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ABSTRACT

Objective: This study demonstrated the incorporation of Vitamin E from palm fatty acid distillate onto crosslinked galactomannan phosphate (CGP) 
matrix.

Methods: CGP was obtained from the crosslinking reaction of galactomannan from Arenga pinnata (GAP) with tri-sodium metaphosphate (TMF) 
ranging from 1:1 to 4:3 while incorporation of Vitamin E was conducted in two steps to form films. The reliability study of Vitamin E in CGPVE was 
conducted using a solution of pepsin and sodium chloride and also in solution of pancreatin and buffer phosphate.

Results: The Fourier-transform infrared spectrum indicated the presence of phosphate in CGP while the scanning electron microscope images 
depicted the changes of surface morphology from smooth (GAP) to rough and hollow (CGP) which confirmed that crosslink had occurred. The swelling 
study of CGP showed that the swelling indexes were similar and decreased with the increase of TMF. The efficiency of CGP to absorb Vitamin E ranged 
from 89.66% to 91.09%. The in vitro releasing study of Vitamin E in simulated gastric fluid and simulated intestinal fluid showed that only a small 
amount of Vitamin E was released.

Conclusions: This study demonstrated that CGP can be prepared and is potentially useful for drug delivery to the colon.
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INTRODUCTION

Colon cancer has been identified as the second highest cause of 
death in the United States and the sixth in Indonesia. A high intake of 
antioxidants may decrease the risk of colon cancer and prevent the 
metastases [1-3]. One of the antioxidant sources naturally abundant is 
tocopherol and tocotrienol or Vitamin E which is soluble in water [4]. 
However, Vitamin E degrades easily by chemical or physical action 
during storage or when it is delivered to the appropriate site of action 
after ingestion [5]. Therefore, encapsulation or incorporation methods 
have been developed to protect Vitamin E from degradation. Several 
ways were used to incorporate Vitamin E onto matrix hydrocolloid 
or non-hydrocolloid: On hydrocolloid matrix, for example, onto 
polyvinylpyrrolidone in supercritical condition [6], or in chitosan 
hydrocolloid matrix [7]. Other compounds such as gliadin, calcium-
alginate, calcium pectinate, and a mixture of wheat and chitosan have 
been identified as suitable for protecting Vitamin E [5]. However, all 
the encapsulated material remains degraded due to acid and enzyme 
in the intestine. Therefore, modification in a hydrocolloid matrix 
should be done to protect the active material from degradation in the 
stomach and small intestine and released in the colon.

Given the fact that modified polysaccharide has more stability 
against enzyme than its natural form, more attention has been paid, 
particularly to a cross-linked polysaccharide which is known to have 
a lower swelling property than its natural form [8,9]. Gliko-Kabir 
et al. showed that the swelling property of guar gum was reduced 
significantly after being cross-linked with glutaraldehyde [10]. In our 
previous research, galactomannan, which was cross-linked with tri-
sodium tri-metaphosphate, showed a decrease of swelling property at 
87% in distillate water and the particle size also became smaller [11]. 
Galactomannan used in that study was extracted from Arenga pinnata 
(kolang-kaling) which is abundant in Indonesia [12]. Galactomannan 

is a water-soluble polysaccharide [13] containing galactose and 
mannose in the range of 1:1.33 and having IC50 = 22,109 mg/mL [14]. 
In the present work, the incorporation of Vitamin E from palm fatty 
acid distillate (PFAD) onto crosslinked galactomannan phosphate 
(CGP) matrix to form cross-linked galactomannan phosphate Vitamin 
E (CGPVE) was demonstrated. The preparation of CGP was conducted 
with various concentrations of phosphate and galactomannan, using 
the drop by drop method. The swelling property of CGP was determined 
in distillate water, simulated gastric fluid (SGF), simulated intestinal 
fluid (SIF), and also in vitro.

MATERIALS AND METHODS

Materials
A. pinnata seed was obtained from a local market in Medan, North 
Sumatera, Indonesia, without separating for the degree of hardness. All 
chemicals used in this experiment were obtained from Sigma-Aldrich 
and were used without further purification. PFAD was obtained from 
Oleochemical Industry in Medan, and the concentration of Vitamin E in 
PFAD was 70%.

The trace metal element contained in galactomannan from A. pinnata 
(GAP) was determined according to the AOCS 993-14 method 
using Perkin Elmer Nexion ×300 inductively coupled plasma-
mass spectrophotometry. The surface image of GAP was obtained 
using a scanning electron microscope (SEM) JEOL JSM-6360LA 
while the changes of the functional group of all samples were 
measured using Fourier transform infrared (FT-IR) Perkin Elmer. 
The concentration of Vitamin E was analyzed using the AOCS Ce8-89 
method in high-performance liquid chromatography (HPLC) while the 
spectrophotometer ultraviolet (UV)-visible Shimadzu 1800 was used to 
determine released and trapped Vitamin E in the matrix.
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METHODS

Extraction of GAP seed
Extraction of GAP was conducted in neutral conditions based on the 
method used in our previous research with a slight modification [11]. 
20 g of A. pinnata seed which was already cut into 2 cm size was added 
to 150 mL distillate water and was crushed mechanically in a blender 
for 5 min and stored in a cold room for 24 h. Next, the blended seed 
was centrifuged at 9500 rpm for 15 min to obtain supernatant 1. The 
residue 1 was added next with 75 mL of water followed with blender 
and centrifuge in similar conditions to obtain supernatant 2. The 
supernatant 1 and 2 were mixed together and added with 96% ethanol 
in the range of 1:2 and stored in a cold room. After 24 h storage, the 
precipitate was separated using a filter bag, and the residue was soaked 
in 100 mL ethanol 96% for 24 h, followed by separating and soaking 
again in 100 mL of ethanol for the next 24 h. The residue obtained after 
separation was dried in a desiccator.

Preparation of cross-linked galactomannan phosphate (CGP)
CGP was prepared following the procedure from the previous research 
with slight modification [11,15]. 1 g of GAP powder was dissolved in 
80 mL of distillate water and added by 2 M NaOH solution until pH 12 
and the GAP had swelled. In another place, 1 g of TMP was dissolved in 
20 mL deionized water and was added drop by drop with GAP solution 
under stirring at 1000 rpm and room temperature for 2 h (the range of 
GAP: TMP used was 1: 1, CGP1). The pH of the CGP solution was kept at 
12 by adding 2 M NaOH. The CGP solution then was spread on 13 cm × 
13 cm2 glass plates and was evaporated in oven blower at 45°C for 18 h. 
The dry film was washed with distillate water until pH neutral and dried 
again in the oven. The dried films were stored in a closed box for FT-IR 
and SEM analysis. The swelling property was determined in distillate 
water, SGF and SIF solution and was done triplicate. The same procedure 
also conducted for CGP 2 (1: 2), CGP 3 (1: 3), CGP 4 (1: 4), CGP 5 (2: 1), 
CGP 6 (2: 3), CGP 7 (4:1), CGP 8 (3: 1), CGP 9 (3: 2), and CGP 10 (4: 3).

Incorporation of Vitamin E from PFAD onto CGP solution
Incorporation of Vitamin E from PFAD onto CGP matrix was conducted 
based on a previous research method [7,15]. The incorporation of 
Vitamin E into CGP matrix was prepared in two steps. First, 20  mL of 
ethanol was added to 0.5 g of PFAD and 0.5 g tween 80 and was stirred 
in the darkroom for 30 min. Second, the solution was added by matrix 
CGP drop by drop and stirred for 2 h. The incorporation solution was 
poured in a glass plate (length 13 cm, height 7 cm, and width 3 cm) and 
was evaporated in the oven blower at 37°C for 24 h. The film was washed 
with distillate water until pH 7 and dried again for 5 h. The dried film was 
stored in a closed container. The water which was used to wash the dried 
film was used to determine the unloaded Vitamin E using extraction with 
50 mL hexane. Spectrophotometer UV-visible at a wavelength of 297 nm 
was used to determine the amount of Vitamin E trapped onto matrix CGP. 
All the CGPVE film formed was characterized using FT-IR, SEM and the 
releasing of Vitamin E in SIF and SGF with or without enzyme.

In vitro study of CGPVE film
The reliability study of Vitamin E in CGPVE was conducted using 
a solution of pepsin and sodium chloride and also in the solution 
of pancreatin and buffer phosphate following the procedure from 
previous researchers [16,17]. 150 mg of CGPVE was added by 30 mL of 
SGF solution and 5 mL of tween 80 and stirred at 100 rpm for 30 min at 
37°C. Next, the solution was extracted 2 times with 50 mL hexane. The 
concentration of Vitamin E in hexane was determined using UV-visible 
at a wavelength of 297 nm. The swelled aggregate formed using the SGF 
solution was added to 30 mL of SIF and 5 mL tween 80 and stirred for 4 
h at 37°C. Next, the solution was extracted 2 times with 50 mL hexane, 
and the concentration of Vitamin E was determined using UV-visible.

RESULTS AND DISCUSSION

The extraction of GAP
The percentage of GAP obtained from extraction process was 4.5%, 
which is similar to the result of our previous research [14]. However, 

in this study, the extraction procedure of GAP was slightly modified 
in that after the precipitation process with alcohol the precipitate 
was separated using a filter bag, while in the previous research 
centrifugation was applied for precipitation. The GAP found after 
extraction is a white powder that contains a small amount of metal. 
Cuprum and zinc were the main metals contained in GAP. Since only 
alcohol was used to precipitate GAP from the seed and without any 
further purification process necessary, GAP was considered to be edible 
and environmentally friendly [18]. Commonly, galactomannan from 
gum was used in the pharmaceutical and cosmetic industries [19].

Efficiency of trapped Vitamin E PFAD in CGP
The concentration of Vitamin E contained in PFAD was 70%. The HPLC 
analysis showed that the component of Vitamin E was α-tocopherol 
20,97%, tocotrienol 15,88%, β-  tocotrienol 2,43%, γ-tocotrienol 
22,31; and δ-tocotrienol 8,48%, and squalene, triglyceride, diglyceride, 
monoglyceride, and fatty acid in trace amounts. Spectrophotometer 
UV-visible was used to determine the unloaded Vitamin E, and the 
result was used to calculate the concentration of trapped Vitamin E. 
Determination of entrapment efficiency Vitamin E (EE) onto matrix 
CGP was calculated based on the equation below [5,6].

( ) V- UEE % =   100
V

×

Where:
V = total Vitamin E used
U = total unloaded Vitamin E

Graph 1 presents the efficiency of Vitamin E for all the CGPVE. High-
efficiency values were found for all the CGPVE in the range of 89.66-
91.09% with the highest E found at CGP 3. These EE results showed that 
CGP has high ability to entrap Vitamin E PFAD, which was confirmed by 
SEM images in Fig. 1.

Based on Graphs 2 and 3 the percentage of released Vitamin E was 
governed by the concentrations of GAP and tri-sodium metaphosphate 
(TMF). The fact that only a small amount of Vitamin E was released in 
GI condition showed that matrix CGP has good stability as a drug carrier 
to the colon. Gliko-Kabir et al. demonstrated that cross-linked guar gum 
with TMF was easily degraded using enzyme and could retard release 
a drug with low solubility in water. Therefore, it was suggested that the 
matrix could be used as a drug carrier to the colon. A similar result was 
obtained when using glutaraldehyde as a crosslinking agent, and it was 
confirmed that the matrix was easy to degrade in the colon [10].

FT-IR characterization
The GAP, CGP, Vitamin E, and CGPVE were confirmed by FT-IR 
spectroscopy with absorbance spectrum recorded in the wavelength 
range from 4000 to 400 cm−1, as presented in Fig. 2. As can be seen, the 
entire spectrum showed a peak at 3500 cm−1, which represents the –OH 
stretching group. However, the –OH peak at CGP (Fig. 1b) was slightly 
different due to some of the –OH groups having been cross-linked 

Graph 1: Entrapment efficiency of Vitamin E palm fatty acid 
distillate onto matrix CGP
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with phosphate. Hence, the appearance of peaks at 1188 cm−1, 1249 
cm−1, and 941 cm−1 in the spectra of CGP, which represent stretching 
p=O, ester phosphate and stretching P-O-C, respectively, confirms the 
formation of crosslinking.

FT-IR spectra of Vitamin E showed two peaks at 2850-3000 cm−1 which 
were a stretching of C-H group. A  peak of aromatic showed slightly 
higher frequency than aliphatic. A sharp peak observed at 1732 cm−1 in 
Vitamin E spectra represents a stretching of C=O which was probably 
from the carboxylate group. This was raised from PFAD which also 
contained a fatty acid. The FT-IR spectra of CGPVE (Fig. 2d) appeared 
almost similar to the spectra of CGP and Vitamin E. Therefore, it could 
be reported that Vitamin E has been doped in CGP matrix and the 
structure of Vitamin E remained stable after incorporation. Similar 
spectra have been found by other researchers [6,20].

SEM analysis
Fig. 1 presents the SEM photograph of GAP, CGP 3, GAP with Vitamin 
E and CGPVE 3. As can be seen, there is a difference in surface 
morphology between the GAP film which has a smooth surface (Fig. 1a) 
and the hollowed and rough surface of CGP (Fig. 1b). This was due to 
the occurrence of crosslinking in addition to TMP. The hollowed shape 
in CGP disappeared after incorporation process. Vitamin E was loaded 
into the matrix CGP and filled the hollowed shape in CGP rendering the 
surface smooth and decreasing the hollowed shape size was decreased 
(Fig. 1c). The CGPVE SEM image was different with the GAP + Vitamin 
E image which showed a smooth surface without any hollowed shape 
(Fig. 1d).

Swelling property of CGP
Our previous research demonstrated that slow, drop by drop addition of 
TMP could produce CGP with low swelling property and a rough surface 
and hollowed shape [11]. This result was confirmed by FT-IR spectrum 
that showed peaks of stretching P=O at 1188 cm−1, ester phosphate at 

1249 cm−1, and P-O-C at 941 cm−1. Swelling property study showed that 
with the increase of the amount of TMF, as shown in CGP 1, CGP 2, CGP 
3 and CGP 7, CGP 5 and CGP 10, the swelling property of CGP decreased. 
Interaction between water with –OH group in GAP decreased as the 
increment of –OH group cross-linked with TMF [15]. In reverse, raising 
the GAP amount could increase the swelling property as shown in Graph 
4. The swelling property of CGP was also affected by SGF solution, where 
the swelling property increased when the pH of media changed from 
acid to base, as shown in CGP 1, CGP 2, CGP 3, CGP 6, and CGP 10.

CONCLUSION

GAP seed has been successfully cross-linked using TMP to produce CGP, 
which has a lower swelling property and a more hollow shape than 
GAP. The swelling study of CGP, which was conducted using distillate 
water, SGF, and SIF, showed that the swelling indexes were similar 
and decreased with the increase of TMF. The study indicated that it is 
possible to trap Vitamin E onto CGP matrix. The efficiency of CGP to 

Graph 2: Released profile of Vitamin E in HCl solution and 
phosphate buffer condition

Graph 3: Released profile of Vitamin E in simulated gastric fluid 
and simulated intestinal fluid condition

Fig. 1: Scanning electron microscope photographs of cross section 
galactomannan from Arenga pinnata (GAP) (a), CGP 3 (b), GAP + 

Vitamin E (c), and CGPVE 3 (d)

dc

ba

Fig. 2: Fourier transform infrared spectrum of galactomannan 
from Arenga pinnata (a), CGP (b), Vitamin E (c), and CGPVE (d)

d

c

b
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absorb Vitamin E ranged from 89.66% to 91.09%. The in vitro releasing 
study of Vitamin E in SGF and SIF showed that only a small amount 
of Vitamin E was released. This study demonstrated that CGP can be 
prepared and is potentially useful for drug delivery to the colon.
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