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Abstract 

In recent years, diets rich in fibres have become more popular due to their well-documented beneficial health effects. 
This has driven exploration of novel dietary fibres from various bioresources. Apple pomace, an industrial waste rich 
in fibres was used in this study to extract the insoluble dietary fibres. The effect of various extraction methods (hot 
water, acid, and alkali) on the physico-chemical, structural and functional properties, and prebiotic activity of dietary 
fibres was evaluated. Hot water extraction resulted in highest yield of dietary fibres in comparison to other methods 
(p < 0.05). All the fractions resulted in different organization of fibrous components as depicted by scanning electron 
micrographs, Fourier Transform Infrared spectroscopy (FTIR), X-Ray Diffraction (XRD) pattern and Thermo Gravimet-
ric Analysis (TGA). The acid extracted fibre fraction was observed to be amorphous with loose and porous structure 
whereas the alkali extracted fraction was more thermal stable based on TGA profile. Among the functional proper-
ties, acid extracted dietary fibres fraction possessed highest water and oil holding capacity (p < 0.05). The hot water 
extracted dietary fraction resulted in maximum increase in viable cell count of standard probiotic strains Lactobacillus 
sporogenes and Streptococcus faecalis. The Principal Component Analysis revealed that acid extracted fraction pos-
sessed better functional activity which also correlates with the structural properties whereas for prebiotic activities, 
the fibre obtained from hot water extraction method served the best method. These results indicate that dietary 
fibres extracted through hot water can be employed as a potential prebiotic substrate for the probiotic cultures and 
could be further explored in foods to improve textural, functional, and bioactive properties of foods.
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Graphical Abstract

Introduction
Apple pomace is the solid byproduct of apple processing 
units consisting mainly the apple peel, core, seed, calyx, 
stem, and soft tissue. It is primarily comprised of insolu-
ble polysaccharides including cellulose, hemicellulose, 
and lignin and has high water content. The pomace has 
lower contents of minerals, proteins, vitamins and sim-
ple carbohydrates such as glucose, fructose, and sucrose 
(Vendruscolo et al. 2008; Waldbauer et al. 2017). Millions 
of tonnes of this waste are produced annually throughout 
the world which has high biochemical oxygen demand 
(BOD), thereby posing a threat to the environment if it 
is dumped in landfills. Therefore, valorisation of apple 
pomace biomass is necessary for its effective utilization in 
food industry. Despite being a poor animal feed additive 
due to its relatively low protein content and high amount 
of sugar, apple pomace is nonetheless largely used as ani-
mal feed (Vendruscolo et al. 2008; Kammerer et al. 2014). 
Alternatively, apple pomace is also utilized for the pro-
duction of enzymes, organic acids, phenolic compounds, 
ethanol, aroma compounds, and natural antioxidants. As 
the pomace biomass is a rich source of fibres, the most 
practical methods for using it would be to extract fibres 
and to evaluate their potential as functional food ingre-
dients (Vendruscolo et al. 2008; Bhushan et al. 2008; Issar 
et al. 2017; Lyu et al. 2020).

In general, dietary fibres are divided into two categories 
based on their solubility in water: insoluble dietary fibre 

includes cellulose, hemicelluloses, and lignin, and soluble 
dietary fibre, includes pentosans, pectin, gums, and muci-
lage (Li et al. 2014). The extraction of soluble dietary fibres 
from apple pomace has been reported using water, acid-
alkali digestion methods (Sharma et al. 2017; Li et al. 2014; 

Dietary fibres are well established to be beneficial to 
human health. The prevention, mitigation, and treatment 
of a number of ailments, such as coronary heart disease, 
colon cancer, obesity, and diabetes, have been linked to 
fiber-rich diets (Vendruscolo et al. 2008). These prebiotics 
are the key substrates for probiotics resulting in beneficial 
effects on the health of the host, due to the modulation of 
intestinal microbiota. These substrates help in maintaining 
the gut homeostasis through proliferative activity of ben-
eficial gut microbiota. Edible plant fibre (polysaccharides, 
oligosaccharides, etc.) serves as the best sources of prebi-
otics (Cunningham et al. 2021; Gibson et al. 2017), how-
ever, efforts have been made to extract newer prebiotics 
as these preparations are in high demand and indications 
for their use are expanding. In this context, apple pomaces 
serve as a ready to use underutilized substrate due to its 
low cost and easy availability for extraction of prebiotics. 
Moreover, the fibre component in pomace is reported to 
be of higher quality than the fibres from popular cereals 
(Kruczek et  al. 2017). In addition, incorporation of apple 
pomace fibres improves the structure of the finished food 
product since they have better water-holding capacity, sol-
ubility, and swelling properties (Wang et al. 2019).
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Although the characteristics of apple pomace as a 
source of nutraceuticals have been reported so far, how-
ever the effect of different extraction methods on struc-
ture, physico-chemical properties and prebiotic activities 
have not been investigated. Taking into consideration 
the importance of dietary fibres and overall trend and 
demand for natural healthy compounds, this study was 
conducted to extract the dietary fibres from apple pom-
ace using different extraction methods. The present study 
targeted mainly the insoluble fibre fraction whereby each 
extracted fibre fraction was characterized using Fourier 
Transform Infrared (FT-IR) spectrum, Scanning Electron 
Microscopy (SEM), X-ray Diffraction (XRD) and Thermo 
Gravimetric Analysis (TGA). The activity of the extracted 
fibre fraction as potential prebiotic substrate was deter-
mined using its effect on viable cell counts of Lactobacil-
lus sporogenes and Streptococcus faecalis.

Materials and methods
Apple pomace preparation
The apples were procured from the local market and 
juice was extracted using a home juicer. After juice 
extraction, the residual material was collected, given a 
single rinse with tap water, and then filtered through 
two layers of muslin cloth. The rinsed apple pomace was 
placed in a glass tray and spread out thinly before being 
dried at 60 ºC with airflow unitl it is dried. The weight 
of the dried pomace was determined; afterwards the 
pomace was grounded in laboratory grinder and passed 
through 50 mm mesh. The finished apple pomace pow-
der was kept in sealed containers in a cold, dry place.

Extraction of dietary fibre
Three different methods viz., hot water, alkali, and acid 
extraction, were used to extract the insoluble dietary 
fibres from apple pomace. For hot water extraction, a 20 g 
of apple pomace was mixed with 400 mL of distilled water 
and stirred at 90 °C for 1 h in a hot water bath. For alkali 
extraction, 20 g of apple pomace was mixed with 400 mL 
of 50 mM NaOH, and the pH of the resulting slurry was 
adjusted to 7.0 using 50 mM HCl. The mixture was then 
stirred for 4 h at 45 °C. For acid extraction, 20 g of apple 
pomace were mixed with 400 mL of distilled water, the pH 
of the slurry was adjusted to 2.0 using sulphuric acid, and 
the mixture was agitated at 80  °C for 4  h. After incuba-
tion, the supernatants of all the treatments were removed 
by centrifugation (3000  g for 15  min) and the pellets 
obtained were washed with distilled water twice and dried 
at room temperature to get the fibre fraction. All the dried 
fibre fractions were lyophilized to complete drying. The 
yield was calculated as a percentage of the obtained die-
tary fibre to apple pomace powder initially used.

Physico‑chemical characteristics
Scanning electron microscope (SEM)
For assessing the impacts of different extraction methods 
on surface morphology of extracted fibre scanning elec-
tron microscopy (ZEISS 7610  F Plus/JEOL) was used. 
The micrographs were obtained after fixing each individ-
ual fraction onto the specimen holder, covered using the 
gold powders, and monitored at 100x and 1000x magnifi-
cation (Gan et al. 2020).

X‑ray diffraction (XRD)
XRD patterns of extracted dietary fibre preparations were 
analysed in a poly-crystal X-ray diffractometer PANalyti-
cal X’Pert Pro, using CuKα radiation (λ = 1.5406 Å, 45 kV, 
40 mA).

Fourier transform infrared spectroscopy (FT‑IR)
The Fourier transform infrared spectroscopy (FT-IR) of 
the different apple pomace dietary fibre preparation was 
determined using Agilent Technologies Cary 630 FT-IR 
instrument. The spectra were recorded in transmission 
mode from 4000 to 650 cm− 1 at a resolution of 16 cm− 1. 
The samples were grounded using the KBr powders, fol-
lowed by pressing to pellets.

Thermogravimetric analysis (TGA)
Thermal degradation of dietary fibre samples was stud-
ied by thermogravimetric (TG) analysis. The TGA meas-
urements were performed on TA Instruments Thermal 
Analysis Workstation (Shimadzu Corporations, Japan) 
with the aid of TA-60WS software. An average of 5  mg 
of sample was weighed in an alumina pan with an empty 
pan as reference. The conditions of the TG analysis were 
heating from 30 to 700 °C, by 5 ºC/ min and Argon flow 
of 100 mL/min (Zlatanović et al. 2019).

Functional characteristics
Water holding capacity (WHC), oil holding capacity (OHC) 
and swelling capacity (SC)
The hydration properties of DFs from the apple pom-
ace were determined according to the method described 
by Robertson et al. (2000) with some modifications. The 
water holding capacity (WHC) and oil holding capacity 
(OHC) were determined by mixing the dry sample with 
distilled water (1:20, w/v) for 24 h and with olive oil (1:10, 
w/v) for 1 h at 4 °C, respectively, and then centrifuged at 
7000 g for 15 min. The swelling capacity (SC) was deter-
mined by adding 0.2 g of sample into 15 mL distilled water 
and incubated for 18 h at 4  °C. The WHC/OHC and SC 
were calculated as per the Eqs. 1 and 2, respectively.
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Assessment of prebiotic activity
Probiotic cultures
The probiotic cultures used in the present study were two 
standard probiotic strains of Lactobacillus sporogenes 
and Streptococcus faecalis (Jamwal et al. 2019).

Fermentation experiment
The prebiotic activity of dietary fibre fractions was deter-
mined as described by Tadayoni et  al. (2015). Sugar free 
MRS medium (dipotassium hydrogen phosphate 2.0  g/L; 
Tween 80 1.0 g/L; di ammonium hydrogen citrate 2.0 g/L; 
sodium acetate 5.0 g/L; magnesium sulfate 0.2 g/L; man-
ganese sulfate 0.04  g/L, meat extract 8.0  g/L, peptone 
10.0 g/L, yeast extract-4.0 g/L) enriched with 2% extracted 
dietary fibre preparation. Inulin was taken as a stand-
ard prebiotic substrate for comparison. The MRS base 
medium was used as negative control. The overnight acti-
vated probiotic cultures (1.0 × 107 CFU/ml) were inocu-
lated to the control and dietary fibre supplemented MRS 
media. The tubes were incubated for 24  h at 37  °C. The 
proliferative effect of different substrate was determined 
based on viable cell count after 24 h of incubation. Prebi-
otic Index (PI) was calculated according to Huebner et al. 
(2007) taking E.coli strain as enteric control Huebner et al. 
(2007). It is the ratio of growth of probiotic in the experi-
mental prebiotic substrate to the growth of probiotic in a 
control carbohydrate. The value of prebiotic index higher 
than 1 indicates that the substrate has a positive effect on 
the growth of probiotic culture whereas a value near to 1, 
indicates a low effectiveness of the evaluated substrate.

Statistical analysis
The experiments were performed in completely ran-
domized design with four different treatments (apple 

(1)
WHC∕OHC(g∕g) =

(Hydrated weight of DF − Dried weight of DF )

Dried weight of DF

(2)SC =

volumeoccupiedbysample

originalsampledryweight

pomace, hot water extraction, alkali extraction, and acid 
extraction methods) in three replications. To determine 
the significant differences, a one-way analysis of variance 
(ANOVA) followed by Duncan’s multiple-range test was 
employed at p < 0.05. Statistical analysis was performed 
using SPSS, Version 23.0 (SPSS Inc., Chicago, IL, 215 USA). 
Using principal component analysis (PCA), we determined 
the effect of different extraction techniques towards the 
different physiochemical and prebiotic properties of apple 
pomace. For this purpose, PCA was conducted on differ-
ent extraction techniques (adopted as columns) and differ-
ent physiochemical and prebiotic properties (as rows). The 
numbers of dimensions were determined based on Eigen 
values of higher than 1.0 and also by the total percentage 
of variance as explained by the number of components 
selected. As our data set includes different extraction tech-
niques, the PCA might reveal the overall responses towards 
functional attributes that might have been hidden among 
the other features. In the present study, PCA was carried 
out on mean-normalized data of the physiochemical prop-
erties and viable cell count of probiotic cultures under dif-
ferent dietary fibre extracted through different techniques.

Results and discussion
Yield
The effect of different extraction methods on yield of 
dietary fibre is mentioned in the Table 1. The total per-
centage yield of dietary fibre from apple pomace in 
hot-water, alkali and acid extracts was 63.28, 59.29 and 
49.32, respectively. The hot-water extract found with 
higher percent yield, which was higher significantly 
(p < 0.05) from alkali and acid extract. Acid and alkali 
methods are used to extract dietary fibre therefore from 
the results hot water extraction method seems to have 
better recovery and serve as an economical method. The 
higher recovery of insoluble fraction could be attrib-
uted to the damage of insoluble fraction by acid or alkali 
which might have been converted to soluble fraction as 
observed for other fruit wastes such as kiwi fruit, soy-
bean residue (Sun et  al.  2018) and date palm flowers 
(Karra et al. 2020). Moreover, the use of alkali and acid 
mediated extraction can damage the molecular struc-
ture of dietary fibre as observed in the present study.

Table 1  Total yield and functional characteristics of apple pomace and extracted dietary fiber fractions

a-d Means with different superscripts within columns significantly differed (P<0.05)

Treatment Yield (%) Water Holding Capacity Oil Holding Capacity Swelling Capacity

Apple Pomace - 1.76 ± 0.04a 1.17 ± 0.02a 1.98 ± 0.04a

Hot Water Extraction 63.28 ± 1.58c 1.97 ± 0.04b 1.64 ± 0.04b 6.07 ± 0.15b

Alkali Extraction 59.29 ± 1.48b 2.23 ± 0.05c 2.35 ± 0.05c 8.95 ± 0.22c

Acid Extraction 49.32 ± 1.23a 4.23 ± 0.10 d 3.62 ± 0.09d 8.95 ± 0.21c
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Physico‑chemical characteristics
SEM analysis
Scanning electron microscopy images of hot water, alkali 
and acid extracted fibre are shown in Fig.  1. The SEM 
images were taken to observe surface morphology and rel-
ative geometry of the particles present in extracted fibres. 
The morphology of untreated apple pomace was found 
smooth and compact. The acid extracted fibres were aggre-
gated with irregular smooth layer and cavities on outer 
surfaces as compared to water or alkali extracted fibres. 
Conversely, the water extracted fibres had a loose and 
compact fragmented structure with less pores. The porous 
structure found in acid extracted samples may be attrib-
uted to the damage to the cellulosic components in the 
fractions. Furthermore, the tightly packed fibrous struc-
tures of the untreated apple pomace can be attributed to 
the strong internal bonds in the fibres (Gouw et al. 2017). 
The cellulose fibres such as pectin, hemicellulose, and 
lignin make the irregular surface of treated apple pomace 
(Melikoğlu et  al.  2019). Similar to our study Liang et  al. 
(2018) also found crumbled and loose structure with holes 
on the surface of apple pomace after steam explosion.

FT‑IR analysis
The FTIR spectra of all the fibre extracts are shown in 
Fig. 2. All samples except acid extracted pomace showed 
broad peak region from around 3600 cm− 1 to 3000 cm− 1, 
which relates to the O-H and N-H bonds stretching, pre-
sent in lignocellulose components of pomace materials 

(Zarrinbakhsh et  al.  2016). The peak at 2921  cm− 1 sig-
nifies the asymmetric –CH2–, symmetric –CH3 and –
CH2– stretching vibrations attributed specifically to the 
C-H in the lignin components (Xu et al. 2013). The peaks 
in the region 1,800–650 cm− 1 represented the character-
istic bands for all the plant cell wall polysaccharides which 
could be overlapped. More specifically, the bands in the 
region of 1620  cm− 1 were observed in acid and alkali 
extracted fibre and 1740 cm− 1 in untreated and hot water 
extracted pomace which corresponds to strong C = O 
stretching vibration of hemicelluloses and lignin (Lin 
et al. 2019). A peak at 1022 cm− 1 was observed in all the 
pomace fractions. The peak in this wave number indicates 
the vibrations of C-6 cellulosic component. The peak in 
this area is reported as typical for glucose residue of disac-
charides (Pastorova et al. 1994; Zarrinbakhsh et al. 2013).

XRD analysis
The dietary fibre usually contains cellulose as the major 
non-digestible polysaccharides representing 70% ordered 
crystalline region and the remaining as disordered non-
crystalline region. The 2θ for cellulose and hemicellu-
lose fraction is dominated by the diffraction peaks in the 
range of 15°–25° (Zhang et al. 2017). The XRD pattern of 
all the fractions appeared similar in the shape between 
the range of 15–25°, with the main diffraction peak at 
15.5°, 21.5° indicating that all the fibre fractions con-
tained cellulose type I (Dong et al. 2019; Wan et al. 2010). 
The prominent peak detected at 2θ (22°) and minor peaks 

Fig. 1  Micrographs of apple pomace extracted through different methods as determined by SEM at different magnifications
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at 2θ (15° and 33°), confirmed the presence of crystalline 
region. Similarly, Melikoğlu et  al. (2019) also reported 
crystalline peaks at 2θ = 16.1° of apple pomace.

Thermogravimetric analysis (TGA)
TGA was used to determine the thermal degradation 
behaviour of fibre extracted through three different 
methods (Fig.  3). According to the TGA thermograms, 
apple pomace shows three weight loss stages between 
30 and 700 °C. An initial weight loss (1 to 4%) between 
70 and 120 °C was attributed to moisture loss and some 
volatile organic components. At initial stage of decom-
position, the loss at a temperature around 120  °C has 
been reported due to evaporation of absorbed water 
(Ma & Mu  2016). The mass loss rate of acid extracted 
dietary fiber from apple pomace was significantly 
higher than those of the other insoluble dietary fibers, 
which reflected that more free water and bound water. 
The second stage (193–400  °C) of decomposition had 
a significant weight loss (upto 65%), due to degrada-
tion of polysaccharides and lipids and strong reactions 
like dehydroxylation, deoxygenation or decarboxyla-
tion (Forero et  al.  2016). The third stage (400–700  °C) 
resulted in complete weight loss attributed to the deg-
radation of cellulose or degradation of substances 

formed by polymerization of the degradation products 
generated in the earlier steps. The similar results were 
accorded by Zlatanović et  al. 2019 with apple pomace 
flours. Degradation of lignin has been reported over a 
wide temperature range (250–700  °C), due to presence 
of different oxygen functional groups (e.g., carbonyl, 
phenolic hydroxyl, benzylic hydroxyl functional groups) 
which may have different thermal stability and char ther-
mal decomposition (Hua et  al.  2019). The second and 
third degradation stage of alkali extracted dietary fiber 
indicated less percentage of weight loss by high tempera-
ture of depolymerisation and degradation of cellulosic 
components (Pelissari et al. 2014).

Functional characteristics
Water (WHC) and oil holding capacity (OHC)
The water/oil holding capacity and swelling capacity 
of the dietary fibre indicates the hydration properties 
of the fibre component. These properties play a signifi-
cant role in providing suitable texture to the final prod-
uct. The water holding capacity of different dietary fibre 
extracts is shown in Table 1. The WHC of acid extracted 
dietary fibre was significantly higher (p < 0.05) as com-
pared to alkali, hot water, and control pomace which 
might be due to reorganization of fibre structure to be 

Fig. 2  FT-IR transmittance value for IR wavenumber from 650 to 4000 cm-1 for apple pomace and extracted dietary fiber fraction
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more porous and exposure of more hydrophillic groups 
by the acid treatment (Yaich et  al.  2015). Moreover, the 
extracted fractions were freeze dried which may have 
an effect of WHC of the extracted fraction compared to 
pomace powder as such the freeze drying may induce 
wider cavities in the structure that can retain more water 
as in the case of acid extracted fibres (Heras et al. 2017). 
On the other hand, XRD pattern of acid extracted fiber 
have relatively low crystallinity because of presence of 
non-crystalline cellulose that absorb more water as indi-
cated by SEM images (Wang et al. 2022). Although, there 
is only slightly difference between untreated and hot 
water extract fibre, but all the samples differ significant 
from each other. In line with our study, Li et  al. (2014) 
reported WHC (3.0 g/g) of acid extracted apple pomace, 
which was lower as compared to our acid extract (4.23 g/
H2O.g–1). On the contrary, Gouw et  al. (2017) reported 
higher WHC (8.70 g water/g DW) of dried apple pomace 
as compared to our results. Similarly, Wang, Kristo, and 
LaPointe (2019) also reported higher WHC (16.3  g/g). 
Liang et al. (2018) also reported higher WHC (11.51 g/g) 
of steam explosion treated apple pomace. Similar pat-
tern was also observed with OHC, acid extracted dietary 
fibre showed higher OHC as compared to other tested 
samples (Table 1). The OHC of dietary fibre is related to 
its surface properties such as charge density and hydro-
phobicity. In line with our study, Wang et al. (2019) also 

reported fat adsorption capacity of 4.1 g oil/g DM of AP 
powder. The higher OHC of acid extract in our study may 
be due to the presence of components other than fibre in 
the sample that contribute to hydrophobicity. This might 
be ascribed to the increase in the porosity, exposed sur-
face area of the fibre and consequent enhancement of 
the physical entrapment of oil by capillary attraction. 
Similarly, Gouw et al. (2017), also reported oil absorption 
capacity of dried apple pomace of 1.48 g oil/g DW, which 
was within our average range (1.17 to 3.62 g/oil. g–1) in 
different apple pomace samples. Similarly, Li et al. (2014) 
reported OHC (1.3  g/g) in acid extracted apple pom-
ace. However, Liang et  al. (2018) reported higher OHC 
(4.25  g/g) in steam explosion treated apple pomace as 
compared to our hot water extract (1.64 g/oil. g–1) apple 
pomace. As per the SEM analysis, fibres formed bundles 
of the matrix due to close compactness of fibres through 
hydrogen bonds and van der Waals forces, which exposed 
the hydrophobic surface of pomace to adsorb more oil.

Swelling capacity (SC)
For SC, large difference was observed between untreated 
sample and their different extracts. Acid and alkali 
extracts showed similar SC, but significant difference 
was between untreated and hot water extract (Table  1). 
Similar patten (6.51 ml/g DW) was reported by Gouw 
et al. (2017) with dried apple pomace, but higher SC was 

Fig. 3  Thermo gravimeteric curves of apple pomace and extracted dietary fibre fraction
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reported (20 ml/g) by Wang et al. (2019). The SC of steam 
explosion treated apple pomace (5.66 ml/g) reported 
by Liang et al. (2018) was slightly lower as compared to 
hot water extract apple pomace (6.07 ml/g) found in our 
study. Moreover, the SC of acid extracted apple pomace 
reported by Li et al. (2014) was lower (2.5 ml/g) as com-
pared to our result (8.95 ml/g).

Prebiotic activity
The prebiotic activity of hot water, alkali and acid 
extracted dietary fibre was evaluated in sugar free MRS 
base medium supplemented with 2% fibre extract sepa-
rately. L. sporogenes and Streptococcus faecalis were used 
as standard probiotic strain and inulin as a standard prebi-
otic (Table  2). The results indicated that both the pro-
biotic strains showed significant difference in viable log 
cell count in MRS supplement with different dietary fibre 
extract as compared to MRS supplement with inulin. Both 
the strain showed significantly higher (p < 0.05) log count 
in hot water extracted dietary fibre as compared to acid or 
alkali extracts. The apple pomace powder showed higher 
log count than extracted dietary fibre preparations in 
tested probiotic strains. Although, the log count of both 
the strains in MRS supplement with different dietary fibre 
extract was slightly decline as compared to glucose or 
inulin added MRS, but count was still within the recom-
mended range for probiotic (> log 7 CFU/g). The prebiotic 
index indicated that both the probiotics possessed differ-
ent ability to use all the fractions. In comparison to inulin, 
the apple pomace and fraction extracted using hot water 
had prebiotic index of more than 1 indicating its poten-
tial as a prebiotic substrate. The acid and alkali extracted 
fraction had a prebiotic index lower than 1 indicating that 
these fractions are not suitable a prebiotic substrate. The 
difference among these values are dependent on pres-
ence of specific metabolic enzymes and transport systems 
within the bacterial cultures. Moreover, the acid and alkali 
treatment might have induced degradation of potential 
other prebiotic components during processing of the fibre 

fraction. In line with our study, Jovanovic´ et  al. (2020) 
studied the growth pattern of probiotic strain of L. aci-
dophilus, S. thermophilus and B. bifidum during yoghurt 
preparation with apple pomace flour (APF) fortification. 
They found insignificant changes in viable counts of L. 
acidophilus, and S. thermophilus, but slightly decline in B. 
bifidum log count. Similarly, Fernandes et  al. (2019) also 
reported decline count of S. thermophilus in yogurt sup-
plemented with 3.3% of apple pomace hot water extract as 
compared to plain yogurt in the end of fermentation. The 
higher prebiotic activity of untreated apple pomace could 
be attributed to availability of simpler sugars and higher 
water solubility of pomace as the water-soluble carbohy-
drates could more easily, rapidly and completely utilized by 
probiotics (Montagne et al. 2003). The other factors which 
determine the prebiotic efficacy of any substrate include 
degree of polymerisation, monosaccharide composition 
branching pattern and molecular weight which are not 
studied in the present investigation (Hughes et al. 2007).

The lowering of pH by probiotics determines the acidi-
fying properties of probiotics as well as utilization of car-
bohydrates. A slight difference in pH of the spent media 
was found in apple pomace and inulin, and apple pomace 
extracts showed higher pH than other samples. In con-
trary of our result, Jovanovic´ et al. (2020) reported sig-
nificant decrease in the initial pH of yogurt made from 
cow milk fortified with different concentration of apple 
pomace flour (APF), which may be largely attributed to 
the presence of natural acids in APF. Similar results were 
also obtained by Fernandes et  al. (2019) with hot water 
extract of apple pomace. While working with B. bifidus 
Mateos-Aparicio et  al. (2020) reported slight decline in 
pH in a medium containing apple pomace. The decrease 
in pH of the spent media also indicated the utilization of 
fibre fraction by tested cultures to produce organic acids.

Principal component analysis (PCA)
To rank the effect of different extraction methods on phys-
icochemical and functional activities, PCA was used. PCA 

Table 2  Functional properties of dietary fibre fractions on probiotic cultures

a-f Means with different superscripts within columns significantly differed (P<0.05)

Treatment Lactobacillus sporogenes Streptococcus faecalis

Log CFU/ml pH Prebiotic Index Log CFU/ml pH Prebiotic index

Basal media + 2% Glucose 10.11 ± 0.25f 4.46 ± 0.11a 10.07 ± 0.25f 4.46 ± 0.11a

Basal media + 2% Inulin 9.59 ± 0.23e 5.65 ± 0.14c 1.77 ± 0.04 e 9.56 ± 0.23e 5.70 ± 0.14c 1.77 ± 0.04 e

Basal media + 2% Apple Pomace 9.35 ± 0.23d 5.31 ±0.13b 1.01 ± 0.02 c 9.02 ± 0.22d 5.24 ± 0.13b 1.06 ± 0.02 c

Basal media + 2% Hot water extraction 8.79 ± 0.21c 6.32 ± 0.15e 1.19 ± 0.02 d 8.85 ± 0.21c 6.28 ± 0.15e 1.25 ± 0.03 d

Basal media + 2% Alkali Extraction 8.66 ± 0.21b 6.65 ± 0.16f 0.87 ± 0.01 b 8.61 ± 0.22b 6.65 ± 0.16f 0.85 ± 0.02 b

Basal media + 2% Acid extraction 8.44 ± 0.23a 6.09 ± 0.15d 0.74 ± 0.02a 8.06 ± 0.20a 6.14 ± 0.15d 0.55 ± 0.01 a
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results in increased interpretability covering most of the 
explained variance within the variables (extraction methods 
in present case). It reduces the dimensionality of the data 
set and convert it into form of principal components. For 
out dataset, the PCA revealed the overall effect of extrac-
tion methods on different characteristics. PCA was con-
ducted on the results obtained for each activity (as rows) 
and different extraction methods (as columns). The num-
ber of dimensions were determined based on eigen value 
(> 1.0). The analysis of mean-normalised data of physico-
chemical and prebiotic activities represented the PCA with 
two components (F1 and F2) indicating a total variance of 
100%. Among these two components, a variability of 92.13% 
and 7.87% was observed for the first principal component 
(F1) and second principal component (F2), respectively 
(Fig. 4). The positioning of hot water extraction method to 
the right of the PCA scatter-plot was due to highest factor 
score (Table S1) which resulted in enhanced growth of pro-
biotic cultures whereas higher values for physiochemical 
properties were obtained in case of apple pomace obtained 
through acid extraction. The individual correlation of differ-
ent physiochemical and prebiotic culture in terms of PCA is 
described in Table S2.

A Scree Plot on different principal components is a 
simple line segment plot indicating the fraction of total 
variance in the data as determined by individual com-
ponents. The scree plot helps in identifying only one 

factors (F1) with eigen values > 1, demonstrating that 
the studied variables can plausibly be grouped into only 
one factor with 85.12% of the entire variance (Fig S1). 
Therefore, there was no need to report the rest of the 
factors which account for a very little of the variability.

Conclusion
In conclusion, the study investigated the effect of dif-
ferent extraction methods on the physico-chemical and 
functional characteristics of dietary fibres from apple 
pomace. Different methods affect the quantity and qual-
ity of the fibres. The highest yield of fibre was obtained 
using hot water extraction method. Among the func-
tional attributes, the acid extracted fraction exhibited 
higher functional activities if used as food ingredients 
whereas the highest efficiency to be a prebiotic sub-
strate was obtained for hot water extracted fraction. 
The extracted crude fibres have potential in promoting 
the growth of probiotic cultures. The hot water extrac-
tion method could be used to obtain fibre fraction from 
apple pomace in terms of its advantage being a green 
process. Overall, the results indicate that the dietary 
fibre from apple pomace could be used as a functional 
food ingredient; however, the functions of extracted 
fraction in different food matrices should also be 
assessed before their use.

Fig. 4  PCA biplot of effect of different extraction techniques towards the different physiochemical and prebiotic properties of apple pomace
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