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Abstract 

Purpose: To evaluate the physicochemical properties and microbiological quality of Borassus 
aethiopum shoot acid-modified starch (AMS) for potential pharmaceutical applications. 
Methods:  Modification of Borassus aethiopum native starch (NS) was carried out using 6 % w/v HCl at 
37 ± 2 oC for 192 h. The AMS was characterised for their morphological, micromeritics, rheological, 
thermal properties as well as their microbiological quality using standard protocols. 
Results: AMS demonstrated increased aqueous solubility, crystallinity and slight increase in flow 
properties. There was a reduction in swelling and hydration capacities, amylose content as well as 
viscosity of the modified starch. Scanning electron microscopy analysis showed that the integrity of the 
modified starch granules were maintained and there was no disruption of the granular structure. Fourier 
transform infrared spectrophometer data confirmed the hydrolysis of NS with the increase in the 
intensity of the O-H stretch. AMS met United States Pharmacopoeia requirements in terms of 
microbiological quality, however, there was presence of Aspergillus niger. 
Conclusion: Modification of Borassus aethiopum shoot starch by acid treatment led to desirable 
improvement in some of its physicochemical properties which could improve its functional properties in 
pharmaceutical industries. 
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INTRODUCTION 
 
Starch is a major carbohydrate reserve in plants 
and one of the most versatile biopolymers. It has 
an inexhaustible supply [1]. Major starch sources 
employed for pharmaceutical purposes include 

roots, tubers, cereals, grains, fruits and legumes. 
Starch usually occurs as granules, they exist 
naturally in plant cells [2]. The accumulation 
pattern of starch granules in plant tissues as well 
as its composition and other physicochemical 
parameters vary depending on the botanical 
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source [3]. Starch is made of two polymers: 
amylose (15 – 30 %) and amylopectin (70 – 85 
%) [4].  
 
Starch is used in biopolymer industries due to its 
ease of modification, biocompatibility, ease of 
use, biodegradability, its intrinsic 
physicochemical properties as well as its non-
toxicity [5]. In its native form, starch has limited 
industrial applications, and is usually modified to 
create novel properties as well as improved 
functionality [6,7]. The undesirable 
characteristics of native starch for 
pharmaceutical use include poor flowability and 
solubility, instability at high temperature and poor 
resistance among others [8]. Hence their use is 
limited and unsuitable for specific industrial 
applications [9].  
 
Modification produces starches that are better 
suited for specific industrial applications and wide 
range of applications. Acid modification of starch 
is a chemical modification involving hydrolyzing 
starch with hydrochloric or sulphuric acid at 
certain temperature below the gelatinization 
temperature of the starch [10]. Various studies 
on effects of acid hydrolysis on starch from 
conventional sources have shown that acid 
hydrolysis yields starch with increased solubility 
and gel strength, increase in relative crystallinity, 
decreased viscosity, decrease in swelling 
capacity and even increase in compressibility 
[10,11].  
 
To the best of our knowledge, there has been no 
investigation on acid modification of Borassus 
aethiopum (BA) starch (non-conventional source 
of starch). Borassus a dioecious palm tree of 
African origin grows well in West Africa and has 
been utilized for both medicinal and non- 
medicinal purposes [12]. In this study, various 
physicochemical properties as well as 
microbiological purity of acid modified Borassus 
aethiopum (AMS) starch were studied. 
 
EXPERIMENTAL 
 
Materials 
 
Borassus aethiopum shoots were collected from 
Hong Local Government Area of Adamawa 
State, Nigeria in May 2017, identified and 
authenticated by by Mr. O.O. Oyebanji at the 
herbarium of the Department of Botany, 
University of Lagos, Nigeria and a voucher 
specimen (no. LUH 7409) assigned and 
deposited at the herbarium.  
 
Commercial brand pregelatinized starch (PGS) 
was a gift from Phamatex Industry Limited, 

Lagos, Nigeria. All other reagents used in the 
study were of analytical grade. 
 
Extraction of starch from the fresh Borassus 
aethiopum shoots 
 
The procedure used by Muazu et al [13] was 
employed in the extraction of Borassus 
aethiopum native starch (NS).  Briefly, 2 kg of 
fresh BA shoots were washed, peeled and 
reduced to small sizes. They were then soaked 
in water preserved with sodium metabisulphate 
(0.075 %) for 24 h prior to pulverization in a mill. 
The pulverized mixture was subsequently stirred 
and filtered using double fold clean cheesecloth 
and then allowed to settle while the starch 
sediments. This was followed by decanting the 
water and centrifuging the suspension at 4000 
rpm for 5 min. 
 
Preparation of Borassus aethiopum acid-
modified starch (AMS) 
 
Acid hydrolysis of NS was carried out by 
suspending the 500 g of the native starch in 1000 
mL of 6 % w/v aqueous HCl at 37 ± 2 oC for 192 
h [14]. The acid modified starch was stored in an 
airtight container. 
 
Characterization of starch samples 
 
Pharmacopoeial properties 
 
Some pharmacopoeial properties (solubility, pH, 
ash content and moisture content) were carried 
out using methods detailed in a previous study 
[15]. The parameters were assessed in triplicates 
for NS, AMS and PGS. 
 
Amylose content 
 
The amylose content of NS and AMS was 
determined using the method described by 
Okunlola and Akingbala [16]. Briefly, 1 mL 95 % 
ethanol and 9 mL 1 N NaOH was added to a 100 
mL volumetric flask containing 100 mg of 
sample. The sample was heated for 10 min and 
made up to volume with distilled water. 
Thereafter, 1 mL of 1 N acetic acid and 2 mL 
iodine solution was added to a 5 mL portion of 
the starch solution and made up to 100 mL with 
distilled water. The absorbance at 620 nm 
wavelength was determined using the UV/VIS 
spectrometer (JP Selecta, Barcelona, Spain). 
 
Micromeritics  
 
The micromeritics properties (bulk and tapped 
densities, Carr's compressibility index and 
Hausner ratio) of the starches were determined 
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using the procedures employed by Azubuike et al 
[15]. 
 
Rheological and related properties 
 
Hydration capacity 
 
Each sample (1 g) of starch powder was weighed 
and poured into centrifuge tubes. Distilled water 
(10 mL) was then added and mixed for 2 min. 
The mixture was centrifuged at 100 rpm for 10 
min. The supernatant obtained was decanted 
and the sediment weighed. 
 
Re-dispersion time  
 
Distilled water (10 mL) was added to the 
sediment obtained from the determination of the 
hydration capacity. The tube was gently agitated 
with the same intensity until the sediment was re-
dispersed. The time taken for the sediment to re-
disperse was recorded as the re-dispersion time. 
 
Swelling power 
 
An aqueous suspension of starch (2 % w/v) in a 
water bath (Surgifriend Medicals, England) was 
maintained at 77 °C for 1 h. The suspension was 
cooled at 25 ± 2 oC and centrifuged at 5000 rpm 
for 9 min. The liquid supernatant was collected in 
an aluminium dish and evaporated at 60 °C for 
28 h. The swollen starch sediments were 
weighed to determine the swelling power. 
 
Viscosity 
 
Viscosity was measured with a viscometer (DV-
E, China) using a method described by Reddy 
and Bhotmange [17]. The viscosity of a 2 %w/v 
starch suspension was read at 100 rpm. 
 
Morphological studies 
 
Granule morphology of the starch samples was 
examined using scanning electron microscope 
(Pro X, Netherlands). The starch powder 
samples were mixed with ethanol to obtain a 1 % 
suspension. The suspension was smeared on an 
aluminium stub with a double sided adhesive 
tape and was coated with gold powder. 
 
Fourier transform infrared spectroscopy 
(FTIR) 
 
The starch samples (5 mg) were individually 
blended with solid KBr (50 mg) and compressed 
into discs. The FTIR spectra were obtained by 
recording the transmittance in the range of 4000 
to 400 cm-1 under dry air in a FTIR spectrometer 
(Bruker, South-Africa). 

Differential scanning calorimeter 
 
Differential scanning calorimeter (Mettler Toledo, 
UK) was used to analyse the thermal properties 
of the starch samples [18]. Briefly, the starch 
sample was weighed into an aluminium pan, 
hermetically sealed and equilibrated at room 
temperature for 1 h. It was heated at the rate of 
10 oC/min from 30 to 120 oC with an empty 
sealed pan as a reference. 
 
Microbiological evaluation  
 
Microbiological assessment of the starch 
samples were carried out using the method 
employed by Ozolua et al [19]. Eosine methylene 
blue agar (EMBA), Cetrimide agar (CET), 
Salmonella Shigella agar (SSA) and Tryptone 
soy agar (TSA) were used for the detection of 
Escherichia coli, Pseudomonas aeruginosa, 
Salmonella and Shigella spp, and total aerobic 
microbial counts (TAMC) respectively. These 
plates were incubated at 35 ± 2 oC and observed 
daily for 72 h.  Sabouraud dextrose agar (SDA) 
was used for detection of total yeast and mould 
(TYMC) counts. The plates for determination of 
TYMC were incubated at 27 ± 2 °C [20]. 
 
Statistical analysis 
 
The measurements were in triplicate, mean 
comparison of the test samples with the standard 
was carried out using one-way analysis of 
variance (ANOVA). Significant differences (p < 
0.05) were determined by Tukey test. Statistical 
analysis was carried out using OriginPro 2016 
software (OriginLab Corporation Northampton, 
MA 01060 USA).  
 
RESULTS 
 
Pharmacopoeial and physicochemical 
properties  
 
The results of pharmacopoeial and 
physicochemical properties of the three starch 
samples are presented in Table 1. The AMS and 
PGS formed a translucent suspension in 
aqueous medium and were insoluble in ethanol 
while NS was turbid in aqueous medium but also 
insoluble in ethanol. The starches tested positive 
for iodine test. The pH values of both NS and 
AMS varied significantly with the standard starch 
(p < 0.05). There was no significant difference in 
the ash and moisture content values of the NS 
and AMS while the ash value of PGS was much 
lower. 
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Table 1: Pharmacopoeial and physicochemical 
properties of the starches 
 
Sample 
code 

NS AMS PGS 

pH 3.49±0.02 5.89±0.01 6.82±0.01 
Moisture 
content 
(%L) ± SD 

13.71±0.05 13.50± 
0.03 

11.65±0.07 

Ash value 
(%) ± SD 

1.55±0.49 1.40±0.07 0.79±0.03 

Amylose 
content(%) 

23.99 12.64 14.70 

Bulk 
density 
(g/mL) ± 
SD 

0.76 ± 0.07 0.69 ± 
0.05 

0.61 ± 0.17 

Tapped 
density 
(g/mL) ± 
SD 

0.95 ± 0.09 0.94 ± 
0.03 

0.72 ± 0.15 

Carr’s 
index (%) 
± SD 

21.0 ± 11.5 20.0 ± 2.2 16.0 ± 8.9 

Hausner 
ratio ± SD 

1.29 ± 0.2 1.26 ± 
0.03 

1.20 ± 0.12 

Hydration 
capacity ± 
SD 

1.80 ± 0.20 1.68 ± 
0.24 

5.45 ± 0.70 

Swelling 
capacity ± 
SD 

7.75 ± 3.75 1.57 ± 
0.49 

12.44 ± 
0.13 

Viscosity 
(mPa s) ± 
SD 

30.5 ± 6.42 22.5 ± 
3.48 

51.3 ± 
10.62 

Re-
dispersion 
time (s) ± 
SD 

41.6 ± 6.1 14.0 ± 1.0 _ 

NS- Borasus aethiopum native starch, AMS-acid 
modified starch, PGS- Standard pre-gelatinized starch. 
 
Amylose content 
 
The amylose content (Table 1) of Borassus 
aethiopum native starch decreased from 23.99 % 
to 12.64 % upon acid modification. The amylose 
content of the PGS was 14.7 %. 
 
Micromeritics  
 
The bulk density of NS varied significantly with 
those of AMS and PGS (p<0.05). However, there 
was no significant difference between the tapped 
density of NS and AMS. There was statistically 
significant difference (p < 0.05) between the two 
Borassus aethiopum starches and the PGS in 
the results obtained for Carr’s index and 
Hausner’s ratio (Table 1). 
 
Hydration, swelling and viscosity  
 
The results for hydration and swelling capacities 
presented in Table 1 showed that acid hydrolysis 

of Borassus aethiopum native starch resulted in 
a decrease in both capacities. The results of the 
viscosity (Table 1) of the starches showed that 
upon modification, the viscosity of the Borassus 
aethiopum native starch was reduced. 
 
Morphological features 
 
The results for the SEM are presented in Figure 
1. The results showed that AMS still retained its 
granular structure after acid treatment. 
 

 
      

 
        
Figure 1: SEM micrographs of (a) NS and (b) AMS. 
1000x magnification. NS- Borasus aethiopum native 
starch, AMS-acid modified starch 
 
Fourier transform infrared spectra  
 
The results of the FTIR study of the starch 
samples powders are presented in Figure 2. The 
NS, AMS and PGS had basic peaks and bands 
that are characteristics of starch granules 
although there were some minor differences in 
some of the peaks and band intensities. 
 
Thermal characteristics 
 
The DSC curves of the starch samples are 
shown in Figure 3 while the onset, peak and 
endset temperatures of the first endothermic 
peak are presented in Table 2. 

a 

b 
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Figure 2: Stacked FTIR spectra of (a) NS, (b) AMS 
and (c) PGS. NS- Borasus aethiopum native starch, 
AMS-acid modified starch, PGS- Standard pre-
gelatinized starch  
 

 
 

 
 

 
 
Figure 3: DSC thermogram of (a) NS, (b) AMS and (c) 
PGS; x-axis is temperature (oC) while y-axis is heat 
flow (mW) 

  
Table 2: Thermal properties of standard pre-
gelatinized starch, native starch and acid-modified 
starch 
 
Sample 
code 

To onset 
temperature  

(°C) 

Tp peak 
temperature 

(°C) 

Tc endset 
temperature 

(°C) 

Range 
(Tc-
To) 

NS 87.94 92.16 98.42 10.48 
AMS 87.63 91.37 97.19 9.56 
PGS 88.07 97.22 103.05 14.98 
NS = Borassus aethiopum native starch, AMS = acid-
modified starch, PGS = standard pregelatinized starch  
 
The results of the microbial evaluation of the 
starches are shown in Table 3. There was no 
growth on EMBA, CET and SSA media for the 
two samples, however, the presence of 
Aspergillus niger on the Sabouraud dextrose 
agar was observed for NS and AMS samples. 
  
Table 3: Microbiological quality of native and acid 
modified starch 
 
Medium Native starch 

(cfu/g) 
Acid-modified 

starch 
(cfu/g) 

SSA 0 0 
TSA 0 3x102 
SDA 1x102 1x102 
EMBA 0 0 
CET 0 0 
SDA = Sabouraud dextrose agar. EMBA = Eosine 
methylene blue agar. TSA = Tryptone soy agar. CET = 
centrimide agar. SSA = Salmonella Shigella agar.  
 
DISCUSSION 
 
The solubility of NS in water was lower compared 
to AMS. Acid modification improves solubility of 
starch in an aqueous medium [10]. This might be 
due to the cleavage of the glyosidic bonds 
converting the polymer into monosaccharides. 
When AMS is employed in tablet formulation, the 
increase in solubility will result in an increased 
hydrophilic network in the tablet matrix. Thus the 
increased solubility of the AMS showed that AMS 
might be a better disintegrant if this mechanism 
of disintegration is considered. 
 
The moisture content of starch is very important 
as it can affect the flow property as well as the 
mechanical properties of starch, it can also 
support microbial growth and spoilage thereby 
rendering the product unsafe for human 
consumption. The moisture content of the three 
starch samples were below the upper limit 15 % 
recommended by the BP [21]. 
 
The pH of PGS was within BP specification [21] 
which states that the pH of starch should be 
ranged from 4.50 to 7.50. Although the pH of the 

(a) 

(b) 

(c) 
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NS was not in this range, that of modified starch 
was within the BP specification [21]. 
 
Ash value is very important in the examination of 
purity in powdered formulation ingredients. There 
is no documented specification on ash value by 
both BP [21] and USP [20]. However, the ash 
value of the AMS was slightly lower than that of 
the NS which implies that acid modification 
reduces the amount of inorganic matter in starch 
hence improving its purity. 
 
The lower amylose content of the modified starch 
compared to the native starch might be due to 
the destruction of the starch helical structure 
during hydrolysis, which then reduced the 
amount of the amylose [16]. This is similar to the 
findings reported by Odeku and Picker-Freyer 
[11]. Due to this reduced amylose content, the 
crystalline regions would be forced into a closer 
packing during compression and will result in 
increase in tablet strength. Hence AMS can be 
employed as a binding agent in pharmaceutical 
formulations.  
 
In terms of flow character, powders with Carr’s 
index values of 16-20 and 21-25 are considered 
to have fair and passable flow character 
respectively while those with Hausner ratio 
values of 1.19-1.25 and 1.26-1.34 are considered 
to have fair and passable flow character [20]. 
From the study, PGS had fair flow character 
while the Borasus aethiopum starches had 
passable flow character, hence a glidant is 
required to improve their flow. Modification only 
slightly improved the flow of NS powder hence 
acid hydrolysis of the native starch had slight 
influence in its flow property. 
 
The swelling power of AMS was almost five and 
eight times respectively lower than those NS and 
PGS. This decreased swelling power of acid 
modified starch might be due to the increase in 
high proportion of soluble dextrin of both small 
and medium chain length in starch granules and 
also increase in crystallinity which restricted the 
percolation of water within the starch matrices 
[10]. In terms of disintegrant potentials, PGS and 
NS with higher swelling power could be better 
disintegrants when employed in tablet 
formulations if swelling mechanism is 
predominately the mechanism of disintegration. 
However, no single mechanism is responsible for 
the mode of action of many disintegrants. Acid 
hydrolysis of starch reduced the hydration 
capacity because of the increase in the 
crystalline regions. 
The reduced viscosity observed with AMS is 
likely due to the extensive disruption of the 
amorphous regions in the starch granules and 

the conversion of the amylose to low molecular 
weight chains. AMS had the lowest re-dispersion 
time and it might be attributed by the reduced 
viscosity exhibited by the starch.   
 
The micrographs of the native and the acid 
modified starches were oval in shape and 
showed intact granules, however, granules of 
AMS were more closely packed, and the granule 
size was slightly increased. 
 
The FTIR spectra of the starches are 
characteristic of granular starches although acid 
treatment caused minor shift in peak/band 
positions/intensities.  The peak at 900 - 950 cm-1 

in the infrared spectra of all the starch samples is 
an evidence of the glycosidic linkage. The sharp 
band 2800 - 3000 cm-1 of all the starch granules 
is characteristic of C-H stretch associated with 
the ring hydrogen atoms. A more detailed 
description of FTIR spectrum of starch has been 
reported in literature [22]. For acid modified 
starch, there was an increase in the intensity of 
the O-H stretch (3000 - 3600 cm-1) which is 
indicative of hydrolysis [22]. The intensity of the 
C-H stretch (2800 - 3000 cm-1) of the acid 
modified starch was increased compared to the 
native starch. This change in the intensity may 
be attributed to the change in the amylopectin 
and amylose  
 
DSC thermograms of the NS, AMS and PGS 
showed an initial endothermic peak in the region 
of 85 to 105 oC for all the samples. The 
endothermic peak at this region is due to 
gelatinization [23]. However, there was no 
significant difference in the onset, peak and 
endset temperatures for AMS and NS. 
 
Absence of growth on the EMBA and CET media 
is indicative of absence of Escherichia coli and 
Pseudomonas aeruginosa respectively while 
absence of growth on SSA medium is indicative 
of absence Salmonella spp and Shigella spp. 
According to USP [20], for microbial enumeration 
tests for modified starch, the total aerobic 
microbial count should not exceed 103 cfu/g 
while total combined moulds and yeasts count 
should not exceed 102 cfu/g and for the tests for 
specified microorganisms, there should be 
absence of Salmonella species and Escherichia 
coli. The samples met these specifications. 
However, in tropical weather conditions, storage 
conditions for the drug product such as starch 
samples will determine the sustainability of 
microbial integrity of the product [24]. The 
presence of Aspergillus niger in both starches 
could have been as a result of some degree of 
fungal contamination of the plant shoots during 
the process of storage and transportation. This is 
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capable of causing spoilage on the starch and/or 
the final drug product in which they are used as 
excipient on storage [25]. 
 
CONCLUSION 
 
Acid modification of Borassus aethiopum native 
starch improved its physicochemical and 
functional properties as evidenced in increased 
crystallinity and aqueous solubility, and slightly 
improved flow property. Moreover, the changes 
in other physicochemical properties such as 
viscosity, swelling and hydration capacities upon 
acid modification of the native Borassus 
aethiopum starch may enhance its application as 
am excipient in the pharmaceutical industry. 
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