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Original Research Article
Effect of Gamma Irradiation on Amino Acids profile, Minerals and Some Vitamins

Content in Pigeon Pea (Cajanus Cajan) Flour

Abstract

This study was aimed at checking the affect of ganmmradiation on amino acids profiles, minerals and
some vitamins content of pigeon peézaj@nus cajan) flour. The pigeon pea was gamma irradiated at
difference gamma doses of 5, 10, 15, & 20 kGy rafteich the effect of all these doses were examined
on amino acids profile, minerals and some vitanpresent in flour. The result showed a significant
reduction of amino acids present in the flour a@.08, but the gamma irradiated flour still meet Hoed

and Agricultural Organization-World Health Orgartipa recommended pattern and amount of essential
amino acids. The effect of gamma irradiation wassagnificant on the mineral content of the samples
with Sodium content ranging from 5.95mg/100g to 9%m@/100g and Potassium ranging from
40.83mg/100g to 40.15mg/100g. The effect of vitamas not significant since the flour was only rich
vitamin A, C and vitamin B3. Vitamin A content dfe samples ranged from 458.95 to 463.83mg/100g,
Vitamin C ranged from 18.69 to 24.00mg/100g andamiin B3 ranged from 2.86 to 3.20mg/100g. In
conclusion, gamma irradiation has significant dfi@t the amino acids profile, but no significarfieet

on minerals and vitamins content of the flour.

Keywords Amino acids, Irradiation, pigeon pea, flour, vitapyminerals
Introduction

Legumes are an economically valuable source ofepran the developing countries, wherein animal
proteins are scarce. Being rich in proteins, caydodtes, calorific value, fibre, minerals and vitas)
legumes constitute staple food in many countri¢sHploitation of underexplored wild legumes is an
important approach to combat the protein-energynuatdtion in developing countries. Pigeon pea
(Cajanus cajan) is a locally available, affordable and underipéitl grain legume of the tropics and sub-
tropics. Pigeon pea varieties have protein contenhe range of 23 - 2692]. The protein content is
comparable with those in other legumes like cowpea groundnut which have been used in
complementing maize [3]. It is rich in mineral gtyalnd fibre content. In agricultural science dadd
technology, research has shed light upon new pateapplication for radiation. For example, high
ionizing dose of radiation have been shown to pregeowth of microbial infestation in seed [4]. Tee
are also many reports supporting the use of gamradiation as a fungicidal agent [Fjowever, the
capability of growing and sometimes the developmleptocess of the seedling in plant have been
seriously disrupted by radiation [6, 4]. There arsufficient reports about possible effects of gaanm
irradiation on nutritional composition of the undilized leguminous seeds made into flour assodiate
with seed sterilization. Seeds of different platitat are consumed as food showed nutrient vargtion
which are dependent on the constituents of suckl geetein. Macronutrients in irradiated foods
experienced little changes. And as a result thenabvalue of proteins, lipids and carbohydratesuath
foods are maintained [7, 8]. Vitamins have varysemsitivity to radiation treatments and are theyonl
components of foods that need to be considered feomlietary impact standpoint. Like thermal
treatments, radiation processing of foods can caasee loss of vitamins. Vitamins have been found to

1



40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

60

61
62
63
64
65
66
67
68
69
70
71
72
73

74
75
76
77
78
79
80
81
82
83
84

be affected by irradiation because vitamins preskdifferent sensitivities regarding the treatmeith
ionizing energy [9]. Amino acids are very importaathuman health and out of the twenty standard
amino acids available; eight are called essenti@ha acids because they cannot be synthesized by
human body from other compounds at the level requior growth, so they must be obtained from food
[10]. The amino acids group (-NMHis the most radiosensitive group of the aminds§i1, 4]. Extensive
research as shown that at 10 kGy dose of irragiati@acronutrients like protein, lipids and carbatayd
content of food are relatively stable. However, teport of Lee [12] that gamma irradiation affects
proteins by causing conformation changes, oxidatbamino acids, formation of protein free radicals
and rupturing of covalent bonds has been establifh®&]. Also, chemical changes caused by gamma
irradiation on protein include fragmentation, crieking aggregation and oxidation caused by oxygen
radicals that are generated in water radiolysis [B}. This effect could be related to the structure of
each amino acid, simple amino acids increased upadiation, such as glycine, which undergo
reductive deamination and de-carboxylation [16]adilition, aliphatic amino acids with increasingich
length provide additional C—H bonds for interactisith OH radicals which reduces the extent of
oxidative deamination [16]. Wang & Vonsonntage [Y@&ported that sulphur containing as well as
aromatic amino acids are, in general, the mostitbem$o irradiation, while simple amino acids cdule
formed by destruction of other amino acids. Howeteere is a scarcity of information relating te th
effects of processing with ionizing energy on mastlerutilized legumes. Therefore, the present work
was undertaken to explore the effects of irradrata amino acids, minerals and some vitamins ctsiten
of raw and processed pigeon pea flour.

Materials and Method

Pigeon pea seeds were purchased at Odori markeinOsun State Nigeria. The gamma irradiation
process was carried out at Energy Centre in Abugifferent doses (5, 10, 15, and 20 kGy). The dasp
were exposed to gamma rays generated by a cobal@@e following the procedure by Helinski [18]
with a dose rate of ca. 2 Gy/min at’€5and normal relative humidity. Double side irrdidia (exposure

to both sides) was performed for uniform dose @eliv A dosimetry was used to measure the dose
received by the batch based on the Gafchromic HD#h (International Specialty Products, NJ, USA;
FAO/IAEA/USDA, [19]. Three dosimeters were includetth each batch of pigeon pea seeds and read
after irradiation with a Radiachromics reader (Mé&est Technology Inc., CA, USA). All experiments
were repeated 3 times with 3 replicates of eactpanihe irradiated samples were milled with hammer
mill and packaged inside low density polythene bak of the flour samples were stored in a deep
freezer (-20 C) until further analysis.

Mineral analysis

Minerals (sodium, potassium, calcium, magnesiuon,icopper, zinc, manganese and selenium) of the
seed flour were determined employing the AOAC [@®thod on digestion of flour with a mixture of
concentrated nitric acid, sulphuric acid and penblacid (10:0:5:2, v/v) using an atomic absonptio
spectrophotometer (GBC 904AA, Germany). The ascaabid method was used to determine the total
phosphorous as orthophosphate after acid digestoihneutralization using phenolphthalein indicator
and APHA, [21] combined reagent. The absorbance iwad at 880nm (Spectronic 21 D, Miltonroy,
NY, USA) and KHPO, (Merck, India Limited, Mumbai, India) served ag tftandard.
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Amino acid analysis

Amino acids of the pigeon pea flour samples wesessed by the method outlined by Hofmann [22, 23].
A known quantity of pigeon pea flour was hydrolyseith 6 N HCI (15 ml) for 4 h at 145C. After
cooling, HCI was removed in a rotoevaporator corabinvith a diaphragm vacuum pump (MC2C;
Vacuubrand GmbH, Wertheim, Germany). Internal stathd trans -4-(aminomethyl) -
cyclohexanecarboxylic acid was added to each sampkediscovery step consisted of esterificatiothwi
trifluoroacetylation [24]. Samples of standard amactids were weighed out in reaction vials andddrie
using CHCIl, under a gentle stream of helium and slow heatingni oil bath (40-60 C) to remove the
traces of water. A 12 ml freshly prepared acidifigapropanol (acetyl chloride, 3 ml+2-propanol,
was added and the mixture was heated at COfor 1 h. After cooling, the reagent was elimathtvith a
gentle stream of helium at €, followed by combined evaporation with three cassive aliquots of
CH.Cl, to remove propanol and water. The dry residue wé#hkioroacetylated with 200 ml
trifluoroacetic anhydride overnight at room tempere. An aliquot of this solution was used without
further treatment for gas chromatography-combussotope ratio mass spectrometry. Hawlett-Packard
58590 Il gas chromatograph, connected throughiawiph a combustion interface to the IRMS system
were used to carry out the GC-C-IRMS/MS measuresentthe isotopic determination of nitrogen and
through a transfer line with a mass spectrome8C(); Finnigan MAT) for qualitative analysis and
guantification of the amino acids. The capillaryuron of GC was a 50 m x 0.32 mm i.d. x 0.5 pum BPX5
(SGE), operating with a carrier gas flow of 1.5 miti with the following temperatures and pressure:
initial 50° C (1 min), increased to 10Q at 16 C/min (10 min), increased to 176 at 3 C/min (10 min),
increased to 25C/min (10 min); head pressure, 13 psi (90 kPa). d$sential amino acid (EAA) score
was determined employing the formula:

EAA score = [EAA (mg) in 100 mg test protein] / [BAmg) in 100 mg FAO/
WHO [25] reference pattern] X 100
Protein digestibility

The Akeson and Stahmann [26] method was employedetermine the in vitro protein digestibility
(IVPD) of pigeon pea flours (100 mg). The defattiedirs were incubated (8, 3 h) with pepsin (3,165
units/mg protein; Sigma-Aldrich, St. Louis, MO, UBAL.5 mg/2.5 ml of 0.1N HCI) followed by
inactivation (0.25 ml of 1 N NaOH). Incubation waentinued (24 h, 37C) with trypsin (16,100
units/mg protein; Sigma-Aldrich, St. Louis, MO, UBand a-chymotrypsin (76 units/mg protein; Sigma-
Aldrich, St. Louis, MO, USA) (2 mg each/2.5 ml psgaum phosphate buffer, pH 8.0, 0.1 M) followed
by inactivation (0.7 ml of 100% Trichloroacetic @c{TCA)). The inactivation of the enzyme was
maintained at zero-time control before additionsabstrate. The supernatant of inactivation reaction
mixture that were centrifuged were collected. Tésmdue was washed (2 ml, 10% TCA) and centrifuged.
The combined supernatant was washed twice with [1@iethyl ether, and the ether layer was removed
by aspiration. The aqueous layer was heated onliadbwater bath (15 min) to remove traces of ether
and the solution was made up to 25 ml with digtiNeater. The nitrogen content (in 5 ml aliquotsswa
determined to calculate protein in the digest:

In vitro digestibility (%) = (protein in digest)(protein in defatted flour) x 100
The protein digestibility corrected amino acid scPDCAAS) of EAA was calculated based on EAA
requirements for adults [25]
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PDCAAS (%) = [(amino acid content in food protexirue digestibility] / (amino acid content of
reference pattern)

Vitamins Analysis

Ascorbic acid was extracted and estimated accordinghe method described by Sadasivam and
Manickam [27]. 3 g of each sample was mixed withnd5To 10 ml of the filtrate, bromine water was
added drop by drop until it turned orange-yellowrémove the enolic hydrogen atom. The excess
bromine was removed by blowing in the air. Filtratgs made up to 25 ml with 4 &xalic acid and used
for ascorbic acid estimation. Two ml of the extraets made up to 3 ml with distilled,@ in a test tube.
One ml of 2% 2, 4-dinitrophenyl hydrazine reagemd a few drops of thiourea were added. The contents
of the test tube were mixed thoroughly. After 3 tsoimcubation at 37° C, 7 ml of 80%%, was added

to dissolve the osazone crystals and the absorvaaseneasured at 540 nm against a reagent blaek. Th
ascorbic acid content present in the sample waslledéd by referring to a standard graph and espres
as milligrams per 100 grams of powdered samples.

For the extraction of thiamin, riboflavin and niacmethod of AOAC was followed [20]. Content preisen
was calculated by comparism with standard curveeld@ed using standards for vitamins, such as
thiamine hydrochloride, riboflavin, and nicotinicid, purchased from sigma St, Louis, USA.

Vitamin A in form of B-Carotene was determined using the method of AOAQ], [which involved
extraction of the samples with acetone and hexaonacentrations were determined by comparison with
a standard curve developed usfagGarotene from sigma St, Louis, USA.

Statistical analysis

Each determination was carried out on three sepaehples, analysed in triplicate, and the meantak
Data obtained from the mineral analysis, aminosgpiefiles and vitamins analysis were assessedjusin
analysis of variance (ANOVA) and the means wereasspd by lowest standard deviation (LSD) test
(SPSS version 16) [28]. Significant level was ateeé@t 5%.

Results and Discussion

Mineral Composition

The calcium content of un-irradiated pigeon pearfl@as (119 mg/100 g), potassium (38.80 mg/100 g),
Zinc (28.57mg/100 g) and manganese (14.33 mg/100=¢) the major minerals in the pigeon pea flour
(Table 3.1). The study showed no decrease occumrédte mineral concentrations of pigeon pea flour
upon irradiation (P < 0.05). The moderate incredsserved occurred from dose 5 kGy to that of 20 kGy
except that of Zinc where the lowest value wasnab at dose 15 kGy. This result was directly ofipos
to the findings of Bhat [29]. They recorded a daseein mineral content of irradiated lotus seedrfh
dose 0-30 kGy. Generally, minerals do not degrad&radiation, but a change in their oxidation stat
might occur due to their varied extractability iparticular solvent [29]. Apart from this, pigeoagseed
being a biological sample, variations in minerah@entrations might naturally be present betweei eac
individual seed, which might give rise to variedults on irradiation. The mineral constituent @fumes

is dependent on the soil edaphic features as wgetha efficacy of mineral uptake [30]. The mineral
composition of Pigeon pea can be considered torésept in adequate quantities when compared with
the Recommended Dietary Allowances, which inferat tany diet containing two-thirds of the
Recommended Dietary Allowances is deemed as a jteaurce of minerals.

Amino Acids
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The application of gamma irradiation did not hawsipve effect on the amino acids of the pigeon pea
flour, it showed a significant reduction at all thie delivered doses (P<0.05). In Table 3.2, thenami
acids composition of the raw and gamma irradiatgegn pea flour has been compared with the [25]
reference patterns and soybeans [31]. The acidinaatids, glutamic acid and aspartic acid, weee th
major amino acids present in the flour. The suéfomno acids cysteine and methionine gave a value of
2.38% compared with the FAO/WHO pattern of 2.5% ayabsine and phenylalanine gave 8.78%
against 6.3% of FAO/WHO. Except for tryptophan, thst of the essential amino acids in the raw and
gamma irradiated samples are in line with the Fand Agricultural Organization-World Health
Organization-United Nations University (FAO-WHO-UNUB2] pattern. The tyrosine in the raw flour
was higher than soybeans (2.63 - 1.24 %), but lowéhe irradiated sample compared with soybeans
(1.00, 1.15 and 1.24%). The changes in the coratgonr of amino acids induced by irradiation may
probably be due to free radicals that might be &rm association with splitting of the peptide dsn
deamination and decarboxylation reactions of amacals followed by chains of chemical reactions
forming other new radicalg33]. This finding is not in line with the repoof Abdel-Ghaffar [34], who
reported an increase in some amino acids contesdyflour. According to Baudoin and Maquet [35],
ecological conditions are known to markedly infloerthe total nitrogen of seeds, which in turn dffec
the relative proportions of the essential aminal.athe essential amino acid score and the PDCAAS
were also significantly decreased with irradiat{®x 0.05), indicating the limitation of availablengo
acids on digestion with enzymes. Even though gannradiation decreased the essential amino acid of
the pigeon pea flour, the irradiated seed flout &ilfilled the FAO-WHO [24] essential amino acid
requirement pattern.

In vitro protein digestibility

Table 3.3 presents the EAA, IVPD and PDCAAS of ravd irradiated pigeon pea flour. Cystine and
methionine were the limiting amino acids in rawulipwhich further decreased on irradiation (P<Q.05)
The IVPD of raw flour (60.67%) was significantlyfafted by irradiation doses. There was a dose
increase in IVPD through all the irradiated sam&$ to 75%). The increase can be attributed to the
degradation of proteins into fractions suscepttbl@enzymes or partial destruction of trypsin intobs.
Similarly, decrease in some of the major anti-mumis (e.g. phenols, protease inhibitors, phytates,
oxalates, lectins, goitrogens) might have contedub increase IVPD. Abu-Tarboush [36] correlatesl t
elevated IVPD of soybean defatted flour with deseshanti-nutrients such as trypsin and chymotrypsin
The PDCAAS also revealed a significant dose-depandiecrease on irradiation (P<0.05), indicating the
limitation of available amino acids on digestiortwenzymes.

Vitamins

Table 3.4 summarizes tifecarotene, thiamin, riboflavin, niacin and ascoraad content of both raw
and irradiated pigeon pea flouCgqjanu cajan). A slight decrease in vitamifi-carotene occurred
throughout the doses of irradiation and the deerd@same significant in ascorbic acid at dosesbof 1
and 20 kGy. For un- irradiated sample of Vit A ahe ascorbic acid, the values were 469.67 and
25.00mg/100g, respectively. From the result, tvedd that pigeon flour is richer iprcarotene and
ascorbic acid. The remaining vitamins; thiaminepfliavin and niacin followed the same trend as the
first two vitamins. The result followed the repoftToresina [37] who reported a significant decreese
vitamins (niacin and ascorbic acid) which occurmedy at high doses of irradiation. The reductiorthia
vitamins may be due to the ionizing radiation reaeith water in the food, causing the release of
electrons and the formation of highly reactive fradicals. The free radicals interact with vitamins
ways that can alter and degrade their structuréoaadtivity [38].
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Conclusion

The observations about amino acids profile, mirseaald some vitamins content of pigeon péajgnus
cajan) flour in the studied samples tend to suggest ¢laamma irradiation had a significant effect on
amino acids profile of the flour but the amount kfll meet the recommendation of FAO/WHO. Gamma
irradiation has no significant effect on the mingrand some vitamins tested for in the samples.
Therefore, gamma irradiation can be applied tovete any problem relating to production of theufio
Moreover, irradiation process when compared to atesior heat treatment emerges as an attractide an
healthy alternative.
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Table 3.1, Effects of Gamma Irradiation on Minarahtent of Pigeon Pea Flour (mg/100g)

Dose Minerals
kGy
Na K Fe Cu Zn Mn Ca

0 6.99+0.03 38.80+0.27 8.30+0.18 4.57+0.06 28.57+0.20 14.33+0.26 119.67+0.12
5 5.95+0.08 40.13+0.08 7.07+0.06 5.17+0.18° 31.73+0.18 14.10+0.10 120.90+0.8%
10 6.70+0.20 40.12+0.02 8.43+0.26 4.73+0.18 30.57+0.08 18.67+0.58 121.53+1.18
15 7.07+0.1%5 40.12+0.08 8.7+.60.58° 5.10+0.16 27.70+0.10 15.43+0.18 121.33+2.46
20 7.09+0.19 40.15+0.08 9.37+0.058 5.47+0.06 33.30+0.16 18.53+0.12 122.13+2.18

Values are means and standard deviation of thrieendimations (n=3)

Means followed by the same letter within the sawlaran are not significantly (p>0.05) different

according to LSD test
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Table 3.2 Amino acid profile of Pigeon pea flowated with gamma irradiation (mg/100 mg crude

protein).

Dose FAO/WHO Soybear!
Amino Acids Control 5 kGy 10 kGy 15 kGy 20 kGy Patterrf
Glutamic acid 9.23 5.06 4.97 4.88 4.82 t6.9
Aspartic acid 11.56 6.59 6.44 6.37 6.34 f1.3
Serine 3.59 2.49 2.47 2.36 2.32 5.67
Threonine 3.12 2.41 2.41 2.32 2.30 3.4 3.76
Proline 3.17 2.22 2.20 2.18 2.16 4.86
Alanine 3.79 2.86 2.81 2.75 2.65 4.23
Glycine 3.07 2.17 2.15 2.06 2.02 4.01
Valine 5.85 3.45 3.42 3.40 3.35 3.5 4.59
Cystine 1.19 0.12 0.10 0.08 0.06 2.5 1.70
Methionine 1.19 0.08 0.04 0.02 0.01 1.22
Isoleucine 3.47 2.47 2.40 2.35 2.30 2.8 4.62
Leucine 6.78 4.50 4.44 4.32 4.30 6.6 7.72
Tyrosine 2.63 1.15 1.05 1.03 1.00 '6.3 1.24
Phenylalanine 6.15 4.01 3.98 3.88 3.78 4.84
Trytophan ND ND ND ND ND 11 3.39
Lysine 7.79 5.72 5.45 5.20 5.15 5.8 6.08
Histidine 3.66 2.12 2.09 2.09 2.07 1.9 2.50
Arginine 5.86 3.89 3.76 3.54 3.43 7.13
Total amino acid 82.10 51.31 50.18 48.83 48.06
Total EAA 41.83 29.92 29.14 28.23 27.75

Notes: Data presented as the mean, n=3. ND, netrdieted 2FAO/WHO (1991)"Bau et al. (1994).
°Glutamic acid_glutaminéAspartic acid_asparagin®lethionine_cystinePhenylalanine_tyrosine.
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Table 3.3 Essential amino acid score and protegjadtibility corrected amino acid scdref gamma-
irradiated Pigeon pea flour.

Dose
EAA Control 5 kGy 10 kGy 15 kGy 20 kGy
EAA Score
Threonine 91.76 70.88 70.88 68.24 67.64
Valine 167.14 98.57 97.71 97.14 95.57
Cystine + 95.20 8.00 5.60 4.00 2.80
Methionine
Isoleucine 123.93 88.21 85.71 83.93 82.14
Leucine 102.72 68.18 67.27 65.46 65.15
Tyrosine + 139.37 81.91 79.84 77.94 75.87
Phenylalanine
Lysine 134.31 98.62 93.97 89.66 88.79
Histidine 192.63 111.58 110.00 110.00 108.95
IVPD (%) 60.67+1.60 64.00+1.73 69.00+1.00 72.33+1.58 75.00+2.00
PDCAAS (%)
Threonine 45.61 35.23 35.23 33.91 33.62
Valine 83.07 48.99 48.56 48.28 47.57
Cystine + 47.31 39.80 27.80 19.90 15.90
Methionine
Isoleucine 61.59 43.84 42.60 41.71 40.83
Leucine 51.06 33.89 33.44 32.53 32.38
Tyrosine + 69.26 40.71 39.68 38.73 37.71
Phenylalanine
Lysine 66.75 49.02 46.70 44.56 44.13
Histidine 95.74 55.46 54.67 54.67 54.15

Calculated according to FAO/WHO (1991).
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Table.3.4 Vitamins content of Pigeon P€ajanus cajan) flour treated with gamma irradiation
(mg 100 g-1)

Dose
Components Control 5 kGy 10 kGy 15 kGy 20 kGy
Carotene (Vit A) 469.67+ 2.08 463.83+2.02 462.00+2.00 460.21+2.19 458.95+ 1.69
Thiamin (Vit B1) 0.30+0.20  0.25+0.50"° 0.19+0.03 0.19+0.08  0.18+0.02
Riboflavin (VitB2)  0.31+0.08  0.27+0.08°  0.22+0.02 0.21+0.08 0.21+0.03
Niacin (Vit B3) 3.20+0.20  2.99+0.16° 2.98+0.26°  2.90+0.04 2.86+0.09

Ascorbic acid (Vit C) 25.00+ 1.60 24.00+2.00  22.00+2.08° 20.08+0.88  18.69+1.52

Means = SE (N = 3) means in the column with unikperscript differs significantly (p<0.05)
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