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Abstract
The food industry generates millions of tonnes of waste annually from citrus, apple, and other fruits. Commercial pectin 
extracted from citrus and apple pomace is commonly used in food industries, but there is limited research on extracting pectin 
from other fruit wastes. Passion and tamarillo fruits are excellent sources of dietary fiber, hydrocolloids, polyphenols, and 
micronutrients. This manuscript discusses the optimization and characterization of pectin extracted from two varieties of 
passion fruit peel (P. edulis (PE) & P. ligularis (PL)) and tamarillo (TT) fruit pomace using different extraction methods with 
different extractants and compared the pectin quality. The pectin yield was higher in TM (Tamarillo, microwave extraction 
method) and PeC (Passiflora edulis, conventional extraction method) with tartaric acid used as an extractant. Nitric acid 
extraction of TT and PE had significantly higher AUA values in conventional and microwave extraction methods respectively, 
with a relatively highest yield of pectin. In this study, pectin extracted from TT and PE by conventional methods showed 
higher DE values, indicating HMP (High Methoxyl Pectin). FTIR (Fourier-transform infrared spectroscopy) spectral analysis 
showed that the extracted pectin had a characteristic band similar to commercial pectin. The surface morphological charac-
teristics of the peel were flaky, rough, and uneven in texture, whereas the pectin had a smoother surface with a slightly flaky 
texture. The flow behaviour index of extracted pectin was less than one, indicating shear thinning behaviour. The presence 
of protein in the extracted pectin may enhance the stability of the emulsions, used in various food applications.
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Introduction

Waste valorization of peel and pomace is generated from the 
fruit processing industry. During processing, by-products 
of passion fruit and tamarillo generates 49% and 50–60% 
of peel and pomace waste, respectively. Extracting pectin 
from these wastes will become advantageous in both envi-
ronmental and economic aspects like reducing the cost as 
well as solid waste disposal problems. There is a demand 
of pectin in various industries like beverage and food indus-
tries (5–30%), pharmaceutical & nutraceutical (2–10%), 
biotechnological and biomedical (1–3%), personal care and 
cosmetics (1–5%).

Passion fruit or sweet granadilla (Passiflora edulis) is 
well spread in tropical regions worldwide. Two main edible 
species are cultivated for commercial purposes; purple pas-
sion fruit (P. edulis Sims), sweeter in taste, and yellow pas-
sion fruit (YPF) (P. edulis f. Flavicarpa Degener), slightly 
acidic in taste. The dietary fiber from passion fruit seed has 
been found to consist mainly of cellulose, pectic substances, 
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and hemicellulose [59]. Sweet granadilla fruit has 40–55% 
edible parts, 72–80% moisture content, and 7.0–8.0°Brix 
[52]. It is known for its low-fat content and high contribution 
in fiber, vitamins A, C, and K. It also contains phosphorus, 
iron, and calcium [27]. Tamarillo or tree tomato (Cyphoman-
dra betaceae) which belongs to the Solanaceae family, is low 
in fat and calories. It has high nutritional value providing 
significant amounts of micronutrients such as pro-vitamin 
A, vitamin C, B6, E, and Fe, and bioactive components like 
anthocyanins, carotenoids, and flavonoids [38]. Tamarillo is 
a potential source of food hydrocolloids. Hydrocolloid from 
tamarillo puree contains 21.8% protein, 66.48% dietary fiber, 
and 0.83% starch. The degree of esterification derived from 
tamarillo hydrocolloid was 49.47%, it can be utilized as an 
alternative to low methoxyl pectin [22]

The pectin extraction process involves various methods 
to improve the pectin quality and quantity. The functional, 
structural, and chemical properties of pectin depend on its 
source and extraction methods. The conventional one is the 
traditional method, which uses hot water (60-100ºC) acidi-
fied with mineral acids (Hydrochloric, sulphuric, or nitric 
acid) or organic acids (citric or tartaric acid) within a pH 
range of 1.5–3 to extract the pectin. However, this process is 
considered time-consuming and causes thermal degradation 
of the extracted fiber. Sometimes, pectin yield is limited by 
the process conditions [46].

In the novel methods, ultrasonication and microwave are 
one of the innovative methods of extraction techniques used 
for pectin. Microwave extraction involves electromagnetic 
radiation using microwave frequency range in the sample to 
produce thermal energy in the solvent. This energy induces 
polar molecule vibration and increases temperature rapidly 
while the efficiency of the extraction process [19]. Ultra-
sonication is a process that produces acoustic at higher fre-
quency; this acoustic energy is used to extract target com-
pounds from the pomace and peels of the fruits to enhance 
the mass transfer which is brought about by the acoustic 
cavitation induced in a liquid medium. Pectin in the cell 
wall of the tissues is extracted to disrupt the cell walls and 
may help to enhance the mass transfer from the solid matrix 
to the solvent [14].

Several process variables affect the pectin extractions like 
extraction techniques (microwave, conventional, ultrasonica-
tion methods), time and temperature of extraction, raw mate-
rials, and acid types used (mineral or organic acids), sample-
to-extractant ratio, and pH. These are essential factors in the 
yield and properties of pectin and thus, earlier report says 
that the AUA and DE value of tamarillo and passion fruit 
pectin was not similar using different extraction methods 
[21, 22, 57, 59].

The pectin extraction from fruits in greater quantities is 
not only stated to be a good source of commercial pectin. 
Citrus and apple are the two known fruits used commercially 

for the extraction of pectin because apple pomace yields 
10–15% and citrus peel yields 20–30%. Pectin is also 
extracted from other fruits and by-products like sunflower 
head, mango peel, soybean hull, passion fruit peel, sugar 
beet pulp, Akebia trifoliata peel, peach pomace, banana peel, 
and chickpea husk. It has shown variations in structures and 
modifications in side-chain sugars and also having different 
gelling properties [51].

This study discusses the optimization and characteriza-
tion of pectin extracted from the peel of two varieties of pas-
sion fruits (P. edulis, PE & P. ligularis, PL) and tree tomato 
(TT) or tamarillo pomace. In the present study, the pectin 
was extracted by using conventional method and compared 
with other methods of extraction. The extracted pectin was 
evaluated for its structural and functional properties.

Material and Methods

Materials

Passion fruits of two varieties, Passiflora edulis (PE), Pas-
siflora ligularis (PL), Tamarillo, or tree tomato (TT) were 
collected from growers in the Western Ghats region of India. 
Peel and pulp were separated and studied for their physico-
chemical characteristics, organic acids, sugars, and phyto-
nutritional content. Further, the peel and pomace were dried 
and used for the pectin extraction. The pectin was evaluated 
for DE, AUA, MeO, equivalent weight, structural and func-
tional properties.

The chemicals like HPLC grades of solvents (acetoni-
trile, methanol), commercial pectin (DE > 50%), malic, 
acetic, citric, oxalic acid, ascorbic acid, meta-phosphoric 
acid, and bovine serum albumin were purchased from Sigma 
Aldrich, Germany, and mineral standards (Merck). All the 
other chemicals used in this study were analytical grade.

Physicochemical Characteristics of Whole Fruits 
and Peel

The parameters like weight, length, shape, and diameter of 
PE, PL and TT were recorded for ten fruits and analyzed 
the titrable acidity [45], total soluble solids [3], and pH [5] 
in the pulp. The peel and pomace powders of passion and 
tamarillo fruits respectively were analyzed for moisture [2], 
crude fiber [48] ash [4], and mineral composition [4] using 
a microwave plasma-atomic emission spectrometer (Agi-
lent 4210 MP-AES). Color value was determined by using 
a Konica Minolta, spectrophotometer CM-5 [25], protein [8, 
37], and total carbohydrates [29]. The methanolic extracts of 
the peel powders were analyzed for total phenolic content, 
total flavonoid content [16], and total antioxidant activity 
[9].
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Determination of Organic Acids

The individual organic acids like malic, acetic, citric, oxalic, 
and ascorbic acid were determined by using HPLC. The 
dried peel sample was extracted with meta-phosphoric acid 
(MPA) and stirred for 45 min. It was then filtered through a 
Whatman No.4 filter followed by 0.22 µm nylon filters before 
injecting the sample. HPLC (Shimadzu, 10AV UV–VIS 
detector) connected with a photodiode array detector was 
used for the quantification of organic acids. The separation 
was performed by supelcogel C-610Hchromatographic col-
umn (30 cm × 7.8 mm) using0.1%  H2SO4 as mobile phase 
at the flow rate of 1.0 ml/min at 40ºC [50].

Determination of Sugars

Free sugars like glucose, fructose, and sucrose were quan-
tified by the UPLC method. Dried peel powder (1 g) was 
extracted with ethanol for 15 min, centrifuged and the super-
natant was collected and re-extracted the remaining solids 
by using the same solvent. The extracts were combined and 
then evaporated using a rotary evaporator and the concen-
trate was diluted with MilliQ water followed by filtration 
using 0.45 µm nylon filters. The following UPLC method 
was slightly modified by the method given by Lamani et al. 
[34]. The UPLC coupled with ELSD (Evaporative light 
scattering detector) was used, the conditions of ELSD were 
200, gain,40 psi, gas pressure; 40 °C, the temperature of 
drift tube; cooling, nebulizer. The separation of free sug-
ars was carried out by using UPLC BEH Amide column 
(100 × 2.1 mm × 1.7 micron) and the mobile phase used 
were A: 80:20ACN: water containing 0.2% TEA and B: 
30:70ACN: water containing 0.2% TEA. The gradient elu-
tion was carried out by using 40% A for 10 min and 60% B 
for 10 min with column temperature at 35ºC at the flow rate 
of 0.1 ml/min.

Extraction and Characterization of Pectin

Pectin was extracted from passion fruit peel and tamarillo 
pomace. Various extraction methods like conventional, 
microwave, and ultrasound were used during the extraction 
process to optimize processing techniques with high quality 
and yield. Four different acids of citric acid, tartaric acid, 
HCl, and  HNO3 were used. The extraction technique was 
slightly modified by the method given by Yapo (2005). The 
pectin was precipitated from slurry using alcohol precipita-
tion. The precipitated pectin was dried at 40 °C, pulverized 
and stored in the desiccator for further analysis.

The extracted pectin from two varieties of PE, PL and TT 
were analysed for equivalent weight (Eq.W) and Methoxyl 
content (MeO) by the methods given by Ranganna [45]. The 
total Anhydrouronic Acid Content (AUA) was determined 

using the method by Khamsucharit et al. [32]. The Degree 
of Esterification (DE) was determined based on methoxyl 
and AUA content and it was calculated by using the formula 
given by Azad et al. [6]. Organic acids present in pectin 
were determined by using the HPLC method and the same 
protocol discussed in the above Sect. (2.3). Protein present 
in pectin was also quantified by using Lowry’s method [37].

Structural Characterization of Pectin

Scanning Electron Microscopy (SEM)

The microstructure of peel powders and pectin samples was 
observed by using scanning electron microscopy (S-3400N, 
Hitachi, Japan, Thermo Fisher Scientific). Before and after 
the extraction process, the images were taken. Samples were 
placed with the support of double b-sided conductive carbon 
tape and then metalized with gold coating to ensure electri-
cal conductivity to the observed surface [36, 47].

Fourier Transform Infrared Spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) of pectin 
samples was analyzed by using a Tensor II FTIR spectrom-
eter (Bruker Optics, Wissembourg, France) and equipped 
with a single-reflectance horizontal ATR cell (Golden Gate 
equipped with a diamond crystal, Bruker Optics). The pectin 
sample was uniformly mixed with potassium bromide (KBr) 
and pressed into a 1 mm pellet. FTIR spectra were recorded 
in this range of 4000-400 cm-1 [55].

Functional Characterization of Pectin

Rheological Properties of Peel and Pectin

The rheology of extracted pectin was carried out by using a 
Modular compact Rheometer MCR52 model (Anton Paar) 
with a 75 mm parallel plate and plate combination. 1% pec-
tin solution for rheological tests was stirred using a magnetic 
stirring for 15 min at 65ºC. The pectin solutions were sub-
jected to steady- shearing at 25ºC and the shear rates tested 
in this study ranged from 1 to 500  s−1. Data were fitted to a 
Herschel-Bulkley (τ = τ0 + Kγ˙ n), where τ is the shear stress 
(Pa), K is the consistency index (Pa sn), γ˙ is the shear rate 
 (s−1), n is the flow behaviour index (dimensionless) and τ0 
is the yield stress (Pa) [1].

Preparation of Emulsion and Emulsifying Properties 
of Pectin

Emulsions were made using various pectins (PE, PL, and 
TT) at a concentration of 1%. Each pectin solution (10 ml) 
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was homogenized with an equal amount of corn oil to make 
an emulsion. It was filled in glass tubes and calculated the 
percentage of the creaming index during storage for 20 days 
with the intervals of 10 days storage [12].

Hs: the serum layer height of emulsions; Ht: the total 
height of emulsions.

Statistical Analysis

The statistical analysis of the results was carried out using 
Minitab 21 software. The results are reported as Mean ± SD. 
Tukey’s test was done as a post hoc analysis to determine the 
variability of means.

Results and discussion

Physicochemical Characteristics of Whole Fruits 
and Peel Powder

Whole fruit, pulp, and peel were characterized by PE, PL, 
and TT (Table 1). PE showed higher acidity and lower pH, 
whereas TSS was found to be higher in PL pulp compared 
with PE and TT pulp. Crude fiber content was higher in 

CI(%) =
Hs

Ht
∗ 100%

PE peel powder (46.83%) followed by PL peel powder 
(34.06%). Protein was found to be higher in tamarillo pom-
ace powder (4.72 g/100 g). Organic acids and free sugars in 
peel and pomace powders were also studied by using HPLC 
and UPLC methods (Fig. 1). Citric acid was the predominant 
acid present in all the samples. PL had the highest citric acid 
content compared with PE and TT. Fructose was the major 
sugar present in all the samples. TT had a higher sugar con-
tent than the other samples. The total phenolics, total flavo-
noids, and total antioxidant capacities of passion fruit peel 
and tamarillo pomace powders were studied. TT showed a 
higher total phenolic content with higher antioxidant capaci-
ties followed by PE than PL (Fig. 1).

Extraction and Characterization of Pectin

The quality and quantity of pectin from peel were influ-
enced by various factors like the type of fruits, acids, 
and extraction methods for pectin. The yield of pectin 
ranged from 2.66 to 17.09% from tamarillo and passion 
fruit, respectively. Kliemann et al. [33] reported that pec-
tin extracted from passion fruit using several acids and 
pectin yield ranged from 10 to 70 g/100 g of peel, which 
was remarkably high considering that pectic compounds 
account for roughly 25 g/100 g of cell wall material from 
passion fruits [59]. The acid type, source of fruit, and vari-
ous extraction methods significantly influence the pectin 

Table 1  Physicochemical 
characteristics of pulp and peel 
powders of PE, PL, and TT

Values are Mean ± SD, n = 3

Parameters Tamarillo P. ligularis P. edulis

Whole Fruit
Weight(g) 48.94 ± 5.95 73.55 ± 12.3 59.47 ± 10
Diameter(mm) 131.1 ± 5.77 186.8 ± 90 170.8 ± 50
Length(cm) 5.56 ± 0.20 6.84 ± 06 5.93 ± 0.4
Shape Egg/elliptical shape Round shape Round shape
Moisture % 72 ± 0.6 73 ± 0.9 85 ± 0.6
Peel weight (%) 8.35 ± 1.9 25.64 ± 2.8 49.07 ± 0.89
Fruit peel
Colour value
L 46.96 ± 0.85 75.67 ± 0.7 77.78 ± 0.90
a* 16.84 ± 0.29 3.48 ± 0.00 1.44 ± 0.40
b* 37.63 ± 0.46 31.00 ± 0.00 24.72 ± 0.4
Ash% 5.47 ± 0.02 5.15 ± 0.21 4.45 ± 0.07
Crude fibre% 12.07 ± 0.17 34.066 ± 3.49 46.83 ± 15.06
Protein (g/100 g) 4.72 ± 0.1 2.32 ± 0.11 2.36 ± 0.01
Total carbohydrates (g/100 g) 29.14 ± 2.59 34.14 ± 8.88 37.38 ± 3.36
Fruit pulp
pH 4.143 ± 0.015 4.52 ± 0.03 3.14 ± 0.1
Acidity% 1.536 ± 0.128 1.195 ± 0.073 3.415 ± 0.195
TSS (°Brix) 8.6 ± 0.1 15.43 ± 0.152 13.9 ± 0.173
Total carbohydrates (g/100 g) 7.50 ± 1.61 3.59 ± 0.01 7.07 ± 0.89



5267Waste and Biomass Valorization (2024) 15:5263–5274 

yield. A high concentration of hydrogen ions in the sol-
vents enhances protopectin hydrolysis [31]. The highest 
yield was observed with TT using the microwave extrac-
tion method and tartaric acid as an extractant. The lowest 
yield was observed with PL using the conventional method 
and citric acid as an extractant.

The yield of pectin is highly dependent on acids and 
methods used for extraction. Among the three fruits, PE 
showed a higher yield of pectin followed by TT and PL. 
Tartaric acid with microwave methods showed a higher 
yield of pectin in both TT and PE. Similarly, Seixas et al. 
[47] reported a higher yield of pectin in passion fruit 

Fig. 1  A Fructose and glucose content (g/100g) (B) Organic acid 
content (g/100g), in peel and pomance powders of passion abd tama-
rillo fruits. Results followed by different small letters in the column 
indicate significant difference (p < 0.005) according to Turkey’s test. 
C UPLC chromatograms of simple sugars in peel and pomance pow-

ders of passion and tamarillo fruits: 1-Fructose,2-Glucose, 3-Sucrose 
(D) Total phenolic content, total flavonoid content and total antioxi-
dant capacity in peel and pomance powders of passion and tamarillo 
fruits



5268 Waste and Biomass Valorization (2024) 15:5263–5274

with microwave and tartaric acid. In this present study, 
ultrasound extraction methods showed a very low yield 
of pectin from all acids used for extraction. However, 
other researchers found that a higher yield of pectin was 
obtained from grapefruit and passion fruit with ultrasound 
extraction [7, 14]. This might be due to the overexposure 
of the plant materials by ultrasound extraction methods, 
the extraction medium is destructed and disintegrated 
causing the yield to decrease drastically [42].

The equivalent weight of pectin indicates its gel-form-
ing ability [54]. A higher Eq. W designates a higher gel-
forming effect. The amount of free acids may influence the 
equivalent weight [13]. In this present study, the equiva-
lent weight of the extracted pectin ranged from 227.27 
to 5000. PL produced pectin with the highest equivalent 
weight using citric acid and also with the conventional 
method of extraction. Pectin extracted from tartaric acid 
in all the extraction methods showed a lower equivalent 
weight.

The methoxyl content reflects pectin dispersibility in 
water and pectin gel formation [10]. High methoxyl pec-
tin (HMP) form gels (8–11%) with higher sugar content 
((> 55%), used for jam and jelly preparations. The gelling 
process of pectin and its stabilization follows different mech-
anisms for different types of pectin. HM pectins form a gel 
at pH < 3.5 and high sugar concentrations (> 55%). During 
the gelation process of HMP, junction zones are formed due 
to the cross-linking of two or more pectin molecules. These 
junctions are stabilized by weak molecular interactions such 
as hydrogen and hydrophobic bonds between polar and non-
polar methyl-esterified groups and require high sugar con-
centration and low pH [51]. Variations in fruit varieties and 
acids used for extraction affected the methoxyl content of the 
pectin. In this present study, the highest MeO% was observed 
in the conventional method with nitric acid, which indicates 
that the extracted pectin was HMP. Nitric acid extraction 
of both PE and TT resulted in high MeO% whereas, HCl 
and tartaric acid extractions showed lower MeO% exhibited 
LMP (Low Methoxyl Pectin). When compared between the 
fruits, PL showed the lowest MeO% values.

Based on DE values, the extracted pectin can be classified 
as HMP (> 50%) and LMP (< 50%) [15, 24]. In this study, 
pectin extracted from TT and PE using the conventional 
method showed higher DE values indicating HMP. The val-
ues are consistent with the MeO% values. Total anhydro-
uronic acid content (AUA) in pectin is an essential parameter 
for determining purity and degree of esterification. It also 
aids in determining the physical properties of a given pectin 
sample [45]. According to the Food Chemical Codex, the 
AUA content of pectin should not be less than 65% and free 
of ash. Pectin purity reflects on the gel strength, if it gets 
contaminated with ash, neutral sugars, starch, and proteins 
which affect the gel formation [57, 58].

In this study, the AUA content ranged from 10.56 to 
95.04%. The pectin extracted from tartaric acid, citric acid, 
nitric acid, and HCl showed very low AUA% in PL peel 
(13.2 to 63.36%), the highest AUA% showed in TT and 
PE ranged from 88 to 95.04% (Fig. 2) which implicates 
that the extracted pectin purity with the presence of 
protein. Similarly, the pectin extracted from citric acid 
with conventional methods showed the highest AUA 
(95.04%). Nitric acid extraction with conventional and 
microwave extraction methods showed significantly higher 
AUA values in both TT and PE with relatively higher 
yields of pectin (Table 2). Citric and oxalic acid were the 
predominant acids present in pectin samples. The highest 
amount of oxalic acid is present in PE pectin (0.84%), 
followed by TT pectin (0.67%). PL showed the least oxalic 
acid content (0.27%). The citric acid present in PE pectin 
was 0.29%. Malic acid was present in trace amounts in 
all the pectin samples ranging from 0.001 to 0.01%. The 
presence of citric acid in the pectin would be an added 
advantage for various food applications, as oxalic acid 
acts as a cheating agent [30]. The conventional method of 
extracted pectin showed higher amount of yield (10.36%), 
MeO (12.50%) and AUA (83.30%) in passion fruit peel. 
Even though, the highest yield of pectin was found in 
other extraction methods but there was an undesirable 
qualities of low molar mass, lower uronic acid content 
which influence the viscosity of pectin. Based on the 
results obtained, a higher amount of pectin yield, > 65% 
AUA, and < 2% ash were found in the PE and TT pectin by 
using conventional methods (PEC & TTC), which reflects 
the high quality of pectin and its gel strength. Therefore, 
the PEC and TTC pectin were analyzed for structural and 
functional properties.

Structural Characterization of Pectin

Surface Morphology of Peel and Pectin

Scanning electron microscopy of peel and pectin powder 
was studied by SEM to investigate the influence of the 
extraction method. The morphology is influenced by the 
penetration of the solvent, method, increasing temperature 
and internal pressure, cell wall being destroyed and 
ruptured [28]. The structure of passion fruit peel and 
tamarillo pomace powder was flakier, wrinkled, rough, and 
unevenly textured than the pectin samples. Pectin showed 
a smooth as well as flaky texture (Fig. 3b). TT pectin was 
smoother than PE pectin. Liew et al. [36] also reported a 
smooth nano texture of pectin with small mound-shaped 
pellets in pectin extracted from passion fruit peel.
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Fourier‑Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy is a powerful technique for character-
izing organic molecules because it is sensitive to functional 
groups such as hydroxyl, carboxyl, esters, and amides found 
in these molecules. The pectin samples extracted from PE 
and TT methods were analyzed using FTIR. The extracted 
pectin spectra were found to have absorption patterns identi-
cal to those of commercial pectin (Fig. 3a). FTIR spectra in 

the wavelength range from 950-1200  cm−1 are considered 
fingerprint regions as carbohydrates show high absorbance 
in this region, allowing possible identification of major 
chemical groups of polysaccharides [18]. For commercial 
pectin, the characteristic absorption peak at 3435   cm−1, 
2935  cm−1, and 1747  cm−1 corresponds to OH, O–H, and 
C = O esterification, respectively. The peaks at 1643  cm−1, 
1444  cm−1 and 1369  cm−1 could be assigned to COO- asym-
metric stretching COO- symmetric stretching, and C-H 

Fig. 2  Characterization of pectin from passion and tamarillo fruits. Result followed by different small letters in the colmn indicate significant 
difference (p < 0.005) according to Turkey’s test

Table 2  Characterization of pectin extracted from passion fruit peel and tamarillo pomace using nitric acid

PE-Passion fruit edulis powder; PL-Passion fruit ligularis powder; TT-Tree tomato or tamarillo pomace; LMP- Low Methoxyl Pectin; HMP- 
High Methoxyl Pectin
Values with the same superscript in a column are not significantly different (P < 0.05)

Extraction methods Fruit Equivalent weight MeO AUA (%) DE Yield (%)

Conventional PE 1428.57 ± 0 c 12.50 ± 0.1 a 83.30 ± 1.0 b 85.21 ± 0.1 a 10.36 ± 0.2 a

PL 555.6 ± 0 h 4.96 ± 0 h 59.84 ± 0 g 47.05 ± 0 i 5.7 ± 0.8 e

TT 1111.11 ± 0 e 12.08 ± 0 b 84.48 ± 0 b 81.25 ± 0 b 8.82 ± 0.1 b, c

Microwave PE 1111.11 ± 0 e 11.88 ± 0.1c 83.37 ± 1.0 b 80.94 ± 0.2 b 9.04 ± 0.4 a, b

PL 1667 ± 0 b 8.07 ± 0 f 56.32 ± 0 h 81.25 ± 0 b 3.14 ± 0.2 f

TT 1250.1 ± 0 d 8.96 ± 0.1 e 65.12 ± 1.0 e 78.37 ± 0 c 7.49 ± 0.3 c, d

Ultrasonication PE 1111.11 ± 0 e 9.30 ± 0 d 68.64 ± 0 d 76.92 ± 0 d 6.44 ± 0.3 d, e

PL 2500 ± 0 a 3.13 ± 0 i 24.64 ± 0 i 71.42 ± 0 e 3.93 ± 0.9 f

TT 666.667 ±  0g 10.85 ± 0 c 88.01 ± 0 a 70.00 ± 0 f 7.6 ± 0.2 b, c, d

Commercial Pectin HMP 714.26 ± 0.02f 8.036 ± 0.02 f 70.25 ± 0.14 c 65.16 ± 0.15g -
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bending, respectively. The peak at 1267  cm−1, 1231  cm−1, 
1150  cm−1, 1104  cm−1, 1078  cm−1, 1049  cm−1, 1017  cm−1 
and 920  cm−1 indicated the presence of C-O stretching. The 
peak at 1231  cm−1 accounted for the presence of amide III. 
The peak at 890  cm−1 indicated the stretching of β-glycosidic 
bonds. Similar results of FTIR characterization of pectin 
have been reported by other authors [39, 49, 60]

Functional Characterization of Pectin

Rheological Properties of Pectin

Rheological properties of materials allow for the evalua-
tion of how the stress or force applied to that material is 
related to the flow and deformation of the material, which is 

dependent on the interaction with the solvent and molecule 
size. The rheological curves of pectin from three extrac-
tion methods were fitted by using Herschel-Bulkley models, 
power-law equation and Ostwald –de waele models [23]. 
The flow behaviour of the pectin solution was compared 
with commercial pectin (Fig. 4a). They showed a convex 
curvature concerning the shear rate axis. The shear viscosity 
value becomes higher as the polymer concentration rises, 
and the viscosity decreases as the shear rate increases. When 
the flow behaviour index (n), n is greater than one, the fluid 
has shear-thickening properties; and when n = 1, the fluid 
has Newtonian properties. The viscoelastic behaviour of 
pectin solutions depends on the degree of methylation or 
esterification (DE) and gelling properties of pectin [17]. The 
flow behaviour of HM pectins extracted from the Tamarillo 
pulp [17] mango pulp [26] apple pomace [41] and cacao 

Fig. 3  (A) FTIR spectra of pectin extracted from passion and tamarillo fruits (B) Scanning Electron micrographs of peel and pectin from passion 
and tamarillo fruits
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pod husks [53] showed the shear-thinning behaviour. The 
rheological curves for the pectin extracted from PE and TT 
exhibited a flow behaviour index (n) lower than one (n < 1), 
which indicates that the flow behaviour is pseudoplastic 
(Shear-thinning) due to the formation of weak pectin inter-
molecular forces with increasing shear rate [35]. The pec-
tin’s extracted from Opuntia robusta exhibited shear-thinning 
behaviour with increasing shear rate and decreasing viscos-
ity, using Newtonian and Ostwald-de Waele models [43]. 
The flow behaviour of pectin extracted from PE showed a 
higher flow index (0.88) than the pectin extracted from TT 
(0.58). Commercial pectin (HMP) showed a higher flow 
index (0.97) followed by PE (0.88). This might also depend 
on the higher equivalent weight of the pectin (1428.57). 
Pectin’s extracted from different methods exhibited a shear-
thinning flow behaviour, as evidenced by a marked drop in 
viscosity with increasing temperature and confirmed by the 
Ostwald-de Waele model, which produced correlation coef-
ficients of 0.998–0.999 [43]. According to Chan et al. [11], 
pectin solutions at 3% behave like Newtonian liquids, and 
subsequent increases in concentration result in shear thin-
ning behaviour. It is also important to note that the concen-
tration at which the pectin solutions turn from Newtonian 
to shear thinning depends on the molar mass of the pec-
tin. Similar results were reported by [20] where 1% pectin 

solutions extracted from pomelo fruit showed shear thin-
ning behaviour. Shear-thinning allows viscosity to decrease 
under shear rate, improving pourability and mouthfeel. This 
is desirable for developing products like fruit drinks, dress-
ings, and sauces. [1] also reported the formation of shear-
thinning gels using passion fruit pectin.

Emulsification Properties of Extracted Pectin

Pectin content and intrinsic factors like the degree of esteri-
fication may affect the emulsifying properties of pectin. The 
emulsifying activity (EA) of extracted pectin’s was com-
pared with commercial pectin (CP). The prepared emulsions 
showed excellent emulsifying properties (Fig. 4b). After 2 h, 
the various degrees of phase separation and emulsification 
were evaluated. PE pectin showed an excellent creaming 
index (%) after 20 days of storage (Table 3). EA of PE and 
TT pectin were higher than the earlier reported values of cit-
rus and potato pectin (44.87%—47.71%) [56]. In this study, 
other mechanisms like steric hindrance caused by protein 
content and the electrostatic contribution of charged non-
esterified GalA units are also responsible for reducing the 
emulsion stability of PL [40]. The presence of hydrophobic 
methyl ester groups allows pectin to stabilize emulsions by 
reducing emulsion droplet size and improving long-term 

Fig. 4  A Rheological properties of pectin extracted from (a) tamarillo and (b) passion fruits (B) Emulsification properties and creaming index of 
pectin from passion and tamarillo fruits
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stability [43]. The protein content of the PE and TT (3.84 
and 8.16 g/100 g) was higher than the PL (1.47 g/100 g). 
Pectin extracted from the fruit of the palmyra palm and 
watermelon rinds contained 3.9 to 8.2% protein as an effec-
tive emulsifier [44]. Therefore, the residual proteins present 
in the pectin enhance the emulsion stability. A high emulsion 
stability with DE above 50% facilitates biopolymer network 
formation via hydrogen bonding and hydrophobic interac-
tions between the methyl esters, positioning the polysac-
charide at the oil–water interface. This biopolymer network 
formation, enabled by the methyl ester groups when DE is 
high, is responsible for pectin's excellent emulsion stabiliz-
ing capability [43].

Food Applications

The passion and tamarillo fruits are potential sources of 
functional food ingredients and additives in various food 
applications. The by-products of fruits rich in dietary fiber 
(56–85%) and polyphenol content were incorporated and 
developed into functional food products (cookies and jam). 
There was a partial replacement of refined wheat flour in 
the preparation of cookies. The dietary fiber in the peel and 
pomace contains polyphenol compounds bound with poly-
saccharide complexes, significantly increasing the total anti-
oxidant capacity of cookies compared with control cookies 
made with 100% refined wheat flour. The sensory evaluation 
of cookies made with peel showed highly acceptable organo-
leptic properties.

The extracted pectin from both fruit by-products was 
further purified and used for the jam preparation. The pec-
tin showed excellent gelling and stabilizing properties as 
compared to commercial citrus pectin. Our findings revealed 
that extracted pectin contains protein, which enhances its 
functionality as an emulsifier and stabilizer. Jam prepared 
with peel showed a higher amount of total phenolics and 
total flavonoid content, significantly increasing the total anti-
oxidant content. Therefore, the valorization of whole fruit 
into zero waste concepts aims to utilize the by-products into 

value-added products as multifunctional hydrocolloid ingre-
dients like emulsifiers, thickeners, stabilizers, gelling agents, 
and glazing agents in the food industry.

Conclusions

This study concluded that the conventional and microwave 
methods showed higher yield, MeO, AUA, and DE. FTIR 
spectral analysis revealed that the extracted pectin from 
tamarillo pomace and passion fruit peel had the same pec-
tin characteristic bands as compared to commercial pectin 
(HMP). The highest yield of pectin was observed with pas-
sion fruit peel and tamarillo pomace using nitric acid and 
tartaric acid as an extractants. Depending on its high solubil-
ity, emulsification properties, and viscosity of pectin from 
passion and tamarillo fruits can be used as a potential source 
of food additives (emulsifier, thickener, stabilizer, gelling, 
and glazing agents). The extracted pectin can be further puri-
fied and used as functional ingredients for various dietary 
food and nutritional applications.
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