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Nutrient Losses Due to Scarification of Pigeonpea
(Cajanus cajan L.) Cotyledons

U. SINGH, P.V. RAO, R. SEETHA, and R. JAMBUNATHAN

ABSTRACT
Outer layers of cotyledons of pigeonpea cultivar C 11 were succes-
sively scarified using a Tangential Abrasive Dehulling Deviee (TADD).
Scarification for 0, 2, 4, 8, and 12 min resulted in the removal of 0,
6.7, 12.7. 25.3, and 36.9%, respectively, of powder fractions. The
cotyledons and powder fractions at cach level of scanfication were
analyzed for chemical composition, including minerals and trace cle-
ments, protein fractions, amino acid composition, and trypsin inhibitor
acitivity (TIA). Protein, saluble sugars and ash of the dhal traction
(scarificd cotyledons) decreased with increasing scarification time,
while starch content increased. Considerable amounts of calcium (abowt
20%) and 1ron (about 307y were removed by scarification for 4 min,
but the process did not adversely affeet protein quality in werms of
amino acids. Trypsin inhibitors were not removed substantially by
scarification.

INTRODUCTION

AMONG FOOD LEGUMES, pigeonpea is an important com-
ponent of man’s dict as a source of protein in several semi-
arid and tropical regions of the world. Although India accounts
for about 80% of the world’s pigeonpea production and con-
sumption, this crop is important in many other countries of
Asia and Africa (JCRISAT, 1985)

In India, dehulling of pigeonpea is a primary process that
converts whole seed into dhal (decorticated, dry, split cotyle-
dons); various procedures, ranging from commercially oper-
ated dhal mills in cities to manually operated stone chakkis in
the villages, are employed for this purpose (Singh and Jam-
bunathan, 1980). These workers further reported that duce to
abrasive action of dehulling process, outer layers of the coty-
ledons are scarified and removed resulting in ncarly 12% quan-
titative yield Josses in the form of powder fractions. Attrition-
type dehullers and roller mills are particularly suitable for de-
hulling and splitting legume grains with loose seed coals,
whereas, abrasive-type dehullers are suitable for dehulling grains
with more tightly adhering seed coats (Kuricn, 1984). Using
a Tangential Abrasive Dehulling Device (TADD), consider-
able variability in dehulling quality of cowpea, pigeonpea, and
mung bean cultivars was observed by Ehiwe and Reichert (1987).

The distribution of various nutrients in different anatomical
parts of legume and cereal secds has been reported in detail
(Singh et al., 1968; O’Dell et al., 1972; Singh and Jambun-
athan, 1982a). The outer layers of pigeonpea cotyledons are
richer sources of protein (Reddy et al., 1979), which is re-
moved during dehulling resulting in considerable losses in pro-
tein (Singh and Jambunathan, 1980). Processing methods are
known to greatly affect the composition of cereal products,
and considerable amounts of nutrients, namely protein, amino
acids, minerals and vitamins may be lost if refined cereal prod-
ucts are consumed instead of whole grain products (Pedersen
and Eggum, 1983a). However, information on nutrient losses
due to dehulling of grain legumes in scanty. As said above,
the scarification of outer layers of pigeonpea cotyledons occurs
during the dehulling process. The objectives of the present
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investigation were, to study nutrient (principal chemical con-
stituents, amino acids, minerals and trypsin inhibitors) losses
due 1o scarification of pigeonpea cotyledons and to examine
the distribution of such nutrients in dhal (scarified cotyledons)
and powder fractions of pigeonpen.

MATERIALS & METHODS

PIGEONPEA CULTIVAR C 11, a popular cultivar - India, was
grown an the rny season T985/86 at ICRISA'T Center, Patancheru
[7'N near Hyderabad, This cultivar has an average 100-grain mass of

10g and a hight brown seed coat. After harvest, grains were eleaned
and stored for about 3 months at room temperature (28 + 2°0), a
common practice betore dehulling of pigeonpea in India, Scarification
was carried our usimg a TADD that was recently developed 10 simulate
large-scale abrasive dehullers (Reichert o al.. 1986). Although it is
difficult to compare the TADD with a commercially operated dhal
mill employed for dehulling pigeonpea, the abrasive action involved
in these two dehulling equipments appears to be comparable. The
TADD was used to obtain different percentages of dhal and powder
tractions, since this would have been difficult to achieve using a com-
mercial dhal mill.

Dehulling

For 0 min scarification time, seeds were not subjectd 1o mechanical
abrasive dehulling using the TADD; seed coat was removed manually
from the ait-dried seeds using foreeps. The manually dehulled, unsplit
seeds were sueeessively scarified inthe TADD for 2, 4, 8, and 12
min to obtain cotyledon and powder fractions. For chemical analysis,
scarificd cotyledon fractions, hereafter, referred to as dhal fractions
in the text, were further ground 1o a fine powder in a Udy cyclone
mill. All chemical analyses were made in duplicate excepting the
amino acid composition for which only a single determination was
made.

Chemical composition

Protein was determined using a Technicon auto analyzer, as de-
scribed by Singh and Jambunathan (1982b). Fat, crude fiber and ash
were estimated by AOAC (1975) procedures. Soluble sugars and starch
were determined according to Thivend et al. (1972). Soluble sugar
samples were extracted with 8BO% hot cthanol. The extracts were evap-
orated to dryness and the residue was dissolved in distilied water for
the estimation of soluble sugars by the phenol-sulfuric acid method
(Dubios ¢t al., 1956).

Minerals and trace elements

Samples were digested using 4 triacid mixture which contained ni-
tric acid, perchloric acid and sulfuric acid in the ratio of 20:4:1. For
digestion, defatted samples (0.5g) were weighed and transferred to a
block digestor glass tube. After adding 6 mL of triacid mixture, the
mixture was digested first al 70°C for 30 min, then at 180°C for 30
min and finally at 220°C for 30 min. After digestion, the mixture was
cooled, dissolved in glass distilled water and the volume made to 50
mL. Suitable aliquots were analyzed for calcium, magnesium, zinc,
copper, iron and manganese with an atomic absorption spectropho-
tometer (Varian Tectron Model - 1200) (Piper, 1966).
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Amino acid analysis

A sample of 50 mg was refluxed for 24 hr in 50 mL 6 N HCI.
After evaporating the HCI from the hydrolyzate, the residuc was dis-
solved in citrate buffer (pH 2.2). The amino acids were analyzed in
a Beckman 119 CL amino acid analyzer according to the procedure
described by Moore and Stein (1969).

Trypsin inhibitor activity

The trypsin inhibitor activity (TIA) was assayed as per the method
described by Kakade et al. (1969). Trypsin inhibitor was extracted by
shaking 200 mg of defatted material with 10 mL of (0.1M phosphate
buffer (pH 7.6) at room temperature for 1 hr. Protein in the extract
wus determined according to Lowry et al. (1951).

Protein fractionation

Defatted flour samples were successively extracted with 0.5M so-
dium chloride in 0.01M phosphate buffer (pH 7.0), 0.1N sodium
hydroxide, and 70% ethanol 10 separate the total proteins into albumin
and globulin fractions and glutclin and prolamin fractions, respec-
tively. The flour sample (1 g) was extracted with the first solvent (15
mL) for I hr at room temperature; after centrifugation, the residue
was reextracted twice with 10 mL solvent cach time and supernatants
were collected and made up to 50 ml.. Similar steps were carried out
with the remaining two solvents. Albumin was separacd from the
globulin fraction by dialysis. Protein of all the fractions was deter-
mincd as per the method of Lowry et al. (1951).

Statistical analysis

Two replicates were used for the determination of cach constituent.
Standard crror was determined by “‘one way analysis of variance’
(Snedecor and Cochran, 1967). Standard ¢rror indicated in the tables
is the pooled error of replications.

RESULTS & DISCUSSION

THE EFFECT OF DURATION of scarification on quantitative
yield losses is shown in Table 1. As a result of dehulling, the
peripheral layers of the cotyledons were successively removed
in the form of powder, resulting in the reduced size of unsplit
cotyledons. The size and shape of the unsplit cotyledons of
pigeonpea scarified for different intervals are shown in Fig. 1.
Although the dhal yield primarily depends on the type of ma-
chine, abrasion techniques and other physical conditions that
are employed during dehulling, other characteristics such as
size, shape and hardness of the grain seem to play an important
role in determining dehulling losses (Singh and Jambunathan,
1980).

Protein, soluble sugars, fiber and ash of the powder fractions
were considerably higher than those of dhal fractions obtained
at different time intervals, whereas the reverse was true for
starch (Table 2). These differences were more pronounced with
the 2 min scarification time compared to samples of 4 10 12
min sacrification time. This indicated that the outer portions
of cotyledons were richer sources of protein, sugar, fiber and
ash and poorer sources of the starch, which appeared 10 be
concentrated in the inner layers of cotyledons. By conducting

Table 1~ Effect of duration of scarification® on dhal (scarified cotyledons)
and powder yields of pigeonpea cultivar C 11

Scm;('ﬂ;:!lon 10:‘ .gsr:in Recovery (%)

(min) (g) Dhal Powder

0 8.4 100.0 -

2 78 93.3 8.7

4 74 87.3 12.7

8 8.3 74.7 253

12 6.0 631 36.9
SE %0.42 +1.30 +0.72
" Using the Tangential Abrasive Dehulling Device (TADD) Reichert et al. (1986). Re-

suits are ges of two repli and expressed on a fran basis.

histochemical studies on pigeonpea, Reddy et al. (1979) re-
ported that starch grain size and concentration increased grad-
ually towards the inner layers. They also observed that proteins
were concentrated more towards the periphery immediately
below the seed coat. Our results also confirmed that scarifi-
cation led to greater changes in protein content than in other
constituents. On the basis of a survey of 36 commercial dhal
mills, it was observed that 12.6% dhal was lost during de-
hulling in the form of the powder fraction (Singh and Jam-
bunathan, 1980). Considering a 4 min scarification time, which
was close 10 a dehulling practice of a commercial dhal mill in
terms of powder losses, our present estimates showed that 17.5%
of the total pigeonpea dhal protein would be lost due to de-
hulling as calculated on the basis of relative percentage con-
tributions of the powder protein and dhal protein components
10 the total protein. This implied that significant protein losses
occurred during the dehulling process in commercial dhal mills.

The cffects of scarification on minerals and trace elements
of dhal and powder fraction are shown in Table 3. Of the
various minerals and trace elements, calcium and iron of dhal
and powder fractions significantly changed as a result of scar-
ification. Powder fraction appeared to be a rich source of these
two constituents. Although magnesium, zinc, copper and ma-
ganese were noticeably higher in the powder fraction than in
the dhal fraction after 2 min scarification, calcium and iron
contents were about three times higher in the powder fraction.
This study clearly indicated that these minerals were concen-
trated in the outer layers of cotyledons and would be lost during
dehulling. In cereals, calcium has been reported to be uni-
formly distributed whereas iron is concentrated in the outer
portions of the endosperm (Pedersen and Eggum 1983b). Cal-
cium and iron are important nutrients, but they are deficient
in the diets of low-income people particularly infants, pre-
school children and pregnant and lactating women (Gopalan
et al., 1971). For these people, loss of calcium and iron in
such processing practices will make these important nutrients
unavailable to them.

Amino acids composition, protein fractions and trypsin in-
hibitors play a very important role in determining the protein
quality of grain legumes. The effects of scarification of pi-
geonpea on protein fractions and trypsin inhibitors are shown
in Tables 4 and 5. Results of amino acid analysis of dhal and
powder fractions indicated no large differences. The concen-
tration of major amino acids, glutamic acid, aspartic acid, leu-
cine and phenylalanine did not vary between the dhal and powder
fractions. Lysine of dhal appeared to be slightly higher than
those of the powder fractions, whereas no large differences
were observed in the concentration of the sulfur amino acids,
methionine and cystine, of dhal and powder fraction. This
showed that protein quality in terms of these limiting amino
acids might not be adversely affected, although net loss of
protein was apparent as a result of dehulling. Pedersen and
Eggum (1983b) reported that glutamic acid, proline, aspartic
acid, glycine and serine were concentrated in the inner parts
of the endesperm of cereals as their concentration increased in
the refined flours. But the results of the present study indicated
that these amino acids might be uniformly distributed in the
cotyledons since no noticable differences in the concentration
of these amino acids were observed when the cotyledons were
scarified for different intervals. Similar studies are required to
know the distribution of amino acids in the cotyledons of other
grain legumes, so that such results can be compared with dif-
ferent cereals.

Globulin, glutelin and prolamin fractions of cotyledons scar-
ified for different intervals did not reveal noticeable differences
(Table 4). Albumin fraction was higher in the manually de-
corticated grain (0 min) than in the scarified cotyledons. Tryp-
sin inhibitor activity was slightly reduced as a result of
scarification (Table 5). Trypsin inhibitor units per mg sample
were higher in the powder fraction than in the dhal, but the
trend was reversed when the results were expressed as trypsin
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Fig. 1~ Effect of scarification on size and shape of cotyledons.

Table 2~ Effect of scarification an the chermical constituents of dhal (scarified cotyledons) and powder fractions of pigeonpea cultivar C 11+

Scarification

time Dhal Powder
{min) Protein Sugars Starch Fiber Ash Protein Sugars Starch Fiber Ash
0 214 7.6 62.6 1.1 4.6
2 20.8 7.2 64.0 12 4.4 312 10.7 47,0 2.1 5.9
4 20.3 7.0 64.6 1.1 4.2 29.7 101 50.9 2.0 56
8 19.6 7.2 66.9 12 4.2 271 9.2 56.2 15 5.1
12 19.6 6.9 67.1 i 4.1 249 8.5 58.7 1.4 4.9
SE + 017 012 +0.37 +0.03 +0.18 +0.15 A ¢+ 0.54 +0.14 +0.22

? Averages of two replicates and exprassad on a moisture-free basis 1in g/100y

Table 3- Effects of scarification on rmuneral and trace elements of dhal (scarified cotyledons) and powder fractions”

Scarification Dhal Powder
time Calcium  Magnesium Zinc Copper iron Manganese Calcium  Magnesium 2ine Copper Iron Manganese
(min) - (mM@/100g) «-+ v voevreenrenna =AM/ 100g) - oememen e
0 64.9 1311 3.2 1.6 5.7 1.8
2 51.7 120.8 3.2 1.5 4.1 17 167.8 170.0 5.6 34 17.3 38
4 511 120.6 29 1.4 4.0 15 116.8 149.8 4.2 24 1.9 3.2
8 45.7 122.6 2.8 1.3 36 1.5 94,1 122.2 3.9 24 9.2 3.2
12 451 119.7 2.8 1.2 2.8 1.3 90.4 120.3 3.8 2.2 8.5 24
SE +2.83 +3.65 +0.15 +0.11 +0.19 0.14 + 2,00 +3.02 «0.14 +0.15 +1.63 +0.20
» Averages of two replicates, and expressed on a moisture-free basis,
Table 4 Effect of scarification on seed protein fractions of dhal (scarified Table 5 Effect of scarification an trypsin inhibitor activity of dhal (scar-
cotyledons)? ified cotyledons) and powder fractions*”
Scarification  Albumin  Globulin  Glutelin - Prolamin Scarification
Recovery time TIU"/mg sample TIUY/mg protein
Time (min)  -e-cecoeeeene (9/100g total protein)-- (%) (min) Dhal Powder Dhal Powder
0 9.5 85.4 18.5 35 96.9 0 16.3 - 75.8 -
2 8.4 67.2 20.3 34 99.3 2 13.9 18.7 66.8 59.9
4 8.8 66.5 19.0 29 97.2 4 15.0 15.9 73.7 53.0
8 8.2 66.4 18.2 3.2 96.0 8 14.5 16.7 74.0 60.4
12 7.8 66.3 18.2 3.6 95.9 12 13.8 16.1 74.1 61.5
SE +0.36 +1.30 +0.75 +0.40 - SE +0.54 +0.32 +1.48 +~1,62
» ges of two r and exp dona ture-f basis » Averages of two replicates and axpressed on a moisture-free basis.
bBTIU = Trypsin inhwhitor umit,
inhibitor units per mg protein. This indicated that the trypsin CONCLUSION
inhibitors were not removed in proportion to the removal of
total protein content during scarification of pigeonpea cotyle- RESULTS indicated that scarification of pigeonpea cotyledons
dons. caused quantitative and qualitative losses. Even though the

~Continued on page 981
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scarified cotyledons contained considerably lower amounts of
protein, the process did not adversely affect protein quality of
this legume in terms of amino acids. Calcium and iron were
removed by scarification. These nutrients are important in the
diet of people in the developing countries.
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