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ABSTRACT

Starch is a multifunctional pharmaceutical excipient in solid dosage formulations and obtained from different sources. Teff
(Eragrostis tef) grain is a source of major staple food in Ethiopia and contains starch. Teff starch was extracted from milled
teff flour using 0.075% sodium metabisulphite. The starch was pregelatinized at 60 oC, 70 oC and 80 oC temperatures.
When characterized, the pregelatinized teff starches had enhanced physical attributes such swelling capacity, water
absorption capacity, granule density, Carr’s index, Hausener’s ratio, flow rate and angle of repose. When incorporated as
disintegrant in chloroquine phosphate tablet formulation at 5% and 10% concentrations, tablets containing pregelatinized teff
starches showed faster disintegration time and better compressibility compared to the native starch. Tablets containing
pregelatinized teff starch at 70 oC and 10% concentration had the fastest disintegration time with 7.55 min. Pregelatinization,
a non-expensive type of physical starch modification can be used to enhance excipient attributes of teff starch for its use as
disintegrant in tablet formulations.
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INTRODUCTION production accounted 17.29% (50,204,400gkintals) .

: . . - ; . There are severalarieties of teff in Ethiopian markets
tarch is a multifunctional excipient in solid dosage, ... : X . o

. : i[dentifiable with their color such as very white, white, light
forms such as tablet formulations which can be us

as binder, disintegrant, or filler due to its Suitabl%rown and dark browfi The major nutritional constituents

. ; - .o f teff grain per 100 g are protein (13.3 g), total lipid (2.38
hysiomchemical properties and relative inertnéssEach . .
Eta)?ch is namedp acF:)cording to its botanical origin, e. ), carbohydrate (73.13 g), and total dietary fiber ( 8.g)

potato starch, maize starch, cassava (tapioca) starch rig%(ﬂour from its whole grain is widely used in Ethiopia for
starch, etc. Each starch is definitely different from the othgg "9 staple foods such agera (fermented, pancake

with respect to chemat composition and phvsical fike sour bread), traditional alcoholic drinks likella
character?sticé P phy (opaque beer) ankatikalla (local spirit), kitta (sweet dry

unleavened bread)nuk (gruel) and porridgé’. In recent
Teff (Eragrostis tef is cultivated as a major cereal inyears, teff is attracting consumers around the world. Teff
Ethiopia. In 2016/17 of total cereal production bygrain is gluten free and has great potential to make varieties
individual farmers in majocerealproduction season, teff
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of food/beverage products to helppeople with celiac using mortar and pestt and passed through
diseasé. and stored in jar.

Due to limited suitability of native starches for applicationBetermination of degree of gelatinization

in tablet formulations, they are modified chemically o L .
physically to improve their positive attributes or toﬁ'he degree of gelatinizations of native teff starch and

minimize their defectd One of the physical aification pregelatinized starches were determined according to the

) . . - _._method of Baks* which relies on amylosi®dine complex
techniques of native starch is pregelatinzatio (g/rmation. A sample (0.04 g) was dissolved in 50 ml of

Pregelatinized starch is also known as instant starch slur : . . .
where native starch is simply precooked to give produc(ﬁ's15 M KOH and mixed for 15 min. The resulting solution

i realy dsperse n cold wter to form moderatfS, SIS M contiugmen 1 bl ef v
stable suspension$ Pregelatinized starch has multipl P '

functionalities in tablet formulations as directl)(z\r/I HC(l.tassi?j;qig?j?;g,ir?.llor(;mﬂllnv?/arte;)gwgs(tg dlggl?oe f?)rr]ri a
compressible fillebinder, disintegrant, flovaid and seH gp

lubricant. In this study teff starch was extractecplume Feon}'prigxa\t,)vg:rbtgr?cgI?:\?vglsdngsydcr)gg :tr%n;r:g the
pregelatinized, characterized and some tableti pie. L

- 0 nm against blank. The procedure was repeated,
characeristics were evaluated. however,in this case 0.40 M KOH was used to ensure
MATERIAL AND METHODS complete solubilisation of all the amylose present in the
sample. The supernatant was neutralized with 0.045 M
HCI. After adding 0.1 ml iodine reagent, the absorbance
Teff grain vari eMagnal,ocwh il @2 wasnrmad/at 28G and 680 nm. The ratid; /A, was
color, was purchased, sieved and the whole grain wased as a measure for the degree of gelatinization. The
milled in milling house. Chemicals used were sodiudeterminations were made twice.
metabisulphite, potassium hydroxide, dngchloric acid, A,
potassium iodide, iodine, ethanol, sodium hydroxide, acegiglatinization of starch (%) = = x 100
acid, xylene, chloroquine phosphate, Celactos€ 80 ?
dicalcium phosphate dehydrate, Starch f50@agnesium Determination of Amylose percent
stearate and talc.

MATERIALS

The percentages of amylose in the native teff starch and
Methods pregelatinized starches were determined according to the
methal of Juliand®. About 0.1 g of the sample was
weighed and transferred to 100 mL volumetric flask and
Starch was extracted acding to the method of heated with 1 mL 95% ethanol and 9 mL 1 N sodium
Gebremariam and Schinfitwith slight modifications. Teff hydroxide for 10 min on a boiling water bath to gelatinize
flour was dispersed in 0.075% sodium metabisulphitbe starch. The sample was then cooled angddhene was
solution for 2 hr stirring periodically in the first 1 hr. Themade to 100 mL using distilled water. Then 5 mL of the
supernatant containing soluble components was decanstéaich solution was taken and poured into 100 ml
and he suspension was repeatedly treated with the solutienlumetric flask. Then 1 mL of 1N acetic acid and 2 ml of
Extraneous insoluble matters like fibers, sands, lipid, etadine solution was added and the whole volume was made
were removed from the suspension by repeatedly filteribg 100 ml using distilled ater. Then after 20 minutes, the
using sieves and nylon cloth. The suspension was kepimple was shaken and spectrophotometric absorbance was
overnight to allow sedimeniah of the starch and the determined at 620 nm. The determinations were made
supernatant was carefully decanted. The starch was thaite.
dried at 5(°C. The dried starch was powdered using mortar,
and pestle, sieved using 224 pm sieve and stored in jar. % Amylose = 3.6 X absorbance X 20

Where 3.6 is conversion factor.

Starch extraction

Determination of yield of starch

. Determination of swelling capacit
The vyield of starch fromthe teff flour was calculated g capacty

according to the following formula. The determinationSwelling potentials of native teff stdr and pregelatinized

were made twice. starches were determined according to Bowen and Vadino
ioht of starch '3 method. Five grams of the sample was poured into a 100
yield (%) = WeIght ol stare 100 mL measuring cylinder and the bulk volume ;\\Mvas

X

weight of flour measured. Distilled water (90 mL) was then added and the

dispersion wa shaken for 5 min and then the volume was

made to 100 ml with distilled water. The dispersion was

Pregelatinized teff starch was prepared according to th@de to stand for 24 hr and the sedimentation volurme (V

method of Adedokun and Itiofd. A 20% starch suspensionwas read. The swelling capacity was calculated #¥,V

in distilled water was heated at 8D, 70°C, or 80°C for 6 The determinations were made twice.

min. The resulting pregelatinized starch was placed L

stainless steel tray in the form of thin film and dried in a

convection oven at 6Q for 48 hr. It was then powderedWater absorption capacities of native and pregelatinized
starches were assessed according to the method of Solsulski

Preparation of pregelatinized starch

termination of water absorption capacity (WAC)
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4 In this 2.5 g of each sample was placed to a weighed ﬁ]%w rate (g/( ) _ Weight of powder passed (g)

ml centrifuge tube, and 30 ml distilled water was added. “\ /sec Time elapsed (sec)

This was then agitated for 2 minutes, centrifuged at 400 h

rpm for 20 minutes and the supernatant was decanted. Faagle of repose (degree) = tan_l(;)

residue was weighed (W The adsorbed drops of water

was removed by dry|ng the residue at(@to constant Where h and r arehe he|ght and radius Of the StarCh
weight (W,) in an oven. The water absorption capacitpowder pile, respectively.

(WAC) was then expressed as follows. The determinatiof$ermination of tabletting characteristics

were made twice.

Tabletting characteristics such as disintegration time,

WAC (%) = Wi— W, % 100 hardness and friability of native and pregelatinized teff
2.5 starches were studied by preparitijoroquine phosphate
Determination of granule density tablets of 250 mg strength. The native and pregelatinized

- . teff starches were used as disintegrants and incorporated at
Granule densities of the samples were determined using g P

. S % or 10% concentrations (Table 1).
xylene as displacement liquid. A 25 ml pycreter was
thoroughly cleaned, dried and weighed. Xylene was thenTable: 1 The quantities of ingredients used in chlorogquine phosphate
poured up to 25 ml mark and the weight of xylene and tables

pycnometer was recorded. Then 2 g of each sample wasgredient Quantity
poured into empty pycnometer and the liquid was added [iBhioroquine phosphate 250 mg
to the mark and the weight waecorded. The weight of [ Celactose 80 250 mg
displaced xylene was obtained from th(_a recorde_d_ v_ve|gltf,icalciurn phosphate dinydrate 50 mg
and the corre_spondlng vo_Iyme was obtained by dividing ti ¥tarch paste (10%) 165 mg
displaced weight to specific gravity of xylene (0.855). The——

. Disintegrant 5% or 10%
granule density of each starch sample was calculated by

dividing weight of sample (2 g) to volume of xylena Magnesium stearate 0-25%

displacedThe determinations were made twice. Vet 0.75%
Determination of bul k density, tapped density, Carr bs
index, and Hausnerds r at i olhe tablets were prepared by wet granulation nuktho

Chloroquine  phosphate, Celactose 89  dicalcium

. £ & fosphate dehydrate and half of the disintegrant were
measured according to 3P 30NF 25 method. mixed for 5 min using mixer( TURBULA mixer,

Accordingly, 30 g of powder was introduced into & 250 mkitzerjand). The powder mixture was wet massed using

measuring cylinder. And the initial reading was taken. Theq, -, paste in mortar and pestel. The wet mass was

the cylinder was tapped using a tap densitometer thal jated through 1.6 mm sieve and dried afGOThe
provides a fixed drop of 14 + 2 mm at a nominal rate of 3QQ;.q4 granules were milled and passédough 710 pm
drops per minute, until no further change in the volume Wag, e and mixed for 5 min with half of the disintegrant,
noted (500 times) and the tapped volume was read. Finaiy,nisum stearate and talc. Compression was performed
the bulk and tapped densities were calculated usifiging single press machine feedifg tgranules manually
equations belowlhe determinations were made twice. it the die cavity.

Weight of the powder

Bulk density = Hardness test.Hardness of three tablets was measured

Volume of the powder using hardness tester (CALEVA THZ, Germany). Each
. weight of the powder tablet was placed between two anvils and the force that
Tapped denS‘W:Tappedvolume of the powder caused each tablet to break was recorded. The mean
hardness and standard deviation were calculated.
Carrbs | ndex tonofl theHsampes waereb s r a o _
calculated using equations below. Friability test: Friability of three tablets was tested using
) . friability tester (ERWEKA TAR20, Germany). The tablets
Carr's indeszapped dens‘ty_B‘ﬂkdemtyx 100 were rotated at motor speed of 25 rpm for 4 min. The
Tapped density tablets were dedusted and reweighed
Hausner's Ratio — 12pped density Disintegration test (DT).DT of the six tablets were
Bulk density evaluated using disintegration apparatus (ERWEKA,
Determination of flow rate and angle of repose Germany). Each tablet was placed in tubes of basiot

which immerses in a beaker containing distilled water
Flow rate and angle of repose of each powder sample Wasintained at 372 °C. The time takendk each tablet to

determined using the funnel method. A powder (30 9) W@fsintegrate was recorded. The mean and standard deviation
made to flow through a stemless figh having a 18 mm \yere computed.

opening from a height of 10 cm. Time in second for the

duration of flow was recorded. The average diameter aRgSULTS
height of the powder piles formed were also recordé®. gi5rch Yield
determinations were made twice.
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The yield of starch from teff grain flour on dry weight basiabsorption capacity is Starch 1509 pregelatinized starch
was 8.36%0.04 (two trials). at 80°C > pregelatinized starch at 7G > pregelatinized

Gelatinization degree starch at 60C.

The percentage of stargelatinized at 66C, 70°C, and 80
°C is shown in Table 2. As the temperature was increas@the granule density of native teff starch was 1.39 g/ml
the degree of gelatinization was increased excephere as the granule density of pregelatinized teff starch at
gelatinization at 86C (41.1%) which is slightly lower that 60 °C, 70°C, and 8C°C were 1.48 g/ml, 1.51 g/ml and 1.49
at 70 °C (44.5%). On the other hand the degree affml, respectively (Table 2).
gelatinization of Starch 1560vas significantly higher than .

Bul k Density,

pregelatinized teff starches (i.e., 87.7%). Hausneros ratio

Granule Density

Tapped

Amylose Content The bulk and tap densities of pregeizzed teff starches

In this study the percent amylose content of the teff natieer e hi gher than the
starch pregelatinized teff starch at 6G, 70°C, 80°C,and Hausner 6s ratio of
Starch 150F° were 46.9, 36.8, 37.7, 34.6 and 35.3pwer than the native starch (Table 2).
respectively (Table 2).

the pregel

Flow rate and angle of repose

Swelling capacity Native teff starch did not flow during flow ragad angle of

Pregelatinization of teff starch increased swelling potentisdpose determinations. The angle of reposes of
of teff starch up to four times (Table 2). As temperature pfegelatinized teff starches at 8D, 70°C, and 80°C were
gelatinization increased, swelling potentidl teff starch 24.9, 23.2, and 22.7respectively. The angle of repose of
increased. Swelling potential ofStarch 1508 > Starch 1508 was 12.2 which is almost half of the angle of
pregelatinized starch at 8C > pregelatinized starch at 70reposes of pigelatinized teff starches (Table 2). The flow
°C > pregelatinized starch at 0. rate of pregelatinized teff starch at 8D was the highest
with 70.6 g/sec and Starch 150Bad the lowest flow rate
with 40.0 g/sec.

Water absorption capacities of native and pregelatinized

teff starhes are shown in Table 2. The ranking for water

Water Absorption Capacity

Table: 2 Physicochemical properties of native and pregelatinized sgmfean (SD), n=2

Density

nati ve st

Property NTS PTS 60 PTS 70 PTS 80 | Starch 1500
Gelatinization degree (%) 19.2(0) 34.9(0) 44.5(0) 41.1(0) 87.7(0)
Amylose content (%) 46.9(0) 36.8(0) 37.7(0) 34.6(0) 35.3(0)
Swelling capacity 0.59(0.000) 2.31(0.056) 2.56(0.000) 2.76(0.025)| 3.11(0.16)
Water absorption capacity(%) 226.3(0.000) 393.0(0.001) 417.3(0.022) 422.0(0.112)| 498.3(0.321)
Granule density (g/ml) 1.39(0.080) 1.48(0.005) 1.51(0.040) 1.49(0.005)| 1.42(0.055)
Bulk density (g/ml) 0.30(0.003) 0.59(0.012) 0.61(0.013) 0.64(0.002)| 0.62(0.014)
Tapped density (g/ml) 0.38(0.002) 0.71(0.008) 0.70(0.016) 0.72(0.008) 0.71(0.00)
Carrdés index (% 21 18 12 12 13
Hausnerds ratio 1.26 1.21 1.14 1.13 1.16

Angle of repose(degree) 24.9(1.14) 23.2(0.99) 22.7(0.22) 12.2(1.85)
Flow rate(g/sec) 51.7(6.084) 50.0(6.787) 70.6(0.830) 40.0(2.678)
NTS= Native teff starchPTS 60 = Pregelatinized teff starch at’60, PTS 70= pregelatinézl teff starch at 78C ; PTS 80= prgelatinized tef
starchat80C; iffi i ndi cates did not flow

Tablet characteristics

Hardness: The lowest hardness of tablets was 112.7
from pregel at i niDsiategratioe ftime: takiets rot hative tteff 7starche @nd a n d
The highest hardness was 255 N whizkgelatinized
from pr egel atonceritratiendhadt faerfdisintegratarm tonks campare®i@ e C
5% usage. In all disintegrants the hesses of the tabletstablets containing 5% disintegrant concentration (Table 3).
At 5 % disintegrant concentration, the tablets which
Hisintegrated fastest were those containing Starch ®1500
With disintegration time of 16.86 min. At disimgpent
concentration of 10%, tablets containing pregelatinized teff

whi ch was
usage (Table 3).
wa s recorded

were higher at 5% than at 10% concentration.

Friability: In the present work tablets containing native te
starch had higher friability than the pregelatinized te
starches (Table 3)The friability of tablets containing

with the pregelatinized forms of starches had friabilites of
'\elss than 1%.

starch at

native tef starch was greater than 1%. Tablets incorporat%g7 55 min
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Table: 3 Tablet properties of native and pregelatinized starches, mean (SD)

Starch form Hardness(N), n=3 Friabi lity(%), n=3 Disintegration time (min), n=6
NTS-5% 233.7(134.3) 1.96 20.14(6.1)

NTS-10% 217.3(51.1) 1.01 11.84(7.2)

PTS 605% 207.5(149.2) 0.21 33.75(10.3)

PTS 6010% 181.3(55.6) 0.75 10.0(4.4)

PTS 705% 251.0(5.7) 0.50 33.23(8.6)

PTS 7010% 112.708.0) 0.23 7.55(4.0)

PTS 805% 255.0(60.5) 0.17 26.51(7.1)

PTS 8010% 243.3(73.2) 0.27 11.58(8.0)

Starch 1508-5% 249.0(66.7) 0.21 16.86(11)

Starch 1508-10% 180.3(86.9) 0.17 16.20(6.5)

NTS= Native teff starchPTS 60 = Pregelatinized teff starah6@ °C ; PTS 70= pregelatinized teff starch at°@0; PTS 80= prgelatinized teff starg
at 80°C;

native starch. Contrarily tablets containing pregelatinized

DISCUSSION

. . starches of white trifoliate yam, yellow trifoliate yam, rice
In the present stucjy the yield of starch from teff grain flqurnd corn as disintegrants had higher friability than na&tu
on dry weight basis was 8.36%. Due to the smaller partic Birched’

size of teff starctand high quantity of associated fiber and

lipidic components, there was unavoidably some starchld®®s egel at i ni zed teff starches a
during extraction. Other studies reported that the starsimilar results in physicochemical tests (Table 2) except

content of teff grain may be over 70% on dry weight basiisintegration time particularly at 10% disintegrant

° concentration (Table 3). It could be said that if the aim is to

use pregelatinized ¢ starch as a disintegrant,

The amylose content of the natiarsh was found to be B(r]egelatinizing teff starch at 7€ would be recommended.

46.9% which is higher than the amylose content obtain
by Bultosa et af for five varieties of teff (24.9% 31.7%.). CONCLUSION
The possible reason could be the use of differegte clatinization of native teff starch has improved
determination techniques and starch extraction metho g =Oeialm=ayIo atv : Improv
important physicochemical attributes of the native starch

Moreover, the amylose content of native teff starch was 3 . . .
such as swelling capacity, water absomt@apacity and

higher than the pregelatinized forms. Similarly, amylo -
contents of native starches of Trifloate yam, rice and céﬁz waljilig(as reﬂecte_d by angle of repose and flow rgt_e).
oreover, chloroquine phosphate tablets containing

were found to be higher than their pregelainized fofins pregelatinized teff starches had faster disintegration time (at
Pregelatinization of tefftarch increased swelling potentiall0% conc.) and better compressibility (as reflected by

of teff starch up to four times (Table Btarch 1500 had lower friability). Pregelatinized teff starches prepared at

the highest swelling capacity compared to pregelatiniz&dQ e C and 80 e C had nearly
teff starches and this could be due to its higher degreepbifysicochemical tests but superior results compared to
gelatinization Pregelatinizedtarches of fifloate yam, rice pregelatinized teff starch prepared at°60 Pregelatinizing

and corn showed higher swelling ability, percentagenat i ve t ef f st ar erlifthaibtento®is e C c o
solubility l%nd water absorption capacity than the naturi use as tablet disintegrant.

starches . Similar to swelling potential of the )

pregelatinized teff starches, water absorption capacﬁ‘ KNOWLEDGEMENT :NONE
increased as tempeuae of gelatinization increased. WateiICONFLICT OF INTEREST: NONE
absorption capacity of native teff starch obtained in thi

study was higher than that of Bultosa et*akhich was EQEFERENCES
(103-114%) for five varieties of teff. The possible reasons Alebiowu G, Itiola OA . Compressional characteristics of native and
for the observed differences could be er;pe of teff pregelatinized forms of sorghum, plantain, and corn starches and the

employed or method of starch extraction used. mSEr;?i:Iallah2;&‘?&%%;;;&%6?2IEtS' Drug Development and

. land. L, Blazgk J, Salman H, g MG Eo fyncti ity :

In the present study the _éa?&?ﬁ.%o?@@rc‘iaﬁcﬁ.2&8&5;:'[26@(6):1 _U“S'"”HHF%‘% rat.ii
the pregelatinized teff starches were lower than the natiye central Statistical AgencyThe Federal Bmocratic Republic of
starch. Similarly, Car r 0 s Ethibpia Adrieukural Sanmplel Survég@ 68/eE M RepbrirsAreatn@ t | 0
pregelatinized stahes of sorgum and maize were found to gfoduct;ogo 10; \'>/|6|lj|0r C]f]igs (Private Peasant Holdings, Meher

4 Fa eason). , VOL.1, = .
be lower than u.andlfled starghéﬁs Also, pregelatlnlzed . Bultosa G, Hall AN, 1papylor JRN. Physiathemical Characterization
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Hausnerds ratio 1 hThenangtes dfu r zdz2 s4d)easr ¢ h e s
reposes of pregelatinized teff starches were leas £5 5 ﬁhud':(-:hChe_micalz%%néggszg?l%nd food uses of teff (Eragrostis tef).
g o 00 emistry. : .
indicating that. p_regela'_un!zed teff starches had excellegt Gebremariam MM, Zarnkow M, Becker T. Tetr@agrostis tef as a
flow characteristics. Similarly, the angle of reposes of 4y naterial for malting, brewing and manufacturing of glufere
pregelatinized sorgum and maize starches were lower thanfoods and beverages: A review. Journal of Food Science and
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