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Abstract — Iron deficiency anaemia is one of the deficiency and another 2.8 million (DALYs) due tam Z

micronutrient nutrient deficiency diseases wide sprad
globally. Biofortification of staple foods play a citical role in

alleviating micronutrient malnutrition. Biofortifie d pearl

millet (BPM) offers a novel, yet practical solutionto combat
anaemia in millet-consuming communities of IndiaAim: To
compare the nutritional value of BPM and to examinethe
effect of germination on nutrient content of the sme.
Methods: Nutrients (moisture, ash, protein, fat, calcium, tion,

zinc); anti-nutrients (phytate & tannin) content were

estimated per standard AOAC procedures; carbohydrag
(difference method) and energy (factorial method) ere
calculated. Results: A significant difference (p<0.05) was
observed in moisture, protein, carbohydrate, ash, idtary

fibre, iron, phytate (Proagro-9444; DHANSHAKTI and

ICMH-1201), fat (Proagro-9444 and DHANSHAKT]I), acid
insoluble ash, zinc and calcium (DHANSHAKTI and ICMH-

1201) in the selected cultivars. Germination sigficantly

altered the moisture (DHANSHAKTI), protein, acid

insoluble ash, calcium, iron (Proagro-9444; DHANSHKTI

and ICMH-1201), fat (DHANSHAKTI and ICMH-1201), ash

(Proagro-9444 and DHANSHAKTI) and zinc (Proagro-9444
content of the cultivars. Conclusion: On germinatio, phytate
and tannin content decreased but calcium, iron andzinc
content improved significantly.

Nutrient

Keywords — Biofortification, Germination,

content, Pearl millet.

I. INTRODUCTION

Increasing awareness and knowledge among heakh c

providers and correction of iron deficiency anemhiaing
adolescence will go a long way in improving theltreaf
future parents [1]. Mineral deficiencies adversalject
the health of more than three billion people woitt2].
Children and women of reproductive age are mosiskt
with global anemia prevalence estimates 42 and €0

cent in pregnant women and non-pregnant women ag

15-49 years. Africa and Asia account for more tBamper
cent of the absolute anemia burden in high-riskigscand
India is the worst hit [3]. Iron deficiency is thpgincipal
cause of anemia that leads to morbidity and maoytali
mother and child at childbirth, and impairs cogrmtskills
and physical activity [4], but Zn deficiency leads
immune system dysfunctions and high susceptibility
infectious diseases, retardation of mental devetym
altered reproductive biology, gastrointestinal peofs and
stunted growth of children [5-6].
Nutritional deficiency problems
socioeconomic impacts at the individual, commuribd
national levels [7-8]. India annually loses abowourf
million disability-adjusted life years (DALYS) due iron

deficiency [9]. Pharmaceutical supplementationusidal
food fortification and agricultural approaches adétdry
diversification and biofortification have been sagtgd to
address these problems. Biofortification of stapieps
such as millets is most cost-effective, sustainable
consumer acceptable, pro-rural and pro-poor intgioe
[10]. Biofortification is a process of enhancingeth
nutritional quality by applying by advanced planééding
techniques.

Millet is one of the oldest cultivated foods and feeen
a staple in Southeast Asia and India since earlggj but
was replaced by rice later [11]. Pearl millet i af the
four most important cereals (rice, maize, sorghumd a
millets) grown in the semi-arid and dry lands ofiédé and
Southeast Asia [12]. It is the staple diet for tura
households in the world’s poorest countries, ibwet is a
valuable livestock feed in India and Africa [13]ed?l
millet and other millet grains survive in arid hendts
production and importance are growing concurrentij
global warming. It accounts for >50% of total cérgaain
consumption in communities in India, especially in
Maharashtra, Gujarat, and Rajasthan, where thé poa
heavily depend on this crop. Pearl millet is alsolely
used in Northern Karnataka [14]. Pearl millet
biofortification is on improving Fe density as an
associated trait. Depending on the genotypic coitipns
of the trials, moderate to high correlations betwEe and
an densities have been observed.

Pearl millet (Pennisetum glaucum) is an excellent
dietary source of calcium, iron, manganese, and
methionine- an amino acid lacking in the diets wfdreds
of millions of the poor who live on starchy foodsch as
cassava, plantain, polished rice, and maize medletM

se is diverse and can be used in porridge, seppsyts,

ad and stuffing’s, fermented beverages, and bains
15], rich in iron and zinc, contains a high ambwf
antioxidants and these nutrients along with
antioxidants may be beneficial for the overall teand
wellbeing.

Germination and malting of cereals is a way noy dal
produce fermentable extract for the brewing antillitig
industries but can also be a way to produce ingrasli
enriched with health promoting compounds. Malt ot
have also been shown to be good substrates fgrtveth
and application of probiotic bacteria [16].

the

have enormous
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Il. MATERIALS AND METHODS by the method of [21]. All the estimations were (6F
tests were done as per standard procedure.
11.1.Grain Procurement and Processing 11.3. Satistical Analysis

Three pearl millet cultivars namely Proagro-9444; Results of the nutrient and anti-nutrients analysise
DHANSHAKTI andICMH-1201 developed by subjected to statistical analysis of t-test usinBSS
International Crop Research Institute for Semi—Ari¢version no 20 for comparing the cultivars nutriaibmalue
Tropics (ICRISAT), Patancheru, India, were the basend the effect of processing on grain composition.
materials for this study and were procured withima@nth

of harvest. Of the three samples, Proagro 9444 was [ll. RESULTS AND DISCUSSION
considered as control, and the rest two were teken

biofortified cultivars. The results of nutrient analysis were presentethinle-
I1.2.Processing of Pear| Millet 1to 4.

[1.2.1. Cleaning [11.1. Nutrient Content of Pear| Millet Cultivars

The harvested threshed millet (Proagro-9444jl.1.1 Moisture Content
DHANSHAKTI and ICMH-1201) cultivars were cleaned Moisture is an important determinant of food qualit
off from glumes and few damaged grains. Then theeth and affects the physical, chemical aspects of fabith
millets cultivars were labeled, separately packethuslin relates to the freshness and stability for theagterfor a
cloth bag which were named, covered using a higtsitle long period of time, preservation and resistance to
polyethylene bags and stored at 10 + 2°C for fuuge. deterioration. It is necessary to calculate theterunof
The total pearl millet grains were divided into twcother food constituents (i.e., total solids) on rEfarm
portions, one-half was used for germination andatheer  basis (i.e., dry weight basis).
half was used as such (ungerminated). The moisture content of pearl millet cultivars ditfd
11.2.2. Germination significantly at 5 % level and ranged from 6.82 H@®

A known weight of the three selected whole peatleni (DHANSHAKTI-germinated) to 9.39 + 0.05 percent
grains were washed twice and then soaked in ju8€MH-1201- ungerminated). Germinated as well
sufficient quantity of purified water (aqua guafd) eight ungerminated pearl millet cultivar's moisture contevas
hours at room temperature (32 + 20C). Later thewans Well below the 13 percent quoted by [19] for whgtains.
drained, the grains were then allowed to sproueraftBoth the ungerminated and germinated ICMH-1201;
spreading on trays lined with wet muslin cloth &egt for contained more moisture compared to other two
72 hours at room temperature (32 + 20C), with spiapf  (DHANSHAKTI and Proagro-9444) cultivars.
water as and when required to enable sprouting asThere was a significant reduction in the moisture
indicated by [17-18] who have also established th&ontent of three cultivars after germination angirdg
prolonged germination time helps in better mineratompared to their respective ungerminated cultividre
bioavailability. All three cultivars were germindtéor 72 highest reduction was noted in Proagro 9444 (14.2
hours and then the germinated millets were surddifeer  percent) followed by ICMH with 12.03 percent ane th

covering with a clean, washed, white muslin clogn f least 9.5 percent) was in DHANSHAKT] . o
nutrient and anti—nutrient analysis. As per [17] and [27] had established that germammati

11.2.3 Drying enhances moisture content; however, the presatihgris

The ungerminated cultivars were also spread omcle§Uite contrary to the above report, because inptesent
trays and to prevent contamination they were cabei¢h ~Study after 72 hours of germination the grains were
clean, washed, white muslin cloth then sun drieckthuce  Subjected to covered sun drying.

the moisture content to less than 13% which is thl.1.2. Protein Content o
maximum permissible limit for human consumption as Protein is best measured as the sum of individuaha

recommended by [19-20]. acid residues. Ungerminated pearl millet cultivizeid 9.78

[1.2.4. Estimation of Quality Parameters + 0.42 (Proagro-9444) to 11.80 + 0.09 g /100 g
The ungerminated and germinated whole pearl milldPHANSHAKTI) of protein. _

grains were analyzed for moisture (oven dry methash It is quite clear from the results that the proteamtent

(dry ashing method), crude fiber (fibra plus), tat@tary showed an up_ward revision on germination in thes_ethr
fiber (enzymatic-gravimetric method), as per [2BET cultivars studied. Amor!g the germinated cultivars,
crude protein [22], fat (Soxhlet method with pesah DHANSHAKTI had the highest (14.83 + 1.13 g/100 Q)
ether [23], total carbohydrate (difference methedper and Proagro9444 had the least (13.71 + 0.03 g/J00 g
[24]), and energy (factorial method) were also djiied. The percentage increase of protein in germinatétd/ars
Minerals (calcium, iron, zinc) contents were deteed Was from 25.6 (DHANSHAKTI) to 40.1 (Proagro-9444)
by atomic absorption spectrophotometry (AAS) usamg Percent.

SP 191 PyeUni cam spectrophotometer using di-acid

digestion method [21]. Vitamin—-C and vitamin A

(carotene) were carried out as per [25] methodgusin

spectrophotometer. Phytic acid and tannin estimatias

done by [26]. The heavy metal lead content wassasse
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Table — 1 two germinated cultivar’s fat content. Lipids aregent in
Nutrient Content of Pearl millet Cultivars a free and bound form in pearl millets (extractaliéh
Cultivars DHAN ICMH Proagro- water-saturated butanol) [38], and there is enhdince

SHAKTI -1201 9444

activity of lipase during germination [39]. Bothete

Nutrients . .
=L i?:;gfss Whole A,/\:g:n 55 Whole factors could have helped to increase the fat contethe
- = germinated samples. But ICMH-1201 had a moderate
Ungerminat 1-5‘F’ 2-393 f-zg increase in fat content (73.75 percent).
Moisture  ed 0.07 0.05 008 [11.1.4. Carbohydrate Content
(9/1009) o 626 o6 Carbohydrates are the sugars, starches, and finend
Germinated + + in fruits, grains, vegetables and milk productse Thbtal
&Dried 0.06 0.06 0.04 carbohydrate content of the three cultivars varied
1.03° 111 12780 significantly at 5 percent level. While the ICMH{aR and
Ungerminat "/ + + Proagro-9444 had more or less the same quantity of
'(:ga;100 o ed 0.06 0.11 0.03 carbohydrate before (74.25 + 0.31; 72.13 + 0.17) aiter
_ 3 b (72.82 + 0.46; 69.31 =+ 0.26) germination, but
Germinated 23 245 1.64 ; ;
&Dried + + + DHANSHAKTI contained a higher amount of
0.73 0.05 0.09 carbohydrate than ICMH-1201 and Proagro-9444. The
5.78 6.26 2.46%" i ivar’ ignifi
Ash Ungerminat > > < germinated cultivar's carbohydrate was significantl
(Acid ed 018 026 016 (p<0.005) lower than their corresponding ungern@dat
soluble) Lo g 5.97° 6.88 2.9¢ cultivars. The percentage decrease ranged from 1.9
(mg /100 ¢ 5iied t t + (DHANSHAKTI) to 3.9 (Proagro-9444). The decrease in
9) 0.12 0.78 0.14 total carbohydrate could be attributed to their
Unoerminat 0.02% 0.04*° 0.03 consumption, as a source of energy during the gextion
Acid edg + * t process [40 and 17]. As per [41-42] reported $itatch in
Insoluble 0.01 0.02 0.05 the endosperm gets degraded slowly during the eouifrs
Ash 0.01° 0.02%" 0.02° germination and, with the degradation of starck, tibtal
AIA) Germinated ’ ’ ' ; ;
%m 100 &Dried + + + soluble sugar (reducing and non-reducing sugarjecdn
g)g 0.06 0.01 0.04 were elevated significantly during the period of
“All data reported on a dry basis and representiban of six determinations. germination. The present finding is in line witlethbove
SD — Standard deviation reports.

Values with similar super scripts are significgrttifferent (p < 0.005).

3.1.5. Energy Content

Earlier researchers have opined that soluble pretei |N€ ungerminated cultivars calorific value rangemhf
increases due to the action of proteolytic enzymhes 569 10 379 Kcal. After germination, a 3.5 (ICMH 130
hydrolyses protein-polyphenol complexes in the sedd® (DHANSHAKTI) and 5.3 (Proagro 9444) percent
during germination [28], protein content of pearillgn  INCT€ase in energy content was observed and itfroas
varies due to the varietal difference and the amajn 383 (ICMH 1201) to 403 (DHANSHAKTI) kecal. The
nitrogen available in the soil [29], In cereals degumes, INcrease in energy content could be attributedéchigher
on germination, due to increased protease enzginsty p_rotem _and fat conten_t of the germinated cultwé[Esfe_r
there is break down of peptide bonds in proteinstgin discussion under section 3.1.2 and 3.1.3 for pmo&sid
hydrolysis) hence, the protein content increasé&s3[. fat). i i
The above reports help to substantiate the incramse 3-1.6. Dietary Fiber Content

protein content of the germinated cultivars of fitesent ~_ Dietary fibre of the cultivars differed significaytat
study. 0.05 percent level ranged from 7.52 = 0.88 g/100g

I11.1.3. Fat Content (DHANSHAKTI-germination) to 10.96 + 0.16 g/100g
The fat content of the three ungerminated cultivaes ({CMH-1201- ungerminated). ICMH-1201 recorded the
significantly different (p<0.05) and it ranged fratrD3 + highest dietary fiber conter_1t in both germinated298+
0.06 g / 100 g (DHANSHAKTI) to 1.41 + 0.11 g/ 100 g0.48 0/100g) and ungerminated (10.96 + 0.16 g/100g)
(ICMH-1201). Earlier studies by [33-37] had indiedta Samples.
fat content of 4.36 to 7.11 percent, 4.1 to 5.ceet, 4.6
percent, 6 to 8 percent, 4.36 to 7.11 percent, that
present study finding is much lower than the abeslees
which could be due to the varietal difference.
The fat content of germinated pearl millet rangeshf
1.64 + 0.09 (Proagro-9444) to 2.45 + 0.05 g/ 1q0CiH
1201).The process of germination had facilitated a
significant increase (p<0.05) in the fat contenteT
percentage increase in the fat content was bet\8&eh
(Proagro-9444) to 126.2 (DHANSHAKTI). The fat
content of ICMH-1201 germinated sample's was
significantly higher at five percent level, tharetbther
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_ _ Table —1I decrease in the AIA content at five percent levetthe
Nutrient content of Pearl millet cultivars pearl millet cultivars on germination. The perceeta
Cultivars E?IANSHA '1(:2“4{' gﬁjgro' decrease was higher (50 percent) in DHANSHAKT! and
Nutrients “Samples Whole Whole Whole |CMH-1201, _but lower (3_3.3_percent) in Proagro-9444
Process Mean £ SD Prior to soaking and germination, the millets wesshed
Un 74.25° 72.357 72135 ¢ thoroughly in running tap water and that could have
germinated + + + removed any dust / dirt adhering to the millet®deoat,
Carbohyd 0.31 0.26 0.17 hence the reduction in AIA in germinated and dried
MO Gomnaes 2% 90 ®3 samples y o
& Dried 0.46 0.2 0.26 [11.2. Mineral Composition of Pear| Millet Cultivars
un 10.93° 10.96° 10.42° [11.2.1 Calcium Content
_ germinated £ + t Calcium content in ungerminated pearl millet cults
Eéitr"’"y erminated Séz g';g g'gi varied from 39.84 + 0.24 mg/100g (Proagro 9444) to
(9/1009) & Dried . + + 41.81 + 1.05 mg/100g (DHANSHAKTI) which is almost
0.88 0.48 0.82 the same 42mg/100g, as reported by [46] but mualero
un 11.80%° 10.58*F  9.78%F than the 72 mg/100 g calcium as revealed by [47].

_ germinated t + DHANSHAKTI, ICMH-120land  Proagro-9444’s
Protein 0.09 009 - 042 calcium content improved by 66.2, 50.4 and 57.2qwr
(9/1009) Germinated 14'83 14'06 13'71 and this increase was significant at 5 % level.

& Dried 113 0.07 0.03 As per [30] reported that germination and fermeoiat
“All data reported on a dry basis and represenniban of six determinations. would increase the mineral content due to an irseréa
SD — Standard deviation fitase enzyme activity during germination. The eney

Values with similar super scripts are significardifferent (p < 0.005)

will hydrolyze the bond between the protein andyemz
hence minerals become free, therefore increasimgy th

It is quite clear that the dietary fiber of gerniadh availability of minerals.

cultivars was lower compared to ungerminated caitfy

. . . Table — Il
The decrease in dietary fiber ranged from 23.1 4gmo- Minerals content of Pearl millet cultivars
9444) to 31.1 (DHANSHAKTl) percent. The reduction i Cultivars DHANSHAKT]I ICMH Proagro-
dietary fibre could be justified because soakingcpss _ -1201 9444
decreases the fiber content due to reduction inemat Nutrients Samol
. ples
soluble fiber content of seed nam@hglucan [43] and the Whole Whole _Whole
germination increases the activity pfamylase enzyme Process Mean + SD (mgé 100 9)
which hydrolyzes cell wall of carbohydrates during Un : 41.8F° Jo.5 39.84
. : . . . germinated
germination [44] and according to [45] during thestf * + *
stage of seed germination procefgylucanase enzymes Calcium 1.05 0.46 0.24
degrades the endosperm cell walls arainylase degrades
starch. Germinated 69.52 61.07  62.66"
. & Dried + + +

3.1.7 Ash (Acid Soluble) Content e 0.35 037 004

The ash content of pearl millet cultivars (ungeraéa) U nated 968 886 ¢ 46°°¢
ranged from 2.46 + 0.16 mg/100g (pro agro9444).26 & ngerminated + +
0.26 mg/100g (ICMH-1201). In the germinated pearfon 0.11 007 012
millet cultivars; the ash content was between 29814 . b
mg/100g (pro agro9444) to 6.88 + 0.78 mg/100g (ICMH g‘gﬂ‘;[;ated is.sz f"eg iO'OB
1201).Compared to ungerminated cultivars, all the 0.84 0.08 0.20
germinated cultivar's ash content registered aidenable u . 3.59 3.3r 2.97°
; . . . ngerminated
increase. The percentage increase was highesbagr- + t t
9444 (21.1 percent), and the least in DHANSHAKTR(3 0.10 019 035
percent). It could be noticed that, whether ungeateid or 7, Germinated 16.01 8.71 7.06°
germinated, the Proagro-9444 cultivar had the leakt & Dried 381 324 338

but 1CMH-1201 had the higheSt ash. There was “ill data reported on a dry basis and representiiban of six determinations
significant increase (p<0.05 percent level) in thgh SD_Stanf;ard deviationy P '
content on germination_ Values with similar super scripts are significgrifferent (p < 0.005)
3.1.8. Acid insoluble Ash (AlA) Content

The Acid Insoluble Ash (AlA) content is the progort

) . . The iron content of ungerminated pearl millet wa39
of a sample that is not hydrolyzed by sulphuricdaand + 0.11 (DHANSHAKTI), 8.86 + 0.07 (ICMH 1201) and
not subsequently volatilized upon incineration of, .- AN A

Acid-insoluble residue. 4.6 £ 0.12 (Proagro-9444) mg/100g. As per [47]oregd

The AIA content of ungerminated and germinated rlpeaa iron content of 50 mg/kg for ICMH-1201 which awer

millet cultivars ranged from 0.01 + 0.06 mg/100 compared to the present finding. As per [48], extd the

) ineral content of 225 accessions of pearl mildaid
DHANSHAKTI-germinated) to 0.04 * 0.02 mg/100 ; :
EICMH-1201-unggerminated)).There was a no%ceagléeported a mean iron content of 42.9 with a rarffde@o/to
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86.4 ug/g. The iron value for DHANSHAKTI and ICMH-
1201 of the present study are higher, while that -of
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Proagro-9444 was near the above mean value.
The germinated DHANSHAKTI,

Anti-
ICMH 1201 and Nutrients

Proagro 9444, had 15.32 + 0.84; 13.68 + 0.0814n@8

+ 0.20 mg/100g of iron respectively. All three deaillet
cultivars Fe content increased after germinati@MH-

1201 showed an increase of 54.4 percent. Whilgate

DHANSHAKTI’s iron increment was nearly three times
(145.2 percent), Proagro’s was twice (119.1 pejctbatt

of ICMH-1201.
[11.2.3 Zinc Content
The zinc content was 3.59 mg/100g (DHANSHAKTI),
which is 35.9 mg/kg. The germination process ingeea
the zinc level from 137.9 (Proagro-9444) to 345.9

(DHANSHAKTI) percent compared to the ungerminated znnin

Table — IV
Phytate and Tannin content of Pearl millet cultivas
Cultivars DHANSHAK ICMH- Proagro-
Tl 1201 9444
Samples Whole Whole Whole
Process Mean + SD (mg/100g)
Ungerminat  0.56"° 0.58° 0.58°
ed + + +
0.07 0.09 0.06
Germinated  0.40° 0.40° 0.23
& Dried * * *
0.07 0.03 0.08
Ungerminat  0.54 0.42 0.59
ed + + +
0.11 0.01 0.07
b b
Germinated 2'22 2'34 2'28
& Dried 0.08 0.28 0.17

samples. The ungerminated cultivars contained 359 “All data reported on a dry basis and representitban of six determinations.
0.10 (DHANSHAKTI), 3.31 + 0.19 (ICMH-1201), 2.97 + SP - Standard deviation

0.35(Proagro9444) mg/100g of zinc. According to][47
zinc content of ICMH-1201 was 31 mg/kg and [48]nfro
their analysis of 225 accession of pearl milleported the
mean value of 40.3 (range: 13.5-82.4) ug/g. Tlesent
result of 3.31 + 0.19 mg/100g (ICMH 1201-ungerméaBt
corroborates well with that of the former reportdawer
than that of the latter's mean value.

Values with similar super scripts are significardifferent (p < 0.005)

V. CONCLUSION

Germination helps to decrease the phytate and rtanni
content in biofortified pearl millet. It also help®
significantly improve the fat, ash and proteincomté he
process of germination enhances the dializabilify o

Germinated cultivars logged a remarkable increase fninerals, hence an increase in calcium, iron anmg zi
zinc content that varied between 137.9 (Proagreipid content. On the whole, DHANSHAKTIcould be rated as

345.9 (DHANSHAKTI) percent.

Of the three germinated -cultivars, DHANSHAKTI
contained the highest zinc content (16.01 + 0.81161@p),
whereas Proagro-9444 had the least (7.06 + 0.3800g)
Zn. From the fore going discussions, it is cleat there is
a significant enhancement in the mineral contenpesrl
millet after germination. In pearl millet, a greate
concentration of minerals is located in the cowgllayers [2]
and germ than the endosperm portion of the kernel
[49]. For the present analysis pearl millet was duse3]
without removing the outer covering and this acedon
the high iron and zinc content of the selected\aus. [4
[11.3. Anti-nutrients Factors of Pear| Millet Cultivars

Unprocessed pearl millet cultivars contained (56
0.07 (DHANSHAKTI) to 0.58 + 0.06 mg/100g ©°!
(Proagro9444) phytate content, and the processed
(germination and drying) had 0.23 + 0.08 to 0.40.&7
mg/100g of phytate. The percentage of reduction 6l
phytate content was between 28.5 (DHANSHAKTI) to
46.5 percent (Proagro-9444).

Tannin content of ungerminated pearl millet vatfiesn  [7]
0.42 + 0.01 (ICMH 1201) to 0.59 £ 0.07 (Proagro-9%4
mg/100g. On germination, there was a significant
(p<0.005) decrease in tannin content which rangeah f 8
0.22 = 0.08 (DHANSHAKTI) to 0.34 + 0.28 (ICMH-
1201) mg/100g. On the whole, sprouting (germingtisn (€]
pearl millet significantly decreased the anti-nertits
(phytate and tannin) content.

(1]

(20]

(11]

superior cultivar in terms of mineral content.
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