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Research Article: 
Multifunctional Properties of Co-processed Dioscorea 
rotundata Starch and Abelmoschus esculentus Fruit 
Gum in Direct Compression of Metronidazole Tablets

Background: Co-processing is a process that manipulates available excipients to produce 
better functional excipients. 

Objectives: This study aims to prepare a co-processed excipient from starch extracted from 
Dioscorea rotundata (WYS) and gum extracted from pods of Abelmoschus esculentus fruit (OKG). 

Methods: The co-processed excipients (CYG) were prepared by co-fusing WYS and OKG 
at concentrations of 99:1, 97:3, 95:5 to produce CYG1, CYG3, and CYG5, respectively. 
Then, they were evaluated for their flow and swelling properties. Metronidazole tablets 
(MT1, MT3, and MT5) were prepared by direct compression. Similarly, tablets containing 
reference excipients of CombiLac® (MTC) and Prosolv® (MTP) were prepared. The tablets 
were evaluated for uniformity of weight, crushing strength, friability, disintegration time, 
and in vitro release. Fourier Transform Infra-Red (FTIR) was used to monitor the interaction 
between the excipients and metronidazole.

Results: CYG1, CYG3, and CYG5 have good flow; their swelling profile was between 170% 
and 200%, more than WYS (80%). FTIR spectra showed no interaction between the excipients 
and metronidazole. The crushing strength-friability ratio was 42.03>39.65>25.63 for MT3, 
MT5, and MT1, respectively. MT5 had a longer disintegration time (63.87 s) than MT1 
and MT3, which were similar to that of MTC; however, MTP had the longest disintegration 
time (111.50 s). The disintegration efficiency ratio showed that CYG1 and CYG3 have better 
disintegration properties than Prosolv®. All the co-processed excipients produced robust 
tablets comparable to those of CombiLac®.

Conclusion: CYG can be exploited as a multifunctional excipient in preparing oral tablet 
formulations.
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Introduction

xcipients are very important in pharmaceu-
tical formulations. They serve as binders, 
disintegrants, fillers, glidants, absorbents, 
and so on to ensure that the prepared for-
mulations are robust, acceptable, and effi-
cient for the intended purpose. However, 

no single excipient has all the desirable properties re-
quired to prepare a stable dosage form. This limitation 
has led to the development of multifunctional excipients 
with properties like better flow, more compressibility, 
low moisture content, and fast disintegrating ability. Be-
cause the cost of producing new excipients is high, re-
purposing or manipulation of already existing excipients 
has become an exploitable option.

Co-processing is a technique whereby appropriate pro-
cesses combine two or more proven existing excipients 
to produce new excipients [1, 2]. The concept of co-
processing is based on the interaction of the combined 
excipients on the sub-particle level without altering the 
chemical entity of the individual excipients. It brings 
about materials with improved functionality over the in-
dividual excipients and expands their applicability in the 
pharmaceutical industries. These excipients are General-
ly Regarded As Safe (GRAS), mainly because the parent 
excipients are certified safe. Hence, they do not require 
additional toxicological tests to certify their safety [3, 4].

Excipients produced by co-processing are fast gaining 
recognition because they can be directly compressed 
into tablets which is more economical than the tedious 
wet granulation processing of tablet manufacture. Some 
commercially available co-processed excipients are as 
follows. Prosolv® SMCC HD90 is composed of micro-
crystalline cellulose and colloidal silicon dioxide and 
causes rapid tablet disintegration when incorporated as 
a filler-binder in tablet formulations [5]. Ludipress® is 
composed of lactose monohydrate. Also, Kollidon® 30 
and Kollidon® CL are specially developed for direct 
compression of tablets, while StarCap® is composed of 
pregelatinized starch and maize starch, which is used in 
capsule formulations [6, 7].

To develop new, functional, and cost-effective excipi-
ents, researchers have exploited the use of natural and 
readily available materials. Literature reveals several 
such investigations, including co-processing of neem 
gum with rice starch and or lactose which produced a 
free-flowing excipient with enhanced consolidation 
properties [8]. Co-processing of acacia gum and calcium 
carbonate produced fast disintegrating tablets [9], while 

the rapid disintegrating ability of co-processed acacia 
gum and maize starch in metronidazole tablets has also 
been reported [10]. In another study, co-processing of 
starch from Artocarpus altilis fruit with sodium starch 
glycolate was found to produce an excellent flowing ex-
cipient with good direct compressional properties [11]. 
In a different study [12], mucilage from seeds of Oci-
mum bascilium co-processed with mannitol produced 
excipients with excellent superdisintegrating ability in 
terbutaline sulfate mouth dissolving tablets. Another 
study [13] revealed that co-processing sweet potato 
starch with silicon dioxide produced tablets with good 
mechanical properties while co-processing pregelati-
nized cocoyam starch and acacia gum showed the poten-
tial of producing fast release directly compressed tablets 
[14]. In another study, Nnabuike ND and Oyeniyi YJ. 
evaluated the disintegration property of co-processed 
of Abelmoschus esculentus gum and Manihot esculenta 
starch in metronidazole tablet formulations prepared by 
the wet granulation technique [15]. They reported that 
the co-processed excipient possessed comparable disin-
tegration properties with that of a standard disintegrant. 
In another study, co-processing some superdisintegrants 
with moringa gum produced robust and stable orodis-
persible tablets by direct compression [16]. These stud-
ies, among others, show that co-processing native starch-
es with other materials and using appropriate means 
improve the compact and or specific properties of the 
resulting excipient. 

In the present study, starch from Dioscorea rotundata 
and gum from Abelmoschus esculentus fruit were used. 
Starch is a natural and relatively low-cost material ob-
tained from readily available plant sources by simple 
means. It is widely used in the pharmaceutical industry. 
However, despite its versatility, native starch is not suit-
able for direct compression because of its poor com-
pressible properties [8, 12, 17]. Gums, on the other hand, 
produce tablets with good mechanical strength [18, 19]. 
Therefore, the combination of both materials is used to 
obtain an optimum product that could be employed in 
the direct compression of tablet formulations.

This study aimed to develop co-processed excipients 
(CYG) by co-fusing starch from Dioscorea rotundata 
with different concentrations of gum extracted from the 
pods of the Abelmoschus esculentus fruit. The physical, 
mechanical, and release properties of the developed ex-
cipients were evaluated as multifunctional excipients in 
directly compressed metronidazole tablet formulations.

E
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Materials and Methods

Study materials

The study materials were metronidazole (BDH Chemi-
cals Ltd Poole, England), Prosolv® (JRS Pharma, Ce-
dar Rapids, Iowa, USA), CombiLac® (Meggle Pharma, 
Evonik, Wasserburg, Germany), and magnesium stea-
rate (BDH Chemicals Ltd Poole, England). Dioscorea 
rotundata starch and Abelmoschus esculentus fruit gum 
were extracted in the National Institute for Pharmaceuti-
cal Research and Technology, NIPRD, Abuja, Nigeria. 
This experimental study was carried out in NIPRD, Abu-
ja, Nigeria, from July to August 2021.

Extraction of Dioscorea rotundata starch

Dioscorea rotundata starch was extracted according to 
the method previously described [20] with some modi-
fications. The skin of the tubers of Dioscorea rotundata 
was peeled, washed in water, cut into small pieces, and 
soaked in sodium metabisulfite solution (0.75 %w/v) at 
a ratio of 1:2 (yam pieces: sodium metabisulfite solu-
tion) overnight. The soaked yam pieces were wet-milled. 
Then, the milled mixture was sieved with a muslin cloth, 
and the resulting suspension was centrifuged at 1500 
rpm for 15 min (Heraeus Sepatech Labofuge Ae, Germa-
ny). The supernatant was poured out, the sediment starch 
coded as WYS was air-dried at room temperature for 12 
h and then dried in the oven at 400C for 2 h. The dried 
starch was pulverized, packaged into air-tight containers, 
and stored in a desiccator until further use.

Extraction of Abelmoschus esculentus fruit gum

Abelmoschus esculentus fruit gum was extracted using 
the method described by an earlier study [21]. Fresh fruits 
of Abelmoschus esculentus were washed, their seeds 
were removed, and the cut pods were soaked in distilled 
water for 12 h. Afterward, the mixture was filtered using 
a muslin cloth; the pod residues were discarded while 
the filtered viscous extract was precipitated with acetone 
in a ratio of 1:3 (mucilage to acetone). The precipitation 
process using acetone was repeated three times to ensure 
the resulting mass (Abelmoschus esculentus gum) was 
devoid of water. The gum coded as OKG was air-dried 
for 12 h, pulverized, packaged into air-tight containers, 
and stored in a desiccator until further use. 

Co-processing of Dioscorea rotundata starch and 
Abelmoschus esculentus fruit gum

Tablet batches of 100 g containing Dioscorea rotun-
data starch and Abelmoschus esculentus fruit gum at 
different ratios (99:1, 97:3, and 95:5) were prepared us-
ing a combination of two methods [17, 22] with some 
modifications. The appropriate weight of WYS (99 g) 
was dispersed in distilled water to obtain 40% w/v starch 
dispersion and heated at 70°C for 20 min to get a paste. A 
dispersion of OKG (1 g) made in distilled water (50 mL) 
at room temperature was added to the WYS dispersion 
at 40°C and stirred until a thick mass was obtained (20 
min). The resulting mass (CYG1) was air-dried for 24 h, 
then dried in the oven at 40°C for 2 h, pulverized, passed 
through a sieve (250 μm), and kept in the desiccator un-
til further use. Other batches of co-processed excipients 
(CYG3 and CYG5) were prepared using the appropriate 
quantities of WYG and OKG.

Evaluation of co-processed excipients

Fourier Transform Infra-Red (FTIR) spectra studies

The co-processed excipient (CYG1), metronidazole, 
and combination of CYG1 and metronidazole were tritu-
rated with potassium bromide powder made into pellets 
(1 ton/cm2). Infra-Red (IR) spectra were obtained be-
tween scanning ranges of 4000 and 400 cm-1 from the 
Magna-IR, 560 spectrometers (Perkin Elmer, USA). 

Flow properties of the co-processed excipients 

Angle of repose

Ten grams of each co-processed (CYG) batch was 
poured into a funnel whose orifice had been plugged; the 
height and diameter of the heap formed after opening the 
orifice were determined, and the angle of repose (A) was 
calculated from the following equation (Equation 1);

1) A= tan-1 height of heap
radius of heap

Bulk and tapped densities

The volume occupied by 10 g from each batch of the 
excipient in a measuring cylinder (100 mL) was re-
corded as the bulk volume. The measuring cylinder was 
tapped 100 times using the Stampfvolumeter (STAV 
2003JEF, Germany), and the volume after tapping was 
recorded as the tapped volume. Bulk Density (BD) and 
Tapped Density (TD) were calculated as shown below 
(Equations 2, 3):
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2) BD (g/mL)= weight of powder
bulk volume

3) TD (g/mL)= weight of powder
tapped volume

Compressibility Index (CI) and Hausner Ratio (HR) 

These parameters were calculated from data obtained 
from the bulk and tapped densities (Equations 4, 5):

4) CI= TD-BD
TD×100

5) HR= TD
BD

True Density 

The liquid displacement method was adopted as de-
scribed by Olayemi et al. [23]. Liquid paraffin was em-
ployed as the displacement fluid. Three determinations 
were made for each batch of excipient, and True Density 
(Trd) was computed as shown below (Equation 6):

6) Trd=
Wp

[(x+Wp)-y]×SG

, where Wp is the weight of starch powder, x is the 
weight of the bottle and fluid, y refers to the weight of 
the bottle, fluid and starch powder, and SG is the specific 
gravity of liquid paraffin (0.865 g/mL).

Swelling Capacity (SC)

This capacity was determined using an earlier method 
[24]. The tapped volume occupied by 5 g of each batch 
of excipient placed in a measuring cylinder (100 mL) 
was noted. The powder was dispersed in water (85 mL), 
then made up to volume and allowed to stand at room 
temperature for 24 h. Then, the volume of the sediment 
was noted, and swelling capacity was computed using 
the equation below (Equation 7):

7) SC (%)= weight of starch sediment
(weight of dry powder)×100

Hydration Capacity

One gram of each batch of excipient was placed in 
a centrifuging tube, and distilled water (10 mL) was 
poured into the tube. The tube was covered, shaken in-
termittently for 2 min, and centrifuged at 3000 rpm for 
10 min. The supernatant was decanted, and the weight 
of the sediment (wet starch) was determined. Hydration 
capacity was the ratio of the wet starch weight to that of 
the dry sample.

Preparation of Metronidazole tablets 

The excipients were incorporated into multifunctional 
(filler, binder, disintegrant) in metronidazole tablet for-
mulations prepared by direct compression. Thirty tab-
lets with a target weight of 500 mg each were produced 
for each of the batches of excipient. The composition 
of ingredients for tablet preparation is listed in Table 1. 
The appropriate quantity of metronidazole powder was 
weighed into a porcelain mortar and mixed with CYG1 
powder in geometric measures until a homogenous pow-
der mix was obtained. The lubricant (magnesium stea-
rate) was added to the powdered, mixed, and then com-
pacted into tablets at 8 Nm-2 in the Manesty tableting 
machine (Shanghai, China) using the 10-mm Punch and 
Die set. The same procedure was undertaken to prepare 
tablets of the other batches containing CYG3 and CYG5. 
The produced tablets were kept for 24 h before evalua-
tion to allow elastic recovery.

Evaluation of Metronidazole tablets

Uniformity of weight

Ten tablets were randomly selected from each batch 
and weighed; the average weight and standard deviation 
from the mean were determined.

Crushing strength

The crushing strength/hardness (N) of five randomly se-
lected tablets from each batch was determined using the 
Monsanto hardness tester, then the mean was calculated. 

Friability test

Five tablets from a batch were collectively weighed 
(W1), placed into the Erweka Friabilator, and allowed 
to rotate at 25 rpm for 4 min. Afterward, the tablets were 
de-dusted, re-weighed (W2), and friability (%) was cal-
culated as follows (Equation 8):

8) F (%)= W1-W2
W1×100

The same procedure was performed for the other batch-
es of tablets. 

Crushing strength-friability 

This parameter was computed as the product of the tab-
let crushing strength and friability. 
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Disintegration test

One tablet from each batch was placed in each of the 
six compartments of the disintegration tester (Erweka 
ZT4-4, Germany) containing distilled water thermo-
stated at 37±0.5ºC as the medium. The time taken for all 
tablet particles to pass through the compartment’s mesh 
was noted, and the average was determined as the disin-
tegration time. The same procedure was performed for 
the other batches of tablets. 

Determination of Disintegration Efficiency Ratio 
(DER)

The Disintegration Efficiency Ratio (DER) was deter-
mined using the relationship (Equation 9):

9) DER= Cs/Fr
Dt

While the dimensionless disintegrant quantity (DERc) 
was calculated using the equation below (Equation 10): 

10) DERc= DERsample
DERstandard

Table 1. Composition of ingredients for preparation of Metronidazole tablets

Ingredients/Batch MT1 MT3 MT5 MTC MTP

Metronidazole (mg) 200 200 200 200 200

CYG1 (mg) 295 - - - -

CYG3 (mg) - 295 - - -

CYG5 (mg) - - 295 - -

CombiLac® (mg) - - - 295 -

Prosolv® (mg) - - - - 295

Magnesium stearate (mg) 5 5 5 5 5

Total (mg) 500 500 500 500 500

The co-processed excipients (CYG) were prepared by co-fusing WYS and OKG at concentrations of 99:1, 97:3, 95:5 to produce CYG1, 
CYG3, and CYG5, respectively. MT1: metronidazole tablets containing CYG1; MT3: metronidazole tablets containing CYG3; MT5: metro-
nidazole tablets containing CYG5; MTC: metronidazole tablets containing CombiLac®; MTP: metronidazole tablets containing Prosolv®.

Table 2. Flow and swelling properties of excipients

Batch/Parameters
Mean±SD (n=3)

WYS OKG CYG1 CYG3 CYG5

Angle of repose (o) 24.34±1.05 22.93±1.97 19.04±0.94 21.95±1.67 24.29±1.50

Bulk density (g/mL) 0.63±0.0001 0.77±0.12 0.62±0.0001 0.66±0.64 0.63±0.0001

Tapped density (g/mL) 0.77±0.0001 0.88±0.04 0.77±0.0001 0.74±0.02 0.78±0.12

Carr’s index (%) 18.75±0.0001 12.40±4.11 19.08±0.58 11.66±5.50 19.58±1.44

Hausner ratio 1.23±0.0001 1.14±0.05 1.24±0.01 1.13±0.07 1.24±0.02

Hydration capacity 1.91 11.12 2.74 2.57 2.53

Swelling capacity (%) 80 250 190 170 200

WYS refers to starch extracted from Dioscorea rotundata and OKG to gum extracted from pods of Abelmoschus esculentus fruit. The 
co-processed excipients (CYG) were prepared by co-fusing WYS and OKG at concentrations of 99:1, 97:3, 95:5 to produce CYG1, CYG3, 
and CYG5, respectively. 
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, where Cs refers to crushing strength, Fr is friability, 
and Dt refers to disintegration time.

In Vitro dissolution studies 

Standard concentrations of metronidazole in 0.1 N HCl 
were made between 0.5 µg/mL and 60 µg/mL. The cor-
responding absorbance was obtained from the UV-visi-
ble spectrophotometer (Cary 60) at a λmax of 230 nm. 

One tablet from each batch was placed in the dissolution 
basket and lowered into the dissolution vessel containing 
0.1 N HCl (900 mL) maintained at 37±0.5°C. The appa-
ratus (Dissolution tester, RC-6, India) was set to rotate at 
100 rpm; aliquots of 5 mL were withdrawn at intervals of 
5, 10, 15, 30, 45, and 60 min and replaced with an equal 
volume of the medium. The withdrawn samples were fil-
tered through a 0.4-µm membrane filter, and the absor-
bance was determined at 230 nm using the UV-visible 
spectrophotometer (Cary 60). The concentration of met-
ronidazole was determined using the calibration curve.

Statistical analysis

Data obtained from the study were expressed as 
Mean±SD. Statistical considerations for the dissolution 
profiles were analyzed using the similarity fit factors [25] 
and calculated using the equation below (Equation 11):

11) f2=50xlog{[1+( 1
n )∑(Rt-Tt)2 ]-0.5 x100

, where Rt refers to the cumulative percentage of refer-
ence product dissolved at time t, Tt is the cumulative per-
centage of test product dissolved at time t, and n denotes 
the number of time points.

Results

Flow properties of the prepared excipients 

Table 2 presents the flow and swelling properties of Di-
oscorea rotundata starch (WYS), Abelmoschus esculen-
tus gum (OKG), and the co-processed excipients (CYG1, 
CYG3, and CYG5). The angle of WYS repose (24.39°) 
was higher than that of OKG (22.93°), while those of 
CYG1, CYG3, and CYG5 were 19.04°, 21.95°, and 
24.29o, respectively. However, all values fell within the 
limit for excellent flow. Carr’s compressibility indexes 
for CYG1, CYG3, and CYG5 were between 11.66% and 
19.58%, which showed they are not cohesive and are 
readily compressible. This result was further expressed 
with Hausner ratio values between 1.13 and 1.24. 

Hydration and swelling capacity of the prepared 
excipients

According to Table 2, the co-processed excipients had 
appreciably higher hydration capacity (2.53-2.74) than 
WYS (1.19), although OKG showed the highest hydra-
tion capacity (11.19). Correspondingly, assessment of 
the ability of the excipients to swell was found to be ap-
preciably higher in the co-processed excipients (170% - 
200%) than WYS (80%), while OKG also exhibited the 
most elevated swelling (250%).

FTIR

FTIR spectra of metronidazole (Figure 1A) show peaks 
at 3205.5 cm-1, 3101.1 cm-1, and 1535.7 cm-1, with other 
peaks at 1472.3 cm-1, 1423.3 cm-1, and 1367.9 cm-1 rep-
resenting several molecular associations. Spectra of the 
co-processed excipient presented in Figure 1B show 
characteristic absorption vibrations between 741.7 cm-1 
and 991.5 cm-1, representing the finger-print region of the 
excipient. Broad bands at 350 cm-1 and 3000 cm-1 and 
peaks at 2929.7 cm-1 and 1636.7 cm-1 were also observed.

Properties of Metronidazole tablets

The average weights of the tablets were between 
490.60 and 494.90 mg (Table 3), which is within the of-
ficial limit for tablets of 500 mg target weight. Tablet 
hardness for all batches ranged between 38.44 and 73.26 
N, although MTP prepared with Prosolv© was the hard-
est (73.26 N) of them. Increasing the amount of OKG 
in the co-processed excipients increased the hardness of 
the tablets (38.55<55.90=55.90 N) as observed for MT1, 
MT3, and MT5, respectively. 

Tablet friability was between 0.82% and 1.54% for all 
the batches (Table 3). Those tablets prepared with the co-
processed excipients (MT1, MT3, and MT5) were more 
friable (1.50%, 1.33%, and 1.41%, respectively) than 
MTC and MTP (0.82% and 0.94%, respectively). How-
ever, the Crushing Strength-Friability Ratio (CSFR) 
showed MT3 to be the strongest tablet with a value of 
42.03, followed by 39.65 for MT5 and 25.63 for MT1. 
Values of MTC and MTP, on the other hand, had CSFR 
values of 31.20 and 77.93, respectively.

Tablet disintegration was between 33 and 111 s, with 
MT1, MT3, and MT5 disintegrating at 33.33, 33.83, and 
63.87 s, respectively (Table 3). This condition portrays 
the ability of the co-processed excipients to elicit faster 
disintegration than Prosolv® (111.50 s). On the other 
hand, MT1 and MT3 had similar disintegration times 
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(33.33 and 33.67 s, respectively) with MTC (33.67 s). 
Disintegration Efficiency Ratio (DER) values of MT1 
and MT3 are 1.19 and 1.78, respectively, greater than 
the value 1 set as a lower limit for better disintegrating 
excipient. However, MT5 had a value of 0.89. 

The fraction of drug released after 30 min, DE30 min, was 
lower in tablets containing the co-processed excipients than 
those containing the reference excipients (Table 3). Howev-
er, MT1 had similar efficiency to MTC and MTP. At the end 
of 60 min dissolution, however, drug release from all the tab-
lets was between 87.90% and 99.38% (Figure 2). The rank 

Figure 1. FTIR spectra of Metronidazole (A), co-processed excipient (B), and the combination of the co-processed excipient and 
Metronidazole (C)

(A)

(B)

(C)
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order for drug release was MT1>MT5>MTP>MT3>MTC 
showing drug release from MT1 was higher than from simi-
lar tablet formulations (MT3 and MT5) or tablets prepared 
with reference excipients (MTC and MTP).

According to Table 4, f2 values are between 39.39% 
and 48.92% when the dissolution profile of tablets pre-
pared with the co-processed (MT1, MT3, and MT5) was 
compared with those prepared with CombiLac© (MTC). 
However, compared to tablets prepared with Prosolv® 

(MTP), the values fell between 47.22% and 65.67%. 

Table 5 presents that the release kinetics for MT1, MT3, 
MT5, and MTP favors the Higuchi kinetics while that of 
MTC favors the first-order kinetics. However, the mecha-
nism of drug release as determined by the Korsmeyer-Pep-
pas model shows “n” values between 0.5836 and 0.6796, 
indicating that drug release was by Non-Fickian diffusion. 

Discussion 

The angle of repose reflects the ability of a powder to 
flow. It is measured by powder resistance to flow. Lim-
its set for this measurement indicate that materials with 
angles ≤300 have excellent flow, those with values be-
tween 31º and 35o good flow, those between 36º and 40º 

fair flow, and those with values of ≥400 poor flow [26]. 
The presence of OKG in the co-processed excipients is 
observed to improve their flow.

Carr’s compressibility index indicates the propensity 
of powdered materials to decrease under pressure. The 
materials with values above 25% are cohesive and have 
poor flow. The results show that CYG excipients can be 
easily compressed under pressure with values between 
11.66% and 19.58%. Similarly, the excipients were non-
cohesive and possessed fair flow, as expressed by the 
Hausner ratio between 1.13 and 1.24 [27]. 

Okra gum (OKG) had higher hydration capacity and 
swelling ability attributable to the fact that gums like 
OKG have charged hydrogen atoms which attract water 
molecules resulting in marked swelling [28]. Increasing 
the concentration of OKG in the co-processed batches re-
sulted in the increased swelling ability due to particle ag-
glomeration and mechanical interlocking of the particles. 
This observation is in line with that of a recent study [29], 
where the addition of Okra gum to pregelatinized potato 
starch enhanced swelling of the co-processed product. 
Swelling is not only one mechanism of disintegration but 
is also a precursor to prolonged tablet disintegration due 

Table 3. Properties of Metronidazole tablets

Parameters/Batch MT1 MT3 MT5 MTC MTP

Average weight (mg) 494.9±3.18 494.2±3.46 495.5±2.27 490.6±2.84 492.2±1.40

Crushing strength (N) 38.44±0.72 55.90±1.44 55.90±1.23 48.05±0.12 73.26±0.42

Friability (%) 1.50 1.33 1.41 0.82 0.94

Crushing strength-Friability ratio 25.63 42.03 39.65 31.20 77.93

Disintegration time (s) 33.33±1.75 33.83 ± 0.41 63.67±9.11 33.67±2.07 111.5±13.43

Dimensionless disintegrant quantity 1.19 1.78 0.89 - -

Fraction of drug released after 30 min, DE (%) 73.14 69.57 67.37 75.99 75.46

MT1: metronidazole tablets containing CYG1; MT3: metronidazole tablets containing CYG3; MT5: metronidazole tablets containing 
CYG5; MTC: metronidazole tablets containing CombiLac®; MTP: metronidazole tablets containing Prosolv®

Table 4. Similarity fit factor for the prepared tablets

Tablets Comparison with MTC Comparison with MTP

MT1 f2=39.40 f2=47.22

MT3 f2=42.18 f2=50.93

MT5 f2=48.92 f2=65.67
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to the formation of a gelatinous layer around the tablets 
when it comes in contact with an aqueous medium [30]. 

FTIR spectra of metronidazole (Figure 1A) show char-
acteristic peaks at 3205.5, indicating O-H stretching, at 
3101.1 C=H stretch, while at 1535.7, the C=N vibration. 
The peaks representing 1472.3, 1423.3, and 1367.9 rep-
resent C=C aromatic ring vibrations, CH3 bending vibra-
tions, and C-N stretch vibrations. In contrast, those around 
1185.3, 1073.5, and 823.7 represent C-O stretch, C-O 
bond, and C-H aromatic vibrations which are consistent 
for metronidazole [31]. The spectra obtained for the co-
processed excipient in Figure 1B are characteristic of the 
co-processed excipient and can identify the excipient. The 
spectra representing the combination of the co-processed 
excipient (Figure 1C) and metronidazole show some of 
the characteristic bonds of metronidazole. However, no 
new peaks were observed, indicating no interaction be-
tween the co-processed excipient and metronidazole. 

The average weights of the tablets listed in Table 3 
show none of the formulated tablets deviated from the 
average weight by 5% according to official specification 
[32]. Thus, the tablets have uniform weights. This find-
ing shows that combining the co-processed excipients 
and metronidazole can be compressed under pressure 
without varying tablet weights. 

Tablet hardness/crushing strength is a parameter that 
symbolizes the mechanical strength of the tablet. It re-
flects the property of a tablet to withstand transportation, 
storage, and handling [33]. An acceptable hardness for 
uncoated immediate release tablets is approximately 
44.15 N [34]. However, this value could differ depend-
ing on the type of excipients used in the formulation. 
Hardness is associated with disintegration. If a tablet 
is too hard, it will not disintegrate or require a longer 
time to decompose. Soft tablets would disintegrate faster 
and would not withstand the stress of packaging or han-
dling [35]. The results in Table 3 show that increasing 
the amount of OKG in CYG excipients increases the 

Table 5. Kinetics and mechanism of drug release from the prepared tablets

Formulations
Zero-Order First-Order Higuchi Korsmeyer-Peppas

r2 r2 r2 r2 n

MT1 0.6444 0.0988 0.7476 0.4523 0.6856

MT3 0.4456 0.0283 0.7476 0.7585 0.6121

MT5 0.5715 0.0514 0.8280 0.8041 0.6027

MTC 0.3973 0.7133 0.5629 0.6564 0.6796

MTP 0.5001 0.3527 0.6930 0.7748 0.5836

Figure 2. Dissolution profile of Metronidazole tablets prepared with CYG excipients, Combilac©, and Prosolv®
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hardness of the tablets in the formulation in the order of 
MT1<MT3=MT5. This finding could be attributed to the 
formation of more particle-particle contact in the pres-
ence of a higher amount of OKG, resulting in stronger 
bridges and, thus, stronger tablets [36]. 

Friability measures the tendency of tablets to undergo 
abrasion, stress, and fragmentation [37], which could 
affect the appearance and acceptability of the tablets. 
The results show that MT1, MT3, and MT5 were fri-
able, having values greater than the official limit of ≤1% 
[38]. However, the Crushing Strength-Friability Ratio 
(CSFR) is a better index in assessing the mechanical 
strength; tablets with the highest CSFR values represent 
the strongest tablets [39]. Using this parameter, MT1 is 
the weakest of them, while MT3 and MT5 have better 
mechanical strength than MTC. A higher concentration 
of the gum in the co-processed excipients has created 
more solid bonds leading to stronger tablets. However, 
MTP proved to be the strongest. This result suggests that 
the CYG excipients tend to formulate tablets with good 
mechanical strength. 

Disintegration is the mechanical break-up of a tablet 
into particles upon contact with an aqueous medium. It 
is often associated with dissolution, where the drug is 
available for therapeutic action. Increasing the amount of 
OKG in the excipients prolongs the time taken for disin-
tegration. The longer disintegration times observed with 
MT3 could be ascribed to the high mechanical strength 
of the batch because the stronger the tablets, the more dif-
ficult it becomes for the disintegration fluid to penetrate 
the tablets resulting in prolonged disintegration time. 

Incorporation of the CYG excipients in the tablet for-
mulations resulted in faster disintegration than those 
tablets prepared with a commercial superdisintegrant, 
Prosolv®. The case of the latter may be attributed to the 
low disintegration efficiency of microcrystalline cellu-
lose and high tablet hardness, as observed in this study 
and also reported in other studies [40]. Disintegration 
times of MT1 and MT3 were similar to those of the co-
processed multifunctional excipient CombiLac©. This 
result portrays the capability of the co-processed excipi-
ent (CYG) in effecting fast tablet disintegration, which is 
comparable with a previous study where prepared cross-
linked starch disintegrates faster than Prosolv® [41] and 
that of Nnabuike and Oyeniyi [15] where Okra gum and 
cassava starch were co-processed. However, the finding 
was different from another study where similarly pre-
pared co-processed excipients did not elicit tablet disin-
tegration at the required official time [42]. 

Similar to crushing strength, the Disintegration Effi-
ciency Ratio (DER) is an acceptable measure of the bal-
ance between the tablet’s strength and the disintegration 
property [43]. Values greater than 1 indicate that the in-
vestigated disintegrant has better property than the refer-
ence disintegrant. This effect shows that the co-processed 
excipients CYG1 and CYG3 have better disintegration 
properties than Prosolv®. In addition, the results show that 
CYG excipients can be used as a filler to bulk up tablet 
formulations; it possesses good binding ability by produc-
ing powerful tablets and fast tablet disintegrating ability. 

Figure 2 shows the dissolution profile of the prepared 
metronidazole tablets. Dissolution efficiency at 30 min 
shows slower drug release from MT1, MT3, and MT5 
than from MTC and MTP. However, at the end of the 
dissolution period, the rank order of drug release was 
MT1>MT5>MT3. Drug release from MT1 was higher 
than those of MT3 and MT5 and comparable to that of 
MTC but different from that of MTP. 

Similarity fit factor (f2) is used to compare dissolution 
profiles of a test and reference formulation to indicate 
sameness or equivalence between both formulations. 
Values of f2 less than 50% suggest that the dissolution 
profiles of the compared formulations are different; val-
ues equal to 100 % depict identical profiles while those 
between 50% and 100% show similar profiles [25]. 
Table 4 presents all the values that were less than 50%, 
indicating differences in the dissolution profiles of the 
tablets prepared with the co-processed excipients (MT1, 
MT3, and MT5) and those prepared with CombiLac® 

(MTC). These differences could be attributed to the fast-
er dissolution of MTC than the former formulations. On 
the other hand, only the profiles of MT3 and MT5 were 
similar to that of MTP prepared with Prosolv®; the dis-
solution profile of MT1 prepared with CYG1 varied from 
that of MTP as displayed in Figure 2.

The in vitro release data were fitted into the zero-order, 
first-order, Higuchi, and Korsmeyer-Peppas models. 
Then, the model with the highest coefficient was taken 
as the appropriate model to describe the possible mecha-
nism of drug release. The results show Higuchi model 
had the highest co-efficient for MT1, MT3, MT5, and 
MTP. This finding implies a higher drug concentration in 
the tablet matrix than in the surrounding solution, even 
though drug diffusion is proposed to have occurred at a 
constant rate [44]. This result can explain why the drug 
release was slower at the initial stages of the dissolu-
tion studies for MT1, MT3, and MT5 than MTC. On the 
other hand, the highest co-efficient for MTC was the first 
order, where the rate of release was dependent on drug 
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concentration within the tablet and could be the reason 
for the decline in drug release observed with MTC be-
tween 20 and 60 min. The release mechanism shows the 
exponent “n” values to be between 0.49 and 0.89, which 
indicates non-Fickian diffusion [41]. It suggests that 
drug release from the prepared tablets was controlled by 
swelling and diffusion mechanisms.

At the end of dissolution, CYG1 showed the fastest 
drug release, indicating a relationship between the dis-
integration of tablets containing CYG1 and dissolution. 
Quick disintegration increased the tablet dissolution rate 
by rapidly exposing the particles to the dissolution me-
dium. In this study, drug release from all tablet formu-
lations was within official specification [38] since the 
amount of metronidazole released was greater than 85%. 

Conclusion

Co-processing Dioscorea rotundata starch and Abel-
moschus esculentus fruit gum produced a multifunctional 
directly compressible excipient which could make robust 
tablets with superior disintegrant property to Prosolv®, a 
commercial superdisintegrant and comparable properties 
with CombiLac©, and a novel multifunctional excipient. 
This study shows the suitability of using cheap and read-
ily available materials to produce a multifunctional ex-
cipient for direct compression of oral tablet formulations.
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