ing period in OD, the amount of ascorbic acid in the 
OD powder decreased significantly. Because vitamin C 
is susceptible to both heat and oxidation, its degrada-
tion could be ascribed to thermal damage and oxida-
tion during drying (Akdaş & Başlar 2015). Similarly, at 
greater drying temperatures, Ong and Law (2011) dis-
covered a significant decline in the vitamin C content 
of salak fruit.

Conclusion
Apple pomace is high in micro and macronutrients, 
dietary fiber, and polyphenols, all of which are ben-
eficial to human health. The application of two drying 
methods for the preparation of apple pomace powder 
played a significant effect in enhancing physicochemical 
attributes, functional properties and antioxidant activi-
ties in AP powder. MWVD AP showed enhanced func-
tional properties like water holding capacity, oil holding 
capacity, swelling power, foam and emulsion capacity, 
and stability compared to oven dried pomace. MWVD 
AP has a high level of carbohydrates, protein, antioxi-
dant activity due to the polyphenols and maintained 
more polyphenolic compounds than OD, resulting in 
higher TPC, DPPH, and FRAP values. Microstructural 
investigation revealed MWV drying generated more 
cell collapse and disruption, which resulted in phenolic 
being released from the bonded structure. Microwave-
vacuum drying of apple pomace was significantly faster 
than traditional hot-air oven drying, resulting in qual-
ity powder, saving both time and energy. With these 
high levels of AA and radical-scavenging activity, it 
may be possible to avoid oxidative stress and as a result, 
chronic illness when incorporated into food products. 
The retention of nutrients in the microwave dried apple 
pomace powder may be helpful in the bioconversion of 
this waste to produce valuable products through micro-
bial technology and to extract valuable compounds 
from it.

Acknowledgements
Authors are thankful to the Department of Food Science and Technology for 
providing lab support.

Authors’ contributions
Iqra Mohiuddin Bhat: Manuscript writing, Methodology, Original research. 
Shoib Mohmad Wani: Conceptualization,Original research, Review and Editing, 
Supervision. Sajad Ahmad Mir: Review and Editing, Supervision, Conceptu-
alization. Zahida Naseem: Original Research, Editing. The author(s) read and 
approved the final manuscript.

Funding
This study has not received any financial support from any agency.

Availability of data and materials
The data regarding this study is available and can be produced on proper 
request to the corresponding author.

Declarations

Ethical approval and Consent to publish
Not applicable.

Competing interest
The authors declare that they do not have financial or competing interests 
which may affect the publication of this study.

Received: 6 October 2022   Accepted: 8 February 2023

References
Abd El-Baky, H. H., El Baz, F. K., & El-Baroty, G. S. (2011). Production of phenolic 

compounds from Spirulina maxima microalgae and its protective effects. 
African Journal of Biotechnology, 8, 7059–7067. https:// doi. org/ 10. 4314/ 
ajb. v8i24. 68794

Afrin, S. M., Acharjee, A., & Sit, N. (2021). Convective drying of orange pomace 
at different temperatures and characterization of the obtained pow-
ders. Journal of Food Science and Technology. https:// doi. org/ 10. 1007/ 
s13197- 021- 05108-2

Ahmad, M., & Gani, A. (2021). Ultrasonicated resveratrol loaded starch 
nanocapsules: Characterization, bioactivity and release behaviour under 
in-vitro digestion. Carbohydrate Polymers, 251, 117111. https:// doi. org/ 10. 
1016/J. CARBP OL. 2020. 117111

Ahmad, M., Mudgil, P., Gani, A., Hamed, F., Masoodi, F. A., & Maqsood, S. (2019). 
Nano-encapsulation of catechin in starch nanoparticles: Characteriza-
tion, release behavior and bioactivity retention during simulated in-vitro 
digestion. Food Chemistry, 270, 95–104. https:// doi. org/ 10. 1016/J. FOODC 
HEM. 2018. 07. 024

Ahmad, M., Wani, T. A., Wani, S. M., Masoodi, F. A., & Gani, A. (2016). Incorpora-
tion of carrot pomace powder in wheat flour: effect on flour, dough 
and cookie characteristics. Journal of Food Science and Technology, 53, 
3715–3724. https:// doi. org/ 10. 1007/ S13197- 016- 2345-2

Akdaş, S., & Başlar, M. (2015). Dehydration and degradation kinetics of bioac-
tive compounds for mandarin slices under vacuum and oven drying 
conditions. Journal of Food Processing and Preservation, 39, 1098–1107. 
https:// doi. org/ 10. 1111/ JFPP. 12324

Alzamora, S.M., Gerschenson, L.N., Vidales, S.L., Nieto, A., 1997. Structural Changes 
in the Minimal Processing of Fruits: Some Effects of Blanching and Sugar 
Impregnation 117–139. https:// doi. org/ 10. 1007/ 978-1- 4615- 6057-9_8

Andrade-Mahecha, M. M., Tapia-BláCido, D. R., & Menegalli, F. C. (2012). 
Physical–chemical, thermal, and functional properties of achira (Canna 
indica L.) flour and starch from different geographical origin. Wiley Online 
Library., 64, 348–358. https:// doi. org/ 10. 1002/ star. 20110 0149

Aydin, E., & Gocmen, D. (2015). The influences of drying method and meta-
bisulfite pre-treatment on the color, functional properties and phenolic 
acids contents and bioaccessibility of pumpkin flour. LWT-Food Science 
and Technology, 60, 385–392. https:// doi. org/ 10. 1016/J. LWT. 2014. 08. 025

Bai, X., Zhang, H., & Ren, S. (2013). Antioxidant activity and HPLC analysis of 
polyphenol-enriched extracts from industrial apple pomace. Journal of 
the Science of Food and Agriculture, 93, 2502–2506. https:// doi. org/ 10. 
1002/ jsfa. 6066

Benzie, I. F. F., & Strain, J. J. (1996). The Ferric Reducing Ability of Plasma (FRAP) 
as a Measure of “Antioxidant Power”: The FRAP Assay. Analytical Biochem-
istry, 239, 70–76. https:// doi. org/ 10. 1006/ ABIO. 1996. 0292

Bhat, S. A., Rizwan, D., Mir, S. A., Wani, S. M., & Masoodi, F. A. (2022). Advances 
in apple packaging: a review. Journal of Food Science and Technology. 
https:// doi. org/ 10. 1007/ s13197- 022- 05447-8

Bhushan, S., Kalia, K., Sharma, M., Singh, B., & Ahuja, P. S. (2008). Processing of 
apple pomace for bioactive molecules. Critical Reviews in Biotechnology, 
28, 285–296. https:// doi. org/ 10. 1080/ 07388 55080 23688 95

https://doi.org/10.4314/ajb.v8i24.68794
https://doi.org/10.4314/ajb.v8i24.68794
https://doi.org/10.1007/s13197-021-05108-2
https://doi.org/10.1007/s13197-021-05108-2
https://doi.org/10.1016/J.CARBPOL.2020.117111
https://doi.org/10.1016/J.CARBPOL.2020.117111
https://doi.org/10.1016/J.FOODCHEM.2018.07.024
https://doi.org/10.1016/J.FOODCHEM.2018.07.024
https://doi.org/10.1007/S13197-016-2345-2
https://doi.org/10.1111/JFPP.12324
https://doi.org/10.1007/978-1-4615-6057-9_8
https://doi.org/10.1002/star.201100149
https://doi.org/10.1016/J.LWT.2014.08.025
https://doi.org/10.1002/jsfa.6066
https://doi.org/10.1002/jsfa.6066
https://doi.org/10.1006/ABIO.1996.0292
https://doi.org/10.1007/s13197-022-05447-8
https://doi.org/10.1080/07388550802368895


Page 15 of 17Bhat et al. Food Production, Processing and Nutrition            (2023) 5:26  

Borchani, C., Besbes, S., Masmoudi, M., Blecker, C., Paquot, M., & Attia, H. (2011). 
Effect of drying methods on physico-chemical and antioxidant proper-
ties of date fibre concentrates. Food Chemistry, 125, 1194–1201. https:// 
doi. org/ 10. 1016/J. FOODC HEM. 2010. 10. 030

Bourbon, A. I., Pinheiro, A. C., Cerqueira, M. A., Rocha, C. M. R., Avides, M. C., 
Quintas, M. A. C., & Vicente, A. A. (2011). Physico-chemical characteriza-
tion of chitosan-based edible films incorporating bioactive compounds 
of different molecular weight. Journal of Food Engineering, 106, 111–118. 
https:// doi. org/ 10. 1016/J. JFOOD ENG. 2011. 03. 024

Candrawinata, V.I., Golding, J.B., Roach, P.D., Stathopoulos, C.E., 2015. Optimisa-
tion of the phenolic content and antioxidant activity of apple pomace 
aqueous extracts. http:// mc. manus cript centr al. com/ tcyt 13, 293–299. 
https:// doi. org/ 10. 1080/ 19476 337. 2014. 971344

Candrawinata, V. I., Golding, J. B., Roach, P. D., & Stathopoulos, C. E. (2014). Total 
phenolic content and antioxidant activity of apple pomace aqueous 
extract: Effect of time, temperature and water to pomace ratio. Interna-
tional Food Research Journal, 21, 2337–2344.

Carvalho, A., Portela, M., Sousa, F. C., Farias, D. F., & Feitosa, J. (2009). Physiologi-
cal and physico-chemical characterization of dietary fibre from the green 
seaweed Ulva fasciata Delile. Brazilian Journal of Biology, 69, 969–977.

Chaouch, M. A., Hafsa, J., Rihouey, C., Le Cerf, D., & Majdoub, H. (2015). Depo-
lymerization of polysaccharides from Opuntia ficus indica: Antioxidant 
and antiglycated activities. International Journal of Biological Macromol-
ecules, 79, 779–786. https:// doi. org/ 10. 1016/J. IJBIO MAC. 2015. 06. 003

Chen, W., Yu, H., Liu, Y., Chen, P., Zhang, M., & Hai, Y. (2011). Individualization 
of cellulose nanofibers from wood using high-intensity ultrasonication 
combined with chemical pretreatments. Carbohydrate Polymers, 83, 
1804–1811. https:// doi. org/ 10. 1016/J. CARBP OL. 2010. 10. 040

Cui, Z.W., Li, C.Y., Song, C.F., Song, Y., 2010. Combined Microwave-Vacuum and 
Freeze Drying of Carrot and Apple Chips. https:// doi. org/ 10. 1080/ 07373 
93080 24639 60 26, 1517–1523. https:// doi. org/ 10. 1080/ 07373 93080 24639 
60

Dubois, M., Gilles, K., Hamilton, J. K., Rebers, P. A., & Smith, F. (1951). A colorimet-
ric method for the determination of sugars. Nature. https:// doi. org/ 10. 
1038/ 16816 7a0

Elleuch, M., Bedigian, D., Roiseux, O., Besbes, S., Blecker, C., & Attia, H. (2011). 
Dietary fibre and fibre-rich by-products of food processing: Characterisa-
tion, technological functionality and commercial applications: A review. 
Food Chemistry, 124, 411–421. https:// doi. org/ 10. 1016/J. FOODC HEM. 2010. 
06. 077

Fabiani, R., Minelli, L., & Rosignoli, P. (2016). Apple intake and cancer risk: A sys-
tematic review and meta-analysis of observational studies. Public Health 
Nutrition, 19, 2603–2617. https:// doi. org/ 10. 1017/ S1368 98001 60003 2X

Fellows, P.J., 2009. Food processing technology: Principles and practice: Third 
edition, Food Processing Technology: Principles and Practice: Third Edi-
tion. CRC Press. https:// doi. org/ 10. 1533/ 97818 45696 344

Gan, R.-Y., Hu, Y., Cheong, K.-L., Yu, B., Chen, J., Zhong, S., 2022. A Comprehen-
sive Review of the Cardioprotective Effect of Marine Algae Polysaccharide 
on the Gut Microbiota. Foods 2022, Vol. 11, Page 3550 11, 3550. https:// 
doi. org/ 10. 3390/ FOODS 11223 550

Gannasin, S.P., Ramakrishnan, Y., Adzahan, N.M., Muhammad, K., 2012. Func-
tional and preliminary characterisation of hydrocolloid from tamarillo 
(Solanum betaceum Cav.) puree. mdpi.com 17, 6869–6885. https:// doi. 
org/ 10. 3390/ molec ules1 70668 69

Giri, S. K., & Prasad, S. (2007). Drying kinetics and rehydration characteristics of 
microwave-vacuum and convective hot-air dried mushrooms. Journal of 
Food Engineering, 78, 512–521. https:// doi. org/ 10. 1016/J. JFOOD ENG. 2005. 
10. 021

Gorjanović, S., Micić, D., Pastor, F., Tosti, T., Kalušević, A., Ristić, S., Zlatanovic, S., 2020. 
Evaluation of apple pomace flour obtained industrially by dehydration as 
a source of biomolecules with antioxidant, antidiabetic and antiobesity 
effects. Antioxidants 9. https:// doi. org/ 10. 3390/ antio x9050 413

Grover, S. S., Chauhan, G. S., & Masoodi, F. A. (2003). Effect of Particle Size on 
Surface Properties of Apple Pomace. International Journal of Food Proper-
ties, 6, 1–7. https:// doi. org/ 10. 1081/ JFP- 12001 6620

Guillon, F., & Champ, M. (2000). Structural and physical properties of dietary 
fibres, and consequences of processing on human physiology. Food 
Research International, 33, 233–245. https:// doi. org/ 10. 1016/ S0963- 
9969(00) 00038-7

Gullón, B., Falqué, E., Alonso, J. L., & Parajó, J. C. (2007). Evaluation of Apple 
Pomace as a Raw Material for Alternative Applications in Food Industries. 
Food Technology and Biotechnology, 45, 426–433.

Han, Q. H., Yin, L. J., Li, S. J., Yang, B. N., & Ma, J. W. (2010). Optimization of 
process parameters for microwave vacuum drying of apple lices using 
response surface method. Drying Technology, 28, 523–532. https:// doi. 
org/ 10. 1080/ 07373 93100 36187 90

Hang, Y. D., & Woodams, E. E. (1995). β-Fructofuranosidase production by 
Aspergillus species from apple pomace. LWT-Food Science and Technolog, 
28, 340–342. https:// doi. org/ 10. 1016/ S0023- 6438(95) 94646-2

Hayes, W. A., Smith, P. G., & Morris, A. E. J. (1998). The production and quality 
of tomato concentrates. Critical Reviews in Food Science and Nutrition, 38, 
537–564. https:// doi. org/ 10. 1080/ 10408 69989 12743 09

Holloway, W. D., & Greig, R. I. (1984). Water Holding Capacity of Hemicelluloses 
from Fruits, Vegetables and Wheat Bran. Journal of Food Science, 49, 
1632–1633. https:// doi. org/ 10. 1111/J. 1365- 2621. 1984. TB128 67.X

Ishrat, S.A., Naik, H., Zargar, I.A., Wani, S.M., Altaf, U., 2020. Investigation of the 
physical properties of tomato powder prepared by spray drying technol-
ogy. International Journal of Chemical Studies. 8, 1071–1074. https:// doi. 
org/ 10. 22271/ chemi. 2020. v8. i1n. 8395

Johnson, C. M. (1945). Determination of Water in Dry Food Materials Applica-
tion of the Fischer Volumetric Method. Industrial & Engineering Chemistry 
Analytical Edition, 17, 312–316. https:// doi. org/ 10. 1021/ I5601 41A014

Kaushal, P., Kumar, V., & Sharma, H. K. (2012). Comparative study of physico-
chemical, functional, antinutritional and pasting properties of taro (Colo-
casia esculenta), rice (Oryza sativa) flour, pigeonpea (Cajanus cajan) flour 
and their blends. LWT-Food Science and Technology, 48, 59–68. https:// doi. 
org/ 10. 1016/J. LWT. 2012. 02. 028

Kim, D. O., Chun, O. K., Kim, Y. J., Moon, H. Y., & Lee, C. Y. (2003). Quantification 
of polyphenolics and their antioxidant capacity in fresh plums. Journal of 
Agriculture and Food Chemistry, 51, 6509–6515. https:// doi. org/ 10. 1021/ 
JF034 3074

Knekt, P., Kumpulainen, J., Järvinen, R., Rissanen, H., Heliövaara, M., Reunanen, 
A., Hakulinen, T., & Aromaa, A. (2002). Flavonoid intake and risk of chronic 
diseases. American Journal of Clinical Nutrition, 76, 560–568. https:// doi. 
org/ 10. 1093/ AJCN/ 76.3. 560

Kohajdová, Z., Karovičová, J., Magala, M., & Kuchtová, V. (2014). Effect of apple 
pomace powder addition on farinographic properties of wheat dough 
and biscuits quality. Chemical Papers, 68, 1059–1065. https:// doi. org/ 10. 
2478/ s11696- 014- 0567-1

Kosmala, M., Kolodziejczyk, K., Zduńczyk, Z., Juśkiewicz, J., & Boros, D. (2011). 
Chemical composition of natural and polyphenol-free apple pomace and 
the effect of this dietary ingredient on intestinal fermentation and serum 
lipid parameters in rats. Journal of Agriculture and Food Chemistry, 59, 
9177–9185. https:// doi. org/ 10. 1021/ JF201 950Y

Krokida, M. K., Maroulis, Z. B., & Saravacos, G. D. (2001). The effect of the 
method of drying on the colour of dehydrated products. International 
Journal of Food Science & Technology, 36, 53–59. https:// doi. org/ 10. 1046/J. 
1365- 2621. 2001. 00426.X

Kumar, S., 2017. Standardization of method for separation of seeds from apple 
for raising apple rootstocks Process protocol for mechanical separation of 
fruit core and seeds from apple fruits Department of Food Science and 
Technology.

Li, H., Liu, S., Xu, W., Zhang, Y., Li, X., Ouyang, S., Zhao, G., Liu, F., & Wu, N. (2020). 
The Effect of Microwave on the Crystallization Behavior of CMAS System 
Glass-Ceramics. Materials (basel)., 13, 4555. https:// doi. org/ 10. 3390/ ma132 
04555

Liu, L., Zhang, C., Zhang, H., Qu, G., Li, C., & Liu, L. (2021). Biotransformation of 
polyphenols in apple pomace fermented by β-glucosidase-producing 
lactobacillus rhamnosus l08. Foods, 10, 1–12. https:// doi. org/ 10. 3390/ 
foods 10061 343

Liu, Q., & Yao, H. (2007). Antioxidant activities of barley seeds extracts. Food 
Chemistry, 102, 732–737. https:// doi. org/ 10. 1016/J. FOODC HEM. 2006. 06. 
051

Lohani, U. C., & Muthukumarappan, K. (2014). Effect of Drying Methods and 
Ultrasonication in Improving the Antioxidant Activity and Total Phenolic 
Content of Apple Pomace Powder. Journal of Food Research, 4, 68. https:// 
doi. org/ 10. 5539/ jfr. v4n2p 68

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein meas-
urement with the Folin phenol reagent. Journal of Biological Chemistry, 
193, 265–275. https:// doi. org/ 10. 1016/ s0021- 9258(19) 52451-6

https://doi.org/10.1016/J.FOODCHEM.2010.10.030
https://doi.org/10.1016/J.FOODCHEM.2010.10.030
https://doi.org/10.1016/J.JFOODENG.2011.03.024
http://mc.manuscriptcentral.com/tcyt
https://doi.org/10.1080/19476337.2014.971344
https://doi.org/10.1016/J.IJBIOMAC.2015.06.003
https://doi.org/10.1016/J.CARBPOL.2010.10.040
https://doi.org/10.1080/07373930802463960
https://doi.org/10.1080/07373930802463960
https://doi.org/10.1080/07373930802463960
https://doi.org/10.1080/07373930802463960
https://doi.org/10.1038/168167a0
https://doi.org/10.1038/168167a0
https://doi.org/10.1016/J.FOODCHEM.2010.06.077
https://doi.org/10.1016/J.FOODCHEM.2010.06.077
https://doi.org/10.1017/S136898001600032X
https://doi.org/10.1533/9781845696344
https://doi.org/10.3390/FOODS11223550
https://doi.org/10.3390/FOODS11223550
https://doi.org/10.3390/molecules17066869
https://doi.org/10.3390/molecules17066869
https://doi.org/10.1016/J.JFOODENG.2005.10.021
https://doi.org/10.1016/J.JFOODENG.2005.10.021
https://doi.org/10.3390/antiox9050413
https://doi.org/10.1081/JFP-120016620
https://doi.org/10.1016/S0963-9969(00)00038-7
https://doi.org/10.1016/S0963-9969(00)00038-7
https://doi.org/10.1080/07373931003618790
https://doi.org/10.1080/07373931003618790
https://doi.org/10.1016/S0023-6438(95)94646-2
https://doi.org/10.1080/10408699891274309
https://doi.org/10.1111/J.1365-2621.1984.TB12867.X
https://doi.org/10.22271/chemi.2020.v8.i1n.8395
https://doi.org/10.22271/chemi.2020.v8.i1n.8395
https://doi.org/10.1021/I560141A014
https://doi.org/10.1016/J.LWT.2012.02.028
https://doi.org/10.1016/J.LWT.2012.02.028
https://doi.org/10.1021/JF0343074
https://doi.org/10.1021/JF0343074
https://doi.org/10.1093/AJCN/76.3.560
https://doi.org/10.1093/AJCN/76.3.560
https://doi.org/10.2478/s11696-014-0567-1
https://doi.org/10.2478/s11696-014-0567-1
https://doi.org/10.1021/JF201950Y
https://doi.org/10.1046/J.1365-2621.2001.00426.X
https://doi.org/10.1046/J.1365-2621.2001.00426.X
https://doi.org/10.3390/ma13204555
https://doi.org/10.3390/ma13204555
https://doi.org/10.3390/foods10061343
https://doi.org/10.3390/foods10061343
https://doi.org/10.1016/J.FOODCHEM.2006.06.051
https://doi.org/10.1016/J.FOODCHEM.2006.06.051
https://doi.org/10.5539/jfr.v4n2p68
https://doi.org/10.5539/jfr.v4n2p68
https://doi.org/10.1016/s0021-9258(19)52451-6


Page 16 of 17Bhat et al. Food Production, Processing and Nutrition            (2023) 5:26 

Lyu, F., Luiz, S.F., Azeredo, D.R.P., Cruz, A.G., Ajlouni, S., Ranadheera, C.S., 2020. 
Apple Pomace as a Functional and Healthy Ingredient in Food Products: 
A Review. Process. 2020, Vol. 8, Page 319 8, 319. https:// doi. org/ 10. 3390/ 
PR803 0319

Ma, T., Zhu, H., Wang, J., Wang, Q., Yu, L. L., & Sun, B. (2017). Influence of 
extraction and solubilizing treatments on the molecular structure and 
functional properties of peanut protein. LWT-Food Science and Technology, 
79, 197–204. https:// doi. org/ 10. 1016/J. LWT. 2017. 01. 037

Manzoor, A., Khan, M.A., Mujeebu, M.A., Shiekh, R.A., 2021. Comparative 
study of microwave assisted and conventional osmotic dehydration of 
apple cubes at a constant temperature. Journal of Agriculture and Food 
Research. 5. https:// doi. org/ 10. 1016/J. JAFR. 2021. 100176

Masoodi, F. A., & Chauhan, G. S. (1998). Use of apple pomace as a source of 
dietary fiber in wheat bread. Journal of Food Processing and Preservation, 
22, 255–263. https:// doi. org/ 10. 1111/j. 1745- 4549. 1998. tb003 49.x

Masoodi, F. A., Sharma, B., & Chauhan, G. S. (2002). Use of apple pomace as 
a source of dietary fiber in cakes. Plant Foods for Human Nutrition, 57, 
121–128. https:// doi. org/ 10. 1023/A: 10152 64032 164

Mavis, O.-A., Joyce, A.-A., Firibu, S., Luis, A., Luis, A.E.-R., & Subramaniam, S. 
(2014). Effect of pretreatment on physicochemical quality characteristics 
of a dried tomato (Lycopersicon esculentum). African Journal of Food Sci-
ence, 8, 253–259. https:// doi. org/ 10. 5897/ AJFS2 014. 1156

McCleary, B. V., DeVries, J. W., Rader, J. I., Cohen, G., Prosky, L., Mugford, D. C., 
Champ, M., & Okuma, K. (2012). Determination of insoluble, soluble, and 
total dietary fiber (CODEX definition) by enzymatic-gravimetric method 
and liquid chromatography: Collaborative study. Journal of AOAC Interna-
tional, 95, 824–844. https:// doi. org/ 10. 5740/ JAOAC INT. CS2011_ 25

Musacchi, S., & Serra, S. (2018). Apple fruit quality: Overview on pre-harvest 
factors. African Journal of Food Science, 234, 409–430. https:// doi. org/ 10. 
1016/J. SCIEN TA. 2017. 12. 057

Naqash, F., Masoodi, F. A., Gani, A., Nazir, S., & Jhan, F. (2021). Pectin recovery 
from apple pomace: Physico-chemical and functional variation based on 
methyl-esterification. International Journal of Food Science & Technology, 
56, 4669–4679. https:// doi. org/ 10. 1111/ ijfs. 15129

O’Shea, N., Arendt, E. K., & Gallagher, E. (2012). Dietary fibre and phytochemi-
cal characteristics of fruit and vegetable by-products and their recent 
applications as novel ingredients in food products. Innovative Food 
Science and Emerging Technologies, 16, 1–10. https:// doi. org/ 10. 1016/J. 
IFSET. 2012. 06. 002

O’Shea, N., Ktenioudaki, A., Smyth, T. P., McLoughlin, P., Doran, L., Auty, M. A. 
E., Arendt, E., & Gallagher, E. (2015). Physicochemical assessment of two 
fruit by-products as functional ingredients: Apple and orange pomace. 
Journal of Food Engineering, 153, 89–95. https:// doi. org/ 10. 1016/J. JFOOD 
ENG. 2014. 12. 014

Ong, S.P., Law, C.L., 2011. Drying Kinetics and Antioxidant Phytochemicals 
Retention of Salak Fruit under Different Drying and Pretreatment Condi-
tions. http://dx.doi.org/https:// doi. org/ 10. 1080/ 07373 937. 2010. 503332 
29, 429–441. https:// doi. org/ 10. 1080/ 07373 937. 2010. 503332

Owens, H.S., McCready, R.M., Shepherd, A.D., Schultz, T.H., Pippen, E.L., Swen-
son, H.A., Liers, J.C., Erlandsen, R.F., Maclay, W.D., 1952. Methods Used at 
Western Regional Research Laboratory for Extraction and Analysis of 
Pectic Materials, Bureau of Agricultural and Industrial Chemistry.

Palacio-Lopez, K., Sun, L., Reed, R., Kang, E., Sørensen, I., Rose, J.K.C., Domozych, 
D.S., 2020. Experimental Manipulation of Pectin Architecture in the Cell 
Wall of the Unicellular Charophyte, Penium Margaritaceum. Front. Plant 
Sci. 11. https:// doi. org/ 10. 3389/ FPLS. 2020. 01032/

Parikh, D. M. (2015). Vacuum Drying: Basics and application. Chemical Engineer-
ing (united States), 122, 48–54.

Perussello, C. A., Zhang, Z., Marzocchella, A., & Tiwari, B. K. (2017). Valorization 
of Apple Pomace by Extraction of Valuable Compounds. Comprehensive 
Reviews in Food Science and Food Safety, 16, 776–796. https:// doi. org/ 10. 
1111/ 1541- 4337. 12290

Pieszka, M., Gogol, P., Pietras, M., & Pieszka, M. (2015). Valuable Components of 
Dried Pomaces of Chokeberry, Black Currant, Strawberry, Apple and Car-
rot as a Source of Natural Antioxidants and Nutraceuticals in the Animal 
Diet. Annals of Animal Science, 15, 475–491. https:// doi. org/ 10. 2478/ 
AOAS- 2014- 0072

Rana, S., Gupta, S., Rana, A., & Bhushan, S. (2015). Functional properties, phe-
nolic constituents and antioxidant potential of industrial apple pomace 
for utilization as active food ingredient. Food Science and Human Wellness, 
4, 180–187. https:// doi. org/ 10. 1016/j. fshw. 2015. 10. 001

Ranganna, S. (1986). Handbook of Analysis and Quality Control for Fruit and 
Vegetable Products (p. 1112). Tata McGraw-Hill Publishing Company. Tata 
McGraw-Hill Publ.

Rather, S. A., Akhter, R., Masoodi, F. A., Gani, A., & Wani, S. M. (2015). Utilization 
of apple pomace powder as a fat replacer in goshtaba: A traditional meat 
product of Jammu and Kashmir. Journal of Food Measurement and Charac-
terization, 9, 389–399. https:// doi. org/ 10. 1007/ s11694- 015- 9247-2

Rawal, R., & Masih, D. (2014). Study of the Effect on the Quality Attributes of 
Apple Pomace Powder Prepared by Two Different Dryers. IOSR Journal 
of Agriculture and Veterinary Science, 7, 54–61. https:// doi. org/ 10. 9790/ 
2380- 07825 461

Rocha Parra, A. F., Sahagún, M., Ribotta, P. D., Ferrero, C., & Gómez, M. (2019). 
Particle Size and Hydration Properties of Dried Apple Pomace: Effect 
on Dough Viscoelasticity and Quality of Sugar-Snap Cookies. Food 
and Bioprocess Technology, 12, 1083–1092. https:// doi. org/ 10. 1007/ 
s11947- 019- 02273-3

Roncero, M. B., Torres, A. L., Colom, J. F., & Vidal, T. (2005). The effect of xylanase 
on lignocellulosic components during the bleaching of wood pulps. 
Bioresource Technology, 96, 21–30. https:// doi. org/ 10. 1016/J. BIORT ECH. 
2004. 03. 003

Rubio-Senent, F., Rodríguez-Gutiérrez, G., Lama-Muñoz, A., & Fernández-
Bolaños, J. (2015). Pectin extracted from thermally treated olive oil by-
products: Characterization, physico-chemical properties, in vitro bile acid 
and glucose binding. Food Hydrocolloids, 43, 311–321. https:// doi. org/ 10. 
1016/J. FOODH YD. 2014. 06. 001

Mohamed S. Shaheen, Khaled F. El-Massry, Ahmed H. El-Ghorab and Faqir M. 
Anjum, 2012. Microwave Applications in Thermal Food Processing. The 
Development and Application of Microwave Heating. https:// doi. org/ 10. 
5772/ 48716

Sadilova, E., Carle, R., & Stintzing, F. C. (2007). Thermal degradation of anthocya-
nins and its impact on color and in wfroantioxidant capacity. Molecular 
Nutrition & Food Research, 51, 1461–1471. https:// doi. org/ 10. 1002/ MNFR. 
20070 0179

Sahni, P., & Shere, D. (2018). Physico-chemical, sensory and textural attributes 
of apple pomace powder supplemented fibre rich cookies. Journal of Hill 
Agriculture, 9, 225. https:// doi. org/ 10. 5958/ 2230- 7338. 2018. 00041.1

Sargent, J. A. (1988). Low temperature scanning electron microscopy: Advan-
tages and applications. Scanning Microscopy, 2, 835–849.

Shalini, R., & Gupta, D. K. (2010). Utilization of pomace from apple processing 
industries: A review. Journal of Food Science and Technology, 47, 365–371. 
https:// doi. org/ 10. 1007/ s13197- 010- 0061-x

ShekharMohapatra, H., Dubey, P., Chatterjee, A., Kumar, P., & Ghosh, S. (2017). 
Development of a fibrous assembly from orange peel extract: characteri-
zation and antibacterial activity. Cellulose Chemistry and Technology, 51, 
601–608.

Skinner, R. C., Gigliotti, J. C., Ku, K. M., & Tou, J. C. (2018). A comprehensive analysis 
of the composition, health benefits, and safety of apple pomace. Nutrition 
Reviews, 76, 893–909. https:// doi. org/ 10. 1093/ nutrit/ nuy033

Spiegel, M., Kapusta, K., Kołodziejczyk, W., Saloni, J., Zbikowska, B., Hill, G.A., 
Sroka, Z., 2020. Antioxidant Activity of Selected Phenolic Acids–Ferric 
Reducing Antioxidant Power Assay and QSAR Analysis of the Structural 
Features. Molecules 25. https:// doi. org/ 10. 3390/ molec ules2 51330 88

Staniszewska, I., Liu, Z.L., Zhou, Y., Zielinska, D., Xiao, H.W., Pan, Z., Zielinska, M., 
2020. Microwave-assisted hot air convective drying of whole cranberries 
subjected to various initial treatments. LWT 133, 109906. https:// doi. org/ 
10. 1016/J. LWT. 2020. 109906

Sudha, M.L., 2011. Apple Pomace (by-Product of Fruit Juice Industry) as a Flour 
Fortification Strategy, Flour and Breads and their Fortification in Health 
and Disease Prevention. Elsevier Inc. https:// doi. org/ 10. 1016/ B978-0- 12- 
380886- 8. 10036-4

Sudha, M. L., Baskaran, V., & Leelavathi, K. (2007). Apple pomace as a source of 
dietary fiber and polyphenols and its effect on the rheological character-
istics and cake making. Food Chemistry, 104, 686–692. https:// doi. org/ 10. 
1016/j. foodc hem. 2006. 12. 016

Sun, J., Chu, Y. F., Wu, X., & Liu, R. H. (2002). Antioxidant and Antiproliferative 
Activities of Common Fruits. Journal of Agriculture and Food Chemistry, 50, 
7449–7454. https:// doi. org/ 10. 1021/ JF020 7530

Tharise, N., Julianti, E., & Nurminah, M. (2014). Evaluation of physico-chemical 
and functional properties of composite flour from cassava, rice, potato, 
soybean and xanthan gum as alternative of wheat flour. International 
Food Research Journal, 21(4), 1641–1649.

https://doi.org/10.3390/PR8030319
https://doi.org/10.3390/PR8030319
https://doi.org/10.1016/J.LWT.2017.01.037
https://doi.org/10.1016/J.JAFR.2021.100176
https://doi.org/10.1111/j.1745-4549.1998.tb00349.x
https://doi.org/10.1023/A:1015264032164
https://doi.org/10.5897/AJFS2014.1156
https://doi.org/10.5740/JAOACINT.CS2011_25
https://doi.org/10.1016/J.SCIENTA.2017.12.057
https://doi.org/10.1016/J.SCIENTA.2017.12.057
https://doi.org/10.1111/ijfs.15129
https://doi.org/10.1016/J.IFSET.2012.06.002
https://doi.org/10.1016/J.IFSET.2012.06.002
https://doi.org/10.1016/J.JFOODENG.2014.12.014
https://doi.org/10.1016/J.JFOODENG.2014.12.014
https://doi.org/10.1080/07373937.2010.503332
https://doi.org/10.1080/07373937.2010.503332
https://doi.org/10.3389/FPLS.2020.01032
https://doi.org/10.1111/1541-4337.12290
https://doi.org/10.1111/1541-4337.12290
https://doi.org/10.2478/AOAS-2014-0072
https://doi.org/10.2478/AOAS-2014-0072
https://doi.org/10.1016/j.fshw.2015.10.001
https://doi.org/10.1007/s11694-015-9247-2
https://doi.org/10.9790/2380-07825461
https://doi.org/10.9790/2380-07825461
https://doi.org/10.1007/s11947-019-02273-3
https://doi.org/10.1007/s11947-019-02273-3
https://doi.org/10.1016/J.BIORTECH.2004.03.003
https://doi.org/10.1016/J.BIORTECH.2004.03.003
https://doi.org/10.1016/J.FOODHYD.2014.06.001
https://doi.org/10.1016/J.FOODHYD.2014.06.001
https://doi.org/10.5772/48716
https://doi.org/10.5772/48716
https://doi.org/10.1002/MNFR.200700179
https://doi.org/10.1002/MNFR.200700179
https://doi.org/10.5958/2230-7338.2018.00041.1
https://doi.org/10.1007/s13197-010-0061-x
https://doi.org/10.1093/nutrit/nuy033
https://doi.org/10.3390/molecules25133088
https://doi.org/10.1016/J.LWT.2020.109906
https://doi.org/10.1016/J.LWT.2020.109906
https://doi.org/10.1016/B978-0-12-380886-8.10036-4
https://doi.org/10.1016/B978-0-12-380886-8.10036-4
https://doi.org/10.1016/j.foodchem.2006.12.016
https://doi.org/10.1016/j.foodchem.2006.12.016
https://doi.org/10.1021/JF0207530


Page 17 of 17Bhat et al. Food Production, Processing and Nutrition            (2023) 5:26  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Thebaudin, J. Y., Lefebvre, A. C., Harrington, M., & Bourgeois, C. M. (1997). Die-
tary fibres: Nutritional and technological interest. Trends in Food Science & 
Technology, 8, 41–48. https:// doi. org/ 10. 1016/ S0924- 2244(97) 01007-8

Thiex, N. J., Anderson, S., & Gildemeister, B. (2003). Crude fat, hexanes extrac-
tion, in feed, cereal grain, and forage (Randall/Soxtec/Submersion 
method): Collaborative study. Journal of AOAC International, 86, 899–908. 
https:// doi. org/ 10. 1093/ JAOAC/ 86.5. 899

Tonon, R. V., Brabet, C., & Hubinger, M. D. (2008). Influence of process condi-
tions on the physicochemical properties of açai (Euterpe oleraceae 
Mart.) powder produced by spray drying. Journal of Food Engineering, 88, 
411–418. https:// doi. org/ 10. 1016/J. JFOOD ENG. 2008. 02. 029

Tortoe, C., & Orchard, J. (2006). Microstructural changes of osmotically 
dehydrated tissues of apple, banana, and potato. Scanning, 28, 172–178. 
https:// doi. org/ 10. 1002/ SCA. 49502 80306

Vardin, H., Yılmaz, F., 2017. The effect of blanching pretreatment on the drying 
kinetics, thermal degradation of phenolic compounds and hydroxy-
methyl furfural formation in pomegranate arils. Italian Journal of Food 
Science. https:// doi. org/ 10. 14674/ IJFS- 947

Vendruscolo, F., Albuquerque, P. M., Streit, F., Esposito, E., & Ninow, J. L. (2008). 
Apple pomace: A versatile substrate for biotechnological applications. 
Critical Reviews in Biotechnology, 28, 1–12. https:// doi. org/ 10. 1080/ 07388 
55080 19138 40

Vidović, S., Tepić Horecki, A., Vladić, J., Šumić, Z., Gavarić, A., Vakula, A., 2020. 
Apple. Valorization Fruit Process. By-products 17–42. https:// doi. org/ 10. 
1016/ B978-0- 12- 817106- 6. 00002-2

Wang, S., Gu, B. J., & Ganjyal, G. M. (2019). Impacts of the inclusion of various 
fruit pomace types on the expansion of corn starch extrudates. Lwt, 110, 
223–230. https:// doi. org/ 10. 1016/j. lwt. 2019. 03. 094

Yadav, S., Gupta, R.K., 2015. Formulation of noodles using apple pomace and 
evaluation of its phytochemicals and antioxidant activity. Journal of 
Pharmacognosy and Phytochemistry.

Younis, K., Ahmad, S., 2015. Waste utilization of apple pomace as a source of 
functional ingredient in buffalo meat sausage. Journal of Pharmacognosy 
and Phytochemistry. https:// doi. org/ 10. 1080/ 23311 932. 2015. 11193 97

Zain, N.M., Yusop, S.M., Ahmad, I., 2014. Preparation and Characterization of 
Cellulose and Nanocellulose From Pomelo (Citrus grandis) Albedo. unde-
fined 05. https:// doi. org/ 10. 4172/ 2155- 9600. 10003 34

Zogzas, N. P., Maroulis, Z. B., & Marinos-Kouris, D. (1994). Densities, shrinkage 
and porosity of some vegetables during air drying. Drying Technology, 12, 
1653–1666. https:// doi. org/ 10. 1080/ 07373 93940 89621 91

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/S0924-2244(97)01007-8
https://doi.org/10.1093/JAOAC/86.5.899
https://doi.org/10.1016/J.JFOODENG.2008.02.029
https://doi.org/10.1002/SCA.4950280306
https://doi.org/10.14674/IJFS-947
https://doi.org/10.1080/07388550801913840
https://doi.org/10.1080/07388550801913840
https://doi.org/10.1016/B978-0-12-817106-6.00002-2
https://doi.org/10.1016/B978-0-12-817106-6.00002-2
https://doi.org/10.1016/j.lwt.2019.03.094
https://doi.org/10.1080/23311932.2015.1119397
https://doi.org/10.4172/2155-9600.1000334
https://doi.org/10.1080/07373939408962191

	Effect of microwave-assisted vacuum and hot air oven drying methods on quality characteristics of apple pomace powder
	Abstract 
	Highlights 
	Introduction
	Materials and methods
	Chemicals
	Physicochemical properties
	Moisture content
	Ash content
	Protein content
	Crude fat percent
	Total sugars
	Total dietary fiber 


	Physical characteristics
	Color measurement
	Particle size determination
	X-Ray Diffraction
	Scanning Electron Microscopy (SEM)

	Functional properties
	Bulk and tapped density
	Water hydration Capacity (WHC)
	Oil binding capacity (OBC)
	Swelling power and solubility index
	Foam Capacity (FC) and Foam Stability (FS)
	Emulsion capacity (EC) and Emulsion stability (ES)

	Determination of antioxidant activities
	Preparation of extract
	Determination of DPPH radical scavenging activity
	Determination of total phenolic content
	Ferric reducing antioxidant power (FRAP)
	Estimation of Vitamin C (Ascorbic acid)

	 Statistical analysis

	Results and discussion
	Proximate composition
	Physicochemical parameters
	Color analysis
	Particle size analysis of powder
	X-Ray analysis of powder
	Scanning Electron Microscopy (SEM)
	Antioxidant activity
	Total phenolic content
	DPPH assay
	FRAP value

	Vitamin C content

	Conclusion
	Acknowledgements
	References


