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Mango peel is the byproduct of agro-processing and has been used for high value-added components such as

polysaccharide biopolymers. Pectin derived from the peel is yet to be exploited to its greatest extent, particularly in terms

of its separation and physiochemical properties, which limit its applicability to dietary fiber in culinary applications. The

functionality of the mango peel pectin (MPP) strongly depends on the molecular size and degree of esterification which

highlight the importance of isolation and characterisation of pectin from this novel resource.
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1. Mango Peel Pectin Recovery

General pectin recovery includes a raw material pre-treatment stage, an extraction operation and a post-extraction stage

. Nevertheless, the issue on the conventional process, particularly the extraction step, is whether or not it is worth the

energy and economic demands that are currently required in the practice . Therefore, several sustainable and quicker

alternative approaches to extract pectin from biological materials have been developed. The innovative techniques for

pectin extraction include enzyme-assisted extraction, ultrasounds, subcritical fluids and microwave heating. The benefits

and drawbacks of the techniques are compared as shown in Table 1.

Table 1. Benefits and drawbacks of the novel techniques.

Extraction
Techniques Benefits Drawbacks

MAE

Reduce extraction time

Low solvent requirement

Improve the quality and quantity of

pectin than conventional technique

Considered as green technology

Corrosion problem on equipment from acidified water

used
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Extraction
Techniques Benefits Drawbacks

EAE

No use of acidic pH levels and high

temperature

No corrosion problem on equipment

Consider as green technology

Reduce need for certain pre-treatment

steps

Decrease in overall extraction time and

a faster extraction process

Improve the pectin quality due to the

mild condition of extraction

High cost of enzyme

Scale-up of EAE process can be difficult because of the

uniqueness in response of different enzymes to

changing environmental conditions

UAE

Reduce extraction time, reduced

energy consumption and a relatively

lower use of solvent

Enhance the yield and kinetics of pectin

during recovery is biomass-specific

plant

Does not greatly reduce solvent requirement after all

SWE

High quality extracts

Quick extraction process

Save in solvent use (water) and

making this technique suitable for food

and pharmaceutical compounds

High cost of technique implementation

Pectin degradation

1.1. Conventional Heating Extraction (CHE)

Pectin is traditionally extracted in water acidified with 0.05–2 M sulfuric, nitric, phosphoric, acetic or hydrochloric acid

between 80–100 °C for 1 h with continuous stirring . Conventional extraction (solid–liquid extraction) depends on a

number of factors such as temperature, pH, solvent properties, solid to solvent ratio, dry solids, particle size and diffusion

rate . For pectin extraction, mango peel powder was initially treated with the acidified solution. Subsequently, the

obtained solvent was treated with ethanol solution . Through this method, an MPP yield as high as 30% can be

achieved from the residue with the degree of esterification (DE) varying from approximately 60 to 90% .

1.2. Novel Extraction Techniques

Microwave-Assisted Extraction (MAE)

MAE involves dielectric heating of plant molecules through the exposure of microwaves. The microwave irradiation

accelerates cell rupture by a sudden temperature rise and internal pressure increase inside the cells of plant sample,

which promotes the destruction of sample surface and in turns the exudation of pectin within the plant cells into the

surrounding solvents and increase . The conventional “on-off” microwave operation, however, may lead to the

overheating of the raw material, which may ultimately result in a low quality of MPP. Consequently, a phase controller

(PCMAE), which regulates the electrical power input into the magnetron thereby generating smooth and adjustable

microwave power was installed additionally for a better extraction performance . The applications of the MAE for pectin
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extraction from mango peel were reported and the obtained pectin had higher content when compared with the CHE 

. The microwave provides more efficient heat than the CHE approach due to the intense formation of vapour in polar

substances generated by the electromagnetic field .

Enzyme-Assisted Extraction (EAE)

The enzymes are used to improve extraction process by hydrolyzing matrix of the plant cell wall. Cell wall degrading

enzymes with minimum pectinolytic activity are used to hydrolyze non-pectin plant cell wall components in enzymatic

extraction of pectin . The EAE depends on reaction time, type and concentration of enzyme, temperature, pH value

and particle size of plant material . The EAE technique was applied to recover pectin from multiple bioresources

such as lime , passion fruit  and apple pomace . The yields of pectin were achieved with the enzymatic extraction

which were greater than that obtained with the CHE method. However, the pectin extraction from mango peel using this

technology has not yet been implemented.

Ultrasound-Assisted Extraction (UAE)

Sound waves consist of mechanical vibrations, which can be applied in treatments to the solid, liquid or gas with

frequencies higher than 20 kHz . Adapted for pectin extraction, the collapse of cavitation bubbles near cell walls

induced by ultrasound produces cell disruption, thus causing stronger and enhanced solvent entrance into the cells and

intensification of the mass transfer . For pectin recovery, Guandalini et al.  found that the UAE provided an

alternative choice for pectin extraction from mango peel because through this technique an MPP yield as high as 50% can

be achieved without interfering the physicochemical properties (galacturonic acid content and degree of esterification).

Subcritical-Assisted Extraction (SWE)

Subcritical water is liquid water at elevated pressure which is able to attain temperatures higher than its normal boiling

point without a change in phase. When such water is used as solvent in extraction, the process is known as subcritical

water extraction (SWE) also known as pressurized hot water extraction (PHWE) and superheated water extraction

(SHWE) . The SWE is stated as a green route for the valorisation of mango peel in form of pectin product. Xiaa and

Matharu  reported that the MPP extracted by the SWE with no mineral acid supplementation resulted in a great yield of

18.34%, while the DE of the pectin was more than 70%.

2. MPP Functionality

Pectin is mostly extracted from various plant sources and is of great variation in term of quality. Consequently, pectin is

purified and restructured in order to achieve constant and reproducible gel strength, for example HMP is improved its

quality by dilution with sucrose. MPP is typical of high methoxyl content which is unable to form gel by interaction with

calcium ions due to an insufficient number of carboxylic groups . Thus, to improve its functionality for a specific

purpose, de-esterification using either acidic or basic chemicals is necessary. The characteristic compositions of the

extracted MPP are illustrated in Table 2.

Table 2. Typical characteristics of mango peel pectin compared with commercial pectin.

Characteristics Commercial Pectin
Mango Peel Pectin

CHE UAE MAE

Galacturonic acid (%) >65 (typically 75–80) 76 52–53 n/a

Degree of esterification (%) 30–75 61 56–93 57–93

Degree of acethylation <5 (except for e.g., sugar beet pectin) n/a n/a n/a

Neutral sugars (%) <15% n/a n/a n/a

Protein (N × 6.25) (%) <5% n/a 4.7–5.9 n/a

Molecular weight (g mol ) 100,000–200,000 n/a 378,400–2,858,000 n/a

n/a = not available; CHE = conventional heating extraction; UAE = ultrasound-assisted extraction; MAE = microwave-

assisted extraction.The residues of galacturonic acid (GA) (Figure 1a) are generally recognised as the backbone of the pectin structure. Its

chemical structure composes of an aldehyde group at C1 and a carboxylic acid group at C6 . The GA can be partially
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methyl-esterified at C6 with methanol and acetylated at the O2 or O3 positions with acetic acid (Figure 1b,c) . The GA

content can be determined by either the colorimetry  or high performance liquid chromatography . The ratio of

methyl-esterified galacturonic acid groups to the total galacturonic acid groups is defined as the degree of esterification

(DE) . The degree of esterification and acetylation of pectin affects the gelling properties of the pectin; a higher

DE increases the capacity to form gels, whereas a higher degree of acetylation inhibits gelling . The analytical

quantification of DE include the titrimetric technique , gas liquid chromatography and colorimetric uronic acid

analyses . Furthermore, the content of GA in foods is very important because their presence can affect the chemical

and sensorial characteristics of the matrix such as pH, total acidity, microbial stability, sweetness, consumer acceptability

and therefore, provide precious information on the wholesome quality of the food or on the optimisation needed to impart

select technical features . Meanwhile, the molecular weight of pectin depends on the raw materials and the extraction

techniques. Bagherian et al.  reported that continued heating of pectin extraction may lead to pectin networks

disaggregation, thus decreasing the molecular weight.

Figure 1. Structure of galacturonic acid (a) presenting methyl esterified (b) and acetylated (c) forms adapted from .

In case of pectin recovered from mango peel, the GalA contents varied depending on the extraction techniques. Process

optimization of extraction methods to obtain the minimal GalA level of 65% in MPP has been highlighted in many research

studies . Geerkens et al.  claimed that the preparation processes of the peel (blanching, particle size reduction)

and fruit ripening stage reduced the GalA content, however the highest content obtained was 48%. Regarding the DE

content, the values were in a range between 56% and 93%, which categorized it as high methoxyl pectin . Both GalA

and DE of pectic polysaccharides are involved in the commercial uses of pectin as gelling and thickening agents .

3. MPP Applications

Pectins are widely used as additive in foods and beverages such as a gelling agent, thickener, texturiser, emulsifier and

stabiliser . In recent years, pectin has been applied as a fat or sugar alternative in low-calorie foods , dietetic food

, food packaging  and drug carrier . Selection of pectin for a particular food depends on many factors, including

the texture required, pH, processing temperature, presence of ions, proteins and the expected shelf life of the product .

MPP was recovered from peel of ‘Nam dok mai’ variety (Mox > 8%) and was found suitable as fat replacement in a

Chinese sausage formular in its original form and colour . Additionally, MPP obtained from ‘Chok anan’ variety was

utilised as a substrate for pectic oligosaccharide hydrolysate with pectinase. The digested monosaccharide compositions

were mainly fructose and glucose while arabinose had prominent influence on prebiotic potentials of Bifidobacterium
animalis . Thin films have been used as food packaging polymer and many drug delivery systems of oral, buccal, and

transdermal routes. In one study, thin film was fabricated from a mixture of LMP and MPP at 1:2 ratio with 40% (w/w)

glycerol. The film attained the highest elongation at break (8.80%) and lowest Young’s modulus (83.19 MPa) with an

increasing hydrophobicity when the content of MPP increased . For a topical drug delivery, de-esterified MPP with

NaOH was proposed for thin film development . In this same study, the DE decreased when a higher volume (~3.0 mL)

of 1 N NaOH at 25 °C was employed in the preparation.

Wongkaew et al.  explained the industrial value chain process of MPP as illustrated in Figure 2. First, the biomass was

dried and pectin extraction can be achieved with MAE techniques. The dried peel powder was suspended in diluted acidic
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solution (distilled H O adjusted to pH 1.5 with 2 M HCl) and heated in a microwave oven followed by separating the

residue from the solution using filtration technique. The liquid is combined with a 1:1 ethanol-water mixture to precipitate

the pectin, and then it is separated by filtration. The pectin was dried at 40 °C until a consistent weight was attained. The

final product can be applied to food additives or sources of prebiotic or in pharmaceutical application.

Figure 2. MPP value chain and applications.

4. Future Direction of MPP Utilisation

Plant polysaccharides are vital for the modulation of human gut microbiota which can impact on health generally

recognised as prebiotics . Among the most common prebiotic candidates, pectin oligosaccharide (POS) is receiving

attention in the functional food industry . MPP can possibly be hydrolysed into small molecules of pectic

oligosaccharide or MPOS, as shown in Figure 3 . The MPOS obtained highly stimulated the probiotic growth as well as

the total short-chain fatty acids (SCFAs) production of Bifidobacterium animalis TISTR 2195 and Lactobacillus reuteri
DSM 17938. It is also confirmed in our previous study that the MPOS illustrates a high potential as a prebiotic property

. The subsequently obtained SCFAs provide a great variety of health effects, including inhibition of pathogenic bacteria,

constipation relief, reduction in blood glucose levels, improvement in mineral absorption, reduction of colonic cancer and

modulation of the immune system .

Figure 3. Future direction of MPP utilisation to MPOS production.
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