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INTRODUCTION 

 

The Philippines is known for its high tropical fruit production. Most of the fruits 
are consumed fresh, while other portions go to the export market and to 

processing. For banana, 17% of production goes to processing while for 

pineapple, 37% (Espino and Espino, 2015). Fruit processing generates huge 
amounts of wastes in the form of peels and inedible parts. In fact, fruit wastes are 

considered as one of the main municipal solid wastes and their disposal have 

become an environmental issue. These wastes, if mismanaged in landfills, will 
result to air pollution through their methane and carbon dioxide emissions. 

Opting for incineration will likewise contribute to air pollution (Deng et al., 

2012).  
Pectin is one component of fruit wastes which has industrial applications. Aside 

from its wide use as an additive in processed foods and as edible film (Espitia et 

al., 2014), it is also gaining popularity in biomedical applications such as drug 
delivery, gene delivery, wound healing and tissue engineering due to its simple 

and cytocompatible gelling mechanism (Munarin et al., 2013). Presently, 
commercial pectins are only produced from citrus (lime, lemon, orange, and 

grapefruit) peels and apple pomace, which are by-products of the juice industry 

in western countries (Yapo and Koffi, 2014). Dry citrus peel (15%–30% pectin) 
and apple pomace (10%–15% pectin) are considered as good sources.  

Pectin has been extracted from fruit peels using various methods, acid extraction 

being the conventional method (Yapo, 2009). However, there are certain 
drawbacks with the use of acids as they may cause environmental problems by 

producing hazardous contaminants that must be treated (Min et al., 2011). Also, 

the harsh condition in acid extraction causes damage to pectin structure. Efforts 

to reduce use of harmful chemicals are recently being done in the industry. The 

use of enzyme-aided extraction methods are being studied extensively as 

substitute to chemical methods because aside from being eco-friendly, they also 
require mild conditions of pH and temperature. For the extraction process, 

temperature and pH applied is based on the optimum activity of the enzymes 

used so as to avoid damaging and denaturing the enzymes. The process is usually 

carried out at pH between 3-5 and temperatures of around 50°C depending on the 

enzyme’s optimum. This is more advantageous in terms of economy and 

environmental impact. Moreover, since the pH of the extraction process is much 
higher than in that of traditional acid-based approach, there is no need for waste 

neutralization (Dominiak et al., 2014).  Recent studies on enzyme-hydrolytic 

technology seem more environmentally safe and more effective in pectin yield 
(Ptichkina et al., 2007). Enzyme-aided extraction of pectin have been conducted 

using polygalacturonase (Contreras-Esquivel et al., 2006), cellulase and α-

amylase (Cui and Chang, 2014), α-amylase and neutrase (Qiu et al. 2010), 
cellulase (Fissore et al., 2013), Viscozyme L (Lim et al., 2012), Celluclast (Liew 

et al., 2015) and protease (Zykwinska et al., 2008).  

Particular applications of pectin are dependent on their chemical nature. 
Characteristics of pectin extracted using various methods were also found to be 

affected by the extraction method. Direct boiling in acid, the conventional 

method, causes degradation of pectin due to prolonged heating (Srivastava and 

Malviya, 2011). The use of enzymes for pectin extraction however, leads to 

varied properties of pectins since pectic substances undergo changes, such as 
demethylation, deacetylation and shortening of the polymer chain (Dominiak et 

al., 2014). Enzymatic extraction method was found to have greater capability of 

producing high methoxyl pectin (Liew et al., 2015). Manipulation of degree of 
esterification (DE) can also be possible by extraction using enzymes from 

Aspergillus awamori (Ptichkina et al., 2007). Thus the influence of the 

extraction method on the characteristics of the pectin extracted is an important 
consideration in the choice of method. 

In this study, microbial enzymes namely cellulase, xylanase, pectinase and α-

amylase were screened for efficiency of pectin extraction from various fruit peel 

wastes to determine their possible potential as an eco-friendly option of method 

for pectin extraction. Pectin characterization was likewise conducted to assess 

their potential for food applications. 

 

 

The potential of microbial enzyme-aided extraction of pectin from fruit processing wastes was evaluated to assess its possible use as an 

environment friendly alternative to acid extraction methods. Peel wastes from yellow passion fruit (Passiflora edulis Slims var. 

flavicarpa), ‘Saba’ banana (Musa ‘saba’ [Musa acuminata x Musa balbisiana]), ‘Carabao’mango (Mangifera indica L. cv. ‘Carabao’) 

and soursop ‘guyabano’(Annona muricata) were extracted of pectin using different microbial enzymes namely cellulase, xylanase, 

pectinase and α-amylase. The efficiency of the enzymatic extraction as well as pectin quality were compared with acid extraction. 

Generally, high yields were obtained using cellulase and α-amylase. The yields from enzymatic extractions were however significantly 

lower compared with the acid extraction. Highest yields were obtained from ‘Carabao’ mango peels. The chemical properties of the 

pectins extracted from the fruit peels highly varied depending on the fruit and the extraction method. Pectin from yellow passion fruit 

peels was classified as low methoxyl (LM) based on the degree of esterification values while the rest of the pectins were classified as 

high methoxyl(HM). Analyses of the anhydrouronic acid (AUA) content showed that ‘Carabao’ mango peel pectins had high purity 

while the pectins from the other fruits had low purities. Equivalent weights of the fruit peel pectins from microbial extraction were 

significantly higher than that from acid extraction and from commercial citrus peel pectin. ‘Carabao’mango, ‘Saba’ banana, yellow 

passion fruit and soursop ‘guyabano’ peels are potential sources of pectin for food applications. Acid extraction was found to be more 

efficient compared with microbial enzyme-aided extraction. 
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MATERIAL AND METHODS 

 

Raw Materials  

 

Peel wastes of yellow passion fruit, ‘Saba’ banana, ‘Carabao’ mango, and 

soursop ‘guyabano’ were obtained from fruit processing plants in Los Banos, 

Laguna, Philippines. From the fruit processing plants, the following are the 
maturities of the fruits used: yellow passion fruit- ripe, ‘Saba’ banana-unripe, 

‘Carabao’ mango-ripe, soursop ‘guyabano’-ripe. The peels were sliced thinly and 

dried in an oven dryer at 60oC for 24 h.  The dried peels were then ground to pass 
through a ‘no.80’ mesh sieve. Commercially available preparations of crude 

microbial enzymes namely cellulase, xylanase, pectinase and α-amylase were 
obtained from the National Institute of Biotechnology and Molecular Biology 

(BIOTECH), University of the Philippines Los Banos. Each of the enzymes had 

activity of 500 U/mg.  
 

Swelling of sample prior to extraction 

 

Approximately 25 g of powdered peels were added with 175 ml distilled water 

and were allowed to swell under room temperature for at least 24 h.  

  

Extraction of Pectin 

 

Enzymatic extraction 

 

Four different microbial enzymes were used namely cellulase, xylanase, 

pectinase and α-amylase. The enzymes were all diluted to a final activity of 55.5 
U/mg from the initial 500 U/mg. To the swollen peel powder, an equal volume of 

the diluted enzyme was added. The mixture was heated and maintained at a 

temperature range of 45±5oC (pre-determined optimum temperature of the 
enzymes) for 3 h with constant stirring maintained at pH 4.4. The mixture was 

then filtered using two layers of cheesecloth. The filtrate was heated to 55oC for 1 

h to deactivate the enzyme. After which, precipitation of pectin was carried out 
by adding absolute ethanol at an amount equal to twice the volume of the filtrate, 

and then stirred for 1 h.  The precipitated pectin was filtered using a pre-weighed 

miracloth, oven-dried at 60oC for 24 h, then weighed. Pectin yield was calculated 
based on the initial weight of the peel powders using the formula: 

 

% 𝑌𝑖𝑒𝑙𝑑 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑒𝑐𝑡𝑖𝑛, 𝑔

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑔
 𝑥 100 

 

Acid extraction 

 

Acid extraction using HCl was also carried out to compare this method with the 
enzymatic extraction. The method by Castillo-Israel et al. (2015) was employed. 

Peel powders were added to 0.50 N HCl, pH 1.5 then heated with continuous 

stirring at 90±5°C in a stirring hot plate for 3 h. The solution was then cooled and 
filtered through two layers cheesecloth. The filtrate was collected then added 

with twice its volume of absolute ethanol and stirred for 1 h. The precipitates 

were filtered through a pre-weighed miracloth. The residue was oven dried for 24 
h at 55°C and then weighed. Pectin yield was calculated based on the initial 

weight of the peel powders using the same formula. 

 

Chemical characterization of extracted pectin 
 

Standard methods by Owens et al. (1952) were employed in the following 
analyses. 

 

Equivalent weight 
 

About 0.5 g dried pectin sample was added with 5 mL absolute ethanol. Then, 1.0 

g of NaCl was added together with 100.0 mL of CO2-free distilled water, and 6 
drops of phenol red indicator. The solution was stirred for at least 10 min or until 

the dried pectin sample dissolves. It was then titrated with 0.1 N standard NaOH 

until pH 7.5. Equivalent weight of the pectin was calculated using the formula: 

𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡(𝐸𝑊),
𝑔

𝑚𝑜𝑙
=  

𝑤𝑒𝑖𝑔ℎ𝑡  𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑔 𝑥 1000

𝑣𝑜𝑙𝑢𝑚𝑒  𝑜𝑓 𝑁𝑎𝑂𝐻, 𝑚𝐿 𝑥 𝑁 𝑁𝑎𝑂𝐻
 

 

Methoxyl content 

 

Methoxyl content (MC) was carried out by initially adding 25 mL of 0.25N 

NaOH to 0.5 g dried pectin sample then stirred for at least 10 min or until the 

dried pectin sample dissolves. The solution was covered and let stand for 30 min 
at room temperature. After standing, 25 mL of 0.25 N HCl was added, and then 

titrated with 0.1 N standard NaOH until pH 7.5. Methoxyl content was calculated 

using the formula: 
 

%𝑀𝑒𝑡ℎ𝑜𝑥𝑦𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑀𝐶) =  
𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓 𝑁𝑎𝑂𝐻, 𝑚𝐿 𝑥 𝑁 𝑁𝑎𝑂𝐻 𝑥 3.1

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓  𝑠𝑎𝑚𝑝𝑙𝑒, 𝑔
 

 

Anhydrouronic acid 

 

Percent anhydrouronic acid (AUA) was calculated from the previously calculated 

equivalent weight and methoxyl content of the pectin sample using the formula: 

 

%𝐴𝑛ℎ𝑦𝑑𝑟𝑜𝑢𝑟𝑜𝑛𝑖𝑐 𝑎𝑐𝑖𝑑 (𝐴𝑈𝐴)

= ( 
176 𝑥 0.1𝑧 𝑥 100

𝑎𝑣𝑒. 𝑤𝑡. 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠, 𝑔 𝑥 1000
)

+ (
176 𝑥 0.1𝑦 𝑥 100

𝑎𝑣𝑒. 𝑤𝑡. 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠, 𝑔 𝑥 1000
) 

where: 
   z = Volume of NaOH used in EW, mL 

   y = Volume of NaOH used in MC, mL 

 

Degree of esterification 

 

The DE is defined as a ratio of esterified galacturonic acid groups to the 
galacturonic acid groups present (Van Buren, 1991).The degree of esterification 

was also calculated using prior calculations of the MC and AUA using the 

formula: 
 

%𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑒𝑠𝑡𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛(𝐷𝐸)  = ( 
176 𝑥 %𝑀𝐶 𝑥 100

31 𝑥 𝐴𝑈𝐴
) 

 

Scanning Electron Microscopy (SEM) 

 

Pectin samples were observed for their morphology under a scanning electron 

microscope (Phenom XL) at 5000x magnification. 

 

Statistical Analysis 

 

Data were analyzed using SAS software version 9. ANOVA was performed to 

determine significant differences followed by Tukey’s HSD at 95% confidence 

level. Statistical analyses were done per fruit peel group. 

 
RESULTS AND DISCUSSION 

 

Pectin yield from various fruit peels using acid and enzyme extraction 

 

The different microbial enzymes (cellulase, xylanase, pectinase and α-amylase) 
were compared with hydrochloric acid as agents for pectin extraction from 

various fruit peel wastes. Extracted pectins appeared to be cream to brown in 

color based on visual observation (Figure 1). The lightest colored pectin was 
obtained from ‘Saba’ banana peels while the darkest was from soursop 

‘guyabano.’ Pectin yield was shown to be significantly affected by the extraction 

method (Figure 2). In yellow passion fruit, ‘saba’ banana and ‘Carabao’mango 
peels, significantly higher yield (21-33%) was obtained from acid extraction 

compared with the enzymatic methods (2-13%). In soursop ‘guyabano’ peels 

however, acid extraction yield was close to those of enzymatic extraction (5-9%).  
Extraction method of pectin involves two main steps, hydrolysis of the complex 

pectin substance and its precipitation. Acid extraction involves hydrolysis step 

done at a much higher temperature of about 70-90°C and a relatively lower pH 
range of 1.5 to 2.5 (Rolin et al., 1998).  High temperature is needed to soften the 

carbohydrate polymer structure (Liew et al., 2015). Pectins are found in the 

middle lamellae and primary cell wall of fruit peels together with celluloses and 
hemicelluloses (Thakur et al., 2014). The drastic conditions of high temperature 

and low pH causes breakdown of hydrogen bonds which are involved between 

pectin and the cell wall which results to the faster rate of pectin extraction. 
Increased hydrolysis of celluloses and hemicelluloses in the cell wall results to 

increased amounts of pectins released. Enzymes act by deconstructing plant cell 

wall and eventually isolate pectin (Panouille et al., 2006).  However, the milder 
conditions employed in enzymatic extraction which are 45±5oC and pH 4.4 

resulted to lesser pectin yield due to incomplete hydrolysis of celluloses and 
hemicelluloses in the cell wall. Also, there is slower interaction of enzymes with 

the cellulose and galactan side chains of pectins (Liew et al., 2015). In addition, 

enzymes are highly specific, each hydrolyzing only a specific polysaccharide 
component attached to the pectin molecule, which leads to lesser pectin yield 

unlike in acid extraction where there is no specificity and the action is random 

hydrolysis of glycosidic bonds. 
In terms of the efficiency of the different enzymes in pectin extraction, no 

significant differences among the four enzymes were observed in yellow passion 

fruit, ‘Carabao’ mango and soursop ‘guyabano’ peels. On the other hand, for 
‘Saba’ banana peels, cellulase has shown to be significantly efficient among the 

enzymes as shown by the highest pectin yield obtained, though the value is 

relatively low (6.18%) compared with the other enzymatic extractions (Figure 1). 

Cellulase act by hydrolyzing cellulose glycosidic linkages. Several studies have 

reported the successful use of cellulase in pectin extraction such as in pumpkin 

(Cui and Chang, 2014), butternut (Fissore et al., 2013) and chicory roots 
(Zykwinska et al., 2008). A cellulase preparation, Celluclast 1.5L, has also been 

applied in rapeseed cake (Jeong et al., 2014), passion fruit (Liew et al., 2015) 
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and kiwifruit (Yuliarti et al., 2011). Since the specificity of cellulase is cellulose, 
which comprise majority of the polysaccharides in the cell wall (Chen, 2014), it 

was the most efficient among the four enzymes to deconstruct the cell wall and 

expose the pectins in ‘Saba’ banana. Insignificant differences among the enzymes 
were observed with yellow passion fruit, ‘Carabao’ mango and soursop 

‘guyabano’. 

 

Equivalent weights of the extracted pectins 

 

In Figure 3, equivalent weights of pectin extracted from yellow passion fruit, 
‘Saba’ banana and ‘Carabao’mango peels using enzymes range from 2000-4000 

g mol-1 while those from soursop ‘guyabano’ were higher, reaching up to 8400 g 
mol-1. Comparing the enzymatic methods with acid extraction, significantly lower 

equivalent weights were obtained in acid extraction for yellow passion fruit, 

‘Carabao’ mango and soursop ‘guyabano’ peels (around 600-900 g mol-1). 
Comparing the different enzymes’ effects on equivalent weight, cellulase 

produced the highest equivalent weight of pectin from ‘Saba’ banana peels, 

xylanase for yellow passion fruit peels and α-amylase for ‘Carabao’ mango and 
soursop ‘guyabano’.  

Raj et al.(2012) mentioned that detection of a large quantity of pectin in a fruit 

alone is not in itself enough to qualify that fruit as a source of commercial pectin. 

The ability of pectins to form gel depends on the molecular size and degree of 

esterification (DE).  Equivalent weights of the pectins are important indicators of 

gelling property. Higher equivalent weight indicates that an extracted pectin has a 
higher capability to form gel (Vaclavik and Christian, 2008). Results show that 

lower molecular weight pectins were obtained from extraction with HCl 

compared with all of the enzymatic extractions from the four fruit peels. This can 
be attributed to the low pH and high temperature employed in acid extraction 

which destroys the pectin structure by demethylation and hydrolysis, shortening 

the pectin fragments. Yujaroen et al.(2008) had reported that the glycosidic bond 
can undergo hydrolysis reaction at the right conditions (80°C at pH 2, or at pH 8 

for two hours). Even though a low pH is necessary to improve the yield, the 

strong acid solution could lead to smaller pectin particles owing to partial 
hydrolysis (Shaha et al., 2013). In addition, acid extraction needs longer time, 

thus, there is a risk of thermal degradation for the thermolabile materials (Seixas 

et al., 2014).  
Comparing the different enzymes’ effects on equivalent weight, cellulase 

produced the highest equivalent weight of pectin from ‘Saba’ banana peels, 

xylanase for yellow passion fruit peels and α-amylase for ‘Carabao’mango and 

soursop ‘guyabano’. Main polysaccharides of primary walls are cellulose, 

hemicellulose, and pectin. Cellulose accounts for 15–30 % dry weight of the 

primary cell wall. Pectin accounts for about 30 % of polysaccharide of the 
primary cell wall, located between the cellulose microfilaments of the cell wall 

(Chen, 2014). Cellulase is an efficient enzyme for pectin extraction because it 

acts on cellulose by hydrolyzing glycosidic linkages and breaking the cellulose 
fibrils. This breakdown of cellulose structure results to the release of pectins from 

the primary cell wall. Liew et al. (2015) also reported successful extraction of 

pectin from passion fruit peels using Celluclast, an enzyme preparation 
containing cellulase. Cellulase with protease was also shown to efficiently extract 

pectin from chickory and cauliflower by-products (Panouille et al., 2006).  

α-amylase on the other hand, aids in extracting pectin by degrading the starches 
that may contaminate the pectins after extraction. Starch is another glucose 

polysaccharide abundant in plants. Though not part of the cell wall, they may 

cause difficulty in extracting pectin due to their solubility in water. Since the 
specificity of α-amylase is only for starches, the pectin extracted from ‘Carabao’ 

mango and soursop ‘guyabano’ were not degraded, thus resulting to high 

equivalent weights. Some pectin extraction studies conducted also employed α-

amylase (Qiu et al., 2010; Cui and Chang, 2014). 

 
Methoxyl Content(MC) and Degree of Esterification (DE) of the extracted 

pectins 

 

For methoxyl content of yellow passion fruit peels (Figure 4), high methoxyl 
(HM) pectins (%methoxyl content >7.0%) were obtained only from HCl and 

cellulase. Low methoxyl (LM) were obtained from ‘Saba’ banana and soursop 

‘guyabano’ peels. For ‘Carabao’ mango, HM were obtained from all enzymes 
while LM came out from HCl extraction. Based on degree of esterification 

(Figure 5), pectin from yellow passion fruit can be generally classified as 

LM(<50% DE) except those extracted using cellulase and HCl. Values for all 
extraction methods were not significantly different. For ‘Saba’ banana peels, all 

can be classified as HM (>50% DE) though significantly lower amounts were 

obtained from xylanase. ‘Carabao’ mango peel pectin also fall under HM for the 
enzymatic extraction but much lower DE was obtained from HCl extraction. 

Soursop ‘guyabano’ peel pectins were also classified as HM but significantly 

lower values were obtained from xylanase and HCl extraction. 

The presence of methyl groups is a very important feature of pectic polymers 

which affect their functionalities. Pectin producers traditionally divide pectin 

polymers into high and low methoxyl pectins (HM and LM pectins). This is 
measured in two ways: degree of esterification (DE) and methoxyl content. The 

ratio of esterified galacturonic acid groups to total galacturonic acid groups is 

termed as the DE. During tissue development, pectin might be formed initially in 
a highly esterified form, but undergoes some deesterification after they have been 

inserted into the cell wall or middle lamella. DEs may be dependent on species, 

tissue, and maturity. In general, naturally present tissue pectins range from 60 to 
90% DE (Raj et al., 2012). In terms of DE, the boundary level between the two 

types is 50%, which means that if greater than 50% of the carboxyl groups are 

methylated, it is termed HM pectin, and below 50 is classified as LM pectin 
(Dominiak et al., 2014). DE also determines the type of pectin which is 

classified by their rate of gel-formation. Two classifications of pectin are rapid-

set (DE>72%), which can form gels even with little or no sugar, and slow set (DE 
between 52- 65%) (Shaha, 2013).  

Methoxyl content (MC) is also another indication of the ability of the pectin 
extracted to form gels. According to Jayani et al. (2005), 75% of the carboxyl 

group of good quality pectin are methylated, thus, higher methoxyl content 

obtained from the product determines higher ability to form gels, therefore better 
quality product. Pectin can also be classified based on methoxyl content as low 

methoxyl pectin (less than 7.0%), and high methoxyl pectin (more than 7.0%). 

LM pectins gel in the presence of calcium, whereas HM pectins gel at low pH in 
the presence of high concentrations of a co-solute such as sucrose. High-methoxy 

pectins are of considerable importance in the food industry since processed fruit 

products (e.g. jams and jellies) are acidic and contain a high concentration of 

sucrose (O’Neill et al., 2001). Methoxyl content can also affect the dispersibility 

of pectin in water where HM is more readily dispersed than LMP. It is generally 

believed that natural LMP macromolecules within the cell wall result from 
nascent HMP following the activity of pectin-methyl esterases (Yapo and Koffi, 

2014). Thus, formation of LMP can be prevented by prevention of hydrolysis by 

enzymes or by acid. 
Methoxyl contents among fruits obtained were not distinctively different 

comparing HCl and enzymatic extractions methods, except in ‘Carabao’ mango 

peels. This implies the high methoxyl content of ‘Carabao’ mango peel pectin 
compared with the other peels tested. This is also reflected in the DE values 

obtained with ‘Carabao’ mango peels. The significant decrease in methoxyl 

content and DE values of ‘Carabao’ mango peel pectin is brought about by the 
harsh conditions of pH and heat during acid extraction. ‘Carabao’ mango peel 

pectin was shown in this study to be a good source of HM pectins. Acid 

extraction however, could cause decline in pectin quality but enzymatic 
extraction prevents its demethylation.   

 
Anhydrouronic acid (AUA) content of the extracted pectins 

 

Anhydrouronic acid (AUA) contents were significantly high for yellow passion 

fruit peel pectins obtained from cellulase and xylanase extraction (Figure 5). 
AUA values from ‘Saba’ banana peel pectins did not vary significantly. For 

‘Carabao’ mango peel pectins, high values were obtained from the enzymatic 

methods while a significantly lower value was obtained from HCl extraction. 
Wide variations in AUA values were obtained from soursop ‘guyabano’ pectins 

with α-amylase having the lowest value. 

Anhydrouronic acid content suggests purity of pectins. According to the Food 
Chemical Codex of 1996, the AUA of pectin should not be more than 65% to be 

classified as pure. In Figure 6, pectins from ‘Saba’ banana and soursop 

‘guyabano’ have high purity, but ‘Saba’ banana peel pectins have the same levels 
of purity (33-38% AUA) regardless of the extraction method. This means that 

extraction of pectins from ‘Saba’ banana peels is efficient for both enzymatic and 

acid extraction due to less contaminants extracted. AUA values for soursop 
‘guyabano’ peels are variable, ranging from 9-56% depending on the extraction 

method and enzyme. α-amylase produced the lowest AUA value for soursop 

‘guyabano’, which indicates that most contaminants present are in the form of 

amylose. Thus, the use of α-amylase effectively removes most contaminants.  

 

Microstructures of the pectins using Scanning Electron Microscopy (SEM) 

 

Pectin samples from the different fruit peels extracted using cellulase were 

viewed under SEM (Figure 7). The pectins extracted from soursop ‘guyabano’, 
‘Carabao’ mango and yellow passion fruit peels all appeared as rough with 

corrugations. Soursop ‘guyabano’ and yellow passion fruit peel pectins appeared 

to be bulky and has calcified irregular surface. Unlike ‘Carabao’ mango and 
‘Saba’banana peel pectins, SEM images showed that they have regular and flat 

surface. ‘Saba’ banana peel pectin however, has a smooth surface compared with 

‘Carabao’ mango, which has a slightly corrugated surface.  

 

 
Figure 1 Pectins extracted from various fruit peels (L-R: Soursop ‘Guyabano’, 

‘Carabao’ mango, ‘Saba’ banana, Yellow passion fruit) 
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Values with the same letters within a group are not significantly different based on Tukey’s HSD Test at P=0.05. 

Figure 2 Yield of pectin extracted from various fruit peel wastes using microbial enzymes and HCl. 

 

 
Values with the same letters within a group are not significantly different based on Tukey’s HSD Test at P=0.05. 

Figure 3 Equivalent weight of pectin extracted from various fruit peel wastes using microbial enzymes and HCl. 
 

 
Values with the same letters within a group are not significantly different based on Tukey’s HSD Test at P=0.05. 
Figure 4 Methoxyl content of pectin extracted from various fruit peel wastes using microbial enzymes and HCl. 
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Values with the same letters within a group are not significantly different based on Tukey’s HSD Test at P=0.05. 

Figure 5 Anhydrouronic acid content of pectin extracted from various fruit peel wastes using microbial enzymes and HCl. 

 

 
Values with the same letters within a group are not significantly different based on Tukey’s HSD Test at P=0.05. 

Figure 6 Degree of esterification of pectin extracted from various fruit peel wastes using microbial enzymes and HCl. 
 

 
Figure 7. Microstructures of cellulase extracted peel pectins using Scanning Electron Microscopy (SEM) at 5000x magnification. (A- Soursop ‘Guyabano’, B- 

‘Carabao’ mango, C- Yellow passion fruit, D- ‘Saba’ banana) 
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CONCLUSION 

 

In this study, pectin extraction using various microbial enzymes and hydrochloric 

acid were compared. Cellulase obtained significantly high yield from ‘Saba’ 
banana peels as well the highest equivalent weight compared with other enzymes. 

Low equivalent weights were obtained from acid extraction from all fruit peels 

compared with enzymatic extraction. This is due to high extent of hydrolysis 
brought about by the harsh conditions in acid extraction. In general, low yields 

were obtained from enzymatic extraction. However, better quality was obtained 

based on methoxyl content and degree of esterification. Among the peels, 
‘Carabao’ mango had the highest methoxyl content. ‘Saba’ banana and guyabano 

peels on the other hand, had the highest purity. Overall, enzymatic extraction has 
shown promising results in extracting pectins from fruit peel wastes and can be 

considered as an alternative to acid extraction.  
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