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Our earlier reports on groundnut dealt with the analyses of
groundnut germplasm accessions-for their oil and protein
contents. In this document, we have reported the data
obtained on other aspects of groundnut seed quality. We
have described the procedures in somewhat more detail as the

data are reported for the first time from our laboratory.

THIS IS NOT AN OFFICIAL PUBLICATION OF ICRISAT AND

SBOULD WOT BE CITED.

R. Jambunathan
June 1990
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Project Title : Evaluation of nutritional and food quality of
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Objectives and scope

1. Determine the protein and oil content in groundnut

2. Determine the proximate composition of groundnut including
vitamins, sugars, and protein quality

3. Determine the oil quality including the fatty acid
composition in groundnut

4. Initiate and standardize taste panel evaluation studies.
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I. CHENICAL COMPOSITION

1.0 INTRODOUCTION

The utility potential of groundnut (Arachis hypogaea L.) has
increased considerably as novel wvays for its utilization are
being investigated. Groundnut is a highly concentrated form of
food, rich in protein, oil, and with reasonable amount of
vitamins (Venkatrao and Jogi Pantulu 1958). Groundnut oll is an
important edible vegetable oil and contains high concentrations
of unsaturated essential fatty acids, oleic and linoleic acids.
These have a bearing on the stability and nutritional quality of
the oil.

Groundnut has relatively low ash and carbohydrate contents
vhan compared to other major oil seeds, the major carbohydrates
being starch and sugars. Groundnut”containl as many as 26
nineral elements according to Cobb and Johnson (1973), potassium
content being relatively high and sodium being low. Groundnut is
nutritionally deficient in calcium and zinc, and is fairly good
in phosphorus and magnesium contents (National Academy of

Sciences, 1980).

2.0 MNATERIALS ARD NETHODS
2.1 Materials

In our present investigation, we analyzed groundnut
cultivars that were grown during the two seasons. Five groundnut
cultivars, ICGS ) (ICGV 87119), ICGS 5 (ICGV 87121), ICGS 11
(ICGV 87123), ICGS 21 (ICGV 87124), and ICGS 44 (ICGV 87128),

were grown at ICRISAT Center during the 1985/86 postrainy season,



in the fields, RP 10A, RP 10A, RP 10B, RP 10B and RP 8C. Tvo
controls, Kadiri 3 (Robut 33-1) and J 11, wers also included for
this study. The above mentioned groundnut cultivars vere also
grown during the 1988 rainy season in the fields of RP 11C, RP
11C, RP 11C, RP 11C, and RP 11B, RP 3B and RL 18 at ICRISAT

Center, including the controls.

2.2 Nethods
2.2.1 Detarmination of proutein content

Nitrogen content vas determined using the Technicon auto
analyszer (TAA), according to Singh and Jambunathan, (1980). A
factor of 5.46 vas used for converting the nitrogen into crude

protein content.

2.2.2 Determination of oil contant

Soxhlet method : Oi)] was determined in groundnut meal by
extracting with n-hexane in a Soxhlet apparatus and also using
the nuclear magnetic resonance spectrometer (Jambunathan et al.

1985) .

2.2.3 Determination o! starch and sugar contents

Sterch which consists of amylose and amylopectin, was
analyzed according to the method of Thivend et al (1972) and
sugars by the method of Dubois et al. (1956). Starch was
hydrolyzed using amyloglucosidase enzyme (source : Sigma) which
converts starch to maltose and then to glucose which was
determined using the phenol-sulphuric acid reagent. Total

soluble sugars in groundnut meal vere determined by extracting



vith hot aqueous-ethancl, and measuring the concentration of the
golden yellovw colored complex formed using the phenol sulfuric

acid reagent at 490 nm.

2.2.4 Ash and crude fiber contents

Ash content was determined aécordinq to the method of
Association of Analytical Chemists (ACAC), method (1984%).
Groundnut sample, after defatting, was ignited to 600°C and the

ash content determined.

Crude fiber, which is the organic fraction left after
sequential extraction with solutions of 1.25% sulfuric acid and
1.25% sodiuw hydroxide, gives the cellulose content of the

saxple. The method followed was according to AOAC (1994”)

2.2.5 Moisture content
Moisture content was determined by drying the groundnut meal

at 110°C for 16 hr in a forced draft oven.

2.2.6 Determination of minerals and trace elements

The minerals and trace elements were analyzed according to
the method of AOAC (1984%). The wet digestion method was
followed for phosphorus content and the dry ashing method for the
analysis of other elements. The wet digestion method involves
the digestion of the ground sample with a mixture of acids
(nitric acid, sulfuric acid, and perchloric acid), followed by
analysis of phosphorus content in the digest using the Technicon

auto analyzer.
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Teble 1. Chamical compsition of groudut anltivers, postreiry seseon 1985/86, JCRISAT Canter

Protein oil Starch o Fiber Ash Folstwre 1D yeed
Qutiver 03] asss ()
108 1 N.90.00 48.30.30 11.00.00 4.640.90 2.20.08 2.30.00 7.3:0.08 36.2
18 3 25.70.13 824015 12.30.06 4.640.08 25000 2.30.0n 682013 &7

1088 11 B0 83015 11.00.00 46008  2.20.0 2.30.02 6.7:0.01 57.3
1es 1 20.20.15  30.00.20 11.30.06 5.00.17  2.00.08 2.30.00 68012 .3

1088 & B0 4919012 12.220.13 44008 2.90.08 2.20.2 7.10.2 6.1

Kedir! 3 29.20.20 .40.00 11.20.16 3.60.001  2.10.05 2.20.01 $.00.3 431

FRT 258015 (1.2:0.05 13.70.06 5.20.97 21005 2.40.01 51006 3.0
Naar? 2.8 8.2 12.0 ‘.6 2.2 23 6.4 55.1
e +0.61 20,44 OR 0w Q0 L@ 03

1. Meerw of three replicates
2. Moers & 5E of seven cultivars
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For other elements, the sample was ashed in the muffle
furnace at 600°C, and the ash was dissolved in dilute
hydrochloric acid, and few drops of nitric acid and the aliquot

wvas analyzed in an atomic absorption spectrophotometer.

3.0 RESULYS AND DISCUSSION
3.1 Chemical Composition

Results of analysis of cultivars grown in the postrainy
season 198%/86 are shown in Table 1. ICGS 21 showed the
highest 100 seed mass (69.3 g), sugar content (5.0%) and oil
content (50.0%), among the groundnut cultivars. J 11 showed the
highest content of starch (13.7%), and ash (2.4%). ICGS 5 had a
higher percentage of starch, and protein among the five ICRISAT

cultivars.

The results of the 1988 rainy season presented in Table 2
reveal that the two cultivars, ICGS 21 and ICGS 5 were better
than the controls in some respects. ICGCS 21 had the highest oil
content and 100 seed mass among the ICRISAT cultivars. The
protein, sugar, fiber, and ash, contents were higher in ICGS 5 as
compared to the controls. A comparison of the results from the
two seasons' data showed that hundred seed mass and protein
content were higher in the postrainy 1985/86 season, while starch

and sugars were higher in the 1988 rainy season.

For nitrogen determination, we were using the nitrogen free
paper for weighing ground, undefatted groundnut sample. The

groundnut sample in the nitrogen free paper was folded carefully



1
Tike 2. Cunical compoeition of grasdhut cultivers, refny sesson, 1988 ICRISAT Center

Protein oil Starch o Fiber Ash rotstre W0
Odtivers - (1) (1) mss (9)

10881 20.7:0.92 30.00.92  14.420.16 5.90.90 2.3:0.06 25:0.00 4.60.06 3.0:0.%2
10085 214007 48502 16.0:0.19 63000 27007 27015 4.740.03 37.0:0.48
IBS 11 2145013 48.790.90 138018 55008 2.60.00 25002 47009 37.20.%
102 1915044 30.30.00 110K $.80.@ 26008 25001 4.740.00 43.8:0.2

108 4k 2034012 S0.0:0.11 13.660.12 6.00.00 2.30.00 25000 4.6:0.00 36.420.2

Kadird 3 19.950.90 473041 15.3:0.20 6.6:0.13 2.50.00 2.6:0.00 $.0:0.03 40.0+0.10

FRT 200602 81020 WHR0P 61007 2500 2600 §.8:0.06 26.240.10
Near’ 0.6 .0 %2 6.1 2. 2.6 07 %8
s O 04 0D 0.11 00 0.0 0.0 2.0

1. Mearn of thres replicstes
2. Mears ard St of seven cultivers



and then transferred into the digestion tube. This process was
hovever, cumbersome and time consuming and delayed the weighing
process considerably. Since we were analyzing thousands of
samples eavery month, we looked into the possibility of using the
butter paper, normally used with other ground grains. Our
concern was that butter paper may absorb or retain some oil
during the weighing process and may affect the nitrogen values.
In order to compare the nitrogen values obtained using nitrogen
free paper and butter paper, thirty-seven groundnut samples were
analyzed, using butter paper as well as nitrogen free paper in
the weighing operation. The correlation coefficient of data
obtained by these two procedures was 0.96 (Table 3). Therefore
the use of nitrogen free paper was discontinued in favor of

butter paper, for increasing the analytical rate

3.2 HNinerals and trace elements

All the seven groundnut cultivars mentioned earlier, grown
during the 1985/86 postrainy and 1988 rainy season were analyzad
for their P, K, Ca, Mg, Zn, Cu, Fe and Mn contents. The results
of these analyses expressed as mg. (100 g)’1 samples are shown in
Tables 4 and 5. Recommended dietary allowances suggested by the
National Academy of Sciences are given for comparison

(Recommended Dietary Allowances, 1980).

There was variation in the potassium content, ranging from
631 to 700 mg (100 q)"1 of sample. A similar variation was also
observed for phosphorus and magnesium in the postrainy season

1985/86 cultivars (Table 4). There was not much variation in the
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Table 3. A comparison of groundnut protein values obtained by using

nitrogen free paper and butter paper

A e W e TR W M T N e s W e W L e e e e e m A e W e e e A e e e R e e - R W W

Protein (1}

Sample Mo Nitroger. free paper (A Butter paper (B}
1 1.8 2.8
2 2% 23.0
3 23.9 25.8
& 24 .1 24.13
3 26.2 26.1
6 26. 86 26.9
7 245.2 25.8
] 26.6 2¢6.2
] 21.2 21.0
10 2%.2 25.1
1 2¢. .9 26.2
12 2%.% 25.4
13 21 .4 21.2
14 25.¢ 25.8
15 24, 24.6
16 26 .4 26.3
17 6.0 25.5
18 26.1 25.6
19 26.1 26.2
20 25.% 25.1
21 21.4 20.8
22 26.4 25.7
23 2C.0 21.0
24 25.C 26.3
25 255 24.3
46 23.9 23.0
27 Dall 23.6
28 23,0 24.7
29 2¢ .1 26.0
30 23.8 22 .4
n 29.5 28.8
32 6.4 26.9
33 23.6 24.0
kY 26.¢ 26.1
1S 24.8 24.8
k1) 27.¢6 26.7
37 27.8 27.6

e b R et o

Correlation coefficient between A and B was 0.96 (P<0.01)
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Table 4. Winerels and trece elements composition [eg( WD g).’] of grourdnt adtivers, postreiny seseon

Qultiver

1008 4

1088 5

1088 11

1088 2

1C88 4

dietary
sl lomnce

Mhosphorus

3.3
0.6
0521.7
WRe1.?

30004 4

%0+1.7
42003.3
o

+38

1
196580, ICRIAT Cnter

Motasstum  Calcium

0s1.7
7.3
6047

&37+10.9

631:0.0

-

670:4.7

688266

&8

+10.0

1. Meers of three replicates
2. Nesns ord ZE of seven cultivers
3. Recomerded dietary sllowmnce for an adult meie, Nationsl Academy of Sciences, USA (1980)

75238

92429

8

+33

agrws un

21246 1
2000
20441.7
19354 4

™27

20132
211433
31

%0

2inc

2.90.07
2.80.0
2.940.08
2.8:0 0%

2.7:0.0

13

Coppar

0.8:0.01
0.940.
0.8:0.00
0.9:0.01

0 8:0.00

0.8:0.00

0.8:0.00

o8

2-3

Iron

3.940.08
7.30.%
$.3:0.07

4.750.12

6.0:0.40

3.940.%4

4.600.13

3.7

10

1.150.01
1.20.0
1.20.@
0.9+0.02

1.10.

1.20.03

1.1

2.%-5.0



Table $. Minerels endd trece slements composition {egp( WD g)'1) of graundut adtivers, reiry ssesen 1988,
ICRISATY Cﬂ!"

Qitiver Phosphorn Potassie  Calclus  Magnesium linc Copper lron

1cas 1 MP00  S12010 5 Q17 19760 3.2:006 08000 43000 1.190.01
1088 329 ST S & 2114900 I00.04 08001 4.70.77  1.20.R
1083 11 3767 SBUO  7at 7 AReh4 315005 0.850.02 3.80.38  1.4:0.08
1088 21 6060 S1ee3 3 S0 7 17 32000 0B8:0.0R 4.4:0.05 1.340.00

-

1068 & M5010.0  S13e16.4 & b 195058 26:0.05 07000 514042  1.340.07

Controls

Kadirf 3 550015.0 €0»X09 5852 1850 35003 000 41003 1.30.0

J 1 011y S 7 67232 W20 320 08001 366001  1.0:0.00
Nanz 381 b3 &1 20 31 0.8 4.3 1.2
s’ €231 a7 e 29wk LP L@ 019 40.04
Recommencied

dietary

sl loawnce an - &C I 1% 23 10 25-%0

1. Meers of three replicates
2. Mears and SF of seven aultivary
3. Recommerdied distary sllowsnce for an sdit male. Natiorwl Academy of Sciences, USA (1980)
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contents of copper, zinc, and manganese. ICGS 1 showed the
highest contents of potassium, calcium, and magnesium. ICGS 8
was comparatively high in iron. The concentrations of minerals
in the 1988 rainy season, in general, were lower than the 1985/86

postrainy season.
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II. AMINO ACID COMPOSTTION

1.0 INTRODUCTION

Groundnut is an excellent source of protein, and the protein
content of the seed depends on the genetic make up of the
cultivar and the location where {t is grown. Groundnut seed
having high levels of free amino acids during the early stages of
naiuration was found to have a high proteln content at maturity
(Basha et al. 1976). Groundnut proteln has higher concentration
of acidic amino acids, aspartic and glutamic acids, lower amounts
of sulfur~containing amino acids, cystine and methionine, and

also lysine, tryptophan and threonine (Basha et al. 1980).

The high levels of free amino acids, such as arginine, have
been correlated with off-flavor of imméture groundnut. Amino
acids like aspartic acid, glutamic acid, phenylalanine, and
histidine react with sugars and contribute to the flavor quality
of roasted groundnut. The arginine maturity index (AMI) method
was proposed to predict the maturity of groundnut (Johnson et al.

1976) .

Amino acids influence the nutritional and flavor
characteristics of groundnut and hence the determination of amino
acid composition of groundnut is necessary. Changes in the
percentages of total free amino acids and proteins in the
defatted groundnut meal can be used to classify groundnut into

immature, intermediate, and mature stages (Basha 1976).
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The modelling of roasted peanut flavor from the amino acid
and sugar contents has been investigated by Oupadilyakoon and
Young (1984). Thus, the protein content and free amino acids of
groundnut are important factors which determine the maturity and

flavor of groundnut.

The major storage proteins of groundnut are arachin and
conarachin. Differences in the nutritional value of groundnut
are attributed to varying amounts of arachin and conarachin
proteins. Of the proteins of groundnut, the basic protein
constitutes about 1} of the total seed protein and is rich in
lysine, glycine, and methionine, and low in aspartic and glutamic

acids (Basha and Pancholy 1982;.

2.0 MATERIALS AND METHODS

2.1 MNaterials

The seven groundnut cultjvars, ICGS 1, ICGS 5, ICGS 11, ICGS 21,
ICGS 44, including the contrcis, Kadiri 3 and J 11 grown during
the .985/86 postrainy and 1988 rainy seasons at ICRISAT Center,
were analyzed for their amino acid composition. Amino acid
determination was carried out both on the whole seed and blanched
(seed without the seed coat or testa) seed samples to estimate

the influence of seed coat on amino acid composition.

We also investigated the location and environment effects on
the amino acid composition. Seed material for these amino acid
analyses came from the Quality Studies Trial (QST). Thirteen

groundnut cultivars were grown during the 1988 rainy and 1988/89
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postrainy seasons, at three locations - ICRISAT Center, Hisar and

Dharwvad.

Sixty-eight groundnut samples from the 1987 postrainy season
that had an oleic to linoleic acid (0/L) ratio of more than 1.6,

were also analyzed for their amino acid composition.

2.2 Nethods

2.2.1 Preparation of protein hydrolyrates

Fifty mg of the defatted flour was hydrolyzed with 50 ml of 6 N
HCl by refluxing for 24 hr. The hydrolyzate was cooled, and
evaporated to dryness in a rotary flash evaporator. The residue
was washed with water and the procedure was repeated thrice to
remove all the acid and dried. The residue was dissolved in 9 ml
of 0.2 N sodium citrate buffer (pH 2.2), followed by the addition
of 1 ml of 5 u moles/m]l norleucine (internal standard) and
filtered. One hundred ul of the filtrate was used for amino

acid analysis on the (Beckman model 119 CL) amino acid analyzer.

2.2.2 Amino acid analysis

The principle behind the amino acid analysis is the separation of
various amino acids by ion exchange chromatography and then
quantification of individual amino acids using a colorimetric
assay. Groundnut protein was hydrolyzed to free amino acids
using 6 N HCl and the mixture of amino acids in protein
hydrolyzate was passed through a column of sulfonated polystyrene
resin, whereby the individual amino acids get separated (Moore

and Stein 1963). The anmino acids react with the ninhydrin
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reagent and the color produced is measured using a colorimeter

for determining the concentration of amino acids.

3.0 RESULYS ARD DISCUSSION

The results of amino acid analysls of whole seed and blanched
groundnut seeds of cultivars qrown'durinq the 1985/86 postrainy
season are shown in Tables 6 and 6A. Data obtained on these
samples from the 1988-ralny season are shown in Tables 7 and 7A.
The mean protein content of the blanched samples was higher than
the whole seed samples in both the seasons. The levels of
various essential amino acids and nonessential amino acids did
not show large variation among the cultivars for both the
seasons. The whole seed samples of both the seasons had higher
amounts of threonine and lysine and lower amounts of glutamic
acid than the blanched samples. Largeldifterencen were observed
in the means of serine (5.24 and 4.12), and tyrosine (3.32 and
4.40) between whole seed and blanched samples grown in the rainy

season 1988,

The protein contents of the cultivars grown during the
postrainy season 1985/86 were higher than those grown in the
rainy season 1988B. 1Inspite of this, the postrainy season
cultivare had higher amounts of many amino acids than the

cultivars of rainy season 1988.

The results of the amino acid composition of the Quality
Studies Trial samples from the rainy season 1988 and postrainy

season 1988/89 grown at ICRISAT Center, Hisar and Dharwad are
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shown in the Tables 8-1). The groundnut samples from the 1988
rainy season from Hisar showed higher protein content as compared
to the protein values cobtained from the other two locations.
Groundnut cultivars from the 1988 postrainy season, however,
showed higher protein content from Dharwad {Table 13). There
does not appear to be much variation in the amino acid
composition among the cultivars from the three locations. It is
also evident that groundnut protein is deficient in many
essential amino acids like threonine, methicnine and cystinae,

lysine and isoleucine.

It has been reported that typical amino acids (T) such as
aspartic acid, glutamic acid, histidine and phenylalanine are
associated with the production of typical roasted groundnut
flavor. The atypical amino acids (AT) such as threonine,
tyrosine, lysine, and arginine are assocjated with production of
off-flavor roasted groundnut flavor (Pattee and Young, 1987).
Therefnre, higher O/L and T/AT ratios can be considered as
preferred quality characteristics of confectionery groundnut

cultivars.

We had selected 68 groundnut cultivars grown during the
1987/88 postrainy season, having a O/L ratio of more than 1.6,
for their amino acid analysis as showrn i1n Table 14. From the
amino acid composition, the T/AT ratjos were calculated, and
ratio of 1.8 or above :s reported to be indicative of good
roasting flavor potential (Pattee and Young, 1987). The

correlation between T/AT and O©/L ratios was nonsignificant
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Teble 12. Amino acid composition (g(100 g)" protein] of groundnut cultivers from quality studies trial, postrainy seeson 1988/89 Miser
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11.96 2.68 5,00 20.47 4.75 5.87 4.1 1.0 4.34 1.3 3.77 6.09 4. 40 5.18
12.3%0 2.7 s.08 20.69 4.40 5.8% .25 1.3 4.18 1.2¢ 3.68 4.88 4.1 5.18
12.54 2.6 5.1 21.3% 4. 62 5.4% 3.72 1.36 4.4% 1.28 3.7 7.6 4.28 5.23
12.96 2.92 $.27 21.73 4.850 $.41 A I %4 .27 4.33 1.1 3.49 7.0 4. 34 5.3
12.49 2.67 S.38 21.90 4.8% 5.38 3.8 1.29 4.3 1.21 3.8 8.7 4.1 $.3%
12.95 2.6 S5.12 21,464 6.73 .3 3.9 1.3% 4.13 1.5 3.4% T7.13 4.36 5.29
12.9% 2.52 4.96 21.60 .79 5.5 3.7 1.3 4.43 1.2 3.67 F. o2 .28 5.37
12.47 2.64 s.27 21.63 & .84 6.00 3.84 1.41 4.08 1.33 3. 7.08 4.3 5.48
12.42 2.6% 5.8 22 .00 4.8 5.32 4. 068 1.43 427 1.3% 3.43 5.94 £33 $.50
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12.05  2.30 5.20 21.41 4.3 S5.89  4.26 1.26 4.3 1.6 342 6.99 4.01 5.3
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12.16 2.48 5.32 21.16 & .66 6.19 4.3 1.41 £.3¢9 1.29 3. 70 7.1t 4.32 5.17
12.13 2.%9 9.22 21.29 4.80 5.9¢9 4.4 1.37 4.37 1.28 3.81% 7.0% 4. .47 5.33
12.1% 2.%8 $.28 21.20 5.03 6.04 4.38 1.40 4.55 1.26 3.87 r.21 &, 64 557
1.9 2.36 5.08 21.04 4. 61 $.68 4.3 1.5 4.5 1.2% 3.90 r.20 §.00 5.06
12.01 266 465  21.5% 4.%  6.0¢ 627 1.66 4.7 1,29  3.82 7.09 4.3 %1%
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(r=0.12). Also, the correlation between O/L ratios and any one
of the amino acids was nonsignificant. It was found that T/AT
ratios of cultivars ranged from 1.76 to 1.97, indicative of good

flavor potentijal.
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III. OIL QUALITY AND FATTY ACID COMPOSITION

1.0 INTRODUCTION

Groundnut oil is a high quality vegetable oil and a large
percentage of world groundnut prbdduction is utilized for oil
extraction. Groundnut o1l is composed of mixed glycerides of
approximately 80% unsaturated and 20% saturated fatty acids. The
fatty acid composition varies with the cultivar and culturai
conditions under which it is grown. Since the oil is derived
from a vegetable source, the fatty acids are composed mainly of
even carbon numbers from C;, tc C,,. The major fatty acids,
number of carbon atoms and the number of unsaturated double bonds
are as follows : palmitic (hexadecanoic, 16:0), stearic
{(octadecanoic. 18:0), oleic ficis-%-octadecencic, 1R:1), linoleic
(Cis 9, cis 12-octadecad.ieno.c, 1H#:2; arachidic¢ (cicusanolc,
20:0), cis ll-¢ico.enoic (20:1), beheiC {(dncocarn i, 20:06) and
lignoceric (tetraccsanolc, 24:0). I'm addition, there are coertaan
fats that are not extracted Ly r-hexane and are called an
'invisible fat<' (Achaya 198¢). The tigntly bound invis.ble fate
are extractable w.ith solvents like chlorcform-methanoi arsd water:

saturated butan~s..

2.0 MATFERIALS AND METHODS

2.1 Materials

The seed materiai for our study consisted of five groundnut
cultivars ICGS 1, I1CGS 5, 1Cos 13, 10585 21, and 10605 44, along

with twn controls K:diri 3, and J 11. These cult.vars were grown
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at ICRISAT Center, during the 198%/¢6¢ postrainy and 1988 rainy

seasons as described earlier.

2.2 Nethods

2.2.1 Extraction of free and bound lipid fractions

The groundnut samples were extracted with a nonpolar solvent,
hexane and the neal were re-extracted sequentially with hexane,
followed by chloroform and methanol (2:1 v/v), and finally with
water-saturated butancl. The percentage of the extractable
lipids in each of the solvents was determined and the extracted

lipids were analyzed for their fatty acid composition.

2.2.2 Preparation of fatty acid methyl esters
The fatty acid methyl esters (FAME) of triglycerides were
prepared according to the method of Metcalfe (1966) and Quality

Methods, (1984).

The lipid fraction comprising akout %0 mg obtained after
extraction with solvent, was treated with 1.2 rl of 0.5 N NaOH in
methanol and heated 1n a .ciling water bath for 5 min. The
corntents were cooled, ana . r. of tcron triflucride (BF4) in
methanol was adued, and heated again 1n the boiling water bath
for 5 min and cooled. To th.s mixture, 2 ml of a saturated
solution of scdium chloride was added, and the contents were
shaken on a tube rctator for 10 min. Then 2 rl of petroleun
ether (boiling range 60-80°C wae added arg again the contents
were shaken on a tube rotater t.r 10 rin and centrifuged for

min in a table-top centrifuge. The petroleun ether layer was
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transferred into a vial and flushed with nitrogen and stored in

the refrigerator for further analysis.

2.2.3 Analysis of the fatty acid methyl esters in a gas chromatograph
Fatty acid methy)l esters of all fractions were analyzed in a
Shimadzu 9A model gas chromatoqraph'(GC) equipped with a flame-
ionization detector (FID), a temperature programmable oven and a
CR JA integrator. The fatty aciJd methyl esters were separated on
a glass column (6 feet long with 3 mm inner diameter) packed with
Alltech CS-10 chromosorb W-AW 'B0-100 mesh). The carriecr gas
(Helium) flow rate was 50 ml/mi:.. After i1gnition of the flame
fonization detector, the hydroqgen flow was maintalned at 0.6
kg/cm2 and air flow at 0.5% kq/cmz. The injection port
temperature/detector temperatures were 260°C. The column
temperature was held at 190°C for 4 m;ﬁ initially, tollowed by
programming at the rate of increase of 10°C/mir to a tinal
C

temperature of 2z509C and held at 2%0%C ftor  min. About 1-2 ul
jo!

of sample was injected for analy..:.

2.2.4 Identification cf peaks

The individuail peaks of the sample were jdentitiel by matehing
with the retention times of the peake o! *he  reference standard
(Nucheck 21A groundnut fatty acid <ompos:tion,, The FAMLG eluted
in the following corder: palmitic (16:0,, stearic (18:0), oleic
(18:1), linoleic (18:2}, arachii.o (0.0, eicosennic (20:1),
behenic (22:7) and .llignoceric (:4° . FaMEs were quantifierd

using corrected area rorrmalrzation method.
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2.2.9%5 04l quality
2.2.5.1 Iodine value (IV)
Iodine value is a measure of the unsaturation of fats and oils
and is expregsed as the number of centigrams of igdine absorbed

per gram of sample. Ilodine value of the groundnut cultivars was

determined according to the method of A0CS® (1980).

2.2.5.2 Saponification value

Saponification value is the amount of alkali necessary to
saponify a definite gquantity c! the fat and is expressed as the
number of milligrams of potassium hydroxide required to saponify
1 g of fat. Saponification value was determined accerding to the

method of AOCsP (1987).

2.2.5.3 Acid value

Acid value is a measure of the amount of free fatty acids in the
0il or fat. It 1s defined as the number of milligrams of
potassium hydroxide required to neutralire the free fatty acids
in 1 grac of o1l cor fat. rcid value was determined according to

the method of AQCSS (1980).

2.2.5.4 Peroxide value

Peroxide value determines the :nitial and primary products o!
lipid oxidation, 1ir terms of milli-equivalents of peroxide per
1000 g of sample, which oxidize potassiur iocdide under the test
conditions. Peroxide valuc was determined according to the method

of rocsd (1980).
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2.2.5.% Color
The absorbance of coler of oil obtained from groundnut cultivars
wvas measured at 420, 450 and 4%) nms using Beckman DBGT and

Shimadzu spectrophotometers.

3.0 RESULTS AND DISCUSSION

J.1 Solvent extractable lipid fractions

Results of analysis of groundnut cultivars obtained from the
1985/86 postrainy season showed (Table 1%) that the mean value of
bpound lipids ortained from the extracticn with chloroform-
methanol was |.6Y and water-saturated butanol! was 2.6%, Even
after extractior with hexane, about 0.0% of the lipids were
retained and could only be reextracted after grinding the residuc

with hexane.

Table 16 shows the resuits of the lipid rontent of the
groundnut cultivars grown dur.ng the 1784 rainy season. The
lipid content of hexane extiact, rexane re-extract and
chloroform-methanol extract of th.< sca<.n were hogher than those
of the 1985/86 postraliny season. The «ater <atyrated butaneal
extract showed a lipid contert cf 1. EL an v rrared to 2000 an the

198%/86 crop.

3.2 0il quality studies and fatty acid composition

The fatty ac:d composit.cn ¢! Lexs: ¢, nLexane re-exvract,
chlcrotorm-methancol and water caturated tuta ol extracts obtained
from the cultivars grown 1n the postreiny seancon 198%/86 arec

presented in the Tables 17/-25. S.rilar results obtained from the

extracts made fror cultivars growr .n 1%%% rainy season are given
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Table 15. Solvent extractable lipid fractions in groundnut cultjvars,

postrainy season 1985/86, ICRISAT Ceaterl

I R L T e R I I LI Rt B R R Kl e I

Hexane Hexane Chloroforz-methanol  Vater-saturated
Cultivar extract re-extract extract butanol extract
----------------------------- (1) cocmmmmemceme e s
ICGS 1 £7.3:0.0) 0.223.C3 1.640.30 2.940.0C1
ICGS 5 «7.020.C2 £.2:0.0: 1.540.7¢ 2.940.06
ICGS 11 46 .92C.C2 (.2+2.CL 1,%40.12 2.810.23
ICCS 44 LB 13000 Coexltl Dokl Tl 2.120.02
Contrecl
Kadiri 3 L6 .C20.Ch (.20 02 162008 2.210.07
Heanz L5.¢ .2 36 2.6
SE2 40.70 4700 “0.C¢E $0.1€

1. Means anz SE of three replicates
2. Means and SE of five cultivars
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Table 16 Solvent extractadle lipid fractions in groundnut cultivers, rainy

.............................................................................

Hexane Hexane Chioroforn-methannl Vater-saturated

Cultivar L2384 Y4 Te-exXtLIACt extract butanol extract
ICGS | 49 .3+5.0% C 4%0.CS o bl 00 1 7«00}
1C6s 5 49.320.15 C.42C.02 17007 1.7+0 D6
1668 11 48.920.11 G 4. 08 1.740.0% 1.8+ 04
ICGS 21 $0.72C.C)3 0.320.0) 17«0 02 1.920 04
ICGS 44 £9.5+0.05% C.420 .04 L BeD 0L 1.8+0.064
Controls

¥adirdi 3 W8 . 04C .04 7.3+0 .CB 2 UsD R 1.9+5.03
J 1l 48.420.20 0.240.C% 1 9er G 1.7+ 0B
Henn2 49.2 0.4 Lok 1R
SEZ £0.31 0 0" .. 04

1. Means and SF ~f three replacates
2. Means and SE of seven cultivars
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Teble 17. Fatty acid componition of houne extracts of prondnt cultivars, mortratny sesson 1985/86,

1
JICRISAY Conter

Control
Fatty ocid () o AR s 8 1068 1 Ha~ 304 1068 & Xadsiri 3} hemz “2
Palsitic 121900 NOLH 10X 11.30M VGL0 121005 119093
$tewr ic QLM 210 2300 28L 0N 27000 204000 235013
Oleic B2DC 372200 MBI 2D (T BOL O BBOR M0
Linotese WSRO Q8L D&C ™ MLl LSO 8(-0C 3865088
Arachidic 1Ll W T3 @ 14 1L 15000 1500 1.4+0C3
Eicorwroic P40 1AL 14X T 1400 V1400 1O @®
Sehenic 320 3L XM 26004 3CLL 0T 28002 30+0 0%
Ligrocer ic TBL 0 4700 1ESD 1000 100 18002 1.7:0 G4
OA ratio COsCO0 0Tl OO0 L -0 U 9 200 OO0 3 C'sD 00 1C3C 00 1.00+C 050

1. Means ard SE of three replicates
2. Means ard SE of 51x culiivars
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Tadble 18. Fatty acid composition of Mexane re-extractls of groundnut cyltivary,

postrainy season 198%/86

_ ICRISAT Center'

s N 1¢6s ¢
Lo X0 420 (D
CO0 B 4 90D
20 110
Q100 %2 o0
VAl DR 90 (U

BO6DSC 9o (T
120 100 W
V0 2 §2:00
1802 64 23750 (O
1 Ot B 17 300
TGl e (B0

LB L (7L

2022 VRS

T2 T

Potty ocid (1) 168 1 1ms 3
ot 6100 620% 4% 420
He 38017 81 4
"ie 2201 2w
Ryristic 271287 2 8t 1
myristoleic J2:0@ 0 3185
Palmitic 8 7.t (R 8 5+C %2
Palmitoleic 14210 I v
Stewric MAC TS 11 200 8Y
Olelc 1970123 19 3t &0
Liroleic 19 303 et e
Arachidc CeDln L 8sG A7
Eicoseron. ) 050 (9% r
Behenic 125 C 120 @
Ligrocer i 060 1 10 Tk
OA ratio 0902 0¥ 0974 L0

1. Rearns ord SE of three reglizates
2. Means ard SE of six cult Lar.

PR SRS RS I £
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“ 70 B
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Table 19. Fatty acid composition of chioroform-metharol extracts of groudrut cultivers, postretny

1
seeson 1985,06, ICRISAT Center

Fatty acid (1) 1688 1 IS S IES N 168 21 ICGS 4 Kadir{ ) Mean SE
Wristic (60 01001 010G 0100 010@ 01001 0208 01001
Mristoletc (14:1) 03002 0300 020 0¥ G 0201 02007 020
Palaftic (16:0)  26.30.0¢ 2042012 204013 228007 23504  2.950.07  24.040.31
Stearic (18:0) 30 3200 3S0M® 3600 34001 32007  3.440.08
Oleic (18:1) 299012 3294010 31800 X701 BI0E@ N800 33109
Lirotele (18:2) 38.20% 3614006 3IT 00N 333027 37002 35.450.11  34.2:0.68
Arachidic (0:0) 0.03:0.01 0.0000 0000 00306 00000 0020.00 0.050. R
Eicomwolc (20:1) 0.0 0.02 043001 24007 04 045001  0.3:0.01  0.4s0.
Behanic (2:0) 07005 0600 06006 060G C600 05007  0.6:0.03
Ligocerfc (20:0) 170098 15000 14012 14007 1.20.01  1.0:0.06  1.4:0.90
OA ratio 0.78:0.000 090005 © 80 006 11320 005 0.9140.005 0.96:0.003  0.92+C.048

P R L L T D R R R LTI

1. Means and $E of three replicates
2. Meandt ord SE of six cultivars

B e T T L R L
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Toble 20. Fatty acid cosposition of water seturated butanol extrects of grasdut cultivers, postratny

]
seneon 1983/84, ICRISAT Canter

P s N T L Lt L T cenanes LI LT S

tantrol
Fatty scid (1) 158 1 GBS S ImS 1 IR 2 IS &6 Kadirl ) meant €2
wric (12:0) 1006 132:02° 09010 250K N 29000  1.9:0.3

Myristic (14:0) 10603 09028 08025 07033 1201 08013 0.90.06
myristolele (14 1) o 14048 1105 060128 0703 0603  09:0.16

Palaitic (16:0) 227027 2.4K73 23020 29042 25087 20378 21.90.%

Palattolelc (1¢:1) 1 1:0.0D 0 ND N 1.0 060,00 0.90.13
Steeric (18:0) C9005 54022 S0:028 S04 43026 52:1.06  3.040.15
Olelc (18:1) M09 39120 I3%0% 4025070 R718 33002 343128

Linolefe (18:2) 3020188 26072 31 3133 2748193 2994179 1004039 27 740 52
behanic (2:0) 1.3:005 12033 12015 12008 100005 18008 13012
Ligoceric (26:0) 115018 09009 13008 11602 11505 1.1:0.00 11008
OA ratio 1.060.030 3 98+C (6 1 OBs0 C28 ¢ 485D (B4 1 100 (0% 1.1140 D10 1.1740.064

1. Neans ard 3£ of three replicates N - rot detected
2. Mean and SE of six cultivars
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in Tables 21-24. 1CGS 21 exhibited the highest O/L ratio in all
the four extracts of groundnut cultivars grewn during the twe
seasons. The fatty acld compositicn of the hexane re-extract,
contained in addition to the nurmal falty acids of groundnut,
caprylic, capric, lauric, myristic, myristoleic and palmitoleic
acid. Comparing the twc seas neo' data, the content of myristic
acid was noticeably higher in th¢ 1%8% 446 postrainy season than

in the 1988 rainy season.

The chloroform-methanral extra~t contained baarice, myristic
and myristoleic acids in adi:ti n to the rormal fatty acids of
groundnut. The bound fatty aci's of the water-saturated butanol
extract were similar to chlor-forr-methiarnl extract, except for
the presence cf an alditional f-v*y a4, palmitoleic acid. An
additional feature of the data tt -yred with 1988 canples was the
presence of capric acid in the wa'vr sat i ved butaral extraczt of
all samples, and i*s absenc, 10 tre 1975704 sarples, The
bound lipids were releas~d o-ly <+ extraiction w.th sample polar
solvents like chloroforr-met ann. riwture and water-saturated
butanol. It can be con . Aded trar the fatty acids lauric,
myristic, myristoleic ant pa.ritrisir are tightly hound, though
some of them appeared only in ‘re roexane re-extract, They are
also present in the wate: saturated-iutang] extract., The water
saturated butanoc: i+ repor'ed ¢ destico, the ce)l structure and
release lipid constitue:'s bourd to the cell. Similar to the
free lipid fraction, linole =, civic. and palmitic acids were the

major fatty acids in *he bound lipids' fraction as well. It can
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Tbls 2. ottty scld ssmuettion of hamnw re-anrects of grurdat odtivers reiey seswen 80, JORINT Cower

Cirels
fotty ectd (X) 0 1 0 3 amt xXxad K4 Eafiri 411 Mi-.
Caorote (6:0) INOR 2408 MO 1908  4.10M 1.1Tw ™) 2.80.9
Coorytic (8:0) RO 21060 2200 1309 1.%0R ® ) .00.8
Cooric (Y0:10) 23019 1608 2307 1708 1809 00N 00D 130.R
Larte (12:0) 40N 63008 6107 (200 6000 240 24047 4200
Ryristic (¥4:0) 9.5:0.00 L4009 30N 3.0 2405 100.R 1.940.27 L2108
Mristolefe (14:1) 6.50.82  2.70.38 3.90.13 330 2.90.40 12015  1.40.00 2.80.48
Palsitic (%:0) 11.30.32 13.5:0.28 13.20.33 13.30.R 14507 16.590.58  15.90.92 %.120.6
Potritoieic (%:1) 1.0:0.08 0.60.13 07:0.% 0703 1202 099N 1101  0.90.00
stearic (18:0) 4.790.0 3.000.20 4305 4903 57006 5.30.8 7.500.5 5.240.46
Olete (18:1) 1700077 NS48 20518 RS 2.91.41 0209 NGO 5.702.2
Linolete (18:2) 1$.92.02 B 2718 R.HNE DR NPR  B.MOD N3N
Mochidic (20:0) 0.340.0  0.7:0.05 0.60.08 O0.70.2 0.3:0.% 1.00.08  1.10.05 0.7:0.09
Tlcsswoic (0:1) 0.40.08 0.80.00 0.60.00 0.0 0501 1080 04008 0.60.07
Sshanic (2:0) 1.520.% 212022 1.3:0.9  1.800.06 1.2:0.08 2.240.96 1.990.17  1.740.15
Erucic (22:1) 1.800.93 1.3:0.00 1.40006 1.0:0.2 0.00.00 0.500 0.640.05 1.0:0.19
Ligrooeric (M:0)  0.80.09 1.4:0.19 1.10.% 14000 1.3:0.08 1.790.8 1.10.13 1.240.12
OA retio 0.900.012 0.80:0.026 0.90:0.003 1.4200.006 0.9740.013 1.000.020  1.2740.043 1.056:0.19

1. Moers ard B of three repl icates
2. Mo ad 85 of seven ailtivers

3. It*s presence wes detected in only one of the 3 replicates;

0 - Mot detected
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Tile . Petty acld copouition of chisrefornasthersl artracts of grasdna adtivers, relsy smesn WS,

TCRIMAT Canter

Fatty scid (3) 1089 4 1ons 3

wwrie (R0 0.150. .

Metstic (W:0)  0.150.00  0.140.08
Ryristolete (14:1) 0.0040.00 0.0000.01
Pelaitic (16:0) 4900 25.00.88
Staer ic (1:0) T30 3.140.00
Oletc (W:%) NNWY RI0OW
Lioleic (19:2)  37.20.0 361080
Arachidic (20:0) Traces 0.150.0%
Elomeroic (20:1) 0.450.00  0.40:0.00
doanic (2:0) 0.660 07000
Ligooeric (0:0)  1.7:0.3  2.00.0

oA retio 0.0600.020 0.89+0.013

1. Tews o0 € of tree replicates
2. hown ad £ of seven cultivers

Cantrols
oas 1 08 10 & Kadird 3 R )| J“}
01000 0400 0100 0000 040D 0.10.00
0.20.0 0100 0200 07061 01000 0.050.00
orom o  of  of 00 o100
BT R0 BI0KW BBOD BOOD M0
33008 3700 32000 3300 3.40.08 3600
10D 4204 39000 IO  W00.00 3494106
3007 HI00 KNOT NN D608 BN
0.4:006 0.20.08 0.20.06 0.20.08 0300  0.20.00
0.5:0.01 0.50.2 03006 03001 0400 0.30.@
070.2 0.60.06 07005 0.790.90 0800 0.750.0
22018 14000 2603 2103 16109 1.95:0.15
0.0000.023 1.660.006 0.9290.026 1000023 1.12:0.08 1.090.11%

3. 1t's presance vt detected in only one of the 3 replicates



Table 20, Fatty ocid composition of weter-satuwrated butanol extracts of grondnt cdtivers, rainy sesson 1998,

) {o J§ TN Cntw‘
Patty acid (1) 1088 1
Capric (10:0) 0600

Lawric (12:.0) 0 &0 17
myristic (14:0) URE 7]
Mmyristolelc (141) 11093
Palaitic  (16.0) 26 0.2
Staaric (18:0) 4.50.07
Oleic (I‘Il‘1) 3104
Linoteic (18:2) R 90 %
dewnic (2.0) 110.00

Ligoceric (24:0)  1.5+0.06

OA ratio 0.98+0.060

.................................................................................

1. Pearm ard $E of two replicates
2. PMewm: ard $E of seven cultivar

a8 §

110 02
2 740.48
4.3 07
V.40 %
R.0+0.18
0.9:0.02

1,940 05

s 1

4803
N0
31,800 08
1.040 11

1.660.16

s n

0.790.00
0 4002
11

12
2.3:0.%
5.6:0.7
A2.750.49
2708
1.0:0.04

1.140.3

1668 M

0.6:0.@
0.4%0.00
0.6:0.33
0.8:0.08
25.6:1.08
0.50.15
30.3:0.83
2.90.0
1.0:0 04

215057

Kadiri }

1.0:0.00

1.20.%

13

0

2.90.15

5.420.08
B.10.00
2.00.6

1.150.10

1.490.04

J 1

0.990.26
0.190.3
1.240.00
[, 4]
23.940.08
$.30.67
3.240.51
26.30.47

1.190.%0

1.540.03

0.9540.005 1.0040.045 1 8150.015 1.0240.020 1.2000.020 1.3840.033

]

ND - rot detected

0.00.07
0.6:0.11
1.150.08
1.0:0.07

24.600.53
5.420.53

D.801.8

.21
1.0:0.08

1.540.12

1.19+0.047

onne e
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also be noted that eicosenoic acid (20:1) and arachidic acids
vhich vere present in the three extracts, hexane, hexane re-
extract, and chloroform-methanol extract, were absent in the

vater-saturated butanol extract.

3.) Rvaluation of oil quality

The oil quality of commercial oils can be evaluated using lodine
value, Saponification value, acid value, and peroxide value, of
vhich the iodine value is a reflection of the melting point or
hardness of fat, as vell as a measure of its resistance or

susceptibility to oxidation.

Among the seven cultivars grown during the 1985/86 postrainy
season, ICGS 1 shoved the highest jodine value of 99 (Table 25)
and i{s probably more susceptible to oxidation owing to its high
degree of unsaturation. ICGS 21 had the highest amount of
saponifiable matter and ICGS 11 showed the presence of a large
amount of free fatty acids (acid value 0.87, free fatty acid § =
0.44). The absorbance of extracted oil was recorded at three
wvavelengths, 420, 450 and 453 nms. ICGS 5 showed the maximum
absorbance at 453 nms, (A = 0.442), due to more intense color of

the oil (Table 25).

The oil characteristics of the groundnut cultivars grown
during the 1988 rainy season are shown in Table 26. The highest
iodine value was shown by ICGS 44 (99) and lovest by J 11 (91).
The Saponification value wes highest in J 11 (185), and among the

ICRISAT cultivars ICGS 5, showed a high value of Saponification
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Toble 25. 01l quality cheracteristics of groundmut eultivars, postralmy sesson 1903/84,

1CRISAT Conter?

..................................................................................................

free fatty Seponification lodine Absorberce  Absorbence

Cultivar Acld value  ocid (X)2 value value niWm iSIm
168 1 0.700.007 0.36+0.003 189.1+0.82 98.9:0.07 0.3% 0.}2
1cs § 0.55:0.012  0.28:0.007  18.8:0.18  98.0s0.07  0.3% 0.642
1S 1 0.87:0.015  0.46:0.000  186.8:1.49  97.140.36  0.365 0.379
1ces 21 0.42:0.00°  0.22:0.003  191.3:0.69  $.2¢0.20 0.280 0.3%
168 46 0.4520.01  0.2300.006  187.3:0.32  93.6+0.22 : 0.319
Control

Kadirl 3 0.57:0.009  0.29:0 003  186.4:0.48  92.5+0.07 . 0.213
Newr 0.59 0.30 187.6 95.7 0.338 0.335
se® 0.069 0.0% 0.93 1.07 0.0255 0.031

1. Neans and St of three replicates
2. Free falty acid expressed as a percent of oleic acid
3. Mearw of St of six cultivars
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(184). There was not much variation in the content of free fatty

scids among the cultivars.

The peroxide values (meq. kq'13 of the groundnut cultivars
ranged from 4.4 to 9.4 with a mean of €6.87+0.59. The highest
peroxide value was given by ICGS 44 (9.4, Table 26). The maximum
acceptable level of peroxides value is 10 (meq. kq'l) as
indicated by the Codex Alimentarius (Narasimhan et al. 1986) for
rawv groundnut oil and it is less than one for freshly refined

oil.

From the data obtained on the samples from the two seasons
harvest, it can be seen that the acid value and Saponification
values were higher in the cultivars grown during the 1985%/86¢
postrainy season. The intensity of the oil color was lower among
the 1988 rainy cultivars, than the 1985/86 postrainy cultivars.
ICGS 44 showed the highest jodine value, that is a high degree of
unsaturation, during the 1988 season, while ICGS 1 had the
highest iodine value among the cultivars grown during the 198%5/86

post rainy season.

It has been shown that oils obtained from different
groundnut cultivars differ considerably in their tendency to
develop oxidative rancidity. This is related, in part, to the
degree of unsaturation of the oil (Fore, 1953). So the iodine
value, peroxide value, and acid value of oil are important

factors that determine the oxidative stability of the oil.
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Table 26. Oil quality characteristics of graundmut cultivars, roiny sesson 1988, 1CR1SA? contec’

Free fatty Seponification lodine

Cultiver Acid value  acid (X) vslue velue Peronide
..................................................... volue Absorberce  Absorbance
Mean $E [ TV Nean 8¢ Meon St (wegm/kg) At 40 m S0 mm
1668 0.10.0.006  0.0%:0.003  182.8+0.20 96.820.31 7.9¢0.01 0.158 0.153
1668 5 0.15+0.009  0.08<0.004  183.9<0.30 97.9¢0.22 6.600.06 0.114 0.126
1c6s 1! 0.11+0.006  0.06+0.003  175.420.23 95.501. % 6.5+0.03 0.1 0.126
1668 2! 0.14+0.000  0.07:0.000  180.9+0.18 93.2:0.88 7.320.00 0.097 0.12¢
1668 &4 0.15+0.01}  0.08:0.007  183.440.2% 08.0:0.71 9.440.01 0.268 0.097
Controls
Kediri 3 0.14:0.000  0.07+0.00 172.5¢0.10 91.440.29 6.140.08 0.080 0.087
J 1 0.14+0.000  0.07+0.00¢  185.0+0.47 90.8+0.07 4.4%0.00 0.258 0.22¢9
M3 0.13:0.017  0.07¢0,004  180.6+1.80 94.9+1.19 6.9+0.59  0.155¢0.0293 0.155:0.0300

1. Mesrw ond SE of three replicetes
2. Free fatty acid expressed as » percent of oleic scid
3. Means and St of seven cultivars
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IV. EFFECT OF STORAGE ON OIL QUALITY

1.0 INTRODUCTION

The effect of storage on biochemical composition of groundnut
seed has been studied (Ramamoorthy and Karivaratharaju 1986).
Groundnut oil is composed of mixed triglycerides wvith a major
portion of unsaturated fatty acids, mainly oleic and linoleic
acids. Temperature, moisture, and oxygen are the three major
environmental factors that influence the stability of fatty acid

composition and oil quality during storage.

The oxidative rancidity of groundnut oil on storage, and its
effects on the senuory parameters ;t odor and flavor are
important (Narasimhan et al 198%). The tendency to develop
oxidative rancidity is related partly to linoleic acid (Fore et
al. 1953). 0il quality studies include measurement of parameters
like {fodine value, Saponification value, peroxide value and
oleic/linoleic acid (O/L) ratio. The stability of any oil is
reflected upon by it's O/l ratio, which in turn is related to the
time, temperature and mode of storage. We investigated the

effect of storage at different temperatures on groundnut oils

having low, medium and high O/L ratios,

2.0 MAATERIALS AND NETHODS

2.1 Materials
0il samples were extracted from the groundnut cultivars
belonging to the US confectionery trial and were analyzed for

their fatty acid composition in our laboratory. As the quantity
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of oil extracted was less, the oil samples were pooled and
divided into three categorjies based on their O/L ratios and O/L
ratio was again determined on the pooled samples. They were

grouped as follows:

Category
1 oil samples with O/L ratio of about 1.1 Low
11 oil samples with O/L ratio of about 1.7 Medium
II1 oil samples with O/L ratio of about 2.3 High

These samples were stored for a period of seven months in
three different environments. The temperature range during the 7
month period was 25.7 to 34.8°C, at location 1 (animal house):
26.4 to 34.3°C at location 2 (food quality evaluation room); and

6.0 to 6.4°C at location 3 (cold room).

A small quantity of oil sample was collected from each of
the sanples kept at various locations every month and its fatty
acid composition and O/L ratios were determined using the gas

chromatograph as described earlier.

3.0 RESULTS AND DISCUSSION

Mozingo and Steele (1982) studied the fatty acid composition,
iodine values and O/L ratio of different groundnut cultivars and
attributed the stability of oils to the linoleic acid content and

0/L ratijo.

A lower O/L ratio indicates a less stable oil. 0/L ratio

should preferably be equal to or greater than 1.6 for a stable
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oll. Groundnut cultivare having high o/L ratio, high oil
content, and better yields would be most desirable. The changes

in the O/L ratio of oil due to storage under different

environmental conditions are given in Table 27,

I. 0il vith lov O/L ratio (1.17)

(1) Animal house : The O/L ratio changed from 1.17 to 1.19 in

the 3rd month and increased to 1.20 during the seventh month

of storage.

(i) Food quality evaluation room : There was a significant
increase from 1.17 to 1.26 during the 2nd month of storage,

and reached a maximum of 1.28 by the seventh month.

(111) Cold room : There was no significant variation during the

seven months of storage.

II. 0il vith medium O/L ratio (1.66)
(1) Animal house : The O/L ratio increased from 1.66 to 1.70 in
the 1st month. It was 1.72 in the second month and 1.73 by

the seventh month of storage.

(11) Food quality evaluation room : There was an initial increase
in the 0/L ratio during the 1lst month, then a fall in the
0/L ratio was noticed from 1.70 to 1.%6 in the 2nd month of

storage, with not much variation thereafter.

(11i) Cold room : There was an initial increase in the O/L ratio

in the first month from 1.66 to 1.71, vith no significant

changes thereafter.
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IIT. 01l with high O/L ratio (2.28)
(1) Animal house : The O/L ratio changed from 2.28 to 2.38

during the 1st month with no significant difference during

the later months of storage.

(i1) rood quality evaluation room : Though there was an increase
in the O/L ratio during the first thres montha, the values

decreased comparatively during the last three months of

storage.

(i11) Cold room : There was an increase in the O/L ratio during
the first four months, and the values descreased

comparatively during the last four months of storage.

The two significant changes noticed during our study were in
the oil samples stored in the food gquality svaluation room.
During the second and third months of storage, an increase in the
0/L ratio in the I category and a significant drop in the O/L

ratio of the 11 category of oil samples were observed.

Results obtained from this study are preliminary as pooled
oil samples from several cultivars were used. The storage
studies conducted with replicated cultivars having a range in
their O0/L ratins would give a better understanding of the
variation in the O/L ratio or oil quality of groundnut oil, as
affected by the changes in temperature, environment, and storage

time.
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V. FATTY ACID CONPOSITION OF ICRISAT NANUATE CROPS
AND OTHER COMMON VEGETABLR OILS

1.0 INTRODUCTION )

The fatty acid composition varies with the food material as
lipids are the common constituents {n most of the foods. The
fatty acide present in the ICRISAT mandate crops, sorghum, pearl
millet, chickpea, pigeonpea, and groundnut are reported to be

rich in palmitic, oleic and linoleic acids.

The consumption of vegetable oils in the form of salad ofl
or cooking oil has increased dramatically in the recent years.
Oi{ls and fats are important food ingredients and are consumed for
their nutritional and organoleptic Eropcrtios. A variety of
edible vegetable oils are available and the consumption of a
particular oil is dictated more by traditional food habits,
availability, and cost than the nutritional quality of the oil.
Now thltlincr-asing attention is being given to the jnvolvement
of lipids in the diseases of circulatory and nervous system, more

of unsaturated vegetable ocils are being consumed.

Unfortunately, there is no ideal o1l or fat and generally
each available o0il suffers from one drawback or the other.
Groundnut oil, for example, is the most important edible oil and
accounts for nearly 60% of the total indigenous edible oil supply
in India. It is reported to be atherogenic to experimenta)
animals, like rabbits, rats, and monkeys (Kim and Kritchevsky,

1983) .
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Soybean oil, which dominates the world vegetable market
differs from other oils in its linolenic acid content (5-13%)},
vhich gives it a "green beany” flavor. This can be removed by
conventional refining, bleaching and deodorization methods of oil
processing, but the flavor returns on storage, due to auto-

oxidation of the linolenic acid.

Mustard oil is the popular edible oil in the North-Eastern
parts of India. This oil contains a high percentage of the C-22
unsaturated fatty acid, docosenoic (erucic) acid, which is
deleterious to health causing cardiac lipidosis (Abdellatif and

Vlies, 1970).

Coconut o0il is a saturated oil, rich in saturated fatty
acids and contains less than 2%} linoleic acid, which is an

essential fatty acid.

As of now, safflower oil which contains a high percentage of
the essential fatty acid, linolei. acid (75%), is considered to
be an excellent oil, but of late there are reports that the high
linoleic acid conten* may cause damage to biomembranes and
intracellular orqganelles by the peroxidation products formed

(Brisson 1981).

So a study of the fatty acid composition of various oils by
the standardized method used in cur laboratory to compare their

values with one another was <considered  useful.
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2.0 NATERIALS AND NETHODS
2.1 MNaterials

The five mandate crops sorghum, pearl millet, chickpea,
pigeonpea, and qroundnut chosen for £h0 determination of fatty
acid composition were grown at ICRISAT Center. All other
vegetable oils used were obtained from reliable sources and are

of standard brands, purchased from the local markaet.

2.2 NRethods
2.3. Patty acid determination

The triglycerides were converted to their fatty acid methyl
esters using sodium hydroxide in methanol and BF, (boron
trifluoride) in methanol followed by extraction with petroleun
ether. Fatty acids were determined in a gas chromatograph as

described earlier.

3.0 RESULTS AND DISCUSSION
The five ICRISAT mandate crops had considerable amounts of
palmitic, oleic and linoleic acids with varying percentages,

including some other fatty acidec (Table 28).

The percentage of palmitic acid, which is a common fatty
acid of all the five crops was highest in pearl millet (19.5%)
and lowest in chickpea (9.7%). Lauric, myristic, and palmitic
acids are the saturated fatty acids present in most
triglycerides, of which palmitic acid is essentially present {n
almost all the oils and fats. ralmitoleic acid is present in

pearl millet, sorghum and chickpea in the range of 0.2 to 0.6%
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Table 28. Fatty acid composition of ICRISAT mandate cropt1

------------------------------------------------------------------------------------

Fatty acid Sorghu Millet Chickpea Pigeonpes  Groundnut
(1 (SPV 351) (ICH 451) (G-130) (C 11) {Kadiri 3)
Myristic - - 0.240.00 - -
Palmitic 12.046.16 19.5+0.02 §.720.00 18.540.07 14.220.03
Palmitolelc 0.310.07 0.620.00 0.240.00 - -
Stearic 1.1:0.02 5.120.02 £.9:0.01 3.840.07 2.320.00
Oleic 39.010.51 26.620.05 19.610.02 10.410.22 37.140.04
Linoleic ©1.540.35 43.810.08 64.410.03 58.710.16 38.740.02
Linolenic 2.940.02 2.640.01 3.740.01 4.6£0.02 -
Arachidic - 1.140.00 0.2+0.00 1.120.03 1.410.01
Eicosenoic . - - - 1.420.01
Behenic - 0.2:0.00 0.320.01 1.140.01 3.210.01
Lignoceric 0.%:+0.02 0.420.01 0.7+0.01 1.5+0.03 1.74¢0.01
0/L ratio 0.94£0.007 0.6140.000 0.3110.00 0.1810.006 0.9610.00

R R B R B T R RS R RS B e R e R R S e E e A e e e % @ e e e

1. Means of three replicates

The names of cultivars sre given in parentheses
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but not detected in pigeonpea and groundnut. The most important
factor, which is considered for the o}l quality studies is the
O/L ratio. The O/L ratio of piqconPca and chickpea oil was found
to be less than 0.5, while 0/L ratioc of oil samples froa pearl
millet, sorghum and groundnut, ranged from 0.61 to 0.96. A
comparative study of all the five ICRISAT mandate crops showed
that pigeonpea and chickpea were rich in polyunsaturated fatty
acids, that is cleic, linoleic and linolenic acid and would
contribute very well to the nutritional quality of the seed

(Table 28).

The fatty acid compositions of some of the common vegetable
oils, sesame, sunflower, safflower, cdconut, groundnut, soybean,

maize, mustard, palm and rice bran are shown in Tables 29 and 30.

Safflower oil contained the highest percentage of the
essential fatty acid, linoleic acid {7%\). Soybean o1l contained
a good percentage of linoleic acid {54.0%), and had, in addition

about 7.43% linolenic acid, which contributes to the oxidative

degradation of the oil.

Mustard oil, which contains a high content (47%) of erucic
acid (22:1) has been reported to cause cardiac lipidosis in rats,

but is still used in the north-eastern parts of India.

Much importance is being given to lipids and their use as

dietary fat and consumption of polyunsaturated fatty acids is

recommended Animal fats, like ghee and butter are rich in

saturated fatty acids, and vegetable fats or oils are rich in
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Table 29. Fatty acid composition of commonly consumed oOlla

A Sesame Sunflower Safflower Groundnut
Patty acid (V) {(Gingelly) (Sunola) (Saffola) Coconut (H&7F8)
Caprylic (810) - - - 7.8 -
Capric (10:10) - - - 5.6 -
Laurice (1210) 0.1 - - 47.6 -
Myristic (14:0) 0.1 - - 19.6 -
Palmitic (16:10) 10.0 5.5 6.0 8.5 13.3
Palmitoleic (16:1) 0.3 0.2 0.1 - -
Stearic (18:0) 6.8 3.6 2.3 2.8 4.0
Oleic (18:1) 43.6 4:.8 13.8 6.5 40.2
Linolelic (18:2) 7.4 47.1 75.3 1.7 33.2
Linolenic (18:3) - - - - -
Arachlidic (20:0) 0.9 0.1 0.1 0.1 1.9
Bicosenoic (20:1) 0.5 0.2 0.2 - 1.1
Behenic (22:0) 0.1 0.8 0.7 - 3.9
Brucic (22:1) - - - - -
Lignoceric (24:0) 0.2 0.7 1.7 - 1.8
o/L ratio 1.2 0.9 0.2 3.9 1.3

Trade names where applicable are given in parentheses
Source where not indicated : commercial outlets
(H & PS8} : Housing and Food Services, ICRISAT



17

Table 30. Patty acid camposition of cmly consumed oils.

---------
----------------------------------------------------------------

Soybesn Malze Mustard

Fatty acid (1) (IS 7244)  (Nohini)  (Rapeseed) Pala  Rice bran
Caprylic (8:0) . . . . .
Capric (10:0) - - - - .
Lauric (12:0) - . - 0.3 0.2
Myristic (14:0) . - . 1.1 0.4
Palaitic {18:0) 12.6 14.6 2.0 39.7 19.3
Palmitoleic (16:1) - . 0.2 - -
Stearic (18:0) 3.9 3.6 1.1 4.1 2.}
Oleic (18:1) 21.0 n.2 .. 10.6 42.4 41.4
Linoleic (18:2) 4.0 48.0 i34 1.1 31.2
Linolenic (18:3) 7.4 1.4 (19.0,1 . .
Arachidic (20:0) 0.2 0.8 - C.4 1.1
Eicosenoic (20:1) - - (19.0)1 0.4 2.2
Behenic (22:0) 0.5 0.2 1.1 0.1 0.4
Erucic (22:1) - - 7.0 - -
Lignoceric (24:0) 0.6 ¢.2 6.7 0.1 0.7
O/L ratio 0.4 6.7 c.8 3.9 1.4

.........................................
PRI P £ R S b Al

1. Includes C 18:3 and C 20:1

Trade names vhere applicable are given in parentheses
Source vhere not indicated : comercial outlets
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polyunsaturated fatty acids, except for coconut oil and palm oil.
The significance of the polyunsaturated/saturated fatty acid
ratio on the serum cholesterol and total dietary cholesterol and
their effect on the development of the diseases, atherosclerosis
and the coronary heart disease has been discussed in detail

(Brisson, 1981).
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VI. OIL CONTENT, PROTEIN CONTENT, AND FPATTY ACID

COMPOSITION OF GRADED SAMPLES

1.0. INTRODUCTION

The effect of seed size on éh- physicochenical
characteristics of groundnut seed was studied by Ponnuswamy and
Ramakrishnan (1984). They reported that the seed sizes affect the
oil content in groundnut, which in turn depended on the changes
in lipid metabolism during seed development and maturation.
Relatively low oil values in large and over-maturs seeds wers
reported by Pattee et al. (1974) and the oil value wvas also
related to the maturity of the seed (Pattee ot al 1977/). The
changes in the roasted groundnut flavor and other factors with

seed size vere observed by Pattee et. al. (1982).

The relationship between the seed size and {ts
characteristics may vary depending on the property to be studied.
our aim of this investigation was to study the effect of seed

size on the dil and protein contents of groundnut.

2.0 MATERIALS AND METHODS

2.1 MNaterials

Seven groundnut cultivars 1CGS 1, ICGS 5, ICGS 11, ICGS 21
and ICGS 44 including two controls, Kadiri 3, and J 11, grown at
ICRISAT Center during the 1987/88 postrainy and 1988 rainy

geasons were chosen for this study.
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2.2 MNHethods
2.2.1 Grading of the groundnut cultjivars

Groundnut kernels were passed through sieves of 5 diffqrent
mesh Bizes with pore dimensions of 16/64" x 3/4", 17/64" x 3/4",
18/64" x /4", 19/64" x I/4™, 20/64" x 3/4" and leftovers on top
of 20/64" x 3/4% were treated as a separate sample. The
different sizes of groundnut seeds obtained were analyzed in

duplicate as follows :

2.2.2 Determination of oil, protein, and moisture contents
0i1, protein and moisture contents were determined by the

procedures described earlier in this report.

2.2.3 Fatty acid composition

The oil obtained from the six graded samples was analyzed
for its fatty acid composition and O/L ratio as described
earlier,
2.2.4 Correlation matrix relating 100 seed mass with oil

characteristics

The correlation coefficients relating the 100 seed mass with
percentages of oil, protein, and O/L ratio in the graded samples
of 7 groundnut cultivars were calculated. Statistical analysis
using Duncan'’'s multiple range test was carried to study the
variation of quality characteristics among cultivars and also to

study the variation of these characteristics with seed size.
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3.0 RESULTS AND DISCUSSION

The oil ¥, protein %, moisture Y, 100 seed wass, O/L ratio, and
fatty acid composition of the 7 cultivars are shown in Table J1.
A similar analysis was carried out on the graded samples and data
obtained are shown in Table 32. It is esvident from the data
that, as the size of groundnut kernels increased, the 100 seed
mass increased, as expected and so was the oil content. Lipid
content in oil seeds depends primarily on the fat deposition.
Apparently, the smaller seeds got harvested before the completion
of this period and thereby remained under-developed exhibiting
small size and comparatively less oil content. In the six
graded groundnut samples, an increase in the oil content and a
decrease in the protein and moisture contents was seen within
each of the cultivars as the size of the groundnut Xkernels
increased. There was not much variation {n the O/L ratio, which
ranged from 1.02 to 1.05 across the sizes. A significant
observation was that, ICGS 21, showed a high 100 seed mass and

had the highest O/L ratio among all the cultivars.

The correlation matrix of 100 seed mass with oil percentage,
protein content and 0/L ratio of the graded groundnut samples of
7 cultivars is shown in Table 33. The relationship of 100 seed
mass with oil content was highly significant (r=0.96; P <0.01)
among the 7 cultivars, and across the two seasons. The
correlation of the 100 seed mass and O/L ratio was (r=0.84; Pg
0.01) and significant in the 1987 postrainy crop. Similarly, the

100 seed mass and protein content vere negatively correlated {r=-
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Table 31. One hundred seed mass, oflX, protein I, moisture X, O/L retio, and fatty ocid

ition of seven groundnut cultivers

1ces Y 1CGS S ICCS 1Y 1CGS 21 1CGS 44 Xadirl 3 41

100 seed mess (§) P w2 2 a2 ed® e

oll (X ©0.05  8.0*  0.2® s0.2* vt wp?  s0.?

Protein (X) 8¢ o a0t 2 ne  na

Molsture (X) s.cs¢ st s06® szt sa® s ssed
o/t ratio 0.%? 0.9 0¢* 1.36° 0.9 o9 1.2a°
Pelmitic (16:0) 2.2 12.0% 12015 1w0.82°  12.a3® 2.9 12.06°
Stesric (18:0) a2 2w 2t 2.e®  am? s e
Olefc (18:1) 37.20°  36.68° 36929 as.21® 3. 3680 0.9
Liroletc (18:2) 30.51° 3097 3096 33.22°  38.90%  30.35°  33.30°
Arschidic (20:0) VL TP LA VY LA NS R TP L I YPT LA SR PL
Eicosenoic (20:1) 1.3 137 1® 0 e rad 0.0t
Behenic (22:0) s.2% 3.2 3a® 3 32 vt 3zt
Lignoceric (26:0) r.es®  md 1™ 1 10® 1805 150t

Values with the same superscript do not differ significantly
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Table 32. One tundred seed mass, oilf, protein I, moisture 1, O/L ratio, and
fatty acid camposition of graded groundnut seed

---------
--------------------------------------------------- L P DR I R R Y Yy Y

------------------------------------- P LR TR L LR Y A T P

16/64° 17/64  18/66°  19/64° 20/64° »20/64°

T R N N A e PR RS n s, r RN e Ct aC AP e A S m e eRan® s we

100 seed mass (g) 30.525 303" se.e% 4.3 aa.3®  se.09°
oll (1) sl 0w s 0.0 sl
Protein (1) 231" 22,61 22.60° 22.3¢9 22.92° 22.24!
Moisture (1) s s st s26® s s
O/L ratio 1.02* 1.0 1.0a%Y 10s® 1080 1.04%P
Palmitic (16:0) 1220 1229 12.21% 1208 12.02° 11.08¢
Stearic (18:0) 20" 2m* 2.0 2t am? 2
Oleic (18:1) 37.96°  38.0° aes® 3m0s®  ys0s  39.20°
Linoleic (18:2) 17.n®  3e® n® yn® wa® st
Arachidic (20:0) 156 1s® e 1 1s2% 1t
Eicosenoic (20:1) T Ut VSRR ¥E T U T N UP P LR OPY ST
Behenic (22:0) 1.8s%  136® 3265 3% A" 2.06f
Lignoceri~ (24:0) 1.80% 1 s 1P b

....................................
e L L T R R
- ——— -

Values with the same superscript do not differ significantly



Table X3. Correlation coefficiants of 300-seed eees vith parcent ofl, protein content, and oletc to Linoletc
scid (QA) retio in the graded seed sasples of seven prasdrt aldtivers
YD sead mes vy o1l content Y00 sesd mess vi protein contet XD seed mass vv QA ratie
Saotyps .
Pout rainy Post reiny Post retry
1967 /% Ratry 1968 1987/88 Rainy 1988 1987/ Reiry 1988
[ 7] [ 1] [ 1] L 1]
1aas 1 0., 0.9 o.n .. 0.5 0.0
*e [ ] [ 1] [ ]
- 0.9 0.%% 0.0t 0.5 0.8 0.
L 1] [ 1] [ ] L 2] A1)
1088 1 0.% oo 0.8 HR 0.88 0.0
! 'Y 0 . [
1008 21 0.9 0.9 0.8 -0.%0 0.% 0.
* L 2] [ 1] [ 1)
1088 & 0.9 0.9 «0.%3 0.8 0.0 0.0
Controls
[ 4] o0 [ 1] 1 1] L 1]
Kadirf 3 0.9 ow 0.8 0.9 on 0.9
e e ae L ] L ] LX)
I 0.7 0" on 0.6 .68 0.8

F R T T TP R e

Sipnificant at 0.05 (*) and 0.01 (**) probebility Levels
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0.94, P <0.01) in the 1988 rainy season.
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VII. ANTINUTRITIONAL PACTORS
A. Trypein Inhibitor Activity

1.0 INTRODUCTION

Groundnut is known to contain certain biologically active
antinutritional factors that adversely affect their nutritional
value. Trypsin and chymotrypsin inhibitors (protease inhibitors)
combine with the enzymes' trypsin and chymotrypsin respectively
and inhibit the function of these enzymes which affect the

digestibility.

2.0 MATERIALS AND METHODS

2.1 Katerials

The concentration of trypsin inhibitor was estimated in five
groundnut cultivars ICGS 1, ICGS 5, ICGS 11, ICGS 21, and ICGS 44
and controls J 11, Kadiri 3. These were grown {n two different

seasons, postrainy 1985/86 and rainy 1988.

2.2 Methods
2.2.1 Trypsin inhibitor activity (TIA)

The casein digestion method was employed for the measurement
of TIA in groundnut (Xakade et al. 1969). The method involves
the use of 2% casein and the spectrophotometric determination of
the breakdown products of trypsin in the presence and absence of
the inhibitor. To convert the curvilinear response to a linear
one, a mathematical transformation of absorbance readings (A) at
280 nm to AY/? was employed. A linear relationship was obtained

between A3/2 and the range of enzyme concentrations employed.
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Table 34. Trypsin inhibitor activity in groundnut cultivars, postrainy

1985/86 and rainy 1988, ICRISAT Center’

LR R L T R T R T Y I I TR P TS RIS L P Y A L R Y R ]

L LR L L N L L L L E Y P Y T P T Y L T Ry Y

Postrainy 1985/86 Rainy 1988

IC6s 1 1.3140.04 3.240.09 0.840.18 3.220.7
ICGS 5 1.640.08 3.540.15 1.240.10 4.31+0.36
ICGSs 11 1.240.04 2.720.09 1.420.14 2.6%0.26
ICGS 21 2.140.06 4.5%4£0.13 1.720.14 4.540.38
ICGS 44 1.140.07 2.1$0.13 1.1140.09 3.6£0.31
Controls

J 1l 2.240.02 6.140.06 2.21£0.06 8.140.23
Kadiri 3 1.320.06 3.5£0.16 1.440.14 3.240.51
H.lntSEz 1.620.16 3.720.49 1.410.17 4.5+0.68

- S e W S S R e . R W T e R R AP T S TSR R R A T W P e e e e A

1. Means and SE of three replicates
2. Means and SE of seven cultivars

TUI + Trypsin units inhibited
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One trypsin unit (TU) is arbitrarily defined as an increass
of 0.01 absorbance units at 280 na in 20 minutes per 10 ml of the
reaction mixture under the experimental conditions. Trypsin
inhibitor activity can be expressed as the number of trypsin

units inhibited either per mg meal or per mg of the extracted

protein.

3.0 RESULTS ARD DISCUSSION

The trypsin units inhibited/mq meal ranged from 1.1 to 2.2 units
with a mean value of 1.6 units for the postrainy 1985/86 season
cultivars and from 0.8 to 2.2 units with a mean value of 1.4
units for rainy season 1988 cultivars. Control J 11 showed

higher values (2.2, 2.2) in both the seasons (Table 34).

Reference:

Kakade, M.L., Simons, N., and Liener, I1.E. 1969. An evaluation
of natural vs synthetic substrates for measuring the
antitryptic activity of soybean samples. Cereal Chenistry.

46:518-%26.
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B. Phenolic Acids in Seed Coat of Croundnut Cultivars Resistant
and Susceptible to Seed Colonization by Aspergillus flavus

1.0 INTRODUCTION

Thirteen groundnut cultivars, eight resistant and five
susceptible to jn vitro seed colonization by Aspergillus flavus
were analyzed for polyphenols using different methods. No
significant correlation was obtained between seed colonization
and total polyphenols content in seed coat of these cultivars
(Jambunathan et al. 1989). The present investigation was
therefore undertaken to determine individual phenolic acids in
groundnut samples that were identified to be resistant, and
susceptible to seed colonization by A, flavus. Reverse phase
high performance liquid chromatograph (HPLC) system was used with

the following objectives.

a. To try published procedures for the separation and
quantification of phenolic acids from the seed coat of
groundnut samples.

b. To find out the difference, if any, in the phenolic acids in

cultivars that are resistant and susceptible to in vitro A.

flavus seed colonization.

2.0 MATERIALS AND METHODS
2.1 Naterials
Thirteen cultivars, eight resistant, and five susceptible, to jp

vitro colonization by A, flavus were grown in the 1985 rainy

season at ICRISAT Center and were supplied to us by the Groundnut



Pathology Unit (Table 15).

2.2 Rethods

2.2.1 Sample preparation

Seeds from thirteen cultivars grown at ICRISAT Center in four
replications were dried in an oven at 4obc overnight. Seed coat
was removed manually, ground in a pica mill and defatted. All the
four replicates vere pooled, and from pooled sample, 250 mg of
seed coat vas weighed for analysis. In a screv capped test tube,
250 mg seed coat was mixed with 5 ml methanol and contents vere
shaken for one hour. The supernatant vas saved after
centrifugation and the residue was re-extracted for 10 minutes.
The supernatants were pooled and then filtered through a

millipore 0.45 um filter unit.

2.2.2 Standards

Eight phenolic acids, caffelc, protocatechuic, gallic, syringic,
vanillic, cinnamic, ferulic, p-coumaric were prepared separately
using HPLC grade methanol (0.1 mg/ml stock solution). All the
eight standards were pooled and a mixture of samples with 0.1
ng/ml concentration was prepared. All the samples wvere stored in
the freezer. Extraction and analysis were done on same day.
Thirty micro liter solutions of reference standard as wvell as
sanples vere injected into the column using auto injector and

samples vere usually analyzed by running the HPLC overnight.

2.2.3 Shipadzu unit : A Shimadzu HPIC IC-6A unit, equipped with

System controller, and R-§il, C-18, 10 u column with 25
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Table 35. Reaction of groundnut cultivars to in vitro seed colonization by

Aspergillus flavus

P T L L T N N L L L T T R Y T R R I

Cultivar Bnactionl ...................................
ICRISAT Center

Ah 7223 R 8.9

J 1 R 10.5

U 4-47-7 3 14.8

UFr 71513 R 11.1

PI 337394F F 11.5

Var 27 R 13.8

ICGS 58 R 13.2

ICGs 78 R 12.5

™V 2 s 32.4
Pazipur 1-5 x

NC Ac 17090 S 313.9
Gangapuri s 37.4

NC AC 17090 S 36.5

BC 76446(292) S 38.0

58 3.4

D T P D T R R P P W T . e e - R T Y G P T e .

1. R = Resistant; § = Susceptible;
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mR length and 4.6 ma 1D wvas used along with a quard

column, ODS P/N 228-09613-9'1 (Shimadzu) for the

separation of polyphenols.

Solvent gradients: Solvent gradients were formed by dual

pumping system by varying the proportion of solvent A and
solvent B, and the pressure in the pumps ranged from 0.8

X 100 kg F/Cm® to 1.0 x 100 kg F/Cad .

2.2.5 Elution: Mobile phase consi{sted of two solvents A and B.

Solvent A contained 98% water and 2% glaclial acetic acid
with 0.018 M ammonium acetate. Solvent B was a mixture
of 70% solvent A and )08 of organic solvent containing
82% methanol, 16% n-butanol, and 2% qglacial acetic acid
with 0.018 M ammonium acetate. Ammonium acetate wvas
added to prevent intra-molecular bonding of phenolic
hydroxyl groups which increased the sharpness of the
peaks. All the solvents were filtered through a 0.45

micron millipore filter and degassed with helium for 1%

to 20 min.

The initial flow rate for all gradients was 1 ml/min. The

gradient elution consisted of following steps.

0.0 to 1.0 min. isocratic 10% solvent B.
1.0 to 21.0 min. linear gradient from 10 to 25% solvent B.
21 to 36 min. linear gradient from 2% to 45% solvent B.
36 to 56 min. linear gradient from 45 to 100% solvent B.
50 to 50.15 min flow increased from 1 to 1.20 ml/min.

82 to 82.15 min linear gradient from 100 to 10% solvent B.
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Tabie 38, Nethods thef were tried for the separaton ond tdentilication of polyphenols entracied (rom grourdnut .
seed coot
ulercnul (olum sed  Run time Flow fate  Mobile phase Vave lengih  Imstrusent  Ressris
(stn) (aley  (solvent gystem) (rm) vind
Borwsrt, Wi (-8 ultre: w 1.0/min 2% scetic acid 0.018 m 256 ond 280 bechmon 908d elution for
e sphere (01 ymoniue stetete (A) stondard oy weil o0
colun (8) 70K of A and 0K of 0 sple
(0) 821 of sethonol
16X n-butenol IX scetic acid
0.018 4 sowmonium ocetate
Irad Non poler Y} ai/min  Credient elution, 1Y veters Better resolution
Nyrphy J.  Bondpak 2% ocetic xid Aspociates  for referance stonderdy
1978 C-18 (Maters 0% methano! ot for semple
Associates) Wty 1:5:2:92
Sutanol, ecetic ocid,
setheol ond vater
vith 013 A Ammoniue
scetate
Nardin, JX  Bondpek 0 aljmin 2% scetic acid 10 min 1418 woters Resolved reference
1980 (1] followed by 20 min, Associates  stondardy, mot 1eples
gradient SANY0
butant acetic acid
methanal and water
Nortley, 20 Spherisord Y.A el/en Isecratic elytion two s fabricated Respived only two
1980 Sorded phate solvents 36211 eQquipment  praks pecoraric and
¢'8 and T 00 vater ferulic
scetic acid @ butenol
fan, OX Werpelar 3 ‘mismin Multistep gradient 141 Sechmen Nigh back preteure
1923 v Sordpak 2:98 Acetic scid, water
¢+ 18 colum 8:92 Wutew!, methenol
Wter
Aspocistes
‘Ncholson, RL Int/atn 1, vater S0T, 2. Methamol 53 . Bigh beck pressure
Inscratic and gradient 65:33
o, A wultrssphers 33 1.0 mi/min 1, 953 vater, methanol W Ereatic bese line
1984 ot ¢ 2. mthorol #5:5 scetic acid
(6.4 2 150 cms) 0 to 100X gradient
Shimedry $ column » 1.2sl ond 1, 80:20 metharol, water 256 ond Shimadzy  Nigh back pressure
Kandout sltered as 2. 50:50 methanol, vater ¥ no change after
Appt lcotion 0.%, 0.8, pradieont YX/ain sltaring flow rate
Notes 1.0/8in

P D R S PP sresvvae seersaian servavemue veserevdrene

1. Colum, instrusent, ond other detelis a3 published are cited here,
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q. 92 to 92.15 min flow decreased to 1.0 nl/min,

h. 99 min sample loop is rinsed and qradient vas repeated.

2.2.6 Detection

Absorbance of samples as well as reference standard was detected

at 280 nm, (attenuation 4).

2.2.7 Calculation

Eluted phenolic compounds wvere monitored at 280 nm and the area

of the peaks was automatically calculated by the integrator.

peak area of sample
% Phenolic acid « dilution factor x ~-cceccccevee-a —we—-

peak area standard

2.2.8 Method development "

Methods cited in the attached Table 16 were tried one by one
unsuccessfully, and due to high back pressure and poor
resolution, were not found suitable. Banwart et al (198%) method
of multigradient system with 2 detectors and dimethyl sulfoxide
(DNSO) as extractant was tried and was found to give
satisfactory results. This method was therefore used with sonme
modifications which included the measurement at 280 nm, and the
extraction of sample was made in pure methanol. The separation
of standard mixture was excellent. The sample resolution was

better but all the peaks were not fully resolved.

3.0 RESULTS AND DISCUSSION

The chromatograms of sazples obtained were corrected for base

line using pure pethanol as a blank. Each standard, standards
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Table 37. Retention time of polyphenols vhen applied separately or

o o WA M e bm e e ARk ke e o Ae S e M e e e e A e R A e R am e A A W e St

Individual Mixture

Phenolic acids (retention time, (retention time,

min) min)
Gallic acid 8.1 8.5
Protocatechuic acid 14.7 14.9
Vanillic acid 31.4 1.5
Caffeic acid 34.7 34.9
Syringic acid 35.5 36.1
P-coumaric acid «7.1 47.0
Ferulic acid 50.1 50.1

Cinnamic acid 67.6 67.3



HER

mixture (Table 37) and samples were analyzed in triplicate

(Table 38). sStandards were run before and after analysis of

samples.

Gallic acid was run several times to check the
reproducibility and linearity of the iéltrunont. Sample peaks
having the retention times of the reference standard peaks were
identified as ferulic and p-coumaric acids which resolved at 47
and 49 min respectively. In some runs, these peaks did not
separate well. Data obtajned from ) runs were pooled for ferulic
and p-coumaric acid and SD and SE were calculated. The
percentage of ferulic and p-coumaric acids in seed coat samples

ranged from 0.23 to 1.56% (Table 18).

Overall, the mean value of ferulic plug p-coumaric acids wvas
0.77% in resistant cultivars and 0.94% in susceptible cultivars.
There were many unjdentified peaks which emerged at 26, 38, 41
43, and 45 min. None of the standard phenolics that were used in
the present investigation could be used to identify those peaks.
RepresentatiQe high-performance liquid chromatography patterns
obtained with standard polyphenols (Fig. 1), a resistant cultivar

(Fig. 2), and a susceptible cultivar (Fig. ) are included.

References

Banwart, W.L., Porter, P.M., Granato, T.C., and Hasette, J.J.
1985. HPLC separation and vave length area ratios of more

than 50 phenolic acids and flavanoids. Journal of Chemical

Ecology 11:383-395.
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Table 38. Concentration of ferulic plus p-coumaric acids {g(loo.g)'l]

in the seed coat of groundnut cultivars

Cultivar Reaction Heani SE

AH 7223 R 0.60 +0.035
J 11 R 0.65 +0.075
U 4-47-7 R 0.6% +0.058
UF 71513 R 0.72 +0.058
P 337394F R 0.79 +0.127
VAR 27 R 0.38 +0.075
1CGS 58 R 1.02 13.092
ICGS 78 R 1.34 +0.069
™V 2 S 0.57 $+0.029
Faizpur s 0.82 $0.075

1-5 XNC AC 17090

Gangapuri s 0.23 +0.040
NC AC 17090 S 1.51 +0.179
EC 76446 (292) S 1.56 +0.352

ran of three runs
Mean of resistant cultivars : 0.77
Mean of susceptible cultivars : 0.9¢

R - Resistant; § - Susceptible
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VIII. PROTEIN QUALITY EVALOATION

A. Rat Ricassay

1.0 INTRODUCTION

Groundnut is grown as an oil seed crop {n many countries of the
world. The defatted res:idue, or groundnut cake, is an abundant
and inexpensive source of protein. The utilization of young
growing rats for evaluating the protein quality of foods using
the biclcogical value (BV) method has been reviewed by Mclaughan
and Noel (1970). Biological evaluation method is a nitrogen
balance technique which distinguishes between ingested protein
and absorbed protein. Endogenous nitrogen in urine and ‘aeces |is
estimated when animals are fed a protein-free dist. The young
rats fed on a protein diet put on weight an&'tho ratio of weight
gained to protein consumed is expressed as the "proteln
efficiency ratio" or PER. The FER values were observed to
increase with increase in the protein content of the diet up to a
maximum value (usually about 9 to 10% protein) and then decreased

as the protein level was raised further (MclLaughan and Noel,

1970) .

When rats are fed on diets containing test protein and
nonprotein groups, the efficiency of nitrogen utilization of test
protein was assessed as net protein utilization (NPU). True
digestibility (TD) and BV are considered the main characteristics
of feed protein and the (NPU) 1s derived from these factors. In
contrast to the apparent digestibility (AD), the TD of a protein

source is generally considered to be independent of the protein
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content of the diet, feed intake, and body weight of ¢the

experimental animals (Eggum 1973). The definitions of these

terms can be represented as follows:

1.1 Biological value (BV)
The proportion of abscrbed nitrogen that is retained in the

body for maintenance and/or growth (FAO/WHO 1965).

I - (F-Fk) - (U-Uk) B-Bk
———————————————————— or - . -
I - (F-Fk) I-(F-Fk)
1.2 Net Protein Utilization (NPU)
The proportion of nitrogen intake that is retained, i.e. the

product of biological value and digestibility (FAO/WHO, 1965).

I - (F-Fk) - (U=-Uk) B-Bk
———————————————————— or - -

1.3 True Digestibility (TD)

Proportion of food nitrogen that is absorbed, (FAO/WHO,
1965).

1.4 Utilizable Protein (UP)

NPU x protein §



1.5 Protein Efficiency Ratio (PER)

Gain 1n body weight divided by weight of protein consumed
(FAO/WHO, 1965).

1.6 Symbols used

B : Body nitrogen (measured at the end of test period on
animals fed with test diet)
Bk : Body nitrogen at zero nitrogen intake (measured at the end

of test period on animals fed with non protein diet).

F : Faecal nitrogen

Fk : Endogenous faecal nitrogen
I : Nitrogen intake

U : Urinary nitrogen

Uk : Endogenous urinary nitrogen

Groundnut protein is considersd to be of low nutritional
quality because several of the essential amino acids are present
in limited amounts (Miller and Young, 1977). Lysine and
methionine are generally the most limiting amino acids |in
groundnut (Ibrahim and Canolty, 1985). 1In addition, threonine,
isoleucine, and valine are among the five of the eight essential
amino acids shown to be deficient in groundnut. When compared to
casein, the accepted reference standard for conducting biocassay
for protein efficiency ratio (PER}, the biological valus of
groundnut was found to be 50 to 7%% of the standard protein.
Such tests are conducted with growth limiting lavels of dietary

protein and provide little information on the potential capacity



of a protein for supporting the growth. Carpenter and de
Muelenaere (1965) concluded that, under certain conditions,
higher levels of poor quality proteins would result in near}y as
good growth of rats as could be obtained in practical diets
containing good-quality proteins. The protein quality of
groundnuts might be improved by breeding was shown by Miller et
al. (1978) in their work on protein nutritional quality of meal
from several groundnut cultivars as measured by rat bioassay.
The biocassays of weaning rats fed on 16.7 to 20% groundnut
protein were found to be essentially equivalent to those of
animals fed on 12-24% casein protein by Miller and Young (1977).
They also indicated that methionine, lysine and threonine were
limiting and that a portion of the lysine and threonine were

biologically unavailable.

2.0 MATERIALS AND METHODS

2.1 Materials

2.1.1 Source of rats and cultivars

The rat feeding trials were carried out on Wistar strain male
rats weighing about 60 grams. Casein (Animal and Nutrition
Research Council Reference Casein, Sheffield Chemical Company,
Union, New Jersey, USA) was used as the reference standard. Rats
were obtained from the stock colony being maintained by the
Indian Drugs and Pharmaceuticals Limited (IDPL), Hyderabad. The
diets included the stock diet and the nitrogen free diet
(described below). The groundnut cultivars used for biological

evaluation were ICGS 1, ICGS S, ICGS 11, ICGS 21, and ICGS 44,
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and controls used were Kadiri 3 and J 11. All these cultivars

wvere grown during two seasons, the 1985/86 post rainy and 1988
rainy season. Studies on groundnut cultivars from the 1988
rainy season were conducted on bjanched And whole seod samples to

investigate the effect of seed coat on nitrogen utilization.

2.1.2 Preparation of a stock diet

In genaral, we followed tne method of Eggum (197)) with slight
modifications as described. The stock diet for our rat feeding
trials was prepared according to the method of Pellet and Young
(1980). A stock diet was prepared from wheat (1%0 g), roasted
bengal gram (580 g), groundnut (100 g), skimmed milk powder (%0
g), casein (40 g), oil (groundnut cil, refined 40 g), mineral
mixture (40 g), choline-chloride (2 g) and vitamin mixture (2 q).
Wheat, roasted bengal gram, and groundnut were ground to a fine
powder in a Waring blender. Casein, skimmed milk powder, vitamin
mixture, oil, mineral mixture, and choline chloride were mixed
thoroughly. The two mixtures mentioned above, were mechanically

mixed for 30 to 40 min.

2.1.3 Preparation of a nitrogen free diet

Crude potato starch was found to have a negative effect on
protein digestibility. So autoclaved starch was used in our
studies. DPotato starch {loba Chemicals, Bombay) was mixed with
water in the ratio of 3:1 (w/v), autoclaved at 20 1b for 4 hours
and dried in an oven at 55°C for 1 or 2 days till the cooked
starch dried completely. The autoclaving resulted in a sandy

structure of the starch material, which was found to be
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advantageous in our feeding techniques, as it does not adhere to
spoons, and brushes which helped in quantitative collection. The
starch was ground to a fine powder in a Waring blender. The
nitrogen free diet had the following composition; sucrose (9.0%),
cellulose powder (5.2%), oil (groundnut oil, refined 5.2%) and

potato starch (autoclaved 80.6%).

2.1.4 Experimental diet

About 500 g experimental diet, (dry weight basis) was
prepared. The nitrogen content of the test material (groundnut
flour) was determined. The diet was prepared from groundnut
flour egquivalent to 7.5 g N (nitrogen), 20 g mineral mixture and
8.0 g vitamin mixture. This was made up to 500 g of experimental

diet (dry weight basis) using nitrogen free diet.

2.1.5 Diet for PER
The diet consisted of test material contributing to 10% protein
in the diet, mineral mixture 4%, vitamin mixture 1 &, fat 10%,

cellulose 5% and made to 100% using corn starch.

2.1.6 Low protein diet

Four percent protein equivalent diet was prepared by adding
freeze dried egg white to 20 g of mineral mixture and 5 g of
vitamin mixture, and made up to 500 g dry matter using N-free

diet.

2.2 Methods
2.2.1 Nitrogen balance assay

Wistar strain male rats were obtained when their body weights
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were approximately between 5% and 60 g. The rats vere kept in
individual cages and fed on a stock diet for 2 days, wvith a
provision for food and water ad libtym during this period.
Using a randomized block design, 5 rats were assigned to each
experimental diet. The body weights among these rats should not
vary more than 5 g within a group and the mean body veights
between the groups should not be more than + 0.5 g. In addition
to the test group, another group of rats was fed on a low-protein
diet. From the faeces and urine collected from rats, fed on low-
protein diet, the metabolic 'N' and endogenous 'N' werse

calculated.

The experiment lasted for a total of 9 days. The first ¢
days were termed as the preliminary period. During this period,
the rats were acclimatized to the new surroundings and gqot used
to the test diet. Faeces and urine were not collected during

this period.

The rats were then fed a diet of 10 q dry matter daily
containing 150 mg 'N' for a period of 5 days and urine and faeces
were collected during this period. After 5 days, the left out
food was recovered and weighed. Urine and faeces vere analyzed
for nitrogen using the Technicon auto analyzer. NPU, BV, and TD

were calculated using the formula mentioned earlier.

2.2.2 Protein Efficiency Ratio (PER)

Wistar strain male rats of 20-23 days old, each weighing 30-40 q,

e procured and kept in individual cages on a stock diet for
wer
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1
Table Y. Blotagical svalustion of blanched groundut cultivars, 198586 postrainy sesson, ICRISAT Canter

tees 12 1068 § 1068 14 1088 158 & Casein Meon SE
b b b,¢ b c »
Siological 956 196 5274112 15 2.0 5560155 47.7e 205 760+ 1.57 3634 1
value (%)
Troe b.c ¢ a.b A be b.e
digestibility 9.3 0.2 954208 982 +1.R MWLM 9640 209 964 0.8 9908
(0
Net protein
utitintion 0570 0% 00 ' woHs nlas %o
(X)
Utilizable
b.c b.¢ (3 [} t »
protein (1) B9 0N B4 L6 AT 118 BIOE 2809 HIL000 31.746.55
Protein (1) @7 5.8 @8 %0 @ X $5.806.40
Protein
efficlency b b b b b
ratio 24100 202000 2350089 235000 228007 32%0.08  2.500.14

Values with the same superscript do not differ signiticantly

1. Meere of 3 detersinetions
2. Means of & determinations



two days. Food and water were provided ad 1ibtum during this
period. Using randomized block design, 10 rats were assigned to
each experimental diet with the differences in body weight of

individuals of not more than about 5% g within a qroup and 2 g

between groups.

This experiment was conducted for 28 days. During this
period, food and water were provided ad libtum. After the
completion of 28 days, the food consumption of individual rats
and weight gained by them were recorded. PER was calculated using
the formula mentioned earlier. The averags values from 10 rats

were reported as the PER value,

3.0 RESULTS AND DISCUSSION

The bioassay of groundnut cultivars grown during the 1985%/86
postrainy season was carried out on blanched sample and the
results are shown in Table 39. ICGS ¢1 was unique in showing the
highest BV, TD, NPU, and UP. The lowvest values of BV, NPU, and
UP were in the case of ICGS 44. The values for BV, NPU and UP of
three cultivars ICGS 1, ICGS 5 and ICGS 11 did not differ
significantly. There were no signitficant differences in PER
among ICRISAT cultivars which ranged from 2.28 to 2.42. The
amount of protein in the 5 cultivars varied from 468.7 to 50.5%.
These experiments demonstrated that groundnut protein has an
excellent digestibility (above 35%) and could be effectively
utilized as a dietary substitute with a NPU of around 50%. The

utilizable protein among the five groundnut cultivars ranged from

22.8 to 28.4%.
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Table 40. Biologicsl evaluation of whole teed groundnut cultivars, rainy sessan, 1988, [CRISAT Center

. .
1¢6S 11 e 52 1068 11 1663 212 1088 “’
Besn SE Mean SE  Mean SE Mean SE Meen SE 'm’gts
. ] . ] a
Biotogical 66,1 #1953 6584152 613 283 694115 &3 055 63.7:0.83

vatlue (X)

b
True digesti- 903" .28 %2.5% 13 0.7 e78 87.8%0.45 917" 0.8  0.6:0.00

bility (X)

Net protein 579" «1.2¢ 609" .85 55.9° 4346 52.0°.05 572" e srm0.&

utilization (X)

stitile 230040 21%08  2.8%us 200 2% B0y

protein (X)

1. Neans o & determinations
2. Mears of § determirations
3. Means and SE of five cultivars

Values with the same superscript do not ditfer significantly



The biological evaluation of the groundnut cultivars grown
during the 1988 rainy season was carried out on blanched and
whole seed samples, and the results are shown in Tables 40 and
41. Though there were no significant di}(orcnccu in BV, TD, and
NPU among the whole seed cultivars belonging to 1988 rainy

season, ICGS 5 had the highest BV,TD, NPU and UP percentages

among the cultivars (Table 40).

In contrast to the earli.er results of blanched cultivars
belonging to 1985/86 postrainy season where 1CGS 21 showed high
NPU, BV, and TD, there were no significant differences among the
blanched cultivars in NPU, BV, and TD percentages in the 1988
rainy season cultivars. ICGS 1 had the highest percentages of

BV, NPU, TD, and UP (Table 41).

To study the role of the seed coat on the digestibility and
net protein utilization gorundnuts, bioassays were carried out
under identica] conditions on the blanched and whcole sesd samples
obtained from the 1988 rainy season (Table 42). True
digestibility was less in whol» seed samples than blanched
samples in all the cultivars. The lower digestibilty in the case
of whole seed sample could be due to the presence cf certain
protein inhibitors, polyphencls and tannins as reported earlfer.
Interestingly, the biological value of the whole seed samples wvas
higher than the blanched samples except in tne case of ICGS 21.
Also, there was not much variation in the net protein
Utilizable protein was higher in blanched samples

utilization.

than the whole seed samples. The values of TD and UP of blanched
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1
Teble 41, Blological evelustion of blanched proundnt cultivers, retry season 1908, IORISAT Canter

- - - ~cessnve

Controls

1068 1 {e~ B 18 U 1ce8 1068 &4 Kadirf 3 I it

— -

haan 36 Nean S MNean SE Rean SE Mean SE o $E Noan £ feon ¢

.n resensae s mnee

——

dologlal 62" @9'n1s metam 09'0% as'eu 8.0'Me 66ns o
value (1)

Troe
dgmtintiiy 9909 nlan alor ngar wdnzr ndes nlvs Bz

n

mtprotetn 03w 85t wstie sovn wltvx wfae edar s
util{zetion
®

wittante 2608 37708 2a'0n 22000 ados adws 38406 2100
protein
®

Protetn () Qs 7 43.0 s Q.3 3.4 0.2 42.0:0.53

Values vith the seme sperscript do not differ signiticantly

1. Weerw of 3 detersinatiors except in the case of JCGS 1 (4 determinations)



Table 42. Blolagical evelustion of blanched snd vole sead grassna adtivers, roty sessen WBD, ICRISAY w‘

B B S

s PR ‘Radird 3

BN S D Y B G " S A " S

Poched thole sed  Blachad Wole seed  Blarchat  Wole sond L

Rt e D b R T R L L LY L L T T T g P g Py T T Y S Ty *

Neon S Men I Ren S Men H Mmen B een B Howad Vele send

Bl e e L D T T T Ty B P T S T XS T P =)

giologiaal 0909 584043 36108 7100 61018 220K 610000 QMM
velue (T)

Net protein 95.001.33 5114087 .41 001 M9 W00 24100 102N
utilization (X)

True digesti-  91.81.17 876068 93.4:04) S06e1 41 §10:068 $900) M70U4 WIOW
bility (X)

Utilizable 2205 BIONU DM 70N U0 RN DO DM
protein (Y)

v

1. Mesrs of $ daterminstions. This egerisent wes carried Ut ot the same Liae on bisndhed and vele sead sempios
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ICGS 21 sample were significantly higher than the values obtained
with the whole seed. The values of BV, TD, and UP of blanched
Kadiri 3 sample were significantly higher than the values
obtained with the whole seed. No significant differences were

obtained in the data obtained with J 11.
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B. In Yitro Protein Digestibility

1.0 INTRODUCTION

The In vitro protein d&qn:tibiliéy (IVPD) of groundnut
cultivar was carried out for estimating the protein
digestibility. IVPD can be a rapid and convenient way to
estimate protein digestibiiity and IVPD values are reported to be
comparable to {p vivp methods using rats. 1In IVPD, proteins are
digested by the enzyme, pepsin, at acidic PH (pH=2.0) and the
amount of protein digested or that remaining in the residue s

determined to calculate the percentage of digestibility.

2.0 MATERIALS AND METHODS
2.1 Materials

Five groundnut cultivars (ICGS 1, ICGS %, ICGS 11, 1CGS 21,
and ICGS 44) and controls Kadiri 3 and J 11 grown at ICRISAT
Center, during the 1985/86 postrainy season were studied and

casein (Sigma) was used as the standard.

2.2 Methods
We used the method as described by Axtell et al. (1981).

2.2.1 Procedure

One hundred milligrams of defatted groundnut flour wvas weighed
into a centrifuge tube and 20 ml of pepsin reagent added. The

tubes were then capped and shaken on a shaker-incubator vater

was
bath at 37°C for 3 hours. A blank run of pepsin reagent

used. After cooling, 5 ml of 50% TCA vas added, the mixture was

filtered and 10 m) of the clear aliquot pipetted into a Technicon
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Table 43. In vitrp protein digestibility (IVPD) of groundnut

cultivars, postrainy season 1985/86, ICRISAT Centerl

- . A S e W e S e R N R W G M Ge L NR M NG ML AL Am e . en e L L L L G L W R W e S R R R R W e AR G W R R R e W W W

Digestibility
cultivar T ;{;;;"-—;; ........
Tees 1 84.810.96
1065 5 84.140.00
1CGS 11 86.441.26
ICGS 21 B5.2+1.26
ICGS 44 86.441.89
Controlsz
Kadiri 3 86.540.00
T 85.510.23
Casein 91.941.11
MeantSE’ o5 65035

1. Means and SE of 3 determinations
2. Means and SE of 2 determinations
3. Means and SE of 7 groundnut cultivars
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digestion tube for nitrogen determination. Nitrogen content was

determined by the Technicon auto analyzer method as described

earlier.

3.0 RESULTS AND DISCUSSION

ICGS 11, ICGS 44, and Kadiri 3, had a comparatively higher
digestibility among all the cultivars, while ICGS 5 showed the
lowest digestibility of 84.1% (Table 43).

When the IVPD and rat bioassay data are coampared, ICGCS 3
showad the lowest digestibility in both the jn vive and in_vitre
studies. ICGS 21 showed the highest digestibility of 99.0% {n ip
vivo while it was ranked Sth out of 7 cultivars {n the rat
bicassay procedure. The true digestibdility values wvere
comparatively higher in ipn yiyo or biological evaluation studies
than in jip vitro digestion. The digestibility values ranged from
95.4% to 99.0% in the in vivo studies with a mean of $6.9%,
whereas the IVPD values ranged from 84.1% to 86.5% with a mean of
85.6%. One reason for the increased digestibility by the jn vivo

could be due to the activity of the micro flora in the intestines

of rats.

Reference
Axtell, J.D Kirleis, A.W., Hassan, M.M., Mason N. D'craz,
] oMoy

Mertz, E.T., and Munck, L. 1981. Digestibility of sorghum
t el

proteins. proceedings of National Academy of Sclences, USA

78:1333 - 13135,
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i
COLLABORATION WITH ICRISAT REGIOMAL CENTER AND
NATIONAL AGRICULTURAL RESEARCH SYSTENS

A. Collaboration with ICRISAT Regional Groundnut Improvesent

Program, Malawi

Dr. G.L. Hildebrand, Groundnut Breeder, ICRISAT Regional
Groundnut Improvement Program for Southern Africa, Malawvi
approached us for assistance in conducting fatty acid analyses on
groundnut samples. According to him, thers was an urgent need to
screen germplasm accessions for their stability as chalimbana, a
variety that was usually exported to Europe for confectionery
purpose posed some problems with regard to fts blanching quality.
Therefore, most of the promising lines in the Malawi Regional
Program, as well as some of the lines ard varieties that were
currently being used in breeding programs in the Region, were
analyzed for their fatty acid composition at ICRISAT Center.
Groundnut culﬁivars were cleared through the necessary quarantine
requlations and sixty cultivars thus received were analyzed for
their fatty acid composition. Oleic to linoleic acid ratio of
1.6 is the reported minimum value sought by the buyers. Data

obtained on these 60 groundnut cultivars are shown in Table 4.

B. Collaboration with National Mricultural Research Systems
(NARS's)
In association with the Resource Management Program at
ICRISAT, we col}laborated with the Ministry of Agriculture,
L 4

Department of Rural Development, Directorate of Marketing and
P
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Inspection, Faridabad 121 001, Uttar Pradesh, India, in a project
entitled "Efficiency of marketing of semi-arid crops in India."
The purpose was to relate markot prite with grain quality
characteristics. One crop that was selected for this purposa was
groundnut. Groundnut kernels were collected from different
market yards in various districts of Andhra Pradesh, Gujarat,
Karnataka, Kerala, Maharashtra, Orissa, and Tamil Nadu States by
the staff of Directorate of Marketing and Inspection along with
other details. They were analyzed for their oil and protein
contents in the Regional Agmark Laboratory, New Delhi, India and
also at ICRISAT. We analyzed 495 groundnut samples received from
this survey. The oil content in these sampl¥s varied from 38.8%

to 54.9% and protein content from 15.1% to 13.)%.
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SECTION X. INFILORNCE OF LOCATION AND EWVIRDNNENT
ON PROTEIN COWTENT, OIL CONTENT, AND OIL QUALITY

Page No.
Selection of germplasm accessions for 1
quality studies trial
Evaluation of various trials for quality 139
paraneters
Table '45'
Appendix 1 142



INFLUENCYE. OF LOCATION AND ENVIRONNENT

ON PROTEIN CONTENT, OIL CONTENT, AND OIL QUALITY

Note : This section contains data .Ltained in our laboratory on

several breeders' trials. Ds%a have not been analyzed

statistically as some of the experiments have not been
completed. We have reported the data here mainly for
convenience of retrieval and to have an idea of the
variability in these grair constituents. Data reported tn

this section consists of three sub sections A, B and C.

A. Selection of germplasm accessions for quality studies trial

(QST)

We selected germplasm accessions having high and low oil
contents and high and low protein contents from the data reported
in our earlier Progress Reports (1/84 and 4,/87). Thirteen
accessions wefe identified and grown 1n 1 replications at ICRISAT
Center, Hisar and Dharwad locations in ra:ny scason 1988, and at
ICRISAT Center and Bhavanisagar locations in postrainy season
1988/89. Data obtained on protein content, o1l content, fatty

acid composition and oleic to lincleic acid (O/L; ratio on these

13 accessions are given 1n Appendix-1l.

B. Evaluation of various trials for quality paramseters
It is important to have an understanding of the stability of

various grain gquality characteristics across locations and

environments. As part of our ongoing exercise, we have analyzed
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Table 45. Groundnut cultivars belonging to the following trials and grown

in the season, year, and location as indicated were anflyzed

for their quality <haracteristics

Data given
No. of in Appendix I
Trial entries Season Year Location (Page No.)
ECGVT 25 R 1927 IC
ECGVT 25 R 1987 IC
ECGVT 25 R 1987 Hisar
ECGVT 23 R 168/ Dharwad
ECGVT 25 R 1687 Bhavanisagar
ECGVT 25 PR 1987/88 IC
ECGVT 25 PR 1987/88 Bhavanisagar
USCL 48 PR 1987/88  1IC
PCGVT-1 55 PR 1947/88 1C
PCGVT 64 R 1988 IC
PCGVT-1 64 R 1988 1C
PCGVT-2 30 R 1988 C
PCGVT-2 30 R 1988 ic
QST 39 R 1953 1C
QsT 39 K 1988 Hisar
QST 39 R 1988 Dharwad
ICGV 166 PR 1988/89 1C
QsT 78 PR 1388/89 IC
ICGV 37 PR 1988,89 Bhavanisagar
QST 39 PR 1688/89 Bhavanisagar
Total 931
ECGVT : Elite Confectionary Groundnut Varietal Trial
USCL : US Confectionery Lines
PCGVT : Preliminary Confectionery Groundnut Varietal Trial
QsT : Quality Studies Trial
ICGV : ICRISAT Confectionery Groundnut Varieties
R : Rainy
PR : Postrainy
IC + JCRISAT Center
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groundnut cultivars for tueir oil. protein, and fatty acid

composition. Details of the tital:,

n.omber of samples, secason,

year grown, and locations are descrited in Table 4%.  Data

obtained on individual cultivars frem a particular location,

season and year Are qiven in Appendix I.
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Protecin content, oil content and oil quatl ity of groundnut cultivers grown scross different sessons
and locations

..................................................................................... FREEEERRREED

Breeder Lab Pro- Oyl Paimi- Stea- Ole'c t'no- Arac. Ercos- Behe. Ligno- O/L

NO No tein tic i (0) ‘eicl{l) hadic enmoic nic cer:¢ Ratyo
16:0 18:0 *8:1 18:2 20:0 20:1 22:0 24:0

Elite Confectionery Groundnut Varietal Trial, BIL 6, JCRISAT Conter, Rainy Season 1987
1 19393 2250 45,70 10.99  3.e? &7.98 2719 199 1% 4.6} 195 w7

2 19396 2130 4B 50 11,6

-

28 4768 29.42 140 14 3 2.2 1.8
3 19595 2 T0 920 12059 2D 3903 3109 ke 138 3e2 203 .06
4 19396 23.30 <«7.80 11.55 3.09 ¢9.41 28.23 1.5 1,10 3.0 180 176
S 19397 25.90 4660 1276 2.84 47 2% 33,50 170 1,24 3.90 209 1.2
& 19398 25.70 47.70 12.9%  2.10 38.35 36.27 1,40 .55 4.13 2,52 1.06

7 19399 22.30 «7.00 3.

Lo ]

L3 37,65 36,0 139 164 456 2.66 105

8 19400 0370 46.%0 12,52 2.01 40.57 3.BY 136 1.5 3.9 250 1.7

9 19601 1«00 4B.00 263

A

DY W.edh 363 13T 80 40T 254 117

10 19602 04 60 65.90 199 2.00 37.86 .92 139 169 LB 279 106

1M 19403 20,40 50.00 "3.06 258 40.36 3449 150 132 7S 2.2 v

P4 1960¢ 26,90 <8.10 12.82 2.89 40.69 3633 177 1% 367 198 119

13 9405 26,10 ¢7.70 13.33 2.82 4D ST 334 172 123 392 2.3 1.3

1% 19606 22.20 «9.'0 12,65 2.%¢ 36.73 384k 142 1.4 3.68  2.59 .96

[§}

15 19407 49.00 54.70 ‘3.03 2,62 40.33 34.57 152 .32 365 2.2¢ v 4
1% 19608 24.00 49.1C 13,12 3.08 40.20 3403 187 1.1t 379 2.02 1.0
7 196409 26.00 51.10 11.37 3.09 47.36 29..8 ‘1.72 .15 3.48 1.7 L6
18 19430 19.60 49.70 12.63 2.68 4D.42 35.¢9 1.5¢ 127 3.52 195 1.4
19 19491 26.20 48.20 3.32 2.89 3B.67 35.93 176 1.1 359 2.0v 108
2 V412 22.90 &6.9C 10.87 2.25 50.67 27.v0 1.38 1.5 3.6 2,11 188

3 19413 23.20 5.0 1169 2.96 7.31 X%.28 1.38 157 373 2.0 142
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Sreeder Leb Pro- Ol Paimi- Stea- Oiec Lino- Arsc. E1cos- Behe: Ligno- O/L

L] No ten tic ric (Q) lewcilL) midic em@ic nic caric Ratio
16:0 18:C  18:1  18:2 20:0 20:v 22:0 24:0
................................. (X)-vcavvascnvancencnaarvarosnanens

27 22650 24.40 S0.80 9.8%5 4.6t 48.95 2793 2.2 V.91 3.4 132 I

22651 2¢.00 51.50 9.79 «.2¢ %0.53 27.w0 2.2 .00 3.62 1.2 1.8
o 22652 25.30 49.90 10.10 3.90 48.55 28.23 2.98 1.83 3O0 1.% .12
) 1] 2053 24.70 S51.80 12.29 3.23 W.T3 3.0 222 122 3.2 165 .10
n 22654 25.30 47.50 1015 3.63 48.2 29.6' 2.16 1.26 3.08 1.48 1.63
32 22655 24.40 51.10 9.65 4.31 S1.41 2580 2.37 1. 3.7 138 200
33 Q2656 25.00 S0.70 12.06 3.6 40.68 349 2.3¢ 120 3.12 166 117
34 22657 2390 51.50 9.91 3.92 49.82 27.63 2.40 1.2 343 1.}7 1@
35 22658 23.50 SO.40 9.86 3.8+ 48.03 28.198 3.40 2.03 335 1.9 1N
36 22659 20.20 52.90 9.53  4.57 41.97 25.%% 2.3% 1,09 3. 1,26 2.04

37 22660 25.30 4B.80 12.07 3.55 40.96 36.89 2.25 1.23 3.22 110 .

&0 22663 24.10 49.70 10.05 4,12 S0.31 27.77 2.16 1.10 3.06 1.25 1.8
41 22664 22.10 50.80 10.01 433 51.02 2.74 2.3 1.1 30 L2 .9
&2 2665 22.60 52.20 1.0 3.7¢ 48.13 30.00 2.0 1.27 2.98 137 1.61
43 22666 22.80 51.30 9.85 2.9 50.44 28.47 1.9 1,34 3.23 1.6 178
'7) 22667 24.90 47.80 10.28 3.85 48.76 29.2¢ 2.15 119 2.9 1.2 1.6
45 22668 20.90 49.830 9.9 3.80 49.5 28.88 2.% 1.75 108 1.28 172
[~} 22660 23.90 48.80 9.31 4.06 49.76 28.08 2.33 1.28 348 1.4 1.78
o7 22670 22.30 S51.30  9.35 4.7 S51.% 26.27 2.%2 117 3& 1.5 1.9
«8 22671 22.80 51.50 9.40 4.08 50.27 26.77 3.7 1.80 3.29 1.1 1.88
49 22672 23.10 50.80 9.5 4.21 50.27 26.95 2.90 1.3 3.M 1.8 1.8

50 22673 23.10 50.70 10.97 4.21 49.64 27.82 2.2 1.W 3.2 1.3 1M
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Lab Pro- 01l Paim: - Stes:

Ole'c Lino-  Arpc- Eicos- Bahe- Ligno- D/
L] tein tic ric (0 tleic(l) midi¢ emoic nic ceric Ratio
¥6:0 18:0 19:1  18:2 20:0 20:v 22:0 24:0

25782 21.00 47.80 10.62 3.43 48.27 2995 1.95 1.25 3.0 2.05 1.5
25783 22.80 47.80 10.73 3.6 49.81 26.58 1.95 1.11 3,61 1.7 1.88

2578 20.10 52.20 10.38 4.11 48.4¢ 30.07 2.1 0.97 3.5% 1.73 1.%%

26

31

32

3%

37

41

5785 18.80 49.50 10.92 3.69 43.37 33.21 1.8 1,01 341 1.8 51
25786 2060 51.40 10.20 4.07 49.40 2671 2. 1.07 <06 1.7

5787 19.70 5C.50 10.53 3.10 &6.46 3101 174 120 3.4 1.8 .50
25788 19.7C 50.30 10.14  4.29 49.57 27.%0 2.0% 1.02 3.4 1.6 .81
25789 21,10 51.90 11.03  3.49 45.6e6 3087  1.86 9,12 3.%% 1.

25790 21.00 46.70 10.10  3.35 4B.40 28.82 1.8 1.7 3.74 %,

25791 19.80 52.10 0.1 4.40 S0.0' 26.45 2.13 0.98 3.7 1.

5792 20.50 51.40 10.33 3.84 49.21 27.64 2.00 106 3.92 1.62 .18
25793 21.10 50.80 9.98 4.00 51.09 26.67 1.9 0.98 308 1.5 .92
25796 22.70 49.50 12.53  3.34 «42.11 33.12 1.9¢ 1.08 3.37 . .28
25795 19.20 51.60 10.65 3.70 4«8.87 28.34 1.8 102 3. w13

25196 19.40 50.10 1C.13 4.1 49.16 26.89 2.13 1.9 4.7 1,67 .83
25797 20.10 49.00 12.% 3.39 «41.61 32.83 2. 1.6 3.73%  1.86 .27
25798 9.00 S1.00 10.22 3.64 49.92 2.74 1.9 1.1 393 1N .87
25799 20.90 48.00 10.28 3.9 &9.44 27,08 2.02 1.% 4.0 LM .83
25800 18.90 49.50 9.83 4.27 S50.45 26.48 2.%2 1.00 3.83 1.5¢ .9
25801 21.20 48.00 12.5% 3,22 41.02 33.50 1.92 1.9 364 2.1

25802 20.90 51.20 10.56 3.18 &9.78 27.85 1.76 1.19 3.3% 1.85

25803 17.70 50.70 11.6% 4.07 46.74 30.96 2.07 0.96¢ 3.58 1.45 .65
25804 21.00 50.90 10.43 3.76 48.58 27.52 2.06 1.12 4.03 1.83 n
25805 21.20 51.70 10.45 3.53 49.11 27.% 1.% 1,06 3.7 172 16
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Brosder Lab Pro- Ovt  Palmi- Stea- Oteic Lino-  Arac- Eicos: Behe L(:gno- O/

No No ten tic ric (D) leic(l) Mdic enoic "¢ cerie Ratio
16:0 18:0 18:1 18:2 O Xir 22:00 260
................................. [ O
(%4 25806 21.30 50,30 11.2% 321 LL.S¢ 32.03 A A 123 319 190 1L
43 25807 20.20 S2.20 .70 327 49015 28,48 175 1.2 LW v w3
&b 25808 20.60 49.30 10.67 3.8y W9.47 27.62 .8y VD& 2.917 1.6 1.0
5 25809 21.20 49.40 .63 3.36 4947 2845 V7S 106 3.3 41 48
&b 25810 21.00 51.10 40.36 3.1 4B.L2 28.9% 18 1.2y 3.8 91 1,68

& 25811 20,60 37 40 9.9 417 49.TB 26.7F 2 L Y02 3.92 1.63  1.86

8 25812 19.8C H*.70 0 (? 409 50,07 262t 201 1.0 390 160 192

49 25813 20.10 S2.60 10.0C 4.23 SC.1e 26.39 61 1.0

-~
">
-
(=]
ro
(V)
-

$0 25816 2100 W9.40 10.70  3.46 4L8.44 2830 190 1,10 3.52 1.8t 7%,

51 5815 21.7C 49.80 10.38  3.51 50.46 27.1¢  1.82 109 3.25 165 1.8

$2 25816 19.40 51,10 9.88 4.00 50.35 26.26 2.10 .06 4«06 167 192

53 25817 18.80 53.30 9.67 .25 51.00 25.92 2.%¢ 0.98 3.8 162 1.9

54 25818 18.20 S¢.60 9.8 403 S1.00 26.38 205 0.97 .46 1.64 1.9

55 25819 20,10 $1.00 10.25 3.87 49.87 26.52 2.08 .10 4.1t 1,76 1.87

57 25821 2160 49.30 11.37 273 4B.C8 3C.00 .54 .10 2,65 176 1.80

b 25822 22.'0 47.60 10.39  3.69 4b.63 2.70 97 +2* 353 2.08 197

b 25823 22.50 50.20 10.46  3.45 48.31 20.21 1.89 111 3.36 1.64  1.65

-

60 25826 21,70 48.80 2.73  2.2¢ 38.49 37.63 2t 2.9¢ 2. .02

61 25825 22.20 49.70 102 3.69 42.93 3185 189 .00 330 178 127

63 25827 19.70 46.82 .l 3.26 51.47 26.29 4T 1% 215 1.68  1.96

o

64 25828 20.70 48.10 12.73 2.56 37.98 37.69 1.47 138 3.35 2,43 1.01
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Breeder Lab Pro- 01, Paimi- Stea- Olerwc .ino- Arac- Ercos- Behe- Ligno- O/

No %o tein tic ric (0) lewcil) Modic emoic nic ceric Ratio
¥%:0 B:0 W8t 18:2  20:0 20:1 22:0 24:0
.................................. [ 3 WP

LR O R

Prel isinry Confectionery Groundwst Var iatsl Trisl-1, BIL-5,ICRISAT Conter, Rainy Sesson W08
1 25829 19.80 48.80 12.80 2.78 43.49 32.99 150 t.%6 2.8 1.98 .31
2 25830 17.40 51.00 11.89  4.55 43.91 31.4s 196 0.91 3.12 1.5% 1.40

3 25831 19.40 4. &0

,.

ot
3
Al

O 4828 2738 186 119 393 2,06 1.8
¢ 25832 2170 47.20 1117 406 47.99 2758 184 1. 3.8 197 v
5 25833 20.70 49.70 11.99 4,03 40.61 36.28 194 1.08 3.49 190 1.9
6 B84 1870 51.40 1158 3IS kel 3103 1.86 115 3.0 1.87 1.4}
7 25835 19.80 4B.40 10.47 4.78B 49.50 26.38 2.08 0.97 3.58 1.6 1.88
8 25836 17.50 S3.10 11.'1 399 47,43 2851 196 1.09 3.80 1.63 1.6
9 25837 1B.40 49.70 12,04 3.76 41,67 3349 1BT 105 3.4 VB4 12
10 25838 19.20 S2.40 11.65 4.% 4377 3176 195 100 335 te9 138
11 25839 21.00 50.50 10.23 4.78 49.7' 26.11 2.0 0.95 3.82 1465 1%
12 25840 20.50 50.60 0.58 4.76 4B.03 27.40 2.05 .00 3.6 V72 WIS
13 25861 19.40 5150 1.38 375 4.00 29.99 179 1.t 382 4TS 153
1% 25842 1B.50 49.60 .6 491 49.00 26.7C 2.1' D.93 3.5 .51 1.8
15 25843 20.10 49.90 10.27 4.96 49.5 26.32 2.09 0.9 .68 162 1188
% 25844 19.90 47.70 10.46  5.34 47.44 26,41 242 102 4.0 2.0 1.8
17 25845 18.60 48.50 10.96 4.09 8.1 27.8% 197 106 3.&7 176 .73
23 25846 20.40 4B.80 10.9¢ 491 &6.67 26.65 1.97 100 3.8 1.8 157
9 26847 21.20 49.50 10.83 4.25 $1.57 5.48 1.87 0.9¢ 3.1t 1.5% 2.02
2 25848 20.50 4B8.40 10.33 4.30 50.2* 5.7t 2.03 1.06 3.88 170 1.9
21 25849 18.50 48.70 11.48 4.20 44.5% 31,40 1.92 102 327 .73 1.4
2 25850 17.50 $1.10 11.70 4.00 45.57 30.38 1.8 0.9 3.27 1.5 1.50

25851 18.00 48.90 1.0t 3,63 49.9" 27.20 .78 1.10 3.19 1.4 1.86



Broeder Lot Pro- Gl Palm Stea- Uiec Lino- Arac.  Eicos- Behe- Ligrw OFL

o L] tewn T rac (0) (erciL) hidi¢ @wOic nic ceric Retro
16:0 18:0 18:1 18:2 20:0 20:1  22:0 24:0

26 25852 20.70 49.40 149.22 4L.66 45.03 M.6k 1.9 0.9 3.5 1.88 «1.47

25 25853 18.30 51.00 11.%%  3.67 «5.80 30.85 1.83 1.06 3.37 1% 1%

26 2585 20.50 51.30 10.664 4.15 50.02 27.23 1.89 0.9 2.9 .48 .84

27 25855 19.50 4B.60 10.7¢ 4.87 49.06 26.30 2.0 1.00 3.7 1.72 .87

2b 2585 19.70 49.20 10.36 (.86 49.19 26.38 97 3.9 1.65 87

~
et
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ral 25857 20.40 4B.20 10.82 4.57 49.53 26.83 1.9¢ 0.9% 333 1.5 1.8
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L0

33 25861 20.90 48.B0 1271 4.22 40.41 3317 2.22 0.9¢ 3.8% 1.3 1.2

3 25862 19.60 47.80 16.82 4,30 49.25 26,817 195 1.07 3.8 1.6 1.84

b -} 25863 19.80 50.20 10.87 4.5C 49.08 27.06¢ 1.88 0.9 3.42 1.59 1.8

37 25865 20.30 45,30 12.63  3.84 40.30 33.32 2.12 1.C2 404 193 1.2

b 25867 18.8C 49.00 41,77 33.29 1.9 5.9 3.48 1.7 1.5

rx
£

)
‘tv
8

4 25869 20.30 51.50 9.93 4.60 51.7¢ 25.32 2.06 0.91 3.5% 1.57 2.04

&4 25872 9.00 48.00 10.85 .09 S0.00 27.72 .89 0.98 3.5 1.53 1.8¢.
45 25873 18.90 51,20 11.06 .08 50.0% 27.05 .79 0.97 3.14 1.57 1.8
L 25874 17.90 45.40 11.33 4.26 47.78 28.29 1.8% 1,00 3.1 1.65 1.69

47 . 5875 19.10 38.70 10.27 4.69 50.2% 26.%5 2.06 0.9 3.8 1.63 1.92
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26
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3-1
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3-3

4-2

6-3

NO

25944

29945

25948

25947

2949

25951

25952

Qual ity Studies Trial, RP

25953

25954

25955

25956

25957

25958

2595

25960

25961

25963

25905

Pro.

tewnn

19.20

16.90

7.0

18 .50

18.96

2000

18.30

18.20

18 00

16.40

15.90

202

20.70

18.90

+«9.80

43.40

50.10

u§ .30

66, X

5020

51.90

50. 30

1. 76

- »2.‘

[

10,50

*124

T30

“1.85

. ‘“3

[

10.96

10. 6

0 W3

12.36

Stea. Ciere oMo A" ac-
14 (0) (erelL) mdic
18:0 18:1 18:2  20:0
2.8% 45.27 3115 1.4%
1.2 53.42 24.38 1,67
2.82 8.0 2.5 138
258 437G 32.18 1.4
317 6.75 3C.28 4.9
2.58 47.92 28.63 .32
2.43 9.6 29.00 1.3
3.00 9.9¢ 28,68 137
190 36.4% 38.48 125
3, ICRISAT Center, Rainy
5.9C 40.03 32.98 2.4&°
6.61 4D.87 3191 2.64
6.78 40.27 32.13 2.74
J.9¢ 43.33 3307 s
2.93 43.70 32.56  1.49
3.05 43.85 32.26 .50
3.8 (9.13 28.05 1.85
3.62 534 2637 1.6%
3.76 52.57 25.7a .62
J.oC 38.03 36.9v .77
¢.00 36.77 37.'9 1.3
4.89 37.5¢ 36.°2 2.0%
3.35 39.08 37."¢ .73

E cos- Behe-
enoic Nt
20:% 22:0
.20 3.10
.18 3.47
LT 283
1.3 3.64
.00 .64
*.3% 3.3
1,28 2.7
©10 2.6
1.% 3.1
Season 1968
0.73 3.8
0.68 3.9
c.70 3.
e 3.2
732
1.43 3.07
1.05  3.07
1,16 3.05
1.06  2.75
1.00 3.8
.98 4.09
0.89 3.92
1.05 3.38

T8

G
Ratic

1.43

2.2

1.35

1.95
2.05
1.03
0.9
1.04

1.06
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Sreeder Lad Pro- 0.  Pstmi- Stea. DOiec Lino-  Arec- Eicos- Behe- Ligno. OA

%o Mo tewn L tic (0) leic(l) hidic emoic nic ceric Ratio
16:0 W:0 18:1 82 20:0 2:' 22:0 2410
e i T ISR 3 o R

5-2 2066 19.40 53.30 1181 3.3t 3930 3737 170 108 3.27 1.5% 1.06
5-3 2967 18.50 5170 119 357 39.27 %90 179 1.01 3.3 1.5 1.07
6-1 2068 19.40 S350 1147 374 3986 3660 .86 0.97 3.2 1.5 1.09
6-2 25969 18.50 S$1.20 1140 3.7 39T 3704 189 1.02 3.49 1.43 1.06
6-3 25970 17.90 S0.6C 1197 .46 3904 36.77 1,80 1.06 3.52 1.66 1.06
T-1 20T 17,60 53.60 1191 419 4021 36.26 198 093 345 1.4 M
7-2 20VT2 17.10 53.30 1.22 .46 4027 35.5% 206 090 3.6 1.48 1. 1%
7.3 25973 B.70 S0.40 11.21 o.l9 3973 3591 290 0.93 3.7 147 1M
8-1 29 19.50 S3.60 120 3.7 378 3. 7¢ 186 1.09 3.3 1.5%0 109
8-2 25975 17.10 54.90 1.9 (.36 9.3 34.77 200 C.% 335 1.%9 107
8-3 25976 16.80 5290 W 4.78 3981 3635 2.0} 088 32X 142 1Y
9-1 25977 20.10 51 60 10,18 2.94 S52.46 26.67 1.52 1.25 2.58 143 1.98
9.2 25978 19.30 S53.40 10.47 2,90 S2.64 2657 1.et 1,10 2,66 V.43 199
9-3 2919 19.40 51.20 10.11 3.07 S3.48 2597 1,93 1.9 2.4k 140 2.07
10-1 2980 23.10 41.20 *U.33 2.83 49.90 2805 162 1.28 31.22 1.8% 1.1

10-2 29981 20.40 S54.10 9.92 2.90 54.08 25.38 1.5 .08 2.67 1.5 2.1%

10-3 25982 19.30 54.80 10.12  3.15 52.82 26.29 158 1.00 2.4 1.4 2.01
11-1 25983 17.60 S2.40 $1.67 2.66 43.84 33.40 1.4 1,32 3.01 1,58 1.32
11-2 25984 18.80 S1.80 1.18 2.86 47.95 29.38 148 1,36 2.9¢ 1,65 .64
11-3 25985 19.30 53.90 “1.45 2.65 45.46 31.90 1.46 137 2.91 141 .43
12-1 2086 21.60 50.10 12.64 3.85 37.66 37.1%¢ 1.85 098 3.5 1.5% 1.02
12-2 25087 26.80 46.40 13.03 3.43 36.86 37.62 1,74 1,05 3.66 1.65 0.98
12-3 2088 22.30 49.30 13.04 3.98 36.60 37.07 1.91 0.9 3.75 1.6 0.9
13-1 25089 19.50 48.90 12.78 2.18 37.48 38.4° 141 1.50 B3 1.73  0.9¢
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1.5%
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1.717

1.7C

1.73

1.78

1.70
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ceric Ratio
24:0

1.8 1.0
1.9 100
1.1 1%
1.65 .10
1,51 1.10
2.38 0.98
2.26 0.96
2.3 0.9
1.3 2.%¢
1.3% 2.09
1.1 2.07
1.80 0.99
.71 0.9
.77 0.9%
2.3 0.95
2.12  1.04
1.93 0.99
2.% 0.92
1.90 0.9
2.06 0.9
.76 1.18
1.6 1.07
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'S 3
3.42 40.85 3.0 189 1.9 3.3
1.5 3.5 39.%317 190 148 .12
3.66 37.12 3857 1,98 149 3.M
3.4 3753 37.82 190 1.4 4.02
2.60 (5.9 3206 153 189 1.0}
2.9 47.%2 3110 1.%0 1.0 3.0%
258 4.6y N 149 1Y 2.9
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LICRENER IS LI 1. |
143 .40 3,70
T8 138 3.1
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177 2T 63
1.82 122 .23
1.9 11 608
1.32 1.5 3.58
L3Y 165 313
131 1% 3.%
Postrainy Season
135 .46 3.00
66 % 3.43
1.50 .36 1.6
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1,51 1.5 l.82
.82 223 3.7
1.67 .28 3.3
1.76  1.27  3.66
5% 1.53 387
1.2 1.¥ 1197
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caric Ratio
26:0

1.81 1.9
1.82 2.0%
.97 .»1
.73 1%
ARANEER 1/
1.68  1.4b
2.02 0.9
1.89 0.9
1.82 0.9
2.1 0.9
2.02 0.9%
2.0 0.9

%08/

1.86 1.33
1,50 1.16
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2.08 1.
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1.6 1.3
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8reeder Lab Pro- Ol Paimi- Stea- O.ec . no- Arac- Eicos- Behe- .L1gno- O/L

No NO tewn tC ric (0) lercii) Mrgic emoic nmic cer:¢ Rat0
16:0 18:C  18:*  18:2 20:0 20:t 22:0 24:0
.................................. 1 U

88365 26772 23.30 S51.00 938 393 49.77 27.11 2.06 1.24 4.27 1.83 1.8

83366 26773 23,50 4B.'0  9.62 3.43 490 28.28 1.89 134 411 189 V.73

88367 26774 23.2C 49.90 9.9%

2
O

47.38 3C.3¢ 170 .33 4.5 168 1.5

88368 26775 22.30 50.20 10.% 3.58 «B.08 28.¢° 1.B2 1.18 4. 18 .4y 169

88347 26776 23,30 4B.BC 9.5 3.94 4B.79 27.90 2.06 1.27 4.26 1.68 1.5

88370 26777 22.70 47.10 0.5 2.68 44.67 32.45 1,63 1.55 3.8 2.02 1,37

88371 26778 2190 50.50  9.59 13 46,46 28,88 172 132 372 16 M

(e

88372 26779 23,90 45.70 10.2¢  3.23 45.99 31,19 1,77 131 373 1.89 1.4

88373 26780 21.20 4800 W19 3. 76 SC.49 27,51 1.88 1.0¢ 3.28 140 LB

88374 26787 2400 47.20 9.82 3.87 45.04 3149 199 1.26 L6 181 1.43

88375 26782 23.00 47.60 9.83 3.73 45.65 31.9¢ 1.8 1.2¢ 3.51 1.68 1.43

88376 26783 21.00 48.30 +0.08 3.41 48.06 29.50 1.82 1.29 3.715 1.60 1.63

88377 26784 2¢.10 45.80 9.78 2.89 48.07 30.09 1.66 1.50 3.60 1.78 160

28373 26785 24.30 4B.60 9.80 3,41 48.7° 28.58 1.9¢ 1,28 3.97 1,62 v

-

88379 26786 19.80 9.80 10.45 3.03 .60 3.0 .68 130 365 170 1.50
88380 26787 23.1C 47.50 9.57 2,71 48,26 30.07 1.62 1.4 3.90 1.87 1.60
88381 26788 21.30 4B.60 9.72 4.06 49.53 27.55 2.07 1.1 3.91 1.5 1.8
88382 26785 2(.30 S0.40 9.7% 3.73 «9.20 28.02 1.87 1.23 4.07 1.66 1.76
88383 26790 23.40 47.20 0.7 3.53 48.26 28.92 +.83 1.28 3.76 1.63 1.67
88384 26191 26.50 47.30 1163 3.32 41,5 3..89 1.8 1,16 3.03 176 1.19
88385 26792 21.30 (8.8 10.0Z 3.36 4B.75 29.08 1.73 1.26 3.51 1.62 1.68
88386 26793 21.00 51.30 9.92 3.91 4B8.25 28.63 2.00 1.16 4.5 1.5 1.8
83387 26794 26.50 46.90 11.78  3.33 42.42 34.23 1.80 1.07 3.08 170 1.2

88388  "26195 23.10 47.60 9.89 3.52 4B.25 28.72 1.94 1.35 4.2 1.63 1.48
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cesmn s eswama i wmaw

Qie ¢ Lino-  Arac. E1cos- Sehe- Ligno- Q7L

Mo ] ten te re {0 terclil) midic eoic nic ceric Reatio
16:0 18:0 Wt w2 2:0 2t 20 w0
B L KT RIS 2 TS e sasemsesssusemn.

T T S e v v r s e st mm s s et r e e i meman  c e emsabece maevvmemaat. L awavsEmAsemsmmsecemEavenEemE

88389 279 2190 484 980 07 48K Wes 202 LN 3 1% L&
883%0 2797 2370 50.40 9.5 3.57 49.9« 2731 197 1. 4.2 V.66 1.83
88391 26798 2600 45.50 12,2 3.37 WO.88 3%DY  1.8Y Y0 308 V7B WY
88392 26799 264D 4S80 9.85 3.9 4B 17 X61 Te6 M 342 LI 1,48
83393 26800 21.40 49.40 .64 .29 &% 30.80 .97 100 335 1. 1%
88394 26801 23,30 4B.WD 9.7¢ 34l 4976 2821 178 121 386 180 .78
88395 26802 26.20 .20 9.89 148 4830 2005 184 1.3%4 400 .61 1.68
8839¢ 20803 21.8C S50.30 10.77 3.5% 42.9* 3391 185 117 Y6t 168 1.27

88397 26804 25.40 45.20 1W0.08

rJ
3
£
o
A
3
-l
o
-
w
o
-
']
~
(v
e
-
~
v
-
A

88398 26805 264.80 48.20 10.20 3.22 47.%0 30.82 .79 125 3.2% 166 1.5
88399 26806 24,70 47.70 9.B7 3.7 &9.6% 2B.17 117 N2y 3 .62 V.76
88340 26807 25.30 47.B0 9.96 3.59 4B.4a 28.7B 190 1,26 (.00 1,63 .68

88401 26808 21.70 &9.2C 9.37 373 WB.T3 27 .34

s

B2 1. 5% 159 w78
88402 26809 22.10 50.00 9.8 3.5¢ 48.47 28.82 .79 1.2 3.92 1.57 1.68
88403 26810 23.30 4B.50 9.31 4.8 49.89 26.66 2.1 1.1 419 1.4k .87
88404 26811 22.00 47.40 10.33  3.43 47.87 30.06 .79 .07 338 1.4 1R
88405 26812 22.20 47.30 10.13  2.73 et 3072 e .67 5.87 1.86 1.52
88406 26813 20.60 53.00 9.68 .26 48.31 28177 213 113 419 147 AN
88407 26814 21.30 48.60 9.76 4.02 S0.13 2766 1.98 1,06 3.58 .36 1.8
88408 26815 18.90 48.90 .79 4.05 49.05 27.57 2.08 1.3 413 .45 1.78
88409 26816 22.10 8.2 10.83 3.09 43.22 33.93 167 1.3 376 .68 1.27
88410 2817 19.90 «9.60 10.26 3.57 45.65 30.9¢ 1.92 1.2 3.97 1.8 1.48
88411 26818 22.70 47.20 10.63 2.77 «8.02 30.88 1.5¢ 1.09 2.8% 1.1 1.5
23

88412 26819 21.00 &9.70 1037 303 &5.62 32.77 166 1. 3.0 .68 1.W
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8recaer Lok V G- oo St PRI T AT ticos- Behe L agro- O/,

NO NO te » tr [T 00 ierc{i) nugie emorc  mac ceric RAtIO
‘I 18:0 Bt 182 20:0  20:° 22:C 240
- R . - S & P

88465 26868 21 .20 9.0 W0.2R 0 2.53 45.2B 33.94 a6 130 2.7 .76 133

88466 26869 2% B0 W2 8 11,59 2,60 40.%¢ 37.37 .48 422 308 .6 1.07

88467 2687C 2° 0 «%.5 10,97 3.3G 47.00 30.5 169 112 397 .50 .56

88468 2687° 263, 4« .00 .63 3.8 39.99 353 195 1.15 303 M 1.3

88469 26872 .00 49.60 10.22 2.60C 49.02 30.99 1,36 .24 2.57 1.4} 1.58

88470 26873 20,10 «7.00 W0 12 2.51 48.56 30.58 1.41 .35 2.92 176 159

88471 2687¢ 18.50 4B 30 10.64 3.5 45.26 31.57 .87 119 361 1% 1.4

88472 26875 25.00 50.00 9.15 3.35 49.95 27.71 .84 1.4 3.9 1.8 1.8

88473 2087¢ 23.60 W9.00 9 ¢t 3.49 48.96 28.16

_»

8y 1.2 4.23  1.8° .74

88474 20877 23.°0 S50.80 9.56 3.78 48.95 27.92 2.06 1.20 4.26 .66 175

88475 26878 19.70 S1.40 9.89 4.18 48.33 28.1%%¢ 2.16 1.8 4.30 1.56 .71

88476 26879 23.1C 4(B.B0  §.95 3.65 4§.6% 28.07 1.8 1.26 3.5 1.47 .77

-

88477 26880 22.40 47.7C 99 390 49.04 28.G° 2.0t .17 3.8 1.53 15

88481 26883 22.40 44.60 10.92

8

46,76 32.72 166 1,49 3.59 1.8 3%
88482 26884 23.60 47.30 9.97 3.72 48.21 9.6 .69 1.3¢ 352 170 1.6}

88483 26885 19.90 51..0 °1.99 2.55 39.52 37.40 .66 .60 3.07 76 C.06

88485 26887 17.90 5170 1.3 2.9¢ 41,70 36.25 .57 1.3 2.8 1.55 1%

88487 26889 17.50 53.80 10.36 3.39 46.65 30.52 .B6 164 360 .61 153

88488 26890 19.40 51.30 10.52 3.53 40.38 30.49 188 133 I.60 .58 1.52

83489 26891 23.80 44.70 10.9%  3.08 &5.77 32,53 .55 .18 2.78 165 1.4



Br eeder Lab Pro-  0iv  Paim  Stea- Qterc .:no-  Arac. Eicos- Sehe- Ligno- O/t

No wo temn T rc (0) leic{L) Midic en0ic nic coric Ratio
16:6 18:C  18:t 8:2  20:0 20:%  22:0  24:0
- B 3

88450 26892 20,50 52.50 w0.7'  3.87 42.83 o3 s 32 e 1B
88491 26893 20.70 8.0 10.50 4.00 45.99 3503 2.0 1.4 4.05 1.57 1.5)
88492 2689¢ 2330 49.1C 0 42 357 4502 3026 ‘.86 143 383 190 1.%0
88493 26895 21.80 .9 13 368 4026 3557 197 108 3.68 1.45 1.1}

88494 26096 24.40 <780 1031 3.36 46.83 30.% 1.8' 1.35 3 L6 1.6%5 158

8849¢ 20898 22.9C 49.3C 1329 341 3985 365 1.8 22 3.4 1.5 1.09
88497 26899 27.10 4B.30 1045 382 4676 2.6 1.9 134 348 1.9 158

88498 26900 20.10 50.30 9 47 4.9%5 49.64 26.86 08 377 .40 188

o
Y
[~ ]
a

88500 26002 2090 49.2C 0.9 2.90 2.9 .97 188 1%y 3.1 187 1A

88501 26903 23.20 50.50 9.%

8
5
(3

27.86 66 163 363 186 1.8

m13 26904 25.00 45.80 9.7% .05 48.03 .2y v 1M 2.7

La¥
-

.62
CHANDRA 26905 éL.bD 5.7 9.7TT 199 4875 3058 2. 189 3,20 193 1.9
86564 26006 21.70 4B.1W0 Y. 400 49.09 2790 2.0 123 4% V.80 V.84
87123 26007 22.50 4B.10 04 247 37.16 40.38 140 181 3.9 200 0.92
JL 24 26008 26.90 45.90 ‘208 2.% %%.59 39.02z .70 1.2¢ 3T 173 0.9

51.42 26,26 2.05 1.0% 2.9 1.4} 1.9

-

89201 26909 19.70 52.70 ©9.%7 &

89202 26910 23.50 47.80 °0.75 2.68 43.32 341t 1,58 1.4 3.38 1.5 W27

ra

89203 26911 1B.40 42.70 11.67 37 43.22 3441 153 161 3,02 166 1.26
89204 26912 20.00 48.30 15,19 3.79 48.04 28.82 190 1.28 3.9 1.57 1.67
89205 2913 19.50 46.90 9.9¢ 6.27 9.0« 26.82 2.18 117 426 150 1.83

89206 269016 23.30 49.80 1548 3.00 42.68 3461 171 147 3.48 .75 .28



Breeder Lab Pre c “almi-  Stea- J.cC .m0 Arac- Eicos- Behe- Ligno- O/
] No ten tic ric (0 .erwc(l! migic emo'¢ nic cer:¢c Rat:0
16:0 i18:0 '8:1  18:2 20:0 20:% 22:0 24:0

89207 20015 16.50 S51.10 10.62 4.15 46.42 30.23 2,03 118 3.2 .3 .54

89208 260916 25.90 45.20 12.08 2.97 45.'7 30.22 172 121 3.0 166 1.4

89209 26917 22.30 50.30 10.29 3.49 S0.60 26.72 191 115 3.53 1.65 1.9

89210 2918 24.40 68.50 9.60 4.8 51.91 26.66 2.1 1.09 3.9 147 2.

89211 20919 22.60 <5 W0 9.66 6.32 S2.73 26.68 197 1.8 3.5 139 2. u%

89212 20920 21.60 «8.40 9.73 4.08 50.35 26.93 1.98 1,27 3.20 1.6 1.87

89213 26921 20.40 48.4D 10.72 3.31 46.93 30.71 1.81 122 3.13 1.4 153

89214 20022 21.60 45.70 11.52 3.60 46.96 29.55 1.8 .02 3.4 1.39 1.5

89215 20923 23.40 48.20 9.47 4.4 5130 25.27 2.9 1.06 3.85 1.4 2.03

89216 2026 20.60 46.40 10.48 3.59 47.82 29.05 1.95 1.22 3.5 1.55 1.65

89217 20925 22.40 45.30 13.30 2.84 40.07 37.00 1.5% 1.0 2.42 .28 1.08

89218 20926 17.70 52.20 11.55 4.12 «0.08 36.12 1.91 1.0° 3.01 1.30 M

89219 26927 22.60 45.90 12.49 1.97 36.15 40.35 1.3¢ 155 3.16¢ 1.8 0.9

89220 2928 21.10 «2.80 10.70 2.70 46.82 29.62 1.58 1.57 3.66 2.03 .58

89221 20929 22.00 44.80 11,23  3.04 45.01 30.87 1.7 1,38 400 1.4 CLeb

89222 26930 23.50 S2.00 11.19 2.19 38.90 38.65 1.45

-

.61 3.23 1.70 1.0
89223 2931 18.60 48.20 10.95 2.20 64.BY 33.66 1.63 1.53 3.12 1.6 1.33
89226 26932 17.20 50.80 11.33 2.27 44.36 33.5% 1.39 1.41 3.04 1.59 1.32
89225 26933 15.00 48.50 11.50 2.11 44.92 32.77 1.3¢ 1.59 2.98 1.65 1.37
89226 26934 15.70 49.70 11.27 2.39 46.25 32.26 1.35 1.37 2.63 1.43  1.43
39227 26935 16.80 47.90 11.62 2.31 47.63 29.85 1.31 .44 2.96 1,63 1.60
89228 2936 18.10 44.90 11.32 2.%4 43.80 33.7¢ 1.42 .75 3.43 1.62 1.30

Lo 20937 47.70 48.50 10.98 2.41 45.85 32.66 42 3,05 1.64 .40

&

9230 26938 17.10 46.50 11.01 2.27 48.18 30.42 1.36 147 2.65

-

.51 1.58



Breeder Lab Pro-  0:1  Palm:. Stea- Oiewx Lwwo-  Arpc. Eicos- Behe- Ligno- 0O/L

No NO tein tic ric (0) tescil) Nighe enoic nic caric Ratto
1%:0 18:0  18:v 18:2 X0 X:1 22:0  24:0
................................. {X)-vevrvoevnernmrinnonsomsnnvnonneusn

89234 2939 17.50 50.20 10.12 2.49 «9.77 29.07 1.49 1.5 3.06 V.46 V.79

83232 2960 16.50 5C.B0 1°.59

re
—_
rS

AT W70 33,02 133 ke 298 L 0%
233 26941 2C.00 4B.00 W0.63 227 43.20 34 47 Yes 1.3 3% 176 1.2
89234 20042 1790 4.60 1132 99 37.59 390% 1.3 1.5% 3.48 1.9 0.95
89235 A3 1740 4950 9.5% 2,87 2.9 26.%7 164 131 L 1B 1.9
89236 W96e B30 49.70 1088 2.35 4% 3157 16D 1,40 2.6 1.6 1.8

89237 20945 22.30 42.30 2.67 2.87 32.8Y L.%

-

8% 1.1y 3.2 v oM
89238 20966 17.00 49.80 11.07  2.32 4417 3366 16l 138 32 159 LN
89239 26947 18,10 4B.60 't 4t 2.25 4202 3690 146 149 3.4t L0 1L
89240 20948 18.00 SC.80 10.74  2.65 44.32 33.9¢ 1.5 1.4t 297 1% .M
89241 2969 6.9 49.10 1139 2.79 & 08 3244 158 128 3,27 140 1N
89242 26950 18.60 4B.8B0 10.94 2.23 4622 32 V.40 1.ke 31 1065 Y 4k
89243 26951 16.20 (5.7 12,23 2.1 39.86 J6 B 1.4 s 302 .68 108

89244 26952 19.20 «71.80 13.91

LN ]

15 4330 .89 4t 160 306 B3 1 24

89245 26953 19.60 46.50 10.66

(2%
—
N
£
e

73 3503 1.3 165 3.2 182 22
89246 26956 17.80 47.60 10.77 4. % 46.47 28,83 2.7 111 430 136 1.6
CHANDRA 26055 22.40 47.06 1W0.40 2.2 4693 333 137 v 3 W LM
86564 26956 21.9C 4B8.00 9.B& 3.73 ob.61 27.88 195 1.9 4.9 166 174

1¢6S 76 26957 23.40 45.50 10.03 2,23 49.59 29.27 1.9 1.68 2.97 1.80 .89

Ouslity Studies Trial, ICRISAT Center, Postrainy Season wo8/5%
1C6 2411 26958 20.00 52.30 157 4.19 39.91 3584 1.92 ‘.06 3.4 1.30 1.1
1CG 2411 26959 26.30 46.00 <+.88 3.5¢ 38.55 36.38 1.9¢ .28 (.06 1.6 1.06

1C6 2411 26960 26.60 46.20 11.58 3.83 38.57 36.33 2.0% 1.19 3.88 1.5 1.06



.................................................................................................

1C6

1C6

1CG

16

1eq

16

1C6

1CG6

16

1C6

1C6

1C6

1C6

1C6

1C6

1C6

1¢6

el

1C6

1C6

IC6

7625

1625

7625

1637

1637

1637

171

1M1

171

6706

6706

6706

3509

3509

3509

6288

6288

6288

8047

8047

8047

5369

530

26961

26962

26963

20065

265366

26967

26968

26969

26970

26972

26973

26974

26975

2697¢

2917

26978

26979

26580

26981

26983

19.90

21.60

21.90

19.00

23.60

24.80

23.00

25.00

23.10

28.50

24.60

2.7

28.30

27.80

21.70

25.70

26.60

Cri Paim:.

tic
16:0

50.30 "1.6*
$3.70 10.0%
50.80 9.8
.20 1R
46.80 11.81
44,80 11.5¢4
45.10
1119
47.00 1C.93
44.50 10.70
47.70 10.95
«8.00 11.01
.00 w077
48.00 10.50
46.00 10.°3
.70 9.99
10.32
47.00 +0.33
46.20 10.28
48.30  9.54

4.9 9.77

Stea-

i

18:0

2.92

3.36

3.23

3.00

3.21

3.82

o

3.63

3.58

3.53

2.33

2.30

Oiec L1no-  Arac:
(0) tew(L) maic
18:1 82 20:0
BT ST—
197 3535 1%
19.99 36.% 1.48
41,66 35.68 1.5%
51.33 28.13 159
57.18 28.10 1.63
40.45 3746 4.2
38.84 38.61 1.62
37.76 39.10 1.5
38.52 38.40 1.60
37.91 38.71 .57
39.49 3737 .13
38.97 38.01 1.78
38.05 38.36 1.49
38.23 38.83 1.66
38.69 38.33 .72
39.96 36.80 1.79
39.95 37.20 .74
40.37 37.2% 1.83
39.82 37.33 .77
40.13 37.03 w17
39.61 37.72 1.
9.7 29.73 1.38
.50 30.57 1.43

Eicos- Behe
eantiI1C N

20:1

.26

1.83

22:0

3.63

3.2

2n

3.0t

2.9¢

5.9

3.2

3.2

3.50

3.30

3.33

3.51

3.56

3.54

L IR 3

3.38

3.3%7

3.43

3.3%

3.56

2.94

3.16

I
ceric Ratio
26:0

.65 1.9
1.8 1.1
1.63 117
21 182
137 1.8
.08 1.08
1.2 1.0
e 097
1.0 1,00
.68 0.98
1.67  1.06
.76 1.03
.75 0.%
.70 0.98
.79 1.00
47 1.09
165 1.07
1.62 1.08
166 1.07
1.9 1.08
1.66 1.07
1.68  1.67
1.8 1.59



Breede Lab Pro- 01l Paimi- Stes- Oleic Lino- Arec- Eicos- Bahe- Ligno- O/

L %o tein tic £ (0) lescii) hidic emdic nic  ceric Ratio
1:0 18:0 ;1 182 20:0 20:Y 22:0  24:0
R LR R PP PP S 3 PR VPPN

iCG 5369 298L 22.00 46.10 9.65 2.46 49.80 881, 14 .69 3.07 175 .73
1C6 5856 2985 19.80 48.90 10.'7 2% 48.98 2969 158 .38 3.00 1.46 1.65
1CG 5858 2086 26.60 4740 9.7¢  2.55 S0.6° .33 199 147 315 188 1M

1CG 5856 2087 23.60 48.40 9.89 2.37 4927 29.32 1% 1% 3.2 LI 168

e 2988 17.20 49.00 100 2.9 9.0 225 1.5 1% 30T 148 168
1¢6 21 20989 21.80 48.90 10.02 2.68 46.77 3175 147 158 2.9 151 147
Ic6 21 26990 22.20 48.30 9.8« 2.26 4589 32.90 1.42 1.8 32X 1M 1N
JL 24 26991 23.20 48.50 1189 3.37 36.8C 3897 180 1.26 3.4 1.4 0.9
JU 24 26992 21.00 47.00 **. 74 302 3463 W™ 1.76 1,25 3.42 68 093
L2 26993 27.90 46.30 186 3.20 3709 0B 176 120 3.32 153 09
1CGS 11 26996 2260 .90 118 2,49 3718 3940 83 177 333 LB7 0.9

1CGS 11 26995 23.10 4690 10 93

¥

36,84 4D 10 148 182 3.0 192 D09
1C6S 19 26996 23.60 48.20 1075 2.39 3720 372 083 w1 33T 1B 0.9
1C6 2411 26997 18.90 S2.80 2.88 358 39.45 3630 178 103 349 N MO8
1C6 2411 26998 17.5C 52.9C 1265 406 38.72 3566 204 0.9 3N 123 .09
1C6 2611 26099 18.30 S1.00 12.63 3 9 37.8% 36.C; 2.°D .07 3.96 .27 105
1C6 7625 27000 20.60 50.80 12.31 2.19 39.26 36.27 1.5 .63 4.7 1.82 108
1CG 7625 27001 22.7C 51.%0 12,77  2.22 39.30 36.62 15 1.52 559 1.8 1.07

1C6 7625 27002 21.30 51.50 12.06 2.1 39.40 37.07 150 .5 3.58 170 1.06

1C6 7637 27003 17.20 52.70 10.88 3.06 & .98 0.3 .7° 350 363 1.27 155
1c6 7637 27004 18.40 49.40 .46 2.58 46.16 30.31 165 ©.95 402 1.43 182
1C6 7637 27005 19.50 S1.06 10.91 2.92 4B.67 28.89 1.7C .48 3.62 .37 .68

16 1171 27006 20.30 47.20 12,50 2.99 35.35 39.03 .75 147 3.0 1.48 0.93
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Sreeder Lab Pro- Oy Paimi- Stes- Oleic Lino- Arec- Ei1cos- Behe- Ligno- OA

No ) tein thic i (@) lewc(l) Nidie enoic nic ceric Ratio
16:0 B:0 Wt 182 2:0 20:1 22:0 24:0
.................................. (X)ermmmresmrccemnsnrsmvnnnanvansn

L2 27031 2320 49.20 1257 3.4 364k 3905 70 1,00 3% 126 0.93
A2 27032 2.1 49.20 ‘276 3.10 6.3 39t 165 108 3.22 137 0.93
ICGS 11 27033 19.8C 49.30 12.09 2.02 365 38.70 137 1.60 3.3 .75 0.9
IC6S 11 2703¢ 15.80 S1.60 12.58 2.19 35.78 .70 140 1.5 5.02 171 0.9

1CGS 11 27035 20.30 47.90 12210 195 3668 39.49 138 1.7% 328 .88 0.93

ICRISAT Confectionery Groundwt Varicties, Bhavanisager, Postrainy Sssson 1988/00
86388 27036 23.80 S0.40 °2.&* 2.9° 45.58 29.42 1.7 139 338 1.% 1.%%

87411 27037 24.60 4B.30 1°.9¢

(]
*
J

.12 293 157 tek 2,92 185 1.5
87430 27038 20.00 49 40 12.54 275 45.46 3009 15% .36 303 148 150
87445 27039 22.80 46.00 1545  1.90 38.73 3596 132 17 3 19 108
87450 27040 23.40 46,70 1377 %3 3159 36200 1.2 1.88 3. 204 1.04
87453 27041 22.60 LO6.BD ‘344 Y78 W99 30.41 128 1.82 3.18 183 148
87457 27042 23.30 45.20 0.51 2.76 S2.72 3.9 1.8 187 3.2 w1 2.
87458 27043 23.20 47.30 1331 275 35,00 38.83 160 1.33 342 175 0%
87468 27044 26,70 (B.60 12.42 2.27 40.87 3396 1.4 162 3% 1% 1N
87470 27065 21.00 4B.40 1039 2.6 S3.0Y .84 .48 158 3. 6k 2,13
86353 27046 19.30 45.80 10.'C 2.9C 53.12 3.8 1.5 ‘.45 312 151 2.3
87495 27047 25.10 49.40 12.15%  3.01 41.02 33.81 181 1.5 332 1.8 .22
86252 27048 25.30 4B.40 3.3 .77 38.56 35.76 1.27 1.82 3.08 2.08 1.08
85458 27049 26.20 46.5C 13.02 .97 4.77 30.76 1.23 1,58 2.75 1.57 1.4
86462 27050 24.60 52.50 12.79 1.99 40.90 33.63 1.37 1.80 3.9 1.9 1.2
86477 27051 23.50 46.10 12.58 2.2¢ 36.99 37.88 1.5t 1.65 3.5 2.03 0.9

86522 27052 26.40 45.20 13.12  1.86 44.28 3146 124 1.68 2.92 1MW 1.e
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86486 27065 22.7C 47 90 11t 36 48,07 28,82 .3 18S 3w .58 67

ry

86393 21066 22.70 «8.%0 3.6t +.9% 3580 37.00 .21 1 2.9 7 .05

86005 27067 M8 A RIS 3 Sl SRS DU (RS U TR O TR Y- LR 99

&
P
o
r
A
r
£

86032 27088 26 40 Q8. G 2.1y IB.88 369 e 139 3.3 .96 .06

I
Lt
~

86030 27069 2600 <5070 1103 2.51 DLt 2506 s 76 402 2.0 .60

KADIRI 3 27070 24.70 47.40 12.40 2% 37.85 370 5l 158 351 g8 e

ro
4
rs

{CGS S 27071 23.10 46.50 12.74 2,31 37.18 37.8S .5t 1% 3.4b 9 L.98
RCAC 343 27072 23.°C 46.95 10.77 2.8 S2.00 2488 183 156 347 T 290
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Sreeder Lad Pro- 0il  Paimi- sres- Oierc Lino.  Arsc- Eicos- Behe- Ligno. O/

L] o ten tic e (Q) leicil) hidic enoic nic ceric Ratio
16:0 18:0 18:1  18:2 20:0 20:1 220 240
.................................... (2)- te himeamecsssemmmseeanenn

Qutity Studies Trial, Bhavanisager, Postdsiny Season, YWER/80
1CG 24611 27073 19.60 S1.60 12.87 3.83 38.33 3568 2.0¢ 1.08 3.8 1.31 1.07
IC6 2411 27076 22.50 $1.40 3.45 .33 409V 332 201 0.94 345 1.28 .23
1C6 2611 7075 22.30 50.60 1330 4 % 39.95 3384 2,05 1.0t LTS 133 vy
1CG 7625 21076 24.90 50.50 12.31  2.53 43.12 33.05 1% 1.38 3w 165 1YW
ICG 7625 27077 23.50 52.00 12.46  2.61 43.27 33.18 161 1. 308 161 1.%0
16 7625 27075 22.50 52.90 12.00 .67 42.97 32.69 .62 1.26 3.41  1.6% 1.3
1€G 7637 27079 21.60 49.30 12.71  2.46 40.5 3509 148 1,33 3.3t 176 1%
1cc 7637 27080 20.00 52.90 13.05 2.73 40.69 35.26 1%3 1.32 2.92 167 1.1
1CG 7637 27081 22.30 50.20 13.41  2.4% 39.77 36.06 146 LI 37 188 190
1¢6 1171 27082 22.90 ¢6.40 13.22 3.52 38.96 35.69 1.8¢ 1.0% 3.52 1486 1.09
166 1111 27083 25.70 45.80 13.37 3.4 3740 3669 179 105 3.33 1% 1.02
1ICG 1171 27084 23.60 47.10 13.18  3.42 38.61 3676 176 1,07 3.69 1.58 1.1
1C6 6706 27085 27.10 440 11 66 299 38.27 36.41 180 133 3.8 1.1 1.0%
1C6 6706 27086 26.70 4B.10 186 3.26 3B.S1 36.95 1,85 1.22 3.43 1.88 1.04
1C6 6706 27087 28.60 4B.O0 11.87 3.090 38.75 36.68 .74 1.1% 3.1 .87 1.06
1C6 3509 27088 23.60 49.80 11.69 3,44 40.21 35.42 188 1.1 3.8 1,60 1%
1C6 3509 27089 28.60 48.40 11.73  3.32 39.74 35.16 1+.79 1.0 3,02 1,72 .13
1C6 3509 27090 23.30 4B8.90 1°.50 2.68 37.57 39.1% 164 1,33 3.é& 1LV 0.9
1C6 6288 27091 25.80 46.80 11.65 3,30 4168 33.73 190 125 373 1.7 124
1C6 6288 27092 22.70 51.50 11.59 3.97 40.92 34.00 1.99 1.07 3.6 1.4 120
1€6 6288 2709% 23.60 S0.30 11.4%  3.93 41,42 3359 2.0 111 Bk 153 1.3
1CG 8047 2709¢ 25.00 49.30 116 3.9 39.53 35.82 1.84 1,264 347 1.2 1.10

1CG BO4T 27095 25.80 49.40 °°.84 3.66 40.46 35.43 1.8% 4,07 3.4 1.50 1.%
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