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ABSTRACT

INVESTIGATIONS ON BIOCHEMICAL CHANGES DURING ACCELERATED
AGE ING OF GROUNDNUT (Arachis hypogaea, L.)

By

B.S,KADAM
MASTER OF SCIENCE
(Agriculture)

Mahatma Phule Agricultural Univarsity,
Rahuri

1990

Dr. J.K, Chavan

Research Guids
Biochemistry

Bepartment

The present investigations were undertaken to study the
influence of accelsrated ageing of groundnut kernels on the
changes in proteins, sugars and oil of groundnut kernels and
to explore the possibility of using these data to predict the
shelf-life of groundnut during long-term storage at ambient
temperature, The groundnut kernels (Cv.JL=24 and SB=XI) of
freshly harvested produce were dried at 45°C for 8 hours to
about 5 percent moisture and storad in cloth bags at 250, 350
~and 45°¢ up to 60 days, in separate incubators. The samples
were analysed after every 10 days for differvent chemical
parameters, The results ars compared with the data obt#inad
in‘earlier.experiment on long-term storage of groundnut at
ambient temperature using same varieties grown at same

locations,

The storage of groundnut kernels at 25°¢ up to 60 days
did not cause any significant changes in various chemical
parameters, However, storage of kernels at 3570 and 45°C

caused a significant decrease in moisture content with an

Contd,..



ABSTRACT CONTD.,. .

apparent incréase in orotein and o0il contents, There was
sinnificant increase in fresz amino acids, acid value, peroxide
value, saponification value, reducing sunars due to storane of
kernels at higher temperatures, Thé results indicated that both
hydrolytic and oxidative channoes in storane nroteins, oil and
carbohydrates can be induced to occure at faster rate by holding

the kernels at higher temperatures,

The values obtained for moisture, protein, oil free amino
acids and acid value during accelerated ageing at 45°C for 30 to
40 days are very close to the values obtained for these parameters
from the kernels stored for 12 months at ambient temperature
(Appendix 1), These findings indicate that the shelf-life of
groundnut kernels can be predicted by conducting a short duration
experiment of accelerated ageinp., Additional experiments are
essential to standardise precise ageing conditions for each
groundnut variety to predict its shelf=1life during long-term

storage,

Pages ¢ 1 to 80
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1., INTRODUCTION

Groundnut (Arachis hypogaea L,) ranks first amongst the

oilseed crops of India. It contributes to about 70 percent

of the total oil seeds production of the nation, Other leading
Qroundnut producers of the world include China and United
States, The o0il seed production of the world during 1986-87
was 160,2 million metric tonnes, out of which groundnut
contributed 20,4 million metric tonnes (FAO, 1988), Among

all the oil seed crops grown in India,groundnut alone claims
the largest share in oilseed area (46%), and in edible oil
production (59%)., The area under groundnut crop in India
during 1986~87 was 171,50 lakh hactarea with a production of
60,59 lakh tonnes (Anﬁnymous, 1987), The area under gfaundnut
in Maharashtra is 0,654 million hactares, with a production

of 0,435 million tonnes (Anonymous, 1988),

Groundnut kernels contain 35.,8«54,2 percent edible o0il,
(Hoffpauir, 1953; Cherry, 1977; Narashimhachar et al,, 1985),
Twenty three triacylglycerols have been identified and
characterised in groundnut oil, The groundnut oil is an
excellent source of unsaturated fatty acids (80%) of which
20-30 percent, are polyunsaturated (St.Angelo et al., 1979),

‘The saturated fatty acids account for about 17-20 percent

(shitole, 1987),

Groundnut Kernels contain about 21-36 percent protein

(Freeman et al,, 1974), The nutritional composition and

protein quality of groundnut havs been studied By several

workers, Groundnut seed proteins are high in acidic amino



acids but are low in sulphur containing amino acids and

lysine (Basha and Cherry, 1976),

The defatted edible groumndnut flour contains about 38
percent total carbohydrate (Tharanathan st al., 1975). Ayres
et al,, (1984) reported that raffinose and stachyose are
low in groundnut kernels, Sucrose is a dominant sugar in
~groundnut (kuo et al., 1988). The groundnut kernels are fairly
good source of certain minerals, The total mineral content of
groundnut ranges from 1.8 to 3.1 percent (Freeman et al,, 1954),
Derise et al, (1974) bhave reported contents of nine minerals
viz. Ca, Mg, P, K, Na, Fe, Cu, Zn, Mn, in the groundnut kernels,
‘Groundnut is a good source of some vitamines like vitamin B,
vitamin E, and vitamin K (Hoffpauir, 1953). Houever, nicotinic
acid is predominantly concentrated in groundnut varieties

(Rao and Rao, 1981),

Grqundnut shows a good potential as a source of food grade
protein for human diet (Altschul, 1965; Woodroof, 1983), Numerous
processes have been devised for the preparation of protein
concentrates and protein isclates from raw groundnut kernels
(Rhee atbal., 19723 Rhee et al,, 1973; Cater et al,, 1974),

Crisp and Snack type of foods ars prepared from defatted groundnut
flour itself or by blending with wheat flour and degermed corn

meal (Ayres et al,, 1974 McUatters and Chefry, 1980), Various
exatraction methods are tested for recovery of oil from deskined
groundnut kernels which, after roasting are used in snack type foods
(Belani and Pai, 1983), In India, toned and double tonned milk

is being prepared by mixing reconstituted skim milk solids with



3
buffalo and cow milk (Chandrashekhara et al.,, 1971). Fungal

fermentation of groundnut flour increase it's nutritive value
which can be used in different type of foods (Quinn et al,,
1975). Beuchat and Nail (1978) prepared fermented groundnut
milk which can be substituted for butter milk, It can be
blended, flavoured and consumed as a beverage, Lou fat
groundnut kernels are being prepared by moistening removing

of 0il (20-60%) and roasting until it develop colour, flavour
and uniform moisture (Wilkins and Gannis, 1984), Direct
interesterification of groundnut o0il using sodium alkoxide as

a catalyst is idealy suited as salad oil for heart patients
(shitole, 1987). Thus, groundnut kernels, o0il and defatted
meal have enormous applications in food processing industry,
To obtain a product of good nutritional and sensory properties,
the quality of kernels need to be high, The kernels stored

for considerable time before processing may undergo undersirable
changses,

The chemical composition of the seeds affect the quality
of 0il and processed food products, During storage, the
composition with respect to néture of oil, proteins and
carbohydrates may undergo remarkable changes depending upon
the moisture content, conditions and length of storage, The
high amount of o0il in groundnut kernels, moisture content
and storage temperatures are responsible for changes occuring
in groundnuts during storage , Raw shelled groundnuts
require more careful and controlled storage than the inshell
groundnut to retain their edible quality (Uoodroof, 1983),

Shelled, roasted and salted groundnuts require adequate

package protection as the storags life of such groundnuts
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is about 3 weeks at room temperature.(Sheufelt and Young,1977),
Groundnut kernels containing about 8-9 percent moisture during
storage allowd hydrolysis of complex compounds like protein and
starch and increases in free sugars and free amino acids, There
Wwas also increase in total lipid content but iodine values uwere
not changed (Pattee et al,, 1982a), Free amino acids uere found
to be increased except phenylalanine in all seed sizes during
cold storage of 6-7 months (Pattee et al,, 1981b). Storage of
groundnut pods and kernels in different containers under ambient
conditions resulted in decrease in protein and o0il content and
increass in fatty acid content with storage time (Ramamoorthy and

Karivarathraj, 1986),

In India, groundnuts are usually stored as inshell or
shelled nuts over a period of 12 teo 24 months in variety of
containers and storage atmosphere, The storage conditions include
container, temperature, relative humidity and access to‘pests,
mo lds and rodenté. R complex deteriorative chemical changes ih
proteins, o0il and carbohydrates of kernels occur under favourable
conditions of high kernel moisture, storage tempsrature and
relative humidity, 1In India, the temperature ranges betwesn 10°C
in winter to 45°C in summer in different parts of the country,
Thus, large temperature variations can favour the varying
detrimental changes in stored nuts, Secondly, to assess storage
effect at ambient temperature, one has top store the material for
12 to 24 months, The information on the chemical changes in
groundnut kernels during accelerated ageing is limited, The

studies on accelarated ageingof kernels may help to knou the



possible undersirable changes that the stored ksrnels may

undergo during long-~term storage,

The possible deterioration that might occur after 12
months at 25°C, could be knouwn within feu days by holding
the kernels at 35 or 45°C, artificially., Hence, the present
investigatioﬁs were planned to store the groundnut kernels
at elevated temperatures up to 60 days and monitor the

changes in storage proteins, oil and sugars,

Obijectives

1. To investigate the changes in moisture, o0il, proteins
and sugar in groundnut kernels during accelerated

ageing,

2, To predict the shelf=-life of groundnut kernels,
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2, REVIEW OF LITERATURE

2,1 Chemical composition

Groundnut is one of the most concentrated foods because
of it's high o0il and protein contents (Hoffpauir, 1953).
Whole groundnut pod consists of about 20 to 26 percent shells
and 74 to 80 percent kernels which include cotyledons (about
72%), skin (4%) and embryo (3%). The groundnut seed contains
approximately 6 percent moisture, 50 percent oil, 25 percent
protein, 15 percent carbohydrates, 2 perceht crude fibre and
2 percent ash, It also contains an appreciable amount of B-
group vitamins. However, vitamins A, C and D are present in

small quantities (Cobb and Johnson 1973; ARdsule et al., 1989),

2,1,1 Proteins and Amino Acids

The orotein content in groundnut kernels has been
reported to range from 21 to 36 percent (Freeman st al,, 1954;
Cherry et al,, 1973; Cobb and Johnson, 1973; Khalil and Cthhtai,
1983)., The protein content in 300 test lines grown at ICRISAT,
India was found to range from 16.2 to 28,2 percent (ICRISAT,
1985), The protein content in groundnut is influenced by
genetic make up of the cultivars (Basha and Cherry, 19763
Nagaraj et al,, 1984a), The average protein content for three
years in 105 genotypes varied from 22,7 to 29.3 percent (Young
and Hammons, 1973), Amaya et al, (1977) reported that 31
commercial varieties of groundnut contained 22,2 to 30,4 percent
protein, Other favours that influence the protein content

include fertilizer application (Basha and Pancholy, 1981a),



agricultural chemicals (Wagle et al,, 1985) and location

J(Miller, 1980; Nagaraj et al., 1984a),

The groundnut protein are relatively rich in acidic
amino acids and low in sulphur containing amino acids (Basha
and Pacholy, 1981a), The lysine, methionine, threonine and
tryptophan have been reported as deficient amino acids in
groundnut proteins (Aykroyd and Doughty, 1964; Miller and
Young, 1977)., The genetic make up significantly influence
the amino acid composition in groundnut (Singh and Nath, 1981;
Hovis et al,, 1982), Amaya et al, (1977) reported that
tryptophan content in the protein of 37 commercial varieties

of groundnut ranged from 1.1 to 1.4 percent,

The proteins of raw groundnut exhibited, true digestibility
of 97 percent and biolegical value of 57,9 (Mitchell and Beedles,
1937)s In general, the nutritive value of groundnut protein is
low when compared with eggq protein (FAO, 1970), This has been
attributed to the deficiency of several essential amino acids
in groundnut proteins, Groundnut flour supplemented with 0,3
percent methionine and 0,2 percent methionine, 0,2 percent
lysine have been reported to increase protein efficiency ratio

by 39 and 41 percent respectively (Alid et al., 1981),

2.1.2 Carbohydrates

The carbohydrates content of groundnut kernels range from
10 to 20 percent, The defatted groundnut contains about 39
percent total carbochydrates, The sucross (14.,2%) and starch

(12,5%) constitute major carbohydrates in the kernels, The



8
other carbohydrate fractions like hemicellulose (4%) verbascosse
(4% ) stachyose (1,6%) and monosaccharides (1.2%) were present
in minor quantities (Tharanathan et al,, 1975), Gupta et al,
(1982) observed that there was no appreciable difference in
the reducing sugars content of 25 varieties of groundnut (1,18
to 1.78%), although there was considerable variation in the
total sugars content uwhich ranged from 7,44 to 14.24 content,
Pattee st al, (1987a) determined carbohydrate content of
groundnut kernels and observed significant, influence of seed
size on the content of different type of sugars, These reports
indicate that groundnut is rich sourcs of dietary sugars, Crude
fibre content of groundnut ranges from 1,2 to 4.3 percent,
Amount of crude fibre is more in skin than in the kernels

(Hoffpauir, 1953),

2.1.3 Lipids
Groundnut contains 36 to 54 percent total lipids,
(Freeman et al.,, 1954, Sanders et al,, 1982), Gupta et al,
(1982) observed little variation in o0il content (44.52 to
' 48,68%) of 325 varieties of groundnut, However, Nagaraj et al,
(1984b) observed considerable variation in the oil content of
10 cultivars of groundnut, Similarly, Narashimhachar et al,

(1985) reported 47 to 55 o0il in 14 neuw cultivars of groundnut,

Most of the seed lipid are stored in cotyledons (Yatsu
and Jacks, 1972), Groundnut oil contains B2 percent oleiec and
linoleic acids (Cobb and Johnson, 1973) which are considered

as essential fatty acids, Hence groundnut oil has high



nutritive value, Considerable genetic variation in ths fatty
acid composition between Spanish, Runner and Virginia types
have been reported (Fore et al,, 1953), Because of the high
proportion of unsaturated fatty acids in the oil, it has high
iodine value and low stability or keeping quality (Holley and
Hammons, 1968). Narashimhachar et al, (1985) reported that the
quality parameters such as free fatty acids (0.2 to 1%),
saponification value (184 to 198) and iodine value (87 to 99)
show considerable genstic variation, Groundnuts groun at

dif ferent locations exhibited significant variation in iodine
value (82,04 to 101,52). Saponification value (100 to 207) and
percent free fatty acids (0,3 to 2,08%) (Nagaraj, 1984),
Pattee et al, (1982a and b) reported that iodine value is
significantly higher in smaller seads, Thus, the o0il gquality
in groundnut kernels is influenced by several parameters such

as genetic background, location and seedsize.

20104 Minerals

Total minerals content in groundnut ranged from 1,8 to
3.1 percent (Freeman et al., 1954 ; N.A,5., 1981; Gopalan,
et al., 1982), It is a good source of phosphorus (0.25 to
0.66%). Potassium (0.5 to 1.13%), calcium {0.2 to 0.8%),
magnesium (0,9 to 0.,34%) and iron (18 to 1000 ug/g). The
other minerals like zinc, sulphur, manganese, copper and boron
are also present in appreciable amounts (Derise et al,, 1974;
Hulleck, 1980; Gaines and Hammons, 1981; Branch and Gaines,

1983),
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2e1e5 Vitamins

Groundnut is an excellent source of several B-complex
vitamins such as riboflavin (1.05 to 1.57 ug/g), thiamine
(8.5 to 14,00 ug/g) and niacin (88 to 200 ug/g) (Freeman
et al,, 1954), It also contains considerable amount of vitamin

£ but practically no vitamins A, C or B,

2.2 Effects of storage on nutritional quality of groundnut

The carbohydrate and protein compenents of groundnut are
moré preferable for mold and insect infestation especially
under favourable conditions, The o0il content of kernels is
also prone to oxidative and hydrolytic deterieoration, However,
moisture content and storage temperatures of groundnut kernels
are also critical in any situation, Storage stability of
groundnuts and groundnut based foods is significantly influenced

by the practices employed in harvesting, curing and shslling

the peanuts,

The high amount of o0il in groundnut kermel, moisture
content, and storage temperatures are responsible for changes
occuring in groundnuts during sterage. Raw and shelled
groundnuts require more careful and controlled storage than
the inshell groundnut to retain their edible quality, (Woodroof,
1983), Mechanically dried groundnuts lost 1.8 percent grade
points during 90 days storage as compared to only 0,3 percent
grade point in field dried groundnut (Person, 1974). Sanders

et al, (1981) carried out studies on groundnuts stored in five
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different warehouses, They found that excess moisture, high
temperature, mechanical damage, and length of storage uwere
related to storage losses in groundnut, But storage conditions
had little effect on sensory characteristics (Branch et al,,

19873 Branch et al,, 1988),

The nitrogen inmtroduction into porous interstices of
partially defatted groundnut kernel provide a longer shelf=
life than containing atmospheric air (Pominski Pearce et al,,
1975), The stability of groundnut oil during storage was
found to be dependent on its linoleic acid content (Fore et ale
1953), Hexane was found to be the best solvent to extract
maximum oil from groundnut, but such hexane extracted oil uas
more susceptible to increase in the acidity (Heikal et al.,
1972). Raw shelled groundnuts can be safely stored at 4°C for
at least 5~6 months before physiological changes occcur in the
seed and slow but constant oxidation of o0il begins (St.Angelo
and Dry,1975). Increase in the free sugars and amino acid
fractions was observed, due to hydrolysis of starch and
proteins in groundnut kernels containing about 9 percent
moisture during staorage of 5 and 7 months, There was also a
decrease in phospholipid content, increass in total lipid
‘content but iodine values were not changed (Pattee et al,,
1982a), During storage of groundnut butter, penta and
hexa=hexanals were produced by autoxidation of linoleates and
developed rancidity in the samples (Fore et als, 1976),
Temperature near about OUC, RH 65 percent, initial moisture
about 7 peréent odourless and well ventilated storage environment

is necessary for keeping initial quality of groundnut‘(uoodroof;
1983),
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2.2.1 Effects of storage temperature and storage
structure on nutritional quality of groundnut

Tango et al, (1974) concluded that 50 to 70 percent
relative humidity offered best conditions for storage of
groundnuts upto 9 months at ambient temperature, Ffree amino
acids were found to be increased in all seeds during cold
storage (4°C and RH 65%) except phenylalanine for first 6
to 7 months, then again found to be reduced uptonine month of
storage (Pattee et al,, 1981b). The stability of oil was
much greater within groundnut kernel during storage at 50°¢C
than corresponding extracted oil, (Rdnan et al,, 1981),
Storage of unshelled groundnut at 10°C and 70 percent relative
humidity or at 59C and 60 percent relative humidity resulted
in essentially unchanéed acid value and peroxide number far
12 months, (Uematsu and Ishil, 1981), The percent free fatty
acids were increased in innoculated groundnut kernels with

Aspergillus and Rhizopus spp. within 5 days at 20°¢ (Abde 1-Rahman,

1982),

Groundnuts packaged in cloth bags and stored at 4°¢
and 65 percent RH, were found to decrease in oxidative stability
during storage (Pattee et al,, 1982b). Storage of groundnut
pods and kernels in different containers under ambient
conditions (32,4 & 5°C and 52,1 + 6.,1% RH) results decrease
in protein and oil content and increase in fatty acid content
with storage time (Ramamoorthy and Karivarathraj, 1986). The
defatted groundnut kernels, with 2,5 percent-moisture and

25,5 percent fat packaged in flexible pouches had storage life
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of 120 days at 279C and 62 percent relative humidit}
(Mahadeviah et al,, 1982), Shelled remcistened (16.6%)
groundnuts werse stored at 27°C in atmosphere containing oxygen
(1.5%) accumulated high levels of aflatoxins (Wilson and Jay,
1976). Groundnuts stored at 269C for one year in an atmosphere
containing 60 percent C02, when COZ was not recirculated in
the bin, the humidity and moisture were increased and
altimately molding was occured (Wilson et al., 1985), Storage
of refined groundnuf 0il in tin containers increased peroxide
value and carbonyls in hot humid and cold climate but it was
remained acceptable for a period of one year (Arya et al,,
1975). Houwever, Alikha=Yousuf et al. (1979) reported that
raw groundnut o0il was stable hydrolytically and oxidatively
for 660 days in mild steel and tin containers, Arya ot al,
(1972) stored fresh refined and fortified groundnut oil with
vit, A in tin containers, they found, free fatty acid content
and peroxide value were increased and loss of vitamin A during
storage of 6 and 12 months,

2,2,2 Effects of storage period on nutritiocnal quality
of groundnut

Storage of groundnuts, in shell or shselled in dark at
33°F for three year did not show considerable changes in
soluble proteins but stared at 75 + 10°F in dark or light
dropped in soluble proteins content in both shelled and in
shell form (Picket, 1948), During storage, peroxidation
increased with time and recovery of salt soluble fraction
increased and salt insoluble fraction decreased (St, Angelo

and Ory, 1975), Losses in protein concentrates and isolates
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prepared from 36 and 18 month stored groundnut seeds have
been reported by Ahmed and Schmidt (1979), Free amino acids
were increased in all seed size except phenylalanine which
was decreased with an increase in seed size during cold (40C,
65% RH), storage (Pattee et al., 1981b), The levels of
carbohydrate content in groundnut kernel were significantly
affected during cold (4°C and 65% RH) storage with time,
except raffinose and ribose (Pattee st al., 1981a)., Stachyoss
and peptide (unidentified N containing compound) shoued constant

decrease with storage time (Pattee st al,, 1982a).

Cold storage of groundnut (O-ZOC and 4~6°C for tuo years)
was found to exhibit 0,3 percent acid value and B85 percent
germination power and quality of these seeds remained unaffected
for about 2 months after removing from cold storage {Lam and

Delboss, 1978), Groundnut kernels inoculated with Aspergillus

flavus and non-inoculated samples contained 11.5 percent to
14,5 percent free fatty acids after six weeks of storage
(Beuchat and Koehler, 1979). Groundnut kernels immersed in

hot water (79°C) for 90 seconds showed lou peroxide value,
acid Valuekand lipoxygenage activity than non-~immersed kernels
during storage under non-refrigerated conditions of 2, 5 and

8 months (Branch et al., 1987 and Branch et al,, 1988),
Reconstituted partially defatted groundnut kernels lost 38
percent tocopherol in the first 8 days (Adnan et al., 1981),
PSWEEfOXidB value of 10 vas attained in the ghani groundnut

0il uvithin a wesk and that of expeller oil attended in 7

weeks at 91 percent relative humidity (Gopalkrishnan and
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Prabhakar,1984), The aflatoxin in groundnut oil degraded in

sunlight was not regenerated when stored in dark for 6 months
(Shantha and Sreenivas, 1980),

2,2,3 Effects of storage on nutritional quality of
groundnut products

Shelled, roasted and salted groundnut requires adequate
package protection as the staorage life of such groundnuts is
about three weeks at roam temperature (Shewfelt and Young,
1977). Roasted, salted~in-the-shell groundnut normally had
a shelf-life of 4 to 6 weeks, The antioxidant, tertiary butyl
hydroquinone (TBHQ) has been reported to double the shelf=life
roasted peanuts (Hoover and Nathan, 1980). A shelf=life of
crispness of roasted and salted spieced groundnuts under
standard Indian condition (65% RH and 27°C) was 180 days in
vacuum packaged polyster and polyaminant pouches, The ultra
violet rays and temperature increased the rancidity rates and
peroxide value and made product unacceptable within short
period (20-60 days) depending on storage conditions
Balasubramanyam et al,, 1983), Storage of groundnut butter is
markedly influenced by temperature, Candies contain high
amount of fat and this limits It's shelf-life (Woodroof, 1974),
Storage of in about 50 percent loss af 0il, increase in free
fatty acids and unsaponifiable matter and poor hydrogenation
characteristic was 15 percent in 48 hrs and 80 percent after

4 days of storage at 26°C (Godwin, 1987),
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3., MATERIAL AND METHOOS

3,1 Material

3.1.1 Seeds

The freshly harvested pods of two popular groundnut
varieties JL=24 and SB=-XI, were obtained from the Post-
Graduate Institute Farm, Mahatma Phule Agricultural
ﬁniversity, Rahuri, The pods were shelled manually, the
kernels cleaned, dried at 45°C and healthy and bold kernels
were stored at three different temperatures in cloth bags

until used for further analysis,

3142 Chemicals

Most of the chemicals used in this study were analytical
grade (BDH, Sarabhai M, Chemicals or £, Merck,) DL-Methionine
and fFolin-Ciocalteul reagents were obtained from Sisco Research
Laboratory, Bombay., Ninhydrin was obtained from Fluka RG,
Chem=-Bovine Serum albumin was obtained from Romali Americaﬁ
Preparate while L, tryptophan was obtained from Loba Chemicals,

Bombay,

3.2 Methods

An experiment in factorial completly randomised block
design (F=CRD) was planned to investigate the effect of

accelerated ageing on the groundnut kernels,

(a) Storage period - 6 ( Dec. 1988 to Feb, 1989)
10, 20, 30, 40, 50 and 60 days

(Considering 0 days as control)
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(b) Storage temperatures - 3
o

i) 25 x2°C
1i) 35 + 29
iii) 45 + 2°C

(c) Varieties=- 2

i) JL-24

ii) SB=XI

For each temperature treatment, a sample of 500 g kernels
was stored in 6 separate cloth bags., Temperatures were adjusted
to 25, 35 and 45 °C in three saparate incubators, After
appropriate storage period, one bag from each incubator was
removed for analysis, The kernels were milled to 40 mesh to
determine moisture, oil and ash, The defatted meal was further
ground to 100 mesh to estimate proteins, sugars, amino acid
and soluble proteins, The oil extracted in Soxhlet apparatus
was used for analysis of fat constants, Each analyses was
carried out in triplicate and the results are statistically

analysed,

3.2.1 Moisture, crude protein and crude oil

These were estimated by the standard procedures of

R.0.A,C, (1980).

3¢e2.2 Free amino acids

e

<«

One gram of defatted groundnut meal was extracted with

25 ml of 80 percent (w/v) boiling ethanol. The extraction
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was repeated four times by centrifugation at 10,000 x g for
15>min. The combhined ethanolic extract was then evaporated
to about B to 10 ml and contents were diluted to 100 ml
with distilled water, The agueous extract was used for the
determination of free amino acids and reducing sugars. The
free amino acids content in the agueous solutions were
determined by the colorimetric method of Rosen (1957) using

L=leucine as reference standard,

Reagents ¢

Cyanide-acetate buffer ¢ Sodium cyanide (0,01 m) was

prepared by dissolving 0,49 g of sodium cyanide in 1000 ml

of distilled water, Acetats buffer (0,01 m, pH 5,4) uas
prepared by dissolving 360 g of sodium acetate in 266 ml of
distilled water containing 66 ml of glacial acetic acid. The
pH was adjusted to 5,4 and the volume made to 1000 ml with
distilled water, The cyanide-acetate buffer was then prepared

by mixing 20 ml sodium cyanide with 980 m1l of acetate buffer,

Ninhydrin : It was prepared by dissolving 3 g ninhydrin in

100 ml of 2 methoxy-athanol,

Isopropanol : (diluted) Isopropanol was diluted with water

in 121 (v/v) proportion.

Standard L-leucine : It was prepared by dissolving 10 mg

L-Leucine in 100 ml distilled water, This solution centained

100 Mg of L=leucine/ml.
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Procedure :

The appropriately diluted extract (0.2 ml) was heated
for 15 min, in a boiling water bath after addition of 0,5 ml
of cyanide acetate buffer (pH 5.4) and 0.5 ml of 3 percent
ninhydrin, Immediately after removing the sample tubes from
water bath, 5 ml of iso propyl alcohol (1:1 water, diluent)
was added. The tubes were then shaken vigorously on cyclomix
for about one minute and allowed to cool at room temperature.
The intensity of colour was read at 570 nm, The concentration
of aminoacids was calculated from a standard curve prepared
from L-leucine by the same procedure using 0, 10, 20, 40 and

60 ug of L-=leucine,

3.2.3 Reducing sugars

The agueous extract prepared for the determination of
free amino acids was used for determining the reducing sugars

by the arsenomolybdate reagent method of Nelson (1944),

Reagents :

Copper sulphate reagent ¢ It was a mixture of 25 parts

of reagent A and one part of reagent B (v/v).

Reagent A : This solution contained 25 Q Nazﬁos(anhydrous),
25 g Rochelle salt, 20 g NaHCO; and 200 g Na,50, (anhydrous)
in 1000 m1,

Reagent B : 15 percent CUSD4 containing 1 to 2 drops of

e et —

concentrated H2504/ 100 ml,
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Arsenomolybdate reagent ¢ It was prepared by dissolving 25 9

ammonium molybdate in 450 ml water, To this 21 ml of
concentrated H2804 acid were added followed by 3 g sodium
arsenate dissolved separately in 25 ml water, The contents

vere mixed and incubated of 370 for 48 hrs,

Standard D=glucose : D-glucose (100 mg) were dissolved in

100 ml of distilled water, This solution contained 1 mg
D=glucose per ml, From this stock solution (10 ml) were
diluted to 100 ml with water, This solution contained 100

ug D-glucose/ml°

Procedure ¢

To 1 ml of the appropriately diluted sample extract,
1 ml of copper sulphate reagent was added, mixed and heated
for 20 min., in a boiling water bath, The tubes were cooled
and 1 ml of arsenomolybdate rsagent was added to it, The
mixture was diluted to 8 ml and absorbance was measured at
520 nm, The total reducing sugars were calculated from a
standard curve prepared by the same procedure using

D~glucose at 0, 10, 40, 80 and 100 ug/ml.

3.2.4 Acid value

Reagents ¢ 1. Fat solvent (alcohol + pertrolium ether,
50:50 v/v)

2, Potassium hydroxide 0,01 N

3. Phenolphthalein indicator,

Procedure ¢

0il samples (2 g) was accurately weighed and dissolved

in 25 ml of fat solvent in a conical flask, Phenolphthalein
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indicator (3 to 4 drops) was added to flask and mixed

tho roughly, The contents were titrated with 0,01 N
potassium hydroxide until faint pink colour persisted for 20
to 30 seconds, The amount of alkali required for

neutralization was used for the calculation of acid values,

(Vol, of KOH required for sample-
Acid value = Vol.of KOH required for blank) -
- x 0,5611
Weight of sample

3.,2.5 Iodine value

1. Fat solvent (CHClB)
2, Hanus reagent $ 13,2 g pure iodine dissolved

in 1 litre acetic acid by heating, 3 ml of

b romine solution was added to this after cooling,.
3. Potassium iodide, 15 percent,

4, Sodium thiosulphate (Na25203) 0.1 N

5. Starch indicator 1 percent

Procedure : 0il (0,25 g) was weighed accurately in 250 ml
glass stoppered flask and dissolved in 10 ml of fat solvent
(CHClS).ZS ml of Hanus iodine solution was added to it by
draining pipette in definite time and allowed to stand for
30 min in dark, The contents of the flask was shaken
occasionally, Subseqﬁently, 10 ml of 15 percent KI solution
Wwas added and mixed thouroughly and 100 ml freshly boiled
and cooled water was added, washing doun any free iodine on
stopper, Titrated 'I' with standard 0.1 N Na,$,04, adding
it gradually, with constant shaking until yellow turns

almost colourless, The feuw drops of starch indicator were
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‘added and continued titration until blue entirely disappeared.
Conducted two blank determinations along with samples,

(B=5)xN of Na,S,0

Iodine Value = Xx 12,69
Weight of sample (qg)

Wheres

B = Vol, of Na28203 required for blank

S = Vol, of NaZSZU3 required for sample

32,6 Saponification value

Reagents
T. Alcoholic KOH : 40 g KOH and 45 g Ca0 (granulated)
were crushed to powder and dissolved in 1 lit., alcohol.
Next day morning fitered in clean dry 9,5 bottle,
2, 0.5 N HCl

3. 0,2 percent phenolpthalein indicator solution in
50 percent ethanol

Procedurs
Ll g0 e Rl

About 2,5 g of oil sample was taken into 250 ml £ rlenmeyer
flask, to this 25 ml of alecoholic KOH solution was added by
draining pipet in definite time., The flasK connected with air
condenser and boiled until the Fat was saponified (about 30 min. ),
The flask cooled, and titrated with 0.5 N HC1, using phenolpthalein
as an indicator, Blank was carried out along with sample, used

same pipet for measuring KOH solution and drained in same time,

Calculations

| (B8-5)
S.V. = : x 28,05
Weight of sample (g)

B= mlof 0,5 N HC1 required for blank
S = ml of 0,5 N HC1 required for sample
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3.2,7 Peroxide value

Reagents

1 Acetic acid=chloroform solution

- Mixed three volumes of acetic acid with tuo
volumes of chloroform

2. Saturated potassium iodide solution

-~ Dissolved excess KI in freshly bioled HZO

3, Standard sodium thiosulphate solution : prepared
0.1 N Na23203 solution and diluted to 0,01 N with
freshly boiled and cooled HQO. Standardized by

using K28r207_

4, 1 percent starch solution

Procedurs

Accurately weighed 2.5 g o0il in erlenmeyer flask. To
this 30 ml of acetic acid=-chloroform solution was added and this
was followed by addition of 0,5 ml of standard KI solution and
swirrled to dissolve KI solution and kept for 2 minutes with
occasional shaking, After 2 minutes shaking, 30 ml of water was
added, The contents were slowly titrated with 0,01 N NaZSZDS
with vigrous shaking until yellow colour was almost disappeared,
Starch indicator was added and titration was continued with
vigrous shaking, until blue colour justbdisappeared. A blank
determination without oil sample was also conducted in the same
manner,

Calculations

(B =S ) xN
P.V. (Meg/kg) = x 1000
Weight of sample (g)

Where

e8]
]

ml of Na25203 required for blank

w
1]

ml of Na28203 required for sample

N = normality of N325203 solution
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3,3 Statistical analysis

The data obtained in the experiment ware analysed for
statistical significance by the methods of Panse and Sukhatme

(19867).
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4, RESULTS AND DISCUSS ION

The results obtained on the chemical changes in groundnut
during accelerated ageing for 60 days are presented and briefly

discussed in this section,

4,1 Moisture

The changes in moisture content during accelerated ageing
are prasented in Table 1, The test of significance for effects
of storage period, temperature and varisty are given in Table 2
while their interaction effects are summarised in Table 3, The
moisture content was found to decrease during storage, There
was a greater reduction in moisture content in the kernels
stored at 45°C followed by the kernels held at 35°C, The trend
was similar in both the varieties. There was a significant
reduction in moisture content with the length of storage and
storage temperatures (Table 2), Results indicated that the rate
of moisture loss uwas greatsr in the groundnut kernels which

were held at higher temperaturss,

The reduction in moisture content during storage is
desirable for the increased shelf-life of the groundnuts (Uoodroof,
»1945; Woodroof, 1983), The moisture content of the kernels
~is one of the most critical factors which determine the
storage stability of the groundnuts (Sanders et al,, 1981),
The moisture cantent in the groundnuts stored in cloth

o
bags at 25°C was found to decrease from 4,2 to 3,8 percent

i
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Table 2 : Test of significance for changes in moisture
(%) in groundnut kernel

Factors Moisture (%)

Storage period (days)

10 4,57
20 4,07
30 ‘ 3,68
40 3,47
50 3 w4
60 3,11 .
CDO at 5% 0.07

Storage temperature + 2°¢

25 4,72

35 3,57

45 2.84

CD at 5% 0,06
Varietz

JL=-24 3.97

§B8-X1 3,45

CD at 5% 0,04




Table 3@y Interaction between storage period x variety

Storage period ‘ Variety Mean
(days) JL-24 SB=X1
10 4,757 4,218 4,487
20 4,523 3,629 4,076
30 4,031 3,328 3,679
40 | 3,699 3,244 3,472
50 4,072 3,158 3,615
60 3,274 2,932 3,103
Mean 4,059 3,418 3,739

CO at 5% 0,104

(b) 1Interaction between storage period x temperature

Storage period Temperature (°C) Mean
(days) 25 35 45
10 5,070 4,550 3,842 4,487
20 5,037 3,933 3,258 4,076
30 4,613 3,607 2.818 3.679
40 4,585 3,277 2.553 3,472
50 4,553 3,103 3,188 3,615
60 4,202 2,950 2,158 3,103
Mean 4.677 3,570 2,570 3,739

CD at 5% 0,127

(c¢) Interaction between variety x temperature

Variety Temperature (°C) Mean
25 35 45

SB=X1 4,514 3,372 2,369 3.418

Mean 4,677 3,570 2,970 3.730

CD at 5% 0.073
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after 6 months and to 3.4 percent after 12 months (Gangali,
1989), In the present study, the value of 3.4 percent for
moisture content was observed when the kernels were stored
for 40 days at 359C or 30 days at 45°C indicating that the
changes in moisture after 12 months storage at 25°9C may be
similar to the changes in moisture content after only 30

days of storage at 45°¢C.,

4,2 Crude protein

The changes in crude protein in defatted meal of
groundnut sduring accelerated ageing conditions. are shoun
in Table 4, The test of significance for factors of ageing
(Table 5) and their interaction effects (Table 6) are also
calculated, The protein content in the defatted meal of
groundnut was about 50 percent in both the varieties, The
protein content was found to increase significantly after
40 days of storage at storage temperature of 35°C and 45°C.
The cumulative effects of period and temperature of storage
were also significant., The protein content uwas found to
increase from 50.3 percent (25°C and 10 days) to 51.6 percent
(45°C and 60 days) in JL-24, The trend was also similar

in the other variety.

An increase in the protein content during storage can
be attributed to the loss in moisture from the kernels,
The greatsr lossés in the moisture occured at higher
temperatures after 50 and 60 days of storage., Hence
significant increase in the protein content.uas not<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>