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Abstract

Starch isolated from five grain tef (Eragrostis tef) varieties was characterised and
compared with commercial maize starch. The granules are compound comprising
many polygonal shape (2-6 pm in diameter) simple granules. The crude composition
is similar to the normal native cereal starches. The starch amylose content range from
24.9-31.7 %. Gelatinisation temperature range was 68.0-74.0-80.0 °C, typical of
tropical cereal starches, and resembling rice. The mean intrinsic peak viscosity (269
RVU), breakdown viscosity (79 RVU), cold paste viscosity (292 RVU) and setback
viscosity (101 RVU) determined were considerably lower than that of maize starch.
Tef starch has higher water absorption index (WAI) (mean 108 %) and lower water

solubility index (WSI) (mean 0.34 %) than the maize starch.
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i e i TN Introduction

Tef [Eragrostis tef (Zucc.) Trotter] is a C4 tropical cereal (Ketema, 1997). It is
cultivated as a major cereal in Ethiopia and represents 20 % (two million tons) of the
total cereal production of the country (Central Statistical Authority, 1997). Foods
from grain tef are staples for the majority of Ethiopians (Ketema, 1997). Tef flour is
widely used for making injera (fermented, pancake-like sour bread), traditional
alcoholic drinks like tella (opaque beer) and katikalla (local spirit), kitta (sweet dry

unleavened bread), muk (gruel) and porridge.

The grain tef is very small and uniform in size (1.0-1.2 mm in length) (Umeta and
Parker, 1996). It comes in a range of colours from milky white to almost dark brown.
The most common colours are very white, white, light brown and dark brown. A
complete nutritional composition, including vitamins, essential amino acids and
micronutrients of the grain is given in a publication of the National Research Council
of the USA (NRC) (1996). Protein, fat, ash and carbohydrate are given as 9.6 %, 2.0
%, 2.9 % and 73.0 %, respectively. The amino acid composition of grain tef is
reported to be comparable to that of egg, except for its lower lysine content (Jansen,
Dimaio and Hause, 1962). The micro- and macronutrients of grain tef are
apparently higher than barley, wheat and sorghum (Mengesha, 1966). The nutrient

composition of grain tef indicates that it has good potential to be used in other foods

and beverages worldwide.,

Starch is the largest proportion in the carbohydrate of grain tef (Umeta and Faulks,
1988). Matrix change of starch was reported to be a major contributor to the texture of
injera (Parker, Umeta and Faulks, 1989). During the baking of injera, starch is
completely gelatinised to form a steam-leavened, spongy matrix, in which fragments
of bran, embryo, micro—organisms and organelles are embedded. An anatomical study
of tef grain has revealed that it contains compound starch granules (Umeta and Parker,
1996), similar to those of rice (Juliano, 1984) and amaranthus (Zhao and Whistler,
1994 b). The pericarp of the grain also contains starch granules like sorghum (Umeta
and Parker, 1996). From the compound starch granules, individual starch granules of
size between 2-6 um in diameter are released on milling (Umeta and Parker, 1996).

To date, information on the physico—chemical properties of grain tef starch is very
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limited. Therefore, in this work, starch composition, granule morphology,

gelatinisation temperature, pasting properties, water absorption and water solubility

indexes are reported.

3.1.2. Materials and Methods

3.1.2.1. Samples

Four Ethiopian grain tef varieties were obtained from 1999 harvest at tef improvement
programme of Debre Zeit Agricultural Research Centre, Debre Zeit, Ethiopia: DZ-01-
196 (very white in colour and fairly large grain), DZ-01-99 (deep brown in colour),
DZ-Cr-37 (white in colour and a three way cross breed) and DZ-01-1681 (light brown
in colour). One South African grain tef variety, South African Brown (deep brown in
colour) produced in South Africa, ex. grain trader was obtained from Agricultural
Research Council (ARC) of South Africa, Pretoria, South Africa. Maize starch
(Merck UniLAB, code: 587 14 00) was analysed for comparison.

3122 Starch granule extraction

Starch granules were extracted according to Taylor Dewar, Taylor and von
Ascheraden (1997) using only distilled water. The grain was sieved to remove
extraneous foreign material. It was then milled in a laboratory hammer mill fitted
with 800 pm screen. Flour (20 g) was mixed with 100 mL distilled water to form a
slurry. This was stirred at intervals for over one h., then passed through a wet mill
(Retsch, Haan, Germany) with a 250 um screen. The liquid containing the starch was
retained and the fibrous residue on the screen was discarded. The resulting liquid
suspension was filtered through a 100 um sieve. The throughs were centrifuged in 100
mL glass centrifuge tubes at 800 x g for 2 min. After the supernatant was decanted
off, the brown protein layer was scraped off. The starch pellet obtained was re-
suspended in distilled water and centrifuged again. After decanting off the
supernatant, the protein layer was again scraped off. This procedure was repeated
until apparently pure starch pellet (white colour) was obtained. The purity was
checked by light microscopy. The starch pellet was then dried at 50 °C in a vacuum
oven. The dried starch mass was reduced gently using mortar and pestle to avoid

granule damage and the milled sample was characterised.
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3.1.2.3. Scanning electron microscopy (SEM)

Whole grains were plunge—frozen in liquid nitrogen, fractured, and freeze dried at -80
OC. Dried samples were mounted and sputter—coated with gold in a Polaron E 5200
coating unit (Polaron Equipment, Watford, England) to a thickness of £ 20 nm. Starch
granules were mounted on aluminum stubs covered with double—sided tape. Mounted
starch granules were sputter—coated as above. Prepared samples were then viewed in a
JEOL JSM 840 scanning electron microscope (JEOL, Tokyo, Japan) operated at an

accelerating voltage of 5 kV. Starch granules were measured with the use of the

calibrated scale bar on the micrograph.

3.1.2.4. Proximate analysis
Moisture, ash and crude fat contents were determined according to Approved
Methods: 44-15A, 08-17 and 30-25, respectively of the American Association of

Cereal Chemists (1983). Crude protein (N x 6.25) was determined by the Dumas
method.

3.1.2.5. Amylose/amylopectin ratio

Amylose/amylopectin ratio was determined using a Megazyme amylose/amylopectin
assay kit (Megazyme International Ireland, Bray Business Park, Bray, Ireland) of
selective quantitative precipitation reaction of concanavalin A (Con A) with
amylopectin according to Gibson, Solah and McCleary (1997) and by colorimetric
method of iodine binding with amylose according to Chrastil (1987).

3.1.2.6. Gelatinisation temperature

A monolayer starch slurry (1 % in glycerol: water, 1:5) was prepared on a microscope
slide. Starch gelatinisation temperature range: To (onset), Tp (peak) and Tc
((conclusion) was measured by birefringence loss according to Atwell, Hood,
Lineback, Varriano—Marston and Zobel (1988) using a hot stage on a polarised light

microscope system.

3.1.2.7. Pasting properties

Starch pasting properties were evaluated using a Rapid Visco—Analyser (RVA model
3D, Newport Scientific, Sydney, Australia). Starch (2.8 g, db) was suspended in
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distilled water and adjusted to a total weight of 28 g. The sample was equilibrated at
50 °C for 1 min, heated to 93 °C in 7.5 min at a rate of 5.7 OC/min, held at 93 °C for
5 min, cooled to 50 °C in 7.5 min at a rate of 5.7 °C/min. From the resulting pasting
curve, temperature at initial viscosity increase (T;), peak viscosity (PV), time to peak
viscosity (P; ) (time at PV - time at initial viscosity increase), hot paste viscosity
(HPV), breakdown viscosity (BV) (PV-HPV), rate of shear thinning (Ry) (PV-

HPV)/13.5 min- Py), cooled paste viscosity (CPV), and setback viscosity (SBV)
(CPV-HPV) were calculated.

3.1.2.8. Water absorption index (WAI)

Water absorption index was determined according to Anderson, Conway, Pfeifer and
Griffin (1969).

3129 Water solubility index (WSI)
The supernatant from WAI measurement evaporated at 105 °C overnight, and the
WSI value was calculated as dry residue divided by the total substance in the original

2.5 g WAI sample and expressed as a percentage (Anderson et al. 1969).

3.1.2.10. Statistical analysis
Data were analysed using Statistica for Windows (Statsoft, Tulsa, USA, 1995).
One—way analysis of variance (ANOVA) was performed to determine the difference

in properties among the starch varieties. Means were then compared at p < 0.05 using

Fisher's least significant difference (LSD) test.

3.1.3. Results and Discussion

3:1.3.1. Starch granule structure

Scanning electron micrographs of individual tef starch granules and compound starch
granules are shown in Figures 3.1 and 3.2, respectively. The individual tef starch
granules are packed as a compound starch granules (Figure 3. 2) and are polygonal in
shape (2—-6 pm in diameter) (Figure 3.1) as reported by Umeta and Parker (1996).

Most common sizes are of 3-5 um.
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Figure 3.1. SEM of individual starch granules from different tef varieties
(A =DZ-Cr-37, B=DZ-01-1681, C=DZ-01-196, D = DZ-01-
99 and E = South African Brown). Where: pg = polygonal
shape starch granules with a number of sides; cb = cubic shape

starch granules; pb = protein bodies and f = fibre
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Figure 3.2. SEM of a tef compound starch granule (South African Brown). Where:

sg is individual starch granules; pb = protein bodies and cw = cell wall
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Figure 3.3.

SEM of starches from different tef varieties and maize at different
magnification ranges (5000 X-15000 X). A and B = DZ-01-196, C and
D = South African Brown, E and F = Maize. Where: tr = tortoise-shell
shape, nsp = no surface pores and sp = surface pores
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The granule size is thus slightly larger than individual amaranthus starch granules,
which are 1-2 pm in diameter (Zhao and Whistler, 1994 b). They are comparable in
size to individual rice starch granules, which are 3-5 um in diameter (Juliano, 1984).
The starch granules in the different tef varieties appeared morphologically similar to
one another (Figure 3.1). Most of the granules had a number of sides (Figure 3.1. pg)
while a few of them had essentially cubic shape (Figure 3. 1.cb). In some granules at
higher SEM magnifications (8500 X, 9000 X and 15000 X) the shape of the whole
granule was appeared as a tortoise—shell shape (Figure 3.3 A-D, tr). The gram‘l-le
surface appeared smooth with no evidence of pores (Figures 3.3 A-D, nsp). On the
surface of maize, sorghum and the millet starches, and along the equatorial grooves of
large granules of wheat, barley and rye starches the presence of surface pores were
reported (Fannon, Hauber and BeMiller, 1992). In this work also surface pores on
maize starch granules were evident (Figure 3.3 E and F, sp). The presence of cavities
at the hilum of potato, rice and wheat starch granules was reported (Baldwin, Adler,
Davies and Melia, 1994). In the future using complementary techniques (Huber and
BeMiller, 2000) more evidence on the nature of tef starches surface, which support
this finding might be achieved. The sides of the starch granules where other starch
granules packed were well formed (Figure 3.2. sg). There is no evidence of strong
attachment between adjacent individual starch granules within the compound starch

granule (Figure 3.2. sg). Most protein bodies are located outside of the compound

starch granules (Figure 3.2. pb).

3.1.3.2. Composition of the starches

The composition (ash, protein, fat and amylose), WAI and WSI of the starches of the
different varieties are shown in Table 3.1. The starches had ash contents in the range
of 0.13-0.23 %. With the exception of DZ-01-196 starch, there was no significant
difference (P > 0.05) in their ash contents. Cereal starches have a lower amount of
minerals (determined as ash) bound to the phosphate ester group when compared to
potato starch (Swinkels, 1985; Whistler and BeMiller, 1997). The ash content
determined was comparable to that of typical cereal starch ash (0.1-0.2 %) as

reported by Swinkels (1985).

The mean protein content of the tef starches (0.19 %) was higher than that of the
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maize starch (0.07 %). This is probably because in commercial maize starch
extraction, SO, is used, which breaks disulphide bonds solubilising protein (Watson,
1984). Tef starches had protein contents in the range of 0.16-0.23 %. The highest
protein was recorded for South African Brown starch. The lowest was recorded for
DZ-01-196. Protein in the range of 0.06-0.40 % has been reported (Watson, 1984;
Swinkels, 1985; Whistler and BeMiller, 1997) for other cereal starches. The protein
content among the tef varieties probably varied depending upon the degree of
contamination of the starch by the proteins of the endosperm and by the proteins of a

residual starch synthase enzyme (Whistler and BeMiller, 1997).

The crude fat (ether extract) content of the tef starches (mean 0.29 %) was relatively
low as compared to that of the maize starch (0.34 %). The crude fat of grain maize is
around 4.45 % (db) (Watson, 1984), higher than that of grain tef which is around 2.00
% (db) NRC (1996). Crude fat (petroleum ether extract) is mostly non—starch lipid
i.e., not endogenous to the starch (Morrison, Tan and Hargin, 1980). The low crude
fat content in tef starch is most probably related to the low crude fat content of the

grain.

The mean amylose content of the tef starches was 28.4 % when analysed by the Con
A method of Gibson et al. (1997) and was 28.2 % when analysed by iodine binding of
Chrastil (1987). For the maize starch it was 29.5 % and 27.8 %, respectively. The
amylose content of DZ-01-196 was the highest by both methods (Table 3.1). The
lowest amylose content was for DZ-Cr-37 by both methods. South African Brown
starch contained virtually the same amylose content as that of DZ-01-196 when
analysed by 1odine binding. The amylose contents of tef starch varieties DZ-Cr-37 and
South African Brown of relatively higher protein contents were relatively higher when
analysed by method of Chrastil (1987) than Gibson et al. (1997). This is possibly
because trichloroacetic acid (a protein precipitant) is used in the method of Chrastil
(1987) and thereby it suppressed the protein interference of amylose determination.
Both methods showed that amylose content of the tef varieties studied to be typical of
normal native cereal starches like maize, sorghum and wheat (Morrison and Laignelet,
1983; Beta et al. 2000) with no waxy— or amylo— type starches. Properties such as

gelatinisation and gelation characteristics (Leloup, Colonna and Buléon, 1991),
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solubility and the formation of resistant starch (Sievert and Pomeranz, 1989) are
dependent on amylose/amylopectin ratios. Thus, the small variations in the amylose

content among tef varieties may influence also the starches to have slightly different

properties.

3.3.33; Gelatinisation temperature

Mean onset (To), peak (Tp) and conclusion (Tc) gelatinisation temperatures of tef
starch were 68.0-74.0-80.0 °C, respectively (Table 3.1). For the maize starch the
values were 65.0-73.0-80.0 °C, respectively. Tef starch gelatinisation temperature is
thus similar to tropical cereal starches and resembling most closely rice starch 68.0-
74.5-78.0 °C (Snyder, 1984). The range is somewhat narrower when compared to
that for the maize starch 65.0-73.0-80.0 °C. Starch gelatinisation is an irreversible
process and includes granule swelling, native crystallite melting, loss of birefringence
and starch solubilisation (Atwell et al. 1988). Under uniform experimental conditions,
point of initial gelatinisaton and the range it occurred is governed by the strength of
the miceller networks and heterogeneities within the granule population (Atwell et al.
1988). The narrow gelatinisation temperature range observed for tef starch as

compared to the maize starch is probably related in part to its relatively more uniform
granule size distribution (2—-6 pm in diameter) than the maize starch granules (5-30
um in diameter) (Whistler and BeMiller, 1997). Because in wide size range granules
like wheat (2—55 pm in diameter, 52-85 OC) (Whistler and BeMiller, 1997) and
barley (0.9-44.9 pm in diameter, 52.0-69.7 °C) (Tang, Ando, Watanabe, Takeda and

Mitsunaga, 2001) the range of gelatinisation temperature is also wide.
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Table3.1.  Composition (ash, protein, crude fat and amylose), gelatinisation temperature, water absorption index (WAI) and water
solubility index (WSI) of starches from different tef varieties and maize
Variety DZ-01-99 DZ-01-196 DZ-01-1681 DZ-Cr-37 South African Mean (Tef) Maize
Brown
Granule size [pm] 2-6 2-6 2-6 2-6 2-6 26 5-30
Ash [%] (db) 0.16°+0.02 0.23°+0.01  0.16*0.00 0.13%+0.02 0.13%+0.02 0.16+0.04 0.12°+0.03
Protein [%](N x 6.25) (db) 0.17°£0.01  0.16°+0.01  0.19%0.00  0.22% 0.01 0.23%+0.01 0.19+0.03 0.07°+ 0.01
Crude fat [%](db) 0.32°40.01  0.31%£0.01 0.25°:0.03 0.29°+ 0.02 0.26°+ 0.02 0.29+0.03 0.34°+ 0.01
Amylose [%]1 30.1%+0.6 31.7°+1.6 28.8%+ 0.5 24.9%+ 0.8 26:3%¢11.1 28.4+2.8 29521
Amylose [%] 28.8°1. 28.8°+1.2 27.4°40.7 212422 28.8°+0.5 28.240.8 27.8°+1.4
Gelatinisation 67.0-73.5—- 67.0-73.5- 68.0-74.0— 68.0-74.0— 68.0-73.5-79.0 68.0-74.0— 65.0-73.0—
temp.[°C](To-Tp-Tc) 80.0 80.0 80.0 80.0 80.0 80.0
WAL [%](db) 103%+ 3 109°+ 4 114%% 7 110+ 4 105*+ 2 1084 86°+ 2
WSI [%](db) 0.25°0.03  0.23%£0.03  0.37°£0.02  0.45%0.05 0.39°+ 0.02 0.34+0.08 0.98"+ 0.06

Values within the same row with different letters are significantly different (p < 0.05) and are means of 3 determinations. Where: To is onset, Tp

is peak and Tc is a conclusion gelatinisation temperatures; amylose [%]' by the Con A method of Gibson et al. (1997) and amylose [%] by the

iodine binding of Chrastil (1987).
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3.1.34. Pasting properties

The RVA pasting curves of tef starches and maize starch are given in Figure 3.4. The
viscosity parameters evaluated are shown in Table 3.2. The mean initial swelling
temperature (Ti) for tef starches (74.0 °C) was virtually identical to that of the maize
starch (74.1 OC) (Table 3.2). The different tef varieties showed no significant
difference (p > 0.05) in their Ti. Beta et al. (2000) reported the Ti of maize starch as
73.6 °C and for ten sorghum starches as 69.4 °C (mean). Initial swelling temperature
indicates the minimum temperature required to cook a starch (Newport Scientific,
1995). Thus, for the tef starch, this temperature (Ti) is similar to that of the maize
starch, but apparently higher than sorghum starch.

The mean peak viscosity (PV) (269 RVU) of the tef starches was considerably lower
than for the maize starch (313 RVU). The highest PV among tef starches was
recorded for DZ-01-196 (291 RVU), and the lowest was recorded for DZ-01-99 (256
RVU). Peak viscosity indicates water-holding capacity of the starch (Newport
Scientific, 1995). Peak viscosity can be affected by granule size (Fortuna,
Januszewska, Juszczak, Kielski and Palasinski, 2000), molecular structure of
amylopectin (Shibanuma, Takeda and Hizukuri, 1996), cross-linking, starch water
concentration, lipids, residual proteins (Whistler and BeMiller, 1997) and RVA
operating conditions (Batey and Curtin, 2000). Small granule size correlated
positively with resistance to swelling, less swelling and less peak viscosity in wheat,
potato and maize native starches (Fortuna et al. 2000; Li and Yeh, 2001) and this may
apply to the case of tef starch. Tef starches took a longer time (mean Pt 4.19 min.) to
reach PV than the maize starch (mean 2.90). The longest time was recorded for South

African Brown starch (5.10), and the shortest was recorded for DZ-Cr-37 starch
(3.43).

The mean breakdown viscosity (BV) for tef starch pastes (79 RVU) was considerably
lower than for the maize starch paste (129 RVU). This is because of the small PV
value of the tef starch since the hot paste viscosity (HPV) of tef starches and maize
starch are approximately the same. At BV, the swollen granules disrupt further and
amylose molecules will generally leach out into the solution and align in the direction

of the shear (Newport Scientific, 1995; Whistler and BeMiller, 1997).
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The rate of shear thinning (Rst) for all the tef starches (mean 8.4 RVU/min.) was
lower than for the maize starch (12.2 RVU/min.). The highest Rst was recorded for
DZ-01-1681 (10.5 RVU/min.) and the lowest was recorded for DZ-01-99 (6.6
RVU/min.). The degree of Rst is reported to be influenced by the structural network
of starch molecules, morphology and rigidity of the swollen starch granules
(Subramanian, Hoseney and Bramel-Cox, 1994), and starch granule associated
proteins (Han, Campanella, Guan, Keeling and Hamaker, 2002 a). Higher resistance
of tef starch to Rst than the maize starch is an indication of inherent lower granule
deformability and swelling, since these were positively correlated to Rst resistance in

other native starches (Subramanian et al. 1994; Whistler and BeMiller, 1997; Han et
al. 2002 a).

The cold paste viscosity (CPV) of all the tef starches (mean 292 RVU) was
considerably lower than that of the maize starch paste (344 RVU). The highest CPV
was recorded for DZ-01-196 (310 RVU). The lowest was recorded for DZ-01-99 (281
RVU) and DZ-Cr-37 (281 RVU) starches. Cold paste viscosity is related to the ability
of the starch paste to form a gel after cooling (Whistler and BeMiller, 1997). Gelation
occurs with junction zone formation (mostly through hydrogen bonding)
re—associating the hydrated and dispersed starch molecules and can vary with the
botanical sources of the starch, amylose and amylose—lipid complex, amount of water,
other ingredients like proteins and temperature of cooling (Lii, Shao and Tseng, 1995;
Whistler and BeMiller, 1997). High amylose (linear) containing starches re—associate
more readily than amylopectin (branched). However, amylose—lipid complexing
reduces re—association to some extent (Whistler and BeMiller, 1997). Tef starches
showed a slight trend in their CPV, viz. higher amylose contents higher CPV (Tables
3.1 and 3.2). The exception in the case of the DZ-01-99 starch could be related to the

variation in the other factors.

The setback viscosity (SBV) of all the tef starches (mean 101 RVU) was considerably
lower than of the maize starch (161 RVU). The highest SBV was recorded for DZ-01-
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Figure 3.4.  RVA pasting curves of starches from different tef varieties and maize
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Table 3.2.  Pasting properties of starch from different tef varieties and maize

Pasting parameters DZ-01-99 DZ-01-196 DZ-01-1681 DZ-Cr-37 South African Brown Mean (Tef) Maize

Ti [°C] 742%+03  744%%1.0  72.1%x0.1 74.8%+0.1 74.4%+3.2 74.0+1.1 74.1%+0.1
PV [RVU] 256°+1 291°2 270°+2 261%+4 268°+4 269+13 313%2

Pt [min] 4.04°°+£0.05 4.43°40.14 3.94%+0.09  3.43+0.53 5.10%+0.71 4.19+0.62 2.90%:0.04
HPV [RVU] 1934 198%+1] 170%+1 18842 203°+2 19013 184%+2
BV [RVU] 63%+3 92°+1 100%1 73%+1 65%1 79+17 1293
Rst [RVU min-1]  6.6%£0.2 10.2°+0.1 10.5°0.2 7.1%°40.3 7.8%£0.8 8.4+1.8 12.2°40.3
CPV [RVU] 281%1 310°+9 284°+2 281°+4 302°+4 292:+14 344°+4
SBV [RVU] 88%+4 111°+8 114°+1 92°+1 9942 101=11 16146

Values within the same row with different letters are significantly different (p < 0.05) and are means of 2 determinations. Where: Ti = pasting
temperature; PV = peak viscosity; Pt = time to peak viscosity; HPV = hot paste viscosity; BV = breakdown viscosity; Ry = rate of shear

thinning; CPV = cold paste viscosity and SBV = setback viscosity.
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1681 (114 RVU), and the lowest was recorded for DZ-01-99 (88 RVU). The higher
the SBV, the more syneresis is likely to take place (Newport Scientific, 1995). A

preliminary observation on gel syneresis indicated that tef starch showed slower

syneresis than that of the maize starch.

3.1.3.5. Water absorption index (WAI) and water solubility index (WSI)

The WATI of all the tef starches (mean 108 %) was considerably higher than that of the
maize starch (86 %) (Table 3.1). The value of WAI for the maize starch is in
agreement with that reported in the literature (80-95 %) (French, 1984). The highest
WAI was recorded for DZ-01-1681 (114 %) and the lowest for DZ-01-99 (103 %).
The minor compositional differences possibly contributed to the different tef starches
in having slightly different WAI The gel phase of the native starch granules is
hydrophilic in nature (French, 1984) and is more penetrable by water and low
molecular weight water-soluble solutes. Water absorption index is related to the
amount and swelling degree of this gel phase (French, 1984). It reflects the extent of
association of the molecules within the starch granule (French, 1984). The higher
WAL of tef starch is probably also related to its smaller granule size. The smaller the
size of starch granule, the more surface area and the higher the water absorption
(French, 1984). The high WAI of tef starch possibly also contributes to the high
volume of injera made from tef flour, since from the same weight of tef, maize,
sorghum, wheat and barley flours, more injera is obtained from tef flour than the
other flours (personal communication from tef improvement programme of the Debre

Zeit Agricultural Research Centre, Ethiopia).

The WSI of all tef starches (mean 0.34 %) was considerably lower than that of the
maize starch (mean 0.96 %) (Table 3.1). The highest WSI was recorded for DZ-Cr-37
(0.45 %). The lowest WSI was recorded for DZ-01-196 (0.23 %). Water solubility
index reflects the strength of the micellar network within the starch granules (Qian,
Rayas—Duarte and Grant, 1998). The leaching of small molecular weight

polysaccharides will increase as the micellar network of the starch granules become

weak (Qian et al. 1998).
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3.14. Conclusions

Most properties of tef starch are different from maize starch. Tef starch shows
considerably less swelling, lower breakdown and setback intrinsic viscosity. Tef
starch has higher WAI and lower WSI. However, tef starch composition is similar to
that of the normal native cereal starches. The gelatinisation temperature is similar to
other tropical cereal starches. The gelatinisation temperature range is relatively
narrow than maize because of relatively narrow uniform granule size distribution. The
granule size difference could be one factor for considerable variation in the pasting,
WAI and WSI. A small variation observed in the composition appeared to influence
the tef starches to have slightly different pasting properties among the tef varieties
studied. The low setback is associated to the slow syneresis. There could be potential

to use tef starch where long duration of food storage is required.
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Abstract

Chemical and physical properties of starch granules isolated from five grain tef
(Eragrostis tef) varieties were characterised and compared with normal maize starch.
Endogenous starch lipids extracted with hot water saturated n-butanol and total starch
lipids with n-hexane after HCI hydrolysis were 7.8 mg/g (mean) and 8.9 mg/g
(mean), respectively, slightly lower than in the maize starch. The starch phosphorus
content (0.65 mg/g) was higher than the maize starch but virtually the same as
reported for rice starch. The starch granule-swelling factor was lower than the maize
starch and extent of amylose leaching was higher. The starch granule X-ray
diffraction pattern was characteristic of A type starch with a mean crystallinity of 37
%, lower than the maize starch and more similar to that reported for rice and sorghum
starches. The starch DSC gelatinisation temperature was high, like other tropical
cereals. To, Tp, Tc and AH were in the range 63.8-65.4, 70.2-71.3, 81.3-81.5 %
and 2.28-7.22 J/g, respectively. The lower swelling, lower percentage crystallinity
and lower DSC gelatinisation endotherms than maize starch suggest that the

proportion of long amylopectin A chains in tef starch is lower than in maize starch.
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