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orange juice to test its thickening property, and to soybean oil to test its emulsifying
properties. The viscosity profile showed that the formed WPI/BPP complex exhibited a
shear-thinning property. The highest viscosity was also achieved at [WPI]/[BPP] =5 and
pH 5. For the effect of pectin on the in vitro digestion viscosity of orange juice, results
showed that BPP increased the thickness of the fluid both in the gastric and intestinal
levels, thus, potentially increasing the satiety value of the orange juice. For the
emulsifying property, BPP and commercial pectin were most effective at 40% and 50%
oil content, with the earlier producing smaller emulsion droplets and a more stable
emulsion.
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1. Introduction

Banana is one of the most important crops in the Philippines. It is a locally grown fruit that is
available in the market year-round. Aside from being utilized locally, banana fruits are exported to
other countries. Food and Agriculture Organization of the United Nations (FAO) [1] reported that the
Philippines is the second-largest exporter of banana fruits in the world, accounting for a 13% share
of the total global shipment. In 2018, the Philippines was able to produce around 9.35 million metric
tons comprised the majority of Cavendish and ‘saba’ variety [2-5]. Banana fruits are usually consumed
fresh in their ripened state but are also processed to provide a wide range of food products. Some of
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the processed foods from banana include flour, chips, ketchup, and sweetened products. The waste
generated in the processing of banana fruit is mostly peel, which is around two-thirds of the fresh
material in terms of weight. Since there is a high volume of banana production and processing
activities, high production of waste may be assumed. These wastes, especially banana peel, contain
high-value compounds with potential applications in food, pharmaceutical, cosmetics, flavors, and
fragrances [6]. The utilization of banana peel to produce high-value products could add value to the
fruit itself and, ultimately, help the banana industry in the country.

Pectin, a high-value food ingredient, is present in the banana peel. It is a complex
heteropolysaccharide with a backbone made from a-1,4-galacturonic acid residues that are partially
esterified with methyl alcohol or acetic acid at the carboxylic acid. It comprises 8-14% of the cell wall
[7], and like most of the polysaccharide in plants, it is considered to be both polymolecular and
polydiverse. In fruit peels, pectin is found in the middle lamellae and primary cell wall together with
cellulose and hemicellulose. At least 300 galacturonic acid units linked by a-1,4 glycosidic linkages
make up pectin [8].

Pectin is generally used in the food industry as a gelling agent in fruit applications. It also acts as
stabilizers for emulsions, sauces, juices, dairy, and frozen products. The market for pectin on the
global scale is estimated to account for a value of USD 1.0 billion in 2019. It is expected to reach USD
1.9 billion by 2025 due to the increasing demand for natural and organic products [9]. In the
Philippines, data from the Department of Trade and Industry showed that about 95,000 kilograms
were imported in 2011, valued at around $52.4 million [10]. While there have been no recent data
on pectin importation, the global projection on its demand can indicate that pectin production from
different potential raw materials is a good direction for research

In this study, crude pectin extracted from ‘saba’ banana [Musa BBB ‘saba’ (Musa acuminata x
Musa balbisiana)] peel using the protocol described by Castillo-Israel [11] was further purified to
widen its potential for food application. As a thickening agent, this study explored the potential of
the purified banana peel pectin (BPP) in enhancing the viscosity of some beverages. An improvement
of this sensory attribute could increase consumer satisfaction translatable to increased sales and
revenue. In addition, Zhu et al., [12] suggest that the intake of viscous food results in a slower eating
rate and increases the level of fullness. Thus, viscous food products may also be catered to health-
conscious individuals. The study also looked into the effectiveness of BPP as an emulsifier in a
soybean oil-water mixture. A stable emulsion, if achieved, would make it easier for soybean oil to be
incorporated in food products. Soybean oil is an excellent choice for study as it meets the human
requirement for essential fatty acid [13]. Overall, the results of this study would promote the use of
waste material as an alternative source of important food ingredients in product development and
innovation.

2. Methodology
2.1 Materials

The banana peel was sourced out from a banana chips manufacturing plant in Lipa, Batangas.
Chemicals used were analytical reagent-grade purchased from either Sigma Aldrich (USA) or Fisher
Scientific (USA).
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2.2 Extraction and Purification

Crude pectin was produced following the protocol described by Castillo-Israel [14]. One percent
(w/v) of the dried banana peel was soaked in 0.5 N HCI (pH 1.5) at 90°C for 4 hours. The mixture was
then cooled and filtered through a screen with 1-mm mesh size and two-layer cheesecloth. The
filtrate was collected and then added with twice its volume of absolute ethanol. The resulting
precipitate (crude pectin) was filtered through a Miracloth, then oven-dried for 2 days at 55°C.

Ten percent (w/v) of the crude pectin was dispersed in a hydrochloric acid solution (pH 3). The
mixture was then subjected to an ultrasonication (Sonics and Materials VC-750, USA, 0.5 in. probe)
at a 60% pressure amplitude for two minutes in a cold-water bath, then to centrifugation at 15,000
x g for 15 minutes. The mixture was filtered using Miracloth. An equal volume of 100% ethanol was
added to the filtrate to precipitate the pectin. Another round of centrifugation and filtration was
performed, and the resulting purified banana peel pectin (BPP) was freeze-dried and stored at room
temperature.

2.3 Characterization

BPP was characterized for its equivalent weight and methoxyl content following Rangana’s
method [15], and total pectic content adapted by Blumenkrantz et al., [16]. For the equivalent weight
determination, a 0.5 g sample was transferred to a 250-mL conical flask containing 5 mL of 95%
ethanol. The mixture was mixed. One gram of NaCl, 100 mL of deionized H;0, and six drops of phenol
red were added to the mixture. It was titrated against 0.1 N NaOH until the purple endpoint.
Equivalent weight was calculated using the formula

weight of sample (g)
volume of NaOH (mL) X concentration of NaOH (N)

Equivalent weight = x 1000 (1)

To the neutral solution titrated for equivalent weight containing 0.5 g of pectic substance, 25 mL
of 0.25 N NaOH was added. The solution was shaken thoroughly and was allowed to stand for 30
minutes at room temperature in a flask with a stopper. A 25 mL portion of 0.25 N HCl was added, and
the resulting solution was titrated with 0.1 N NaOH to the purple endpoint. The MeC was calculated
using the formula

mL alkali x N alkali x 3.1
weight of sample, g

MeC (%) = (2)

Factor 3.1 is the converted equivalent weight of the methoxyl group multiplied by 100.

For the total pectic content, 7.5 mg of the sample was placed in a test tube containing a magnetic
stir bar. The sample was placed in an ice bath, added with 5 mL cold H2SO4, and then stirred to allow
the complete dissolution of the material. A total of 1.25 mL of deionized water was slowly added,
followed by continuous stirring for 5 minutes. Another 1.25 mL of deionized H,O was added, followed
by constant stirring for 5 minutes. Upon complete digestion, the sample was then filtered using a
0.45 um syringe filter. The filtered sample was diluted to 1:10. One milliliter of the diluted sample
was drawn out and transferred to a test tube in an ice bath. Six milliliters of cold H2504/sodium
tetraborate (4.77 g sodium tetraborate in 1 L of H,SO4) was added to the sample. It was mixed
thoroughly and kept cool. Tubes were boiled for 5 minutes at 100°C and then placed immediately in
an ice bath. One-tenth milliliters of 0.0125 M m-hydroxydiphenyl (0.15% in 0.5% NaOH - stored at
4°C in a container wrapped with aluminum foil) was added. The sample was repeatedly mixed in a
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vortex until it reached room temperature. The absorbance of the sample was read at 520 nm against
a blank after 20 minutes. For the standard, 0 to 100 pug/mL of galacturonic acid in deionized H,0 was
used. For blank, 0.1 mL of 0.5% NaOH, instead of m-hydroxydiphenyl, was added. The concentration
of the total pectic substance, in terms of galacturonic acid, was derived from the standard curve.

2.4 Thickening Property

Stock solutions of whey protein isolate (WPI) (15% w/v) and BPP (4% w/v) were prepared. WPI
was mixed with BPP such that the final ratios (a) of the concentration of WPI to BPP were 5, 10, and
15. The final pH of the mixtures was adjusted to pH 5 using 0.1 M NaOH. Mixtures were homogenized
with a dispenser (IKA T18 homogenizer, Germany) at 10,000 rpm for 2 minutes then stored at 10°C
for 24 hours.

Another set of the mixture (a= 5) was prepared. It was adjusted to pH 4, 5, and 6 using 0.1 M
NaOH and then homogenized and stored following the same conditions as the previous set.
Commercial pectin was also used as a reference.

The resulting solution was carefully transferred to the lower plate of the rheometer, and the
surplus was removed using a plastic spatula after lowering the head of the rheometer to the trim
position. Viscosity testing at varied shear rates (2 to 200 s!) was performed at 25°C. Viscosity profile
of the mixtures was measured from 2 to 200 s at 25°C.

2.5. In Vitro Digestion Viscosity

An in vitro digestion of a 2% (w/v) of BPP in a commercial Simply® orange juice was performed
following the protocol described by Logan et al., [17] with slight modifications. Fifteen grams of the
solution was transferred to a 125-mL Erlenmeyer flask with 4 x 1-cm glass beads. Seven milliliters of
simulated gastric fluid (SGF: 0.2% NaCl (w/w) in 0.7% HCI (w/v)) was added. SGF also contains pepsin
such that the latter’s final concentration was 3.2 mg/mL. The final solution was adjusted to pH 2.0
using 0.1 to 0.5 M HCl and then incubated in a shaking water bath at 372C, at a speed of 175 rpm, for
2 hours, to imitate gastric digestion. The viscosity at physiological shear rates (10s* and 50 s*) was
measured before incubation and after 1 and 2 hours.

To the solution used in gastric digestion, 2 mL of 750 mM CacCl;, 4.6 mL of simulated bile fluid
(SBF: containing 8 mg/mL bile salts), and 12 mL of simulated intestinal fluid (SIF: 5 mg/mL pancreatin
dissolved in 0.5 M sodium phosphate buffer; pH 7.8) were added. The incubation with shaking was
continued for 2 hours. The viscosity at physiological shear rates (10s and 50 s'') was measured after
1 and 2 hours. Aside from the BPP, the effect of commercial pectin was also evaluated.

2.6. Emulsifying Property

A stock solution of 2% (w/v) BPP in 0.02 M NaCl solution with a final pH of 6 was prepared. An
appropriate volume of this solution was added to soybean oil such that the final mixture contained
30%, 40%, and 50% oil. The prepared mixtures were homogenized with a dispenser (Kinematica,
Polytron 10-35 GT, Luzern, Switzerland) at 10,000 rpm for 2 minutes, and then subjected to
ultrasonication (Sonics, VibraCell™, Newton, Connecticut) at a 40% pressure amplitude for one
minute. The final emulsion was stored at 10°C for 24 hours to facilitate stabilization. The index of the

stabilized emulsion was measured using
thickness of the cream layer

Cream Index =

(3)

thickness of the whole sample
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The stabilized emulsion was also viewed under a 40x magnification of the polarized microscope
(Olympus®, BX51, Tokyo, Japan) with a built-in digital camera (Olympus®, DP70, Tokyo, Japan).

3. Results
3.1 Characteristics of the Purified Banana Peel Pectin

The methoxyl content refers to the methyl ester group attached to the galacturonic acid chain.
Depending on the degree of its presence, pectin may be classified as low-methoxy or high-methoxy
pectin. In this study, the methoxyl content of both acid-extracted BPP and BPP are within the typical
0.5-7% values for low-methoxy pectin [18]. Pectin from other banana varieties, however, are high-
methoxy in nature [19]. To further validate the observed property (data not shown), their gel
formation was tested in an alkaline solution with calcium salt, a condition suitable for low-methoxy
pectin [20]. Both pectins formed a gel, hence, a positive result (Table 1).

The total pectic content is the number of galacturonic acid units in the material. It dictates the
level of purity of the pectin, which in this study, has significantly increased by 170% upon innovation
in the purification method.

Table 1

Characteristics of acid-extracted banana peel pectin (BPP)
‘ Crude Purified

Methoxyl Content, % 5.25+0.0 0.10+0.0

Total Pectic Content, % 17.25+0.4 46.77+0.7

Equivalent Weight (approx.), g/eq 1,500 900

3.2 Viscosity of Protein-Pectin Mixture

The WPI solution (control) exhibited a shear-thinning property or a decrease in viscosity in
response to increased shear rates. As shown in Figure 1, the addition of pectin, regardless of the
mixing ratio (a), further increased WPI’s viscosity while maintaining the latter’s shear thinning
property. This is due to the complex formed by WPI and BPP in all pH conditions used. This finding is
similar to that of other carbohydrates such as guar gum [21], carboxymethyl cellulose [22], and
xanthan gum [23]. It was also observed that for both types of pectin, the most viscous mixture was
the one with the highest pectin concentration (a=5). Between BPP and commercial pectin, the latter
resulted in a more viscous mixture, which can be attributed to the latter’s higher purity (around 47%).

At pH 4, an aggregation of precipitate was observed, and a suspension instead of a solution was
formed. The electrostatic interaction between the positively charged protein and the negatively
charged pectin was very high at this condition; hence, the formation of the precipitate [24]. The
aggregation of the precipitate may be attributed to the charge neutralization of the complex [25].
The viscosity was low at this pH because the aggregates formed a separate phase at the bottom part
of the mixture. At pH 5, the interaction between the oppositely charged molecules was still present,
but this time, a colloidal complex was formed. This resulted in a higher viscosity of the mixture. At
pH 6, both the protein and the pectin were negatively charged. This incompatibility due to repulsion
of charges prevented the assembly of a complex, resulting in two soluble co-solutes with low final
viscosity [26]. The formation of the complex at pH 4 and 5 suggests that BPP could be a potential
material for hierarchical structures and delivery systems. In food application, despite performing
inferior relative to the commercial pectin, results suggest that BPP can improve the texture or
viscosity of a protein beverage at an appropriate pH (Figure 2).
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Fig. 1. Effect of mixing ratio (a) on the viscosity of the protein-pectin
complex (pH 5) at 25°C (a=[WPI]/[pectin])
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Fig. 2. Effect of pH on the viscosity of the WPI/BPP complex (a=5) at
25°C. (a=[WPI]/[pectin])

In a related study involving the use of pectin extracted from Nam Wa banana (Musa (ABB group)
‘Kluai Nam Wa’) as a thickener [27], the use of 2.5% pectin resulted in a viscosity ranging from 8 to
15 mPa-s. This is relatively lower than the viscosity obtained using this study’s BPP. It should be noted,
though, that different solutions were used in the two studies. This study used a protein solution while
the other used deionized water; hence, a comparison is not relevant. Nevertheless, both types of
pectin increased the viscosities of their respective controls.
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3.3 In Vitro Digestion Viscosity of Orange Juice

Similar to the effect on the WPI solution, BPP increased the initial apparent viscosity of orange
juice. During the first hour of gastric digestion, both at 10s™ and 50 s shear rates, orange juice with
pectin exhibited higher viscosity than the control. In the second hour, the same trend was observed
at the 10s shear rate. However, at 50 s shear rate, orange juice with BPP exhibited similar viscosity
as the control. Only the commercial pectin was able to maintain the viscous property at the high
levels of shear rates. In the intestinal digestion, the viscosity was higher for orange juice with BPP
and commercial pectin at 10s™? shear rates. However, increasing the shear rate to 50s™ produced
fluids with significantly equivalent viscosities.

In general, the whole digestion process reduced the viscosity of orange juice with and without
pectin (Figure 3). This finding is in agreement with the results of a related study [28] wherein other
commercial brands of pectin were used. It must be noted, though, that during digestion at a low
physiological shear rate, the addition of pectin has improved the thickness of orange juice. A study
correlating viscosity of food with satiety suggested that fullness during a meal is higher for highly
viscous food [29]. Hence, aside from the improvement of the texture of the juice, the addition of BPP
or commercial pectin could possibly increase the level of fullness during meals. For health-conscious
individuals, this could be a potential diet option in maintaining healthy body weight.
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Fig. 3. In vitro digestion viscosity of orange juice with 2% pectin at (a) 10 s and (b) 50 s* shear rates
3.4 Emulsifying Property of Pectin

As seen in Figure 4, both pectins were able to form soybean oil-water emulsion, as shown by the
cream layer between the two components. The corresponding emulsion indices (Figure 5) showed
that a higher volume of the emulsion was formed by the commercial pectin at a 30% oil ratio.
Meanwhile, at 40% and 50% oil ratio, there was no significant difference (p<0.05) on the emulsifying
ability if BPP and commercial pectin. Thus, BPP is comparable to commercial pectin at higher oil
ratios.
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While the commercial pectin showed higher emulsifying ability than BPP at 30% oil ratio, the
microscopic appearance (Figure 6) showed that the BPP formed a more stable emulsion. The
formation of smaller droplets by BPP suggests that the interfacial attraction between its oil droplets
is stronger than that of commercial pectin. With its ability to promote emulsion stability, BPP can be
a good emulsifier and stabilizer for applications such as in the pharmaceutical and food industry. In
the pharmaceutical industry, emulsions are used to encapsulate lipophilic drugs for increased
bioavailability [30]. Similarly, for the food industry, a stable emulsion can be used to encapsulate

lipophilic functional food [31,32].

commercial pectin)
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4. Conclusions

The mixture of whey protein isolate (WPI) and purified banana peel pectin (BPP) exhibited a
shear-thinning property, regardless of the mixing ratio. The apparent viscosity of the mixture also
exhibited a direct relationship with the added amount of pectin. On the effect of in vitro digestion on
the viscosity of orange juice with and without pectin, a decrease in viscosity relative to the initial
apparent viscosity was observed. At certain points of digestion, especially in the gastric phase, where
the feeling of fullness during a meal occurs, the presence of pectin resulted in a higher viscosity of
the orange juice. For the emulsifying effect, there was no significant (p<0.05) difference in the cream
index of emulsion formed by BPP and commercial pectin. However, BPP produced smaller droplets;
hence, a more stable emulsion.
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