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Variation of structures of ingredients of desiccated coconut during hydrolysis by
hydrochloric acid at low temperature
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Abstract

Owing to the high content of lignocellulose, desiccated coconut become a healthy material for dietary fiber supplementation.
In this study, the changes in solubility of the fibers of desiccated coconut were evaluated. The changes of the pHs and weight
losses were studied. Furthermore, variations of the ingredient structures of desiccated coconut by hydrolysis by hydrochloric
acid were characterized by Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and scanning electron
microscopy (SEM). After hydrolysis 30 s, the pHs of all systems increased, while six hours later, the pH of only system with initial
pH = 1.00 decreased. The decline of pH only existed in hydrolysis systems with initial pH = 1.00, there is no relevant with the
quantities of desiccated coconut. The lower initial pH of hydrolysis system was, the less the intrinsic viscosity of the desiccated
coconut after hydrolysis was, the small the crystallinity was. After hydrolysis, the microstructure of the desiccated coconut
become looser, and the secondary structure of the coconut protein became more stable and ordered. The results suggest that the
hydrolysis of desiccated coconut mainly occurred in the branched chain and the non-crystalline region of lignocellulose, which
transforms some insoluble dietary fiber into soluble dietary fiber. This improves the nutritional value of desiccated coconut.
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Practical Application: Providing a scientific data for desiccated coconut as a dietary fiber supplement and functional food

additive.

1 Introduction

Coconut (Cocos nucifera L.: Arecaceae) is one of the most
popular food and energy crops in all over the world, especially
in several south-east Asian countries and regions, and is well
known as the “tree of life” (DebMandal & Mandal, 2011).
China has abundant coconut resources, and it is estimated that
about 11700 t of dried coconut meal was generated only in
Taiwan in 2012 (Khuwijitjaru et al., 2014). Desiccated coconut
is a processed product from coconut meal. Because of its unique
coconut flavor, desiccated coconut is widely used in food products,
such as bakery products and sauces.

Desiccated coconut has a great nutritional value containing
68.99% carbohydrates, 25.59% fat, and 0.85% protein
(Khuwijitjaru et al., 2012). Carbohydrates, the largest ingredients
part of desiccated coconut, includes cellulose, hemicellulose,
mannose, glucose, manno-oligosaccharides and insoluble pectin,
etc. (Pham & Rosario, 1983). Most of the carbohydrates are defined
to dietary fiber which is not hydrolyzed by the endogenous enzymes
in human small intestine (Marotti et al., 2012; Yapo & Kofti, 2008).
Some researches revealed that in addition to lower risk of death
from heart disease, adequate consumption of fiber-containing
foods was also associated with reduced incidence of infectious
and respiratory illnesses, and reduced risk of high blood pressure,
high cholesterol, diabetes and colon cancer (Brown et al., 1999;
Kaczmarczyk et al,, 2012; Park et al, 2011; Trinidad et al., 2006).

Owing to the high content of dietary fiber, desiccated coconut
is promising a kind of dietary fiber supplementations. The use
of desiccated coconut will significantly improve its additional
value and promote the development of the coconut industry.

Acid hydrolysis is an important method to modify the
physiochemical properties of dietary fiber and transform insoluble
dietary fiber. Khuwijitjaru and his co-workers (Khuwijitjaru et al., 2014)
hydrolyzed coconut meal in 100-300 °C subcritical water, which
showed that the polysaccharides in coconut meal were translated
into mannose, glucose, and manno-oligosaccharides with various
degrees of polymerization. Thongsook (Thongsook & Chaijamrus,
2014) reported that copra meal treated in 0.5%-1.0% HCl at 90 °C
led to depolymerization of hemicellulose and insoluble pectic
substances to increase bulk density and soluble dietary fiber
content. Pham (Pham & Rosario, 1983) showed that coconut
protein was decomposed into amino acids in 6 mol/L HCI at
95 °C. The production of amino acids was affected significantly
by acid concentration, reaction time, and temperature.

These studies above mentioned carried on at high temperature.
The results from these studies had great benefit for understanding
ingredients and their structures. However, there is no help
to explain how degradation in human stomach environment
during digestion, because the physiological pH of human fluid
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gastric can range from 1.50 to 3.50 and it works at around 37 °C
(Corcoran et al., 2007; Marieb & Hoehn, 2010; Silva et al., 2016).
According to the United States Pharmacopoeia (The United
States Pharmacopeia, 1995), standard simulated gastric fluid
is consists of 3.2 mg/mL pepsin in 0.03 M NaCl at pH 1.20
(hydrochloric acid is used). However, the molecules that are
considered to be “dietary fiber” are so because humans lack the
necessary enzymes to split the p-glycosidic bond and they reach
the large intestine (Gallaher, 2006).

In this work, we simplified hydrolysis system just containing
hydrochloric acid with pH = 1.00-4.00. All enzymes were omitted
from the hydrolysis system to avoid providing possible degradation
of dietary fiber (Lalush et al., 2005). This may be beneficial for
reducing the impact of unrelated factors and explaining how to
transform insoluble dietary fiber into soluble dietary fiber by
hydrochloric acid hydrolysis. This research provides a scientific
basis for desiccated coconut as a dietary fiber supplement and
functional food additive.

2 Materials and methods
2.1 Materials

Desiccated coconut was produced in Hainan Province
and purchased from a supermarket located in Guangzhou.
Hydrochloric acid, cupric hydroxide, ethylenediamine (all were
analytical grade) were obtained from Guangzhou Chemical
Reagent Factory. Cupriethylenediamine was prepared according
to TAPPI T 230 om-08.

2.2 Preparation of defatted desiccated coconut (DDC)

To eliminate fat, dried desiccated coconut (100 g) was
immersed in ethanol (1 L) for 48 h and replaced with fresh
ethanol every 12 h. After separating the coconut from ethanol,
the defatted desiccated coconut was kept in a 60 °C oven for 4 h
to remove ethanol.

2.3 Hydprolysis by hydrochloric acid at low temperature

Hydrolysis of DDC was performed in 50 mL hydrochloric
acid in a water bath at 37 °C with slow magnetic stirring.
The pH of digestive system was determined after 30's,1.5h, 3 h,
4.5 h, and 6 h. ApH = pH-pH , where pH  and pH were the
pH value before and after hydrolysis, respectively. After vacuum
filtration, the defatted desiccated coconut was dried in a hot-air
oven at 60 °C until constant weight. Weight loss was calculated
as w%=(m -m)/m, where m and m were the weight of the
defatted desiccated coconut before and after hydrolysis respectively.
Experimental conditions and the corresponding label of samples
were shown in Table 1.

Table 1. Samples with different conditions.

2.4 Structures of ingredients of desiccated coconut
FTIR spectroscopic measurements

Infrared spectra of DDC, DDC-1, and DDC-2 were recorded
on a FTIR spectrometer (Bruker TENSOR27, Germany) with
KBr pellets. Spectra were scanned between 4000 and 400 cm™

Analysis of protein conformation

The protein secondary structure is determined from the
shape of the amide I band, located at 1660-1650 cm™'. The FTIR
spectra were smoothed, and their baselines were adjusted using
Peak Fit v4 software. The spectral region was deconvoluted with
the Gaussian function, and the peaks were automatically fitted
based on the least squares method. The fitting peaks correspond
to an a-helix (1646~1664 cm™), p-sheet (1615~1637 cm™ and
1682~1700 cm™), B-turn (1664~1681 cm™), and random coil
conformations (1637~1645 cm™).

X-ray diffraction

The X-ray diffractograms of DDC, DDC-1, DDC-2 were
recorded using an X-ray diffractometer (D8 ADVANCE,
Germany) with Cu radiation (0.15418 nm). The generator was
used at 40 kV and 40 mA. Angular scanning was conducted
from 5° to 40°.

Scanning electron microscopy (SEM) observations

The microstructure of DDC, DDC-1, and DDC-2 were
observed with SEM (EVO18, Germany).

Intrinsic viscosity

Viscometry was used to determine the intrinsic viscosity
of DDC, DDC-1, and DDC-2. The samples were dissolved
in a copper(II)-ethylenediamine/water solution (1:1, v/v),
and the flow time in a glass capillary viscometer (Ubbelohde,
f = 0.6 mm) was measured. The intrinsic viscosity of the
samples was calculated according to TAPPI T230 om-08 and
(Munk & Aminabhavi, 2002).

2.5 Statistical analysis

Unless otherwise specified, three independent trials were
carried out-each used a new batch of sample preparation.
The results are presented as the mean + standard deviation.
Analysis of variance (ANOVA), specifically Duncan’s multiple
range tests was used and treatments were considered significantly
different at p < 0.05.

Sample DDC-1 DDC-2 DDC-3 DDC-4 DDC-5 DDC-6 DDC-7 DDC-8 DDC-9 DDC-10
pH 1.00 2.00 3.00 4.00 1.00 1.00 2.00 2.00 2.00
Weight /g 2.00 2.00 2.00 2.00 1.00 1.50 0.50 1.00 1.50
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3 Results and discussion

3.1 Changes of pH and weight loss during hydrochloric acid
hydrolysis

Influence of initial pH

Figure 1 shows the weight loss of DDC-1, DDC-2, DDC-3,
DDC-4 after 6 h hydrolysis. The results showed that the weight loss of
DDC-1 was less than that of DDC-2, DDC-3, and DDC-4 suggesting
that more insoluble dietary fiber was transformed into soluble
dietary fiber in a more acidic environment. The results were similar
to the acid hydrolysis of coconut meal in 0.5%-1.0% hydrochloric
acid at 90 °C (Thongsook & Chaijamrus, 2014).

Figure 2 shows the pH changes of DDC-1, DDC-2, DDC-3,
and DDC-4 after 30 s and 6 h hydrolysis. From Figure 2, the pH of
the four samples hydrolysis systems increased after 30 s. However,
6 h later, the pH of the DDC-1 hydrolysis system declined, pHs
of DDC-2, DDC-3, and DDC-4 hydrolysis system still increased.
The hydrolysis of biopolymers in desiccated coconuts including
cellulose and protein consumes large amounts of H*. This explains
the pH increase. It is remarkable that the pH of DDC-1 digestive
system declined 6 h later. This shows the effects of different starting
conditions and is explained by the larger hydrolysis of desiccated
coconut (shown in Figure 1). This hydrolysis is primarily of
cellulose and protein.

In pH = 1.00 system, aldehyde acid, glucuronic acid and other
uronic acid in the hemicellulose side chain was exfoliated by hydrolysis
and acidic components were produced (Khuwijitjaru et al., 2012;
Sjostrom, 1993). This decreased the pH of DDC-1 hydrolysis system.
In addition, the protein in desiccated coconut was hydrolyzed into
large amounts of acidic amino acids (glutamic acid and aspartic
acid) (Sulabo et al., 2013) by extensive hydrolysis. This lowers
the pH. In the acidic medium with pH = 2.00, 3.00, or 4.00, the
production of organic acid and acidic amino acid was much
lower because of the milder hydrolysis of desiccated coconut.
The acidolysis consumes large amounts of H* and increases the
pH. The results suggested that eating desiccated coconut is not
appropriate on an empty stomach with strong acid medium
because it may lead to a heavy and upset stomach.

The effect of DDC quantities

Figure 3 shows the pH changes of hydrolysis systems of the
samples with different quantities. From Figure 3, the hydrolysis
system pH still decreased in initial pH = 1.00 samples, even the
quantity of DDC decreased by four-fold. And ApH remained
stable with different quantities of DDC. However, in the
pH =2.00 system, the ApH increased with increasing quantities
of DDC. This might be because the acidolysis occurred on the
branched chain.

3.2 Structure of ingredients of DDC
Degradation of DDC

Table 2 showed the intrinsic viscosity of DDC, DDC-1,
DDC-2. As shown in Table 2, after hydrolysis, the intrinsic
viscosity of desiccated coconut decreased, and the descending
range increased in higher pH system. Of note, the intrinsic
viscosity of DDC-1 was the lowest. This suggested that most of
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Figure 1. Weight loss of samples after hydrolysis 6 h.
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Figure 3. The changes of hydrolysis system pHs of some samples.

Table 2. Intrinsic viscosity of DDC, DDC-1, and DDC-2.

Sample intrinsic viscosity (mL/g)*
DDC 110.580

DDC-1 0.397

DDC-2 93.608

*Data are expressed as mean # standard deviation (n = 3). P < 0.05.
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its macromolecular chain was hydrolyzed. The glucosidic bonds
of the hemicellulose and insoluble pectin in desiccated coconut
were ruptured in the acid medium. This helped to transform
part of the insoluble fiber to soluble fiber. The results supported
in the deduction of decomposition of cellulose and protein by
hydrolysis (shown in section 2.1.1).

FTIR spectroscopy

The FTIR spectra of DDC, DDC-1, and DDC-2 are shown
in Figure 4. In the FTIR spectra of DDC, The OH stretching
band was at 3445 cm™! and it became narrow and shifted to lower
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Figure 4. FT1IR spectra of DDC, DDC-1, and DDC-2.
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Figure 5. The XRD patterns of DDC, DDC-1, and DDC-2.

DDC

1639.93

wavenumbers as initial pH decreased. This confirmed changes in
the intramolecular hydrogen bonding (Thongsook & Chaijamrus,
2014). The NH stretching was at 1635 cm ™ suggesting the presence
of protein. The peak at 1743 cm™ represented vibrations of acetyl
and uronic ester groups of hemicelluloses or ester linkage of
carboxylic group of the ferulic and p-coumaric acids of lignin
(Zuluaga etal., 2009). The absorption peak of C-O-Cat 1110 cm™
became weaker, which illustrated that hydrochloric acid could
destroy the structure of the lignocellulose via hydrolyzing
glucosidic bonds (Mosier et al., 2005).

X-ray diffraction

The X-ray diffraction (XRD) pattern of DDC, DDC-1,
and DDC-2 are shown in Figure 5. The results suggest that
DDC, DDC-1, and DDC-2 had similar crystalline structure.
The crystallinity of DDC, DDC-1, and DDC-2 were calculated
automatically by JADE 5.0 software to be 14.00%, 27.25%, and
47.63%, respectively. This demonstrated that the crystallinity of
desiccated coconut could increase by hydrolysis. These results
revealed that the hydrolysis of desiccated coconut mainly occurred
in non-crystalline regions.

Change of secondary structure of coconut protein during
hydrolysis

In the FTIR spectra of DDC, DDC-1, and DDC-2, the
protein secondary structure was analyzed from the shape of
the amide I band located at 1660-1650 cm™. Curve fitting and
quantitative analysis of the protein secondary structure for
DDC, DDC-1, and DDC- are shown in Figure 6 and Table 3.
In Figure 6, four fitting peaks of DDC-2 remained the same in
contrast to DDC. That of DDC-1 shifted to lower wavenumbers.
This revealed that the interaction between C=0 and N-H
in the protein main chain was strengthened after hydrolysis.
The contents of a-helix, f-sheet, B-turn, and random turns in
DDC-2 remained the same versus DDC (Table 3). The amount
of random turns in DDC-1 decreased while other secondary
structures increased. This indicated that the protein structure
become more stable after hydrolysis in a strong acidic digestive
system (Kanakis et al., 2011).
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Figure 6. Deconvolution and curve-fitted amide I region (1600-1700 cm™) for DDC, DDC-1, and DDC-2.
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Figure 7. SEM images of the microstructure of DDC, DDC-1, and DDC-2.

Table 3. Secondary structure analysis for DDC,DDC-1, and DDC-2.

Sample B-sheet Random a-helix B-turn
DDC 22.59% 33.03% 29.06% 15.32%
DDC-1 23.57% 30.18% 29.68% 16.56%
DDC-2 22.59% 33.03% 29.06% 15.32%
Microstructure

The microstructure of DDC, DDC-1, and DDC-2 were
observed with SEM. As shown in Figure 7, the surface of DDC is
smooth and crack-free, but when treated in a pH = 2.00 digestive
system, the surface of the DDC-2 cracked and delaminated to form
orderly stripe-like channels. As the digestive medium becomes
more acidic, the stripe-like channel structures were destroyed
and irregular channels were exposed on the surface of DDC-1.
This could be attributed to the transformation from insoluble
lignocellulose into soluble lignocellulose (Mosier et al., 2005),
which was testified by the analysis of FTIR (shown in 2.2.2).
These results revealed that the pH of digestive system played an
important role in the microstructure destruction and insoluble
lignocellulose translation in desiccated coconut.

4 Conclusions

The hydrolysis by hydrochloric acid was employed on defatted
desiccated coconut. The results showed that there are strongly
different changes of pHs with different initial pHs acidic hydrolysis
systems. The pH in initial pH = 1.00 system decreased after 6 h
hydrolysis, because of extensive hydrolysis of lignocellulose and
protein in desiccated coconut. We found that the hydrolysis of
desiccated coconut mainly occurred in branched chains and
in the amorphous region of the lignocellulose. The desiccated
coconut digested in more acidic medium had a smaller intrinsic
viscosity, higher crystalline, looser microstructure, and more
stable secondary protein structure.
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