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Pigeonpe Progress Report - 1987/1908

1. New Food Uses : Starch Properties and Noodle Omality

Efforts are needed to explore nev food uses for pigeonpea, such as starch-
based food products, noodles, and fermented food products (e.p. }» to
enhance 1ts utflization In some Southeast Asian countries. With this
objective in view, the physicochemical properties of pigeonpea stafch and
fts noodle quality were studied, and the results were compared with those
obtained with mung bean starch to examine the suitability of pigeonpea
starch for making acceptable noodles. For this purpose, one cultivar /C
11) of pigeonpes and one cultivar (PS 16) of mung bean were grown at
ICRISAT Center, Patancheru, Indias during the rainy season 1987, Thre
harvested seed lots were cleaned, soaked for 4 hr at room temperature (25 +
1°C), and dried in the oven at 55°C). They were decorticated, using the

Tangential Abrasive Dehulling Device (TADD) to prepare dhal.

1.1 Chemical analysis

For chemical analysis, about 200 g each of whole seed and dhal samples of
pigeonpea and mung bean were ground in a8 Udy cyclone mill, using the 0.4 nn
screen. Whole seed and dhal (decorticated dry split cotyledons) samples c¢
pigeonpea and mung bean were analyred as described previously for proteir
(Stngh and Jambunathan, 1981), fat, ash, crude fiber (AOAC 1975) and
soluble sugars and starch (Singh et. al, 1980). Isolated starch samples
wvere also analyzed for starch, protein, ash, and crude fiber according tc
methods cited above. Amylose content in the isolated starch sample was

determined using the method of Williams et al. (1958).

The concentration of various chemical constituents in the whole seed

and dhal samples of pigeonpea and mung bean are shown in Table 1. Soluble



sugars, fat, and ash, contents of pigeonpea whole seed and dhal were
noticeably higher than those of‘tho mung bean (Table 1l). Protein content
of pigeonpea was consideradbly lover than that of mung dbean, whereas no
Targe differences in starch conteat were cbserved. Crude fiber contents of
both whole seed and dhal of pigeonpea were remarkably higher than 1n mung
bean and this might have interferred in starch extraction as disussed

*

below.

1.2 Isolation of starch

Starch was isolated from the whole seed and dhal samples, using the method
of Schoch and Maywald (1968) with some minor modifications as follows:
legume samples were steeped in water overnight, and washed and ground in a
waring blender at low speed for 2 min. The slurry was filtered through a
cloth bag (about 80 mesh) and then through a standard steve (200 mesh).
The filtrate vas kept aside for about 46 hr to sediment the starch. For
increased starch yfold, the starch was reoslurried in water and sedimentec
2-3 times or unti) the water was clear. The recovered starch was then
dried 1n a hot afr oven at 50°C. The starch yteld was expresced ac¢ the
percentage recovery of the total of starch that was determinecd ir the

sample.

The starch ylelds from both whole seed and dhal samples of mung bean
vere higher than those of the pigeonpea (Table 2). Differences in whole
seed samples were more pronounced, which could be to differences in thefr
fiber contents. However, the starch yfelds from mung bean and pigeonpea
vere considerably higher than from other legumes (Schoch and Maywald,
1968). But the results of present study indicated that starch was more

extractable from mung bean than from pigeonpea.



Chemica) analysis of the isolated starches shoved that the starch
fraction contatned 0.10~0.1088% protetn, 0.03-0.09% ash, and 0.0-0.)11% cruce
fiber, indicating high purity of the starch fraction (Tadble 2). No large
differences in the amylose content of pigeonpea and mung bean starches were
observed. However, amylose contents of these legumes are consigeratly

higher than those of other legumes.

1.3 Microscopic analysis of starch

The size and shape of fsolated starch granules were examined, using a 1ight
microscope. Starch granules were statned with 0.1% fodine solution,
prepared by mixing, 100 mg fodine in 100 mL of 0.1% potassfumr fodide
solutfon, Starch granule sizes were determined with an eyer‘ece

mic rometer.

Gelatinization temperature of starch was determined wusing a Yight
microscope, congo-red (0.2%) was used as & stain. The aqueous sclutior cf
starch was heated, using a mint block heater, and samples were taker fror
60°C onwards at 1°C fntervals unti) the gelatinizaticr tenperatire »e
reached, Starch granules were stained at inftial, midpoint (50% <tainec’,
and final (90% statned). The temperature at which 90% of the c«ta-vr

granules were stained was recorded as the gelatinization temperature.

Microscopfic examination (600 X) showed that most pigeonpea anc mung
bean starch granules had irregular shapes, which varfed from oval to round
to bean-shaped (Fig. 1). A large varfability existed in the starch grani'e
sizes of both pigeonpea and mung bean (Table 3)., In general, pigeonpea
starch granules were slightly bigger than the mung bean starch graniles.
Mung bean starch granule size varfed from 9.5 to 47.5 v with mean being

21.7 v and pigeonpea between 9.5 and 55.1 u with mean being 24.7 u. Cf the



vartous grain legumes, starch grasule sfze has been reported to be smallest

(range 12-32 u) for mung bean and highest (range 20-48 u) for faba bean.

Gelatinization temperature 1s assoclated with the loss of
birefringence characteristics of starch. The gelatinization tempe:ature of
ptgeonpea starch (76°C) was slightly higher than that of mung bean starch
(72°C), as shown in Table 4. The ranges in gelatinization temperature of
plogeonpes starches (65-71-769C) and mung bean starches (61-65-72°C) were

obtained.

1.4 Gel strength and synerestis

Gel strength was measured using a compression cell (0.=5 kg full scale) in
an Ingstron food testing machine (Model 1140, Kigh Wycombe, Derkshire, UK),
Thirty-five mL of 6% starch solution, previously heated at 95°C for 10 min,
was poured into a round moisture dish (5 ¢cm diameter) and stored a2t room
temperature for 12 hr, Uniformly polymerized round starch gel slab of ] ¢cm
thickness were removed from the moisture dishes and compression forces were
measured by pressing the gel slab between two flat plates which were
considerably larger in size than the sample to prevent puncture of the qe'.

Samples were compressed to 50% of the crosshead speed.

The degree of syneresis of starch gels was determined by measuring the
volume of water (mL) separated from the ge! after storage at 4°C for 12 hr.
The gel consistencies of the 68 starch gels of pigeonpea and mung bean were
measured as follows: The isolated starch (120 mg) was heated in 2 m]
distilled water in 15 x 150 mm test tube for 5 min at 95°C. After standing
for 30 min at room temperature (25 + 1°9C), test tubes were placec

horizontally for 30 min on a graph sheet and gel spread (length) measured.



The results indicsted that the degree of synerestis of pigeonpea starch
gel was higher than that of mung bean (Table 4). We also studied degree of
syneresis at different concentrations and observed that the degree cf
syneresis increased ss the concentration of starch gel decreased. Or the
other hand the gel strength of pigeonpea starch was lower than that of mung
bean, but no large c¢ifferences 1n their gel consistency valubs were
observed. The lower gel strength has been attridbuted to 1ts low ‘odine
affinity value, f.e., lower amylose content. But in the present study, no
noticeable differences n amylose content of mung bean and pigeonpes
starches were observed (Table 2), fmplying that differences in the ge'
strength of these tvo legumes may be due to other factors than to

their amylose content alone.

1.5 Swelling power and solebility determination
Isolated starch (200 wmg) was used for swelling power and sc'ubility
determinations from 60-90°C at 10°C intervals, as per the method of Leact

et al, (1959),

The starch granules are held together by hydrogenbonding forces ‘r
the form of crystalline bundles, called micelles. When an aquecu:
suspension of starch granules 1s heated, these structures are hycdratec anc
eventudlly swelling takes place. The swelling power of pigeonpea and mung
bean starches at different temperature fs presented fr Fig, 2. Tatle 5
shows the swelling power and soludbility percent of mung bean and pigeorpea.
The patterns of swelling power of mung bean and pigeonpea starches showecd
marked differences, particularly at lower temperatures (Fig. 2). Mung bear
starch swelled rapidly at relatively lower temperature than pigeonpea.
However the swelling powers of pigeonpea and mung bean starches were

comparable at higher temperatures. From the data, {t appeared that toth
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mung bean and pigeonpea starches wvere exeaplified by a two-stage swelling
process. 1.e., the i1nftial swelling followed by a perfod of rapid rate of
swvelling (Fig, 2). This behaviowr was attridbutable to two sets of bonding
forces vith relaxation at different temperature levels, a weak assocfation
relaxing at 65-75°C, and & second stronger relaxing at 85-95°C. On the
other hand, soludflity of starches of thoﬁf tvo legumes did not show large

differences (Fig. 2).

1.6 Viscosity measurements

The Brabender viscosity patterns of starches are primarily determined
by (1) the extent of swelling of the starch granules; and (2) the
resistance of the swollen granules to dissolution by heat or fragmentation
by shear. Having observed differences in the swelling power of pigeonpea
and mung bean starches., their viscosity patterns at different temperatures
were examined. The Brabender viscosity patterns of 6% starch pastes of
pigeonpea and mung bean gave no pasting peak during heating at 95%. Both
showed a stable graph, indicating that there was no breakdown of the hot
paste. Such a pattern is similar to most of the legume starch pastes, anc
it could be classified into type C of Schoch's classification (Schoch and
Maywald, 1968). No values were reported for peak viscosity becauut 1«
distinct peak was obtained with the legume starches as with wheat starch.
Marke¢ differences in viscosity patterns of pigeonpes an¢ mung bean
starches were not observed, however, at different temperatures (Table €.
The viscosity patterns of these legumes appeared to be related to their
swelling power. Interestingly, the viscosity of pigeonpea starch at lower
temporatures (35°C and 50°C) was remarkably lower than that of the mung
bean starch. As mentioned above, the swelling power of pigeonpea starch at

lowver temperatures was also noticeably lower than mung bean starch. The
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extent of incresse in viscosity on cooling to SOOC reflectec a
retrogradation tendency in the starch molecules. Pigeonpea starch shoved »

much lower set-back value than mung bean starch (Tadle 6).

1.7 Noodle preparstion

Soft and hard noodles of mung bean and pigeonpea starches were prepared., as
per Singh et a) (1989), with the following minor nod!ficntion; : for
preparing soft noodles, dry starch and vater (1:7 w/v) were boiled for &
min and starch gel thus obtained was extruded into cold water, using a
Tocally avatlable extruder with 3 hole opening of about 2 mm dfameter.
Soft transparent noodles 1520 cm long, with motsture content of 60-€5%,
were obtained. Ffor preparing hard noodles, dried starch and cooked starch
(95:5 w/w) were mixed 1n water in the ratfo of 1:7 (w/v) and extruded into
boi1ling water. Noodles were separated, kept at S°C {n the refrigerator
overnight, and sun dried. Freshly cooked noodles were evaluated by G
trained panel members for color, texture, clarfty, uniform appearance, anc
general acceptability, using a score of & for excellent ana 1 fcr pccr
qual‘ty. These sensory properties were explained to the pane! memter:

before the sensory evaluation,

The noodle quality of both whole seed and dhal of pigeonpea and mung
bean was examined by sensory evaluation, Sensory properties, such as
color, texture, clarity, and general acceptadbility, were evaluated, using
soft and hard noodles, and the results are presented in Table 7. Soft

noodles of pigeonpea and mung bean starch are shown in Fig, 3,

Starch extruded from whole seed and dhal samples of these legumes
showed noticeable differences in their noodle qualities (Table 7). The

whole-seed starch isolated from pigeonea produced noodles with poor to fair
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Quality, with an average score of 1.9 on general acceptadility, whereas the
noodles of whole-seed starches of mung bean were rated as fair to good with
an average score of 2.8 (Tadle 7). The scores for noodle clarity and color
from whole-seed starch of pigeonpes were lower than those of the mung bean,
On the other hand, dhal starch of pigeonpea produced nocdles with better
quality than that of mung dean, as revealed by various sensory properties
(Table 7) and noodle color (Fig. 3). This was due to the brighter color of
pigeonpea dhal starch as no pigments might Mave been extracted in the case
of pigeonpea dhal starch. No marked differences were observed in the
quality of hard noodle of mung bean and pigeonpea dhal starches (Table 7).
These results indicate that in the case of whole seed starch, noodle
quality was better for mung bean than for pigeonpea whereas the reverse was
true, exceopt for texture, for dhal starch (Table 7). Quality of hard

noodle from dhal starch of pigeonpea and mung bean was comparable,

The starch yields from both whole seed and dhal samples of mung bean
vere higher than those of pigeonpea indicating that starch was more
extractable from mung bean than from pigeonpea. Amylose values of mung
beer ancd pigeonpea starch were comparable. Although there were differences
in swelling power of mung bean and pigeonpea starches at lower
temperatures, both legumes showed restricted swelling and a C-type
Brabender viscosity curve; they thus possessed desirable starch qualities
for noodle manufacture. Sensory tests also indicated that from whole seed
starch, the noodle quality was better in mung bean than In pigeonpea. But
starch from pigeonpea dhal was as good for noodle preparation as that from
mung bean dhal or even better, which was due to bright color of pigeonpea
dhal starch. Although the present results were based on analysis of one

cultivar each of pigeonpea and mung bean additiona) studies using cultivars
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with varisble seed coat color of these legumes would be useful to know the
influence of seed coat pigments on starch color and noodle quality. The
oeffect of fiber components on starch ylelds of aung bean and pigeonpea alsc
needs to be investigated. As pigeonpes dhal starch was brighter than mung
bean dhal starch, the extraction of pigments along with the starch in the
case of mung bean needs to be investigated in detal) in view of the large
scale utilization of mung bean starch for making transparent noodle in

several Asfan countries.

1.8 Tempeh, a fermentsd prodect
Tempeh, traditionally prepared from soybean s an important food in
Indonesia. Pigeonpea utilization in tempeh in Indonesia has often been
suggested. We standardized the procedure of tempeh preparation in our
laboratory., The procedure which 1s commonly used {n Indonesta was followed
with minor modifictions., We prepared pigeonpes tempeh, using the culture
obtained from Indonesia, and compared it with soybear
tempeh prepared in & similar way, Organoleptic properties of pigeonpes arc
soybean tempeh are summarized in Table 8. The organoleptic properties suct
as color, taste, texture, and flavour 'n tempeh of pigeonpea and soybear
were similar, suggesting that pigeonpea can substitute soybean in tempet
preparation. Further, we compared different temperatures and durations cf
incubation for fermentation and found that fermentation could bde
satisfactorily carried cut at 30°C for 24 h, Preliminary studfes 2'so
ingicated that pigeonpea cultivar C 11 (brown seed coat) required more time
to ferment for tempeh preparation compared with cultivar Nylon (white seed
coat). We also observed that addition of salt before fermentation celayec

fermentation.
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2. Cooking Omality

21 Coocking quality amalysis of whits pigecmnpess

Kesping in mind the utilization of pigeonpea is simflar to cowpea in some
African countries, it was felt desiradble to evaluate avafladle germplasm
accessions having white seed coat color and orfginating from different
Countries for their cooking quality characteristics. We could anslyze 430
such accessions during this year. A detailed report on this aspect has
been prepared separately (Progress Report 9/88). One Hundred seed mass (g)
of these accessions varied from 6.6 to 22.1 g showing a large varfation.
Cn the other hand, varfation in the seed coat content of these genotypes
was small as it ranged between 8.6 to 17.4. Cooking time of whole seed of
these genotypes ranged between 52 min and 96 min indicating a large
variation. However, cooking time of overnight disti1led water soaked
samples of some of these accessions varied from 16 min to 30 min., On an
average, soaking treatment brought about one third reduction in cooking
time of these genotypes and this showed a beneficial effect of soaking on

cocking time.

2.2 Relationship between cocking time and physicochemical factors

Correlation coefficients between various cooking quality characteristics of
57 germplasm accessions are given 1n Table 9. There was no correlation
between 100-seed mass and cooking time of dboth unsoaked and soaked samples.
Interestingly, seed coat content was not correlated with cooking time
implying that seed coat may not influence the cooking time. There was 2
significant and positive correlation, although of low magnitude, between
the cooking times of soaked and unsoaked samples. This might suggest that
relative differences in hard and soft cooking accessions may be maintained

even after soaking treatment. However, analyses of more number of white
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pigeonpeas as said above have been compiled in a separate progress report

of our department.

2.3 Evaluation of released and advanced genotypes'

We continue to monitor the grain and food quality of genotypes developed by
ICRISAT and during this perfod, 16 genotypes including checks were
evaluated for the!r coohing quality and organoleptic properties of dhal,
As shown in Table 10, cooking time of dhal samples of these genotypes
ranged between 21.0 min for ICPL 8357 and 29.0 min for HPL 40, a high
protein genotype. For organoleptic properties., dhal samples of genotypes
wore bolled for 25 min without adding selt or any other gradient and
evaluated by 10 sensory panel members for color, texture, flavour. taste,
and general acceptability. There were some differences among the genotypes
with respect to taste, color, and texture. General acceptability score was
highest (3.2) for ICPL 8398, ICPL 87, ICP 8863, BON 1, and C 11, and lowest

<.0 tor ICPL 4 (Table 10).

In additfon, we evaluated 18 genotypes developed by ICRISAT and crewr
at CARDI, Belize. These genotypes were studied for various cooking quality
parameters including dehulling quality (dhal yield) and the results of this
stucdy are summarised in Table 11. Cooking time of whole seed of these
genotypes varied from 52 min to 76 min with a mean of 61 min whereas
cooking time of the dhal samples of these genotypes varied from 22 mir tc
43 min, Dehulling quality (dhal yteld) of these genotypes di¢ not stcow

large varfation as dhal yfeld ranged between 78.8 and 83.2%.

2.4 Effect of Yocation on cooking time and protein content
Some low, medium, high protein genotypes were grown at cifferent

locatfors fr Indfa as shown in Table 12 Seed samples of these genctpes
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vere cbtained from collaborators and analyzed for protein content and
cooking time. By and large, high protein genotypes maintained theitr
protein content when grown at different locations., Cooking time of whole
seed of these genotypes showed consideradle differences. But large
differences in cooking time were observed wvhen the results of low and high

protein genotypes were compared.

3. Nutritiona) quality evaluation of high ;rotoia genotypes

3.1 Chemica) analysis

The experimental seed material for the present study consisted of two high-
protein (HP) genotypes (HPL 8 and HPL 40) and two normal=-protein (NP)
genotypes (C 11 and ICPL 211)., C 11 1s a released commercial varfety.
These genotypes were grown at ICRISAT Center, Patancheru, India, during the
rainy season, 1986, Whole-seed samples were decorticated to prepare dhal
‘decorticated dry split cotyledons) by using Praire Regiona) Laboratory
(PRL) m111. About one kilogram each of whcle seed and dhal samples were
cooked for 15 min at 15 1b pressure in a pressure cooker, After cooking.
the whole content, including the broth, was dried in the oven at 50°C. Raw
and cooked samples were ground in a Udy cyclone mil]l to pass through a 0.4

nm screen.

Nitrogen content in pigeonpea samples was determined, using the
Technicon auto analyzer (Singh and Jambunathan 198l), and nitrogen values
were converted into protein by multiplying by a factor of 6.25. For amrino
acid analysis and protein fractionation, finely ground samples were
defatted in a Soxhlet apparatus, using n—hexane. Previously published
methods were used for the determination of ash, fat, and crude fiber (AOAC

1975) and soluble sugars and starch (Singh and Jambunathan 1980).
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The protein content of dhal of the MP genotypes (HPL 8 and HPL 40) s
significantly higher (25%8) than the NP genotypes (ICPL 11 and ICPY 211) es
shown in Table 12. The present study show that the genotypic differences
are quite large, although the possibility of small environmental effects on
the protein content of these genotypes could not be ruled out. The prote!r
content of some HP genotypes of pigeonpea, including HPL 40, has been
reported to vary from 27.0 to 29.88. Expectedly, the starch content of Hf
genotypes was lower than the others and 2 similar trend was observed for
fat content. On the other hand, soluble sugars, ash and crude fiber showed

variable results among these genotypes (Table 13).

From the consumers' point of view, small-seeded pigeonpeas are not
preferred. One-hundred-seed mass of HP genotype HPL 8 was comparable with
those of the NP genotypes (Table 13). However., 100-seed mass of HPL 40 was
s1ightly lower, and this might have been due to environmental effects. The
100-seed mass of this genotype has been reported similar to those of *te
other genotypes of pigeonpea evaluated under {dentical condftions. /#7sc,
values for the seed coat percentage ¢f HF genotypes did not ciffe:
significantly, suggesting that these genotypes might be acceptatle fc°

dehulling in terms of dhal yleld.

3.2 Seed protein fractionation and amino acid analysis

Seed proteins were fractionated into albumin, globulin, glutelin and
prolamin by successive extractions witt different solvents as describec
earlier (Singh and Jambunathan 1982). Defatted flour samples were
successively extracted with 0.5 M sodfum chloride solution in 0.C1 W
phesphate buffer (pH 7.0), 0.1 N sodium hydroxide and 70% ethancl tco
separate total protein into albumin and globulin, glutelin and prolamir

fractions, respectively.
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Consideradle differences were observed n the concentrations of the
major protefn fractions, globulin and glutelin, of these genotypes (Table
14), The globulin fraction was noticeably higher in HP genotypes than in
NP genotypes, and the reverse was true for the glutelin fraction. The
storage proteins, globulins, constitute the major proportion of the legume
seed proteins. Since these proteins are deficient tn sulphur contatining
amino acids, the limitations of these proteins in the nutrition of humans
and other monogastric animals are well knov;. The higher levels of sulphur
conta‘ning aminc acids in the glutelin than fn the globulin fraction of
pigeonpea have led to the suggestion that cultivars with a higher ratio of
glutelin to globulin should be 1dentified to improve their seed protein
quality (Singh and Jambunathan 1982). These swall relative changes in
protein fractions of these genotypes did not result, however, in changes in
the 1imiting essential amino acids, methfonine and cystine and other
essential ard non essentfal emino acfds. Although tryptophan 1s an
essential amino acid of pigeonea, and nutritionally important, this amino
8cid was not determined in the present study as 't was destroyed dur'r
refluxing 1n 6 NHCY. Like other plant proteins, amino acid compositice
serves as a first approximation of the protein quality of pigeonpea
proteins. No marked differences were observed in sulphur containing amirc

acids of the HP and NP genotypes.

3.3 Trypsin and chymotrypsin inhibitors

The trypsin inhibitor activity (TIA) was assayed according to Kakade et &l
(1969). Trypsin inhibitor was extracted by shaking 200 mg of defatted
material with 10 1 of 0.1 M phosphate buffer (pH 7.6) at room temperature
for 1 hr. Extracts were assayed for TIA. Chymotrypsin inhibitor activity

(CIA) was assayed to according to Kakade et al (1970). Chymotrypsin
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inhibitor was extracted as described adbove, except that 0.1 M dorate tiffer

(pH 7.6) was used.

In common with other grain legumes, pigeonpea seeds conta‘r
considerable amount of protesse inhibitors. Trypsin and chymotrypsir
inhidbitors of raw and cooked samples of the HP and NP genotypes are shown
in Table 16 Trypstin inhibitor activity (TIA) did not revealT marked
differences in the HP and NP genotypes, although differences srmong the
genotypes were significant (P<0.01). TIA vas remarkably reduced a5 2
result of cooking in a1l the genotypes. Chymotrypsin inhibftor activity
(C1A) was slightly higher in the rav samples of HP genotypes than in that
of NP genotypes. However, CIA was not detected in cooked sangles,
indicating that CIA was completely destroyed in the heat treatment. Fut

this did not happen 1n the case of TIA,

3.4 Biological evaluation

Protein digestibility is of increasing irterest in grain legumes ‘n cerc-¢’
and pigeonpea in particular. True protein digestibility (TD), tlodc¢rce?
valye (BY), net protein utilization (NPU) and utflizable protein (UF were
determined, by conducting rat feeding experiments using rew &nc ccckec
whole seed and dhal samples of these genotypes. Groups of five Winstar ma’e
rats, weighing about 70 g, were usec in these experiments. Each ra: was
daily fed a 10 g diet (dry weight basis) containing 150 mg nitroger. #*
the end of the 5 days of feeding period, unconsumed diet weight wes
tecorded anc¢ total nitrogen intake calculated. The remaining procedires
were followed and calculation of TD, BY, NPU and UP values race accorcing

to Eggum (1973).
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The results of these experiments are suamarised in Tables 17 and 18.
True protein digestibility (TD) significantly (P <0.01)) increased with
cooking and the effect was more pronounced in whole seed than in dha)
samples (Table 17 and 18). Interestingly, bfological value (BY) of the
cooked sample decreassd in both whole seed and dha), whereas net protein
utilization (NPU) of the cooked samples increased; this may be due to an
increase in the protein digestibility. A decrease in BY of cooked samples
of both whole seed and dhal might be attridbutadble to heat treatment, which
causes considerable nutritional damage to methionine, the most important

amino acid of grain legumes,

A comparison of TD of raw samples of whole seed and dhal samples of
these genotypes indicated large differences. The average TD was nearly 60%
for whole seed (Table 17), whereas it increased to over 70% in dhal samples
(Table 18). The reduced TD of whole seed may be due to higher polyphenols
and fiber contents as majority of these compounds are concentrated in the
seed coat. Polyphenols decrease protein digestibility {n animals anc
humans, probably by making protein partially unavatlable or by fnhititing
digestive enzymes and increasing fecal nitrogen. Polyphenols may not tave
a great nutritional implicatfon as they are removed by the processing of

pigeonpea.

Although TD, BV, and NPU values have shown some differences arong
these genotypes, no noticeable difference in these protefn quality
attributes were observed among the HP and NP genotypes. More importantly,
+he values for utflfzable protein (UP) were considerably higher in the HP
genotypes than in the NP genotypes. Higher UP values for the HP genotypes
are attributed to thefir higher protein content. This indicated that the HP

genotypes are nutritfonally better than the NP genotypes as the former

21



contain more utilizable protein.

Our results show that the levels of various mutritiona) attridbutes of
the HP and NP genotypes are quite comparadble, and that 1t 1s possible tc
improve pigeonpes protein content and 1ts quality by dbreeding. Further,
the HP genotypes may be preferred from the nutritional point of ¢iew over
the NP genotypes as, per se., they would provide more utilizadble protein and
sulphur containing amino acids. To enhance the nutritive value,
utilization, and productivity of the crop, the devieopment of high-protefn
cultivars with desirable agronomic tratts may be emphasied in the breeding

programs

4. Effect of cookimg on protein digestibility and amino acids

Pigeonpea generally has a lower protein digestibility than other grain
legumes, even after cooking. We examined the effect of cooking on protein
digestibility, biological value, and meet protein utilfzation by conducting
rat feeding trials on raw and cooked whole seed and dhal samples of C 11i.

The results of this study are summarised in Table 19,

Protein digestibility significantly (P < 0.01) increased with cooking
and the effect was more pronounced n whole seed than dhal samples (Tatle
19). Interestingly, bifological values of the utilization of the cooked
sarples increased and this may be due to an increase in the proteir

digestibtlity,

Amino actd composition of raw and cooked whole seed and dhal samples
of C 1] is presented {n Table 20. This study was conducted to determine
the effect of cooking on amino acid contents of pigeonpea. 1t is

emphasi{zed that cooking water was discarded after botling the samples. No
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remarkable changes 1n the amino acids of pigeonpea were observed as
result of cooking. A slight reduction in lysine content was noticed
vhereas methionine and cystime., limiting essential amino acids of

pigeonpea, did mot show any change due to cooking (Table 20).

5. Effect of sesd polyphencls on protein digestidility

Grain legume polyphenols have been reported to influence the protein
digestidbility. Earlier we have cbserved that majority of the polyphenols
are concentrated in the seed coat and also that polyphenols are highly
associated with the seed coat color. In other words, 1t can be predicted
that pigeonpea genotypes with brown seed coat would contain more
polyphenols than those of the genotypes having l1ight/white seed coat color,
In view of this, we conducted rat feeding trials using cooked whole seed
and dhal samples of C 11 (brown seed coat) and Nylon (white seed coat) in
order to study the effect of polyphenols on protein digestibility and the
results are summarised in Table 21. The results of this study indicated
that polyphenols reduced the protein digestibility as the digestibility of
C 11 was lower than the Nylon as former contained higher amounts of
polyphenol. This was further substantisted as these differences
disappeared when the dhal samples of these cultivars were compared. This
showed that in case of dhal sample, no noticeable fintereference of
polyphenonl 1n protein digestibility were observed. Biological value and
net protein utilfzation of C 11 and Nylon shoved noticeable differences in
whole seed but not in dhal sample (Table 21). There were large
differences in the polyphenols of whole seed and dhal samples of these two

cultivars as shown in Table 22,



6. Vegetadble pigeonpeas

We continued to study the gratn quality of vegetable pigsonpeas. Thers fs
usually a 34 days gap betveen the date of harvesting of green pods for
vegetable purpose and the time of consumption of their green seeds as o
vegetable. In order to assess the changes 1n qualfty trafts during the
short storage perfod, we studied the effect of storage on cookffg qualfty
of vegetable pigeonpeas. Green pods were harvested and stored at 5°C and
25°C separately. After storage, the pods vers shelled and the mofsture
content, cooking time and texture (hardness) of the green seeds were
determined. The results of this study are summarised in Table 23. Texture
wvas determined in Instron food testing machine. Storage at room
temperature increased the cooking time of green seeds and this observation
wvas substantiated by the resuvits on texture (hardness). However, it was
observed that the storage at low temperature did not cause any noticeable

changes 1n cooking quality for up to three days of storage (Table 23).

7. Dehulling quality

farlifer, we have observed that the procedure of Tangential Atrasive
Dehulling Device (TADD) could be used for studying dehulling quality of
pigeonpea genotypes. Also, our village-level and dhal mill surveys have
indicated some pretresatments, e.g. moistening the seed with water or ci?
are performed before dehulling pigeonpea in a dhal mil]l, Effect of seed
treatment with different salt solutions on dhal yteld was studifed using
TADD. Seeds of C 11 were treated with sodium chloride, sodfum carbonate,
sodium bicarbonate solutions, ofl and water. Seeds were dried in the oven
at 50°C overnight and dehulled in TADD. As shown in the Table 24, there
was no noticeable effect of pretreataents on the dhal yield. However,

these are the results of a preliminary study and additional efforts in this

24



direction will be wsefel.
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Figure 1 : Sise and shape of starch granules of mung bean (a)
and pigecnpea (b)
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Figure 2 : Swelling power and solubility patterns ¢/ ~.rg nea
and pigeonpea starches at different temperatures
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Figure 3 : Starch noodles of whole seed and dha! ssmples of mung bean
and pigeonpea
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Table 2. Chamioal oomposition of isolated starches of whole seed and dhal
ofpimn(ovcu)-dmhn(ovmm)l

-

leolated starch ma.mz

(%) of Starch Amylose Protein Anh Cm:b

Crop starch (%) (%) (X) (%) fiber
extracted (X)

Wole eeed

Pigeonpea 49.3 82.0 48.9 0.18 0.04 0.08

Mg bean 58.3 90.9 47.0 0.14 0.08 0.11
S8 +3.79 $1.04 $1.23 $0.04 +0.02 $0.02

Dhal

Pigeonpea 71.2 83.8 48.0 0.17 0.03 0.0

Mung bean 78.9 4.3 50.3 0.10 0.08 0.0%
SE $3.38 $1.20 $1.04 $0.03 $0.02  +0.02

1. Means of two determinations, expressed on molisture-free basis.
2. Determined in isolated starch fraction.
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Table 3. Shape end sises of pigeonpea and mmg besn starches.

-

Crop Shape Sise (u)I |

Pigeonpea Irregular Range 8.5-55.1 2
{oval/rand/been—shaped ) Mean 24.7 ¢ 4.2%

Mng bean Irregular Renge 0.5-47.5.
(oval/raund/bean-shaped ) Mean 21.7 ¢ 3.68

- . — - -

1. Means and ranges of .100 meesuremsnts.
2. Standard error

32
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Table 4. Galatinisetion temperwtre, gel strength, gel oconsistency and degres
dmammmmm‘

Gol Tewp.2 Gal strength  Gel consistency’ numor .
Crop (°c) (Poros, kg) (length, om) mmu
(ml Ho0)
Pigeonpea
Whole sead 1.4 3.0 2.9
Dhal 76 1.1 3.0 3.2
Mg been
Whole seed 2.5 3.3 1.1
Dhal 72 1.7 2.8 1.1
SE +0.34 +0.04 +0.08 +0.02

o~ o~ o T - - e R A N WD W U A Y G s O e e N AR L W M e R R S Ra G e VA MDA W A W e B W W e e o WA W b e o

1. All results are msans of two determinations
2. gelatinization temperature at which 90X starch grenfles 'were stained.

3 Determined after heating 6% starch solution at 96°C for 8 ain and after
standing at rooes tesperatures for 30 min.

4. Determined as the voh.? of water (ml) separated from 3% ml of 6% etar:
gel after storage at 4 C for 12 hr.
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Table 5. Swslling power and solubdility of el steevhes of . —:2 .- end

mmuwwl

Swelling power (g & )

-

Solubility (X)

Tespersture °C
60 70 80 90

- .-

Tespersture °C
80 70 80 80

1.0 3.0 10.1 1.5
4.0 6.1 8.2 11.8

R

0.7 6.9 18.0 23.1
0.8 11.3 11.9 23.8

$0.29 £0.81 20.23 10.21 $0.04 +£1.22 +0.76 +0.19

1. Means of two dsterminations.



Table 6. Viscosaylogrsghic properties of dhal starches of pigeonpea and
mh-nx

e . - S T A -

Viscosity (Brebsnder units)

o J
Crop 9% - sc%C e Set back

Initial Final

—

N ——— - N

Pigeorpea (cv C 11) 277 302 4380 893 178
Mg bean (cv PS 18) 300 s 8% 972 b0
SE ¢+ 8.5 + 5.8 +12.4 3 10.8 t 7.9

- —— -~ ————— —

1. Valuss obtained using 6X starch and aversge of two determinations.
2. After holding for 60 min.

3. Difference of resdings at 50°C and after holding fet.80.ain at 95°C
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Table 7. Sensory scores of soft and (haxd) noodles prepared pigeonpea
(cv C 11) and mmg been (cv PS 16) starch!.

- - - - -

Crop Color Texture Clarity Unifore General
m aooepmbuity

Pigecnpea

Whole seed 1.6 2.0 1.7 2.3 1.9

Dhal? 3.6 2.6 3.5 3.4 3.4
(3.7) (3.1) (3.0) (3.2) (3.1)

Mung bean

Whole seed 2.5 3.2 2.5 2.8 2.8

Dhal 2.8 2.9 2.6 2.3 2.6
(3.3) (3.2) (3.2) (2.8) (3.0}

SB +0.34 $+0.27 +0.30 +0.26 +0.30

- A ———— A - - T -y - - o - ML . i S S S T W A v AN R s

1. Average valuaa ofta:panel-enbem Rating scale : 4 : excellent,
Jz-good, 2= fair, and 1l =

2. Values within parentheses are for hard noocdles.
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Table 8. Orgamoleptic properties of pigecrpes and soybesn tempeh’

-

Geaneral
Tespah Color Texture TFlavor m acoeptability
Pigeonpea (Nylon) 2.5 2.8 2.2 2.5 2.5
Soybean 3.0 3.2 2.6 2.7 2.8

T~ U " oo, o NN VO PR I N M W T " T O U W W R T " — - WKW e -

1. Score : 4 = Exosllent, 3 = Good, 2 = Fair,rand 1 = poor, Results are

averages of five sensory parms] ssmbere.
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Table 8. Correlation mstrix of various cooking quality parsmeters of white
pigecnpes mxcu1.

- i 040 Y AU W " -

Constituent 1 2 3 4 5

- - - - e e I

1. 100 seed mese - -

2. Sead cost (X) ~0. 40%x .
3. Cooking time (rew) 0.02 0.24 -

4. Cooking time (ecaked) -0.09 0.1 0.57T%

5. Water absorption 0.11 -0.18 0.08 0.24 -

- -~ . i > i S - - - — - ———— o o . . - - s -

1. Based on snalyses of whole seed of 57 accessions
2. Sosked for 16 hr in distilled water at room tespersture (25°C + 1°C)
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Toble 10, Cosking tioe sod erguacioptic preparties of dbal ssaples sene pigecapes genctypes developed
by ICBIB4Y, growm ot ICRISAT Coater, Putanchers, reiny sessee 1064,

R R R R R S R R AR Rl R e L L L Y R e N T T T N Y T R R RS

Costlag  Beter Selld 2 1 1 y Semnl

Protals”  time .t...-xJ tispryinn Color™  Testars™ Tlaver™  Taste™ sccepts-

%) ain)” (g4 ") ] Mty

nmn ni n 1. L K N R 11 e 1!
1cn 181 {N 1.4 na 11 L ) 1 t IR N
s 120 N n 1.4 Nl 3t LN LN 3 Ll

Prabhat

(em b N na 1.y al ! 3.} 1.} N 0
[+ (9} .l ni 1.4 u.\ 11 1) 12 2.4 1l
ma na N 1.1 N 18 ' 1 1! )
mi $.1 ni 1.2 .3 1.4 112 IR 10 30
1em 2 1.1 2. 1.40 ([N 1.0 11 N 1? 1
1 18! . ua 1 L .4 1 (N Al 11 11
1CPL 211 iR n L n) 38 14 | 18 1.2 22
i 41 ] ni 1IN LN n? 1% 1% 23 1A ¢z’
i 1.1 Ul 1.0 ini 1 11 1 33 MR
i ¥ | U 1.2 "2 2 11 1R ] .
iCPL 3¢ 8.2 . 1.3¢ N 1 4 ' ) 3¢ ot
Coalier } ni '{ 1LY $.1 1.8 12 2.8 i [
1CPL 4300 ni B4 1.1 1 1] 17 N ) 1 3t
¢ (113! 41.2% .0 e 9l . $. 1931 0.2

IR S L L LR R R R R R E R R R R R R R R R R AT A

1 Based o8 toe deterninetions

L 2

_ Based on seasery evalsation by sis pasel mesbers
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Table 11. Cosking guality abarscteristics of oome ICHINSY punetypes grems end cappliod by CANDI. Delise

is 190¢!

S Belesoed Bl

~l1 cememee Ao e

Seed color 100 000d  Sesd  yield”  Preteis Cosking  Weter  Cosding
Cesotrpe oase (g) oeet (V) (%) ) tise  adeerpiion  tine
{aln) gs Ty

s T T
1CP 115%8 Crems 1.4 11.62 W4 N ) 1.3 "
Icn 1 remy 5. 13.84 ni 1.2 1) 1.3 »
1CP 11515 dart crem 134 11.1% N 17.1 83 1.$ n
1C? 103 hrple oitd 1n¢ 1.48% M. 1 ] 1.} M

dots
{4 3 PH] Parple 1.1 0 W 1.7 # 1.4 o
ICPL 80012 Cress 11} 12, W 164 ] 14 a
1CP 11883 Prplescrens 15.7 nn n. 1.} ] 1.4 ¢
1ICr 121 Cress 16.3 10.88 1.} 1.4 " 13. o
1CP 150 Cress 1%.2 n.n i 17.1 % 1.} K
1P 1y brom .Y 1.1 " 159 7 13 .
0T XN

DT-5-M0-(113-3  Mi{tetdrom 100 1.4 u 18.9 61 1.3 K
1CP 6920 Dite 150 a8 8.6 113 4 1.8 i
1CP 11580 Crems .3 11.5% 8.3 16.9 1] 1.6 1
1CP 87-(D) Jromn 1.4 13.n " 14.3 ) 1.3 s
1CP 11048 Light drem 1.0 1. 1) 16.1 15 1.4 3
1CPL 269 Creas 11 12.33 "ni 18.9 L) 1.3 o8
1CPL 60 Cress 16.9 nwn o on 16.6 5 1.1 H
lenn LR 11.§% " 11.2 I ) 9 | 2!

E O L L L L T R N N N L R T L R R A . L e I R o A R I I T I I N

1. Results are averages of tee deternisetions ezcepting 100-seed sass for wmhich five detersinations were
sade. These gesotypas wvere grom st CAND!, Delise dariag 1N01/81.

$. Dhal yield odtained by using Yangestial Adrasive Deballing Device (TAD9)
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Table 13. Chemical composition of dhal samples of high and normal protein

ml
100~ssed Protein Starah Soluble sugars Fat Ash Crude fib
Genotype mase (g) ---- - (%) -- s
HPL 8 10.7 28.7 54.3 4.3 2.6 4.9 1.4
HPL 40 9.3 1.l 55.6 5.1 2.5 5.1 1.1
C1ll 11.0 24.8 58.7 4.8 2.9 4.9 1.2
ICPL 211 12.7 23.1 59.3 4.2 3. 5.0 1.4
SE $+0.34 +0.09 +0.30 4+0.06 +0.02 $0.02 +0.03

1. Averages of two determinations and expressed on dry weight basis.
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Table 14. Protein fractions of dhal sample of high and normsl protein

geotypes’
Ganotype Protein Albumin Glotulin g}uum Prolamin Total
(%) semescee—-w- (g(100 g) ~ protein) -------------
HPL 8 28.7 9.1 83.5 20.2 2.9 85 .7
HPL 40 3.1 8.0 86.2 19.7 3.2 971
c1 24.8 1.7 60.5 23.3 2.6 9% .1
ICPL 211 23.1 8.6 60.3 22.8 2.1 94.5
SE 40.08 +0.34 +1.08 40.7% 4+0.06

1. Averages of two determinations and expressed on dry weight basis
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Table 15. Amino acid oomposition (g(100 )~} protesn) of high and normal

protein genotypes
Mino acd  WPLS RPL& C11 IPL21 S
Lysine 5.5 5.8 5.8 8.0 2 0.07
Histidine 3.2 3.2 3.2 3.3 + 003
Arginine 5.7 6.3 5.8 5.6 £ 002
Aspartic acid 8.7 8.7 8.7 8.9 £014
Threonine 2.0 2.9 3.0 3.0 0.1
Serine 6.1 4.0 41 4.3 s 007
Glutamic acid 205 200  21.2 21.3 ¢ 0.21
Proline 3.7 41 0“4 4.8 . 0.12
Glycine 3.4 3.2 3.4 3.3 + 008
Alanine 3.6 3.7 3.9 4.0 . 003
Cyetine 0.8 0.8 0.7 0.7 P
Valine 3.6 3.7 3.9 41 . b g
Methionine 1.0 1.0 1.1 1.1 + N
lonleacine 3.4 3.2 3.5 36 - i
Leucine €. 4 6.4 6.7 7.0 s
Tyrosine 2.6 2.5 2.7 2.1 . 803
Pheny lalanine 8.3 7.9 8.1 8.7 + 00
Protetn (%)} 29.9 325  25.7 24.2 . 009

1. Analysis of defatted dhal samples (N x 6.25, dry weight basis!
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Table 16. Trypsin inhibitor activity (TIA) and chymotrypein
inhibitor ectivity (ClA) of rem and cooked dhal eample
of high and normal genctypes

...................... - . W O D AR W A U S S U T s . W - - - -
m S PRV p—— - - . - - - -
....................... W s o . - - - A " U s W . -

e A A e e e I A T e WD W W A e e WD GRS O D D S G W . G G A A e AN IR M W Ak o S A W o A . i T W Y ey G U oy e

HFL 8 7.2 25.1 0.4 1.9 3.5 12.2 ND
HFL 40 54 17.4 0.7 2.3 3.8 12.4 ND
c 1l 4.8 18.4 0.4 1.7 2.2 8.9 ND
ICPL 211 6.9 24.8 0.3 1.3 2.4 104 ND

SE +0.34 +0.75 120.08 +0.18 $0.06 10.26 -

- . e A A o A o D S A AR et MU A T T e A A AW D R A oo T S D e 4O S W A S W e T WD A e e W e

1. Fnzyme units inhidited/mg meal.
. Enzypme units inhibited/mg protein

£

3 Cooked for 15 min at 1.05 kg @
ND = Not detected.
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Table 17.

Biological evalustion of res and cooked whole seed samples of higt
and normal protein |lnotypa:1

Ram Oookadz
Genotyps  ------- P S
Protein" T B & OP Protein” T BV NU P
.......... - () mmm e oo e
HPL 8 2.6 585 68.7 40.2 103 24.4 79.4 685 5.4 132
HPL 40 271.3 5.0 T70.5 40.9 11.2 216 758 86.4 503 139
cn 21.9 59.5 64.3 38.3 8.4 22.2 756 62.5 473 0%
1CPL 211 21.0 80.6 64.0 38.8 8.1 2009 749 64.5 482 10
SE +0.48 +1.08 $1.13 $£0.64 +$0.23 +0.32 +1.35 +1.07 +1.01 +0 3}

1. TD = True protein digestibility, BV = biological value, NPU = net protein

utilization (TD x BV/100), UP = utilizable protein (Protein x NPU/‘Ql()O). trgrsd 8

five determination for each treatment

© looked for 15 min at 1.05 kg cm

3 Preetedr

2

N x 6.25 (dry weight basie).
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Table 18. Biological evaluation of coched end rew esmple of dhal of high and normal
protein |Inntvp-ll

- -~ v

— gomnoomome e

oencyee Protetn® 1D B 0 P Protetn’ ™ B U m
oS
HPL 8 28.7 71.%5 75.8 5.2 156 27.6 8.7 87.0 5.1 15.%
HPL 40 31.1 69.8 7.8 51.4 16.0 30.8 829 6523 5.1 16.7
clu 24.8 ™”3 73.6 83.2 13.2 23.9 84.3 66.7 5.2 13.%

ICPL 211 23.1 708 764 541 12,5 22,8 857 626 539 12.3

Sk $0.28 0.8  +1.14  £1.2) £0.34 $0.26 2:2.14 £1.68 +1.08 40.2%

- - - —— it o o, o Qs o A Y s~ A L Glo o -

1. D = True protein digestibility, BV = biological value, NPU = net jrteln
utilisation (TD x BV/100), UP = utilissble protein (Protein x NPU/100), based
five determinations for each treatment

2. Cooked for 15 min at 1.05 kg cn ™’

3. Protein = N x 6.25 (dry weight besis).
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Table 19. Bffect of cooking tims on Diclogion! valws, Wue pretedn digestibility.
and net-protein utilisstion in pigecnpes C 11, ICRISAT Center, 1966/87

-

- -

Food Biological True protein Net protein

Treatsent oconmmed (g) value (%) digestibility (X) utilisstion (%)
hole seed

Ram “.2 70.5 81.1 41

Coolked 41.0 64.7 7.8 50.3
Dhal SE $3.3%2 $2.05 41.13 +1.80

Raw 41.9 7.7 71.0 56 2

Cooked .7 68.6 83.0 57 8

SE 41.87 $1.37 +1.80 +1.63

- - - - -

e i " . s - T T > o Do W W P wn v e o o

1. Based on five determinations for each treatment.
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Table 20. Amino acid ocmposition (g(100 c)“) of rem and cockted samples of

Cll and Nylon

...... i cu lbl.m”“"““m

Ram Cooleed Raw “‘“-“6;;;““
Aino acid ) 1 2 ) 1 2" 1 ) 2 -;”““‘;“-
Lysine 6.685 6.1 6.20 8.15 . 6.84 ¢.88 6.33 6.40
Histidine 4.06 4.08 3.7 3.M 4.18 4.03 4.0 3.96
Arginine 6.53 8.5 6.29 6.3 6.44 é.99 €.Nn 6.83
Aspartic acid .16 9.19 9.28 9.32 9.57 9.58 8.60 9.4
Threonine 3.54 3.5 3.6 J.49 3.62 3.78 3.67 3. 42
Serine 4.45 4.8 4.25 4.09 4.57 4.32 4.73 4.9
Glutamic acid 17.586 17.97 17.19 17.42 17.88 17.7868 18.37 18.40
Proline 4.43 4.54 4.48 4.59 4 .52 4.50 4.74 4.686
Glycine 1.5 INn 3.4 3.7 3.68 3.68 3.87 3.64
Alanine 4.20 4.29 4.25 4.79 4.27 4.50 4.36 4.37
Cyetine 0.79 0.90 0.66 1.54 1.45 1.39 1.44 1.46
Valine 4.25 4.3%5 4.4 4.4 4.61 4.74 4.8¢ 4 6”
Methionine 1.48 1.4 1.60 1.54 1.45 1.8 1.44 1 4%
Isoleucine J.84 3.86 3.88 3.85 4.01 4.20 4.25 G,
Leucine 6.8 6.97 6.84 6.94 7.14 7.22 7.43 I
Tyroeine 3.07 3.07 33.07 3.08 3.18 3.58 3.48 371
Phenyalanine 8.50 8.68 8.48 8.5 9.00 9.39 8.58 B 66
Total §2.96 954.28 B1.82 92.87 96.00 99.85 98.73 96.99
Protein (X)3 21.06 22.32 21.48 23.08 21.05 22.32 20.63 21.7%

" G D 0. T W P " Y W T o T M o W T W= . - - .- " . o

. Whole sead; 2. dhal; 3. Defatted N x 6.25
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Table 22. Folyphenols (ng ¢ | esmple) of whole seed and dhal
samples of C 11 snd Wylon®

———— . S . ot A - o~

Seed Rase Cooked
Qultivar coat

(%) Whole sead Dhal Whole sesd Dhal
C1 15.2 13.5 1.4 14.0 1.2
Nylon 12.7 4.8 1.1 4.5 1.0
SE +0.30 +0.28 +0.06 +0.29 +0.04

———— -~ — " —nr

1. Based on two deterainations for each treatmsnt.
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Table 2¢. Effect of pretrestmsmts on debulling quality®

Dhal yield (X)
Treatment Medhod 1 Method 2
1. Sodium chloride (1%) 81.3 81.1
2. Sodium carbondate (1X) 81.2 81.0
3. Sodium bicarbonste (1X) 80.4 80.3
4. O11 (0.25% whw) 80.6 80.3
5. Water 80.8 80.6
8. Cantrol 51.0 81.7

SE 21.34 22.01

—— it s b — - — R ad T — ST G T - T DAY -

1. After treatasnt, sssples were deinmilled using in a
Tangential Abrasive Delulling Devioe (TADD) mill.

W
Method 1 = -- x 100
W2
Wi - sesad Ooat
Method 2 = -~-mecvoceee—- x 100
W2
whereas W, - HWeight of dehulled grain
Wy = HWeight of whole seed used for dehulling
Seed t in dahulled grain uas determined by manually resoving the
seod t after dehulling in TAID mill.
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