Wﬁzdian Journal of Agricultural Sciences 87 (1): 4650, January 2017/Article

https://doi.org/10.56093/ijas.v87i1.67017

WP
ICAR

Biochemical characterization of elite maize (Zea mays) germplasm for
carotenoids composition

S CHANGAN!, D P CHAUDHARY?, S KUMAR?, B KUMAR#, ] KAULS, S GULERIAS, S L JAT?, A SINGODES?,
M TUFCHI®, S LANGYAN!? and O P YADAV!!

ICAR-Indian Agricultural Research Institute, New Delhi 110 012

Received: 12 January 2016 ; Accepted: 8 September 2016

ABSTRACT

Aset of 100 inbred lines comprising of 50 normal and 50 quality protein maize (QPM) were analyzed for carotenoids
composition such as total carotenoids, -carotene, B-cryptoxanthin and zeaxanthin. Seven QPM {HKI-3-4-8-6, HKI
34(1+2)-1, HKI 164-4(1-3), NP-06-07R-76-8, NP-06-07R-80-6, LQPM-42 and LQPM-40} and 9 normal lines {DML-
288, DML-2, DML-112, DML-309, DML-45, BAJIM-08-27, BAJIM-13-1, HKI 1105 and HKI 1155} were found to
possess significantly higher carotenoids as compared to the check (DMRQPM 103). Kernel colour intensity and total
carotenoid contents showed highly significant positive correlation (r = 0.491**), whereas no significant correlation
was observed between kernel colour and -carotene (r = 0.014). Based on the carotenoids studied, a set of 16 lines
{HKI-3-4-8-6, HKI 34(1+2)-1, HKI 164-4(1-3), NP-06-07R-76-8, NP-06-07R-80-6, LQPM-42, LQPM-40, DML-
288, DML-2, DML-112, DML-309, DML-45, BAJIM-08-27, BAJIM-13-1, HKI 1105 and HKI 1155} was identified
as promising lines which can effectively be utilized in the future breeding programmes towards the development of

nutritionally improved maize (Zea mays L.).
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Micronutrient malnutrition is a major concern globally,
but most prevalent in the developing countries where
majority of the population relies on staple foods like wheat,
rice and maize (Zea mays L.) which are deficient in major
micronutrients (Harrison 2010). Micronutrient deficiencies
could be addressed through supplementation and food
fortification, but biofortification (enriching the nutrition
composition of staple crops through plant breeding) is a
viable option. It is a cheap and sustainable approach which
can easily reach the rural population. By producing staple
foods whose edible portions are denser in bioavailable
minerals and vitamins, farmers can produce crop varieties
that naturally reduce anemia, cognitive impairment, and
other nutritionally related health problems such as vitamin
A deficiency (VAD) without compromising agronomic
productivity (Nestel et al. 2006). It is seen as an upcoming
strategy for dealing with deficiencies of micronutrients in
the populations whose diet is heavily based on the staple
grains (Ortiz-Monasterio et al. 2007) as compared to earlier
approaches such as food fortification and supplementation

IDivision of Biochemistry. 2478 1Indian Institute of Maize

Research, PAU Campus, Ludhiana (e mail: chaudharydp@gmail.
com).?National Bureau of Plant Genetic Resources, New Delhi 110
012.4Hill Agricultural Research and Extension Center, Bajaura,
Himachal Pradesh Krishi Vishvavidyalaya, Palampur.

(Nestel et al. 2006, Bouis and Welch 2010).

Maize occupies third place after wheat and rice and
is a staple food for a large segment of population worldwide
particularly in the Asian as well as African countries. Maize
alone is responsible for providing 15% of the total protein
and 20% of the total calories in the human diet (Sofi et
al. 2009). In addition to its nutritional importance, maize
represents one of the most important sources of carotenoids
(Vallabhaneni ef al. 2009, Kuhnen et al. 2011). The yellow
maize kernel exhibits wide natural variation for carotenoids
that may be exploited through plant breeding (Buckner et
al. 1990). Improving the micronutrient balance of maize
through biofortification is therefore an economically and
socially sound way to address micronutrient malnutrition,
including VAD, on global scale (Tanumihardio ef al. 2008).
Quality protein maize (QPM), a nutritionally improved
form of maize, contains 2-3 times higher concentration of
essential amino acids such as tryptophan and lysine than
normal maize. However, limited information is available
on the carotenoids composition of QPM and normal maize
elite germplasm from India. Thus, a clear need emerges to
assess the genetic variability for micronutrients particularly
carotenoids composition such as total carotenoids,
[-carotene, B-cryptoxanthin and zeaxanthin in order to use
this information in developing cultivars that are nutritionally
superior. The present study was therefore conducted to
evaluate carotenoids composition in elite lines and identify
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potential donors for developing nutritionally superior maize
cultivars.

MATERIALS AND METHODS

A diverse panel of 100 inbred lines (50 QPM and
50 normal) developed at the Indian Institute of Maize
Research (IIMR), New Delhi; Hill Agricultural Research
and Extension Centre (HAREC), Bajaura (HPK'V, Palampur)
and CIMMYT was used in this study. The lines were
selected with diverse genetic background, showing better
agronomic performance, resistance to major diseases and
insect-pests of maize prevalent in various maize growing
ecologies. The lines differed for their phonological and
agronomic characteristics and its attributes, viz. flowering,
maturity, plant height, seed colour, cob length, cob girth
etc. The QPM lines showing higher lysine and tryptophan
were included for study. The material represents seed kernel
color from white to dark orange. The inbred DMRQPM
103, a line registered with the National Bureau of Plant
Genetic Resources (NBPGR), New Delhi, India was used
as check. Full panel of inbred lines along with check was
grown at Delhi and Bajuara (25 QPM and 25 normal at
each center). Self pollinated ears from each entry (three
replications) were harvested at maturity stage; seeds were
shelled under shade and stored in dark at 4°C to prevent
carotenoids degradation by high temperature and light.
The different lines were visually sorted with respect to
their kernel color and classified as dark orange, orange,
yellow and pale yellow, and color intensity was correlated
with the total carotenoid as well as B-carotene content. The
QPM samples were confirmed for protein quality (lysine,
tryptohan and protein content) and subjected to biochemical
analysis for carotenoids composition. Individual samples
were ground into fine powder using a Cyclotech Mill (Model
1093, FOSS, Sweden).

Carotenoids extraction was carried out in powdered
samples under dim light to prevent the photo-oxidation as
per the method of Rodriguez-Amaya and Kimura (2004).
Total carotenoids were measured at 450 nm absorbance
and calculated using the formula given by Rodriguez-
Amaya and Kimura (2004). Carotenoids composition was

Table 1
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estimated using ultra performance liquid chromatography
(UPLC) system (Waters). 5 ul injection volume was used
for the UPLC-PDA analysis carried out using ACQUITY
Ultra performance LC™ system linked to a photodiode
array (PDA) 2996 detector (Waters, Milford, MA,USA).
Empower version 2 software was used for data acquisition
and processing. UPLC chromatographic separation was
performed on a reverse-phase column ACQUITY UPLCR
BEH 130A°C18, 1.7 um, 2.1 x 100 mm (Waters) with the
mobile phase consisting of solvent A {ACN:MeOH (7:3
v/v)} and solvent B; HPLC grade water (100%). Sample
and column temperatures were set at 25°C and 32°C,
respectively. Samples concentration of various carotenoids
was calculated based on the performance of standards
(B-carotene, B-cryptoxanthin, zeaxanthin) procured from
SIGMA Chemical, USA.

Data was subjected to descriptive statistics and analysis
of variance (ANOVA) was conducted using SAS 9.2
Software. Pearson’s simple correlation coefficient between
different carotenoid components and kernel colour were
computed using mean values.

RESULTS AND DISCUSSION

Variability for different traits in normal and quality protein
maize

Significant variation was observed in carotenoids of
QPM germplasm (Table 1). Total carotenoids in QPM
germplasm varied from 2.66 (CML 153) to 75.96 (LQPM-
24) ng/g. Most of the QPM lines accumulate between 10-
40 pg/g of total carotenoids, whereas 10 lines exhibited
between 40-50 pg/g, and the same number of lines was
found to possess more than 50 pg/g total carotenoids.
B-carotene, the primary pro-vitamin A component, varied
significantly from 0 to 4.58 [NP-06-07R-76-8] ug/g,
whereas, P-cryptoxanthin, another important vitamin A
precursor, also varied widely from 0 to 4.58 pg/g (Table 1)
with the highest value being exhibited by NP-06-07R-76-8.
The inbred NP-06-07R-76-8 was found to be the best
QPM line having highest concentrations of f3-carotene and

Kernel composition of total carotenoids, f-carotene, - cryptoxanthin and zeaxanthin content of normal and QPM lines

Maize type Total carotenoids (ng/g) B-carotene (ng/g) B- Cryptoxanthin (ug/g) Zeaxanthin (ug/g)
Mean Range Mean Range Mean Range Mean Range

QPM 35.02 2.66-75.96 2.12 0-4.58 1.93 0-3.38 10.22 0-18.08

Normal 37.57 1.67-64.06 2.14 0-4.54 1.90 0-3.31 10.15 0-18.55

Promising QPM HKI 161, HKI-3-4-8- HKI 161, HKI 34(1+2)-1, HKI-3-4-8-6, LQPM-15-1, DMRQPM 102, HKI 162-2-
lines 6, LQPM-24, LQPM-43, HKI 164-4(1-3)-1, HKI-3- NP-06-07R-76-8, LQPM- 3, NP-06-07R-76-8, LQPM-

CML169 4-8-6, LQPM-43, LQPM-40, 42, LQPM-33, LQPM-13 42, LQPM-33, LQPM-13
NP-06-07R-76-8, NP-06-
07R-80-6
Promising DML-268, DML-310, LM-5, DML-2, DML-288, DML-310, DML-308, DML-308, DML-309,

DML-39 BAJIM-13-5, BAJIM-13-1,

BAJIM-13-3, DML-39

normal lines DML-288, BAJIM-13-8, HKI 1105, HKI 1155

BAJIM-08-26
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B-cryptoxanthin. It also accumulated high concentration of
zeaxanthin (16.90 pg/g), which is an important carotenoid
having health benefits ranging from maintaining normal
vision to reducing oxidative stress. Seven QPM lines (HKI-
3-4-8-6, HKI 34(1+2)-1, HKI 164-4(1-3), NP-06-07R-76-8,
NP-06-07R-80-6, LQPM-42 and LQPM-40) were found
to be promising for carotenoids as compared to the check
DMRQPM 103. QPM has almost double the quantity of
two essential amino acids, lysine and tryptophan than
normal maize. The development of QPM was considered
a significant breakthrough as it helps in alleviating protein
energy malnutrition in populations eating maize as staple
food. Further characterization of QPM for carotenoids and
the identification of carotenoids rich QPM germplasm will
complement maize breeding for enhanced nutritive value.

Normal maize germplasm also showed wide variability
for carotenoids (Table 1). Total carotenoids ranges from
1.67 (CML 121) to 64.06 (DML-268) pg/g. P-carotene,
B-cryptoxanthin and zeaxanthin concentrations ranged
from 0 to 4.54 (LM-5), 0 to 3.31 (DML-308) and 0 to
18.55 (DML-39) ng/g, respectively (Table 1) implying that
an almost 4 times natural variation exists for pro-vitamin
A carotenoids in the studied germplasm. DML-288 was
found to be the best line followed by DML-2, HKI 1105,
HKI 1155, DML-112, DML-309, BAJIM-13-1, DML-45
and BAJIM-08-27 in terms of carotenoids composition.
ANOVA revealed significant variation for total carotenoids,
B-carotene, B-cryptoxanthin and zeaxanthin among all
the 100 inbred lines, indicating the possibility of genetic
improvement for the target trait in the breeding programme.
The normal lines of Delhi showed higher total carotenoids
as compared to QPM lines (Fig 1). Amongst different
subgroups highest variability was observed within normal
germplasm from Delhi center for B-carotene (Fig 2) and
B-cryptoxanthin as well as zeaxanthin. Similar genetic
variability for total carotenoid content in maize has also
been reported earlier with a range of 9.46 to 42.84 ng/g
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Fig 1 Variability for total carotenoids (pg/g) in the experimental

germplasm (BN: Bajaura normal, BQ: Bajaura QPM, DN:
Delhi normal, DQ: Delhi QPM)
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Fig 2 Variability for B-carotene (ng/g) in the experimental
germplasm (BN: Bajaura normal, BQ: Bajaura QPM, DN:
Delhi normal, DQ: Delhi QPM)

(Cardoso et al. 2009) and 9.9 to 40.0 pg/g (Hulshof et al.
2007). It has been reported that predominant carotenoids
in maize kernels, in decreasing order of concentration are
zeaxanthin, B-carotene and B-cryptoxanthin (Safawo et al.
2010). Almost similar trend was observed in our study as
zeaxanthin is found to be the major carotenoid followed by
B-carotene and B-cryptoxanthin. B-carotene contains two
provitamin A structures (two nonhydroxylate B-ionine rings)
and B-cryptoxanthin contains one in single nonhydroxylated
B-ionone ring which emphasizes on increasing p-carotene
through maize biofortification (Safawo et al. 2010).

Based on the carotenoids composition including total
carotenoids, fB-carotene, B-cryptoxanthin and zeaxanthin,
some most promising genotypes were identified which can be
used as potential source of carotenoids for the development
of nutritionally enriched maize hybrids. HKI-3-4-8-6, HKI
34(1+2)-1, HKI 164-4(1-3), NP-06-07R-76-8, NP-06-
07R-80-6, LQPM-42, LQPM-40, DML-288, DML-2, DML-
112, DML-309, DML-45, BAJIM-08-27, BAJIM-13-1, HKI
1105 and HKI 1155 were identified as most promising,
micronutrients enriched inbreds.

Character association

There was a significant and positive correlation
between total carotenoids and B-carotene in both QPM
(r=0.481; P<0.01) and normal (r=0.384; P<0.01) maize
accessions, whereas a highly positive correlation between
total carotenoids and B-cryptoxanthin (r=0.494; P<0.01)
and total carotenoids and zeaxanthin (r=0.469; P<0.01)
only in case of normal maize accessions (Table 2). The
present investigation did not observe any co-linearity
between total carotenoids and B-carotene and therefore
highlighted that selecting inbreds for provitamin A based
on total carotenoids content may not always be effective.
Both in case of QPM and normal maize accessions,
B-cryptoxanthin and zeaxanthin showed highly significant
positive correlation (r values 0.923 and 0.952, respectively
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Table 2 Correlation among different carotenoids contents in maize

Maize type Total carotenoid  [B-carotene vs B-cryptoxanthin Total Total carotenoid  B-carotene vs
vs B-carotene p-cryptoxanthin ~ vs zeaxanthin carotenoid vs vs zeaxanthin zeaxanthin
B-cryptoxanthin
QPM 0.481™ 0.045 0.923™ 0.121 0.104 0.012
Normal 0.384™ 0.233 0.952* 0.494™ 0.469™ 0.212

*, **Significant at 5% and 1% , respectively.

at P<0.01). Apart from B-carotene and B-cryptoxanthin,
which are the major provitamin A carotenoids, maize is also
a good source of zeaxanthin which plays beneficial role in
human health (Krinsky et al. 2003). A positive correlation
between these two components implies that breeding for
both B-cryptoxanthin and zeaxanthin could be strategized
simultaneously. Increased dietary intake of zeaxanthin
has been associated with lowering the risk of cataracts,
age-related macular degeneration and other degenerative
diseases (Mares 2013, Abdel-Aal et al. 2013). The whole
germplasm studied was categorized into five classes based
on colour as white, light yellow, yellow, dark yellow and
orange. In present study, orange coloured kernels had the
highest total carotenoid concentration followed by dark
yellow, yellow, light yellow and white kernels. Sivaranjani
et al. (2013) also reported similar relationship between
kernel colour and carotenoids concentration. Pearson
correlation coefficient between kernel colour intensity
and carotenoids was computed to access the relationship
between kernel colour and total carotenoids content
which showed highly significant positive correlation (r =
0.491**), whereas no significant correlation was observed
between kernel colour and beta-carotene content (r =
0.014). Maize contains a number of carotenoids such as
beta carotene, beta cryptoxanthin, zeaxanthin and lutein.
The contribution of beta carotene to the total carotenoids
in maize is very little which might be reason for the
absence of any correlation between kernel colour and
beta carotene. The orange color of endosperm was found
positively correlated with total carotenoids, but with a very
weak positive correlation with provitamin A carotenoids
(Harjes et al. 2008). Other findings also related the yellow
color of maize kernels to the non provitamin A carotenoids
indicating that markers assisted selection may prove much
more efficient than selection based on colour for higher
provitamin A maize (Quackenbush et al. 1961, Weber
1987). It also implied that visual selection for -carotene
cannot be undertaken in breeding for high B-carotene
maize. Recently, Chandler ef al. (2013) identified a QTL
in B73 x T x 303 in the vicinity of the cr#RBI gene on
chromosome 10. Earlier, it has been shown that crtRBI
alleles associated with higher -carotene concomitantly
decreased total carotenoid content in the kernel, indicating
that selection for cr¢RBI alleles that increase 3-carotene
will result in a decrease of orange color (Yan ef al. 2010).
In the present study also, highest total carotenoids were
found present in orange coloured kernels, whereas a low
range for B-carotene was observed.

Prospects of micronutrient enriched maize

The final, permanent solution to micronutrient
malnutrition in the developing countries is to make available
staple foods that are dense in minerals and vitamins
to provide a low-cost, sustainable strategy. Maize has
successfully been targeted for biofortification for quality
protein maize (Prasanna et al. 2001, Vasal 2001, Babu et
al. 2005, Atlin et al. 2011, Gupta et al. 2013). The primary
pre-requisite towards the development of biofortified maize
is the availability of natural variation in the germplasm
stock. A very low level of natural variation (0.02-1.75
ng/g) has earlier been reported for maize kernel B-carotene
(Muthusamy 2014, Chandler ef al. 2013). Chander et al.
(2008) also observed very low level of carotenoids in a
set of 87 Chinese inbreds. However, the variability in the
range of 0 to 4.58 for B-carotene and a similar variation in
B-cryptoxanthin, another provitamin A component, observed
in the present germplasm may effectively be exploited for
the development of micronutrient enriched maize.

From the above discussion it can be concluded that
large variability existed in the carotenoid composition
among QPM as well as normal maize germplasm. A number
of QPM lines with high pro-vitamin A components have
been identified, which can be used as a potential source
germplasm for the development of biofortified maize. Based
on the carotenoids studied, a set of 16 lines { HKI-3-4-8-6,
HKI 34(1+2)-1, HKI 164-4(1-3), NP-06-07R-76-8, NP-06-
07R-80-6, LQPM-42, LQPM-40, DML-288, DML-2, DML-
112, DML-309, DML-45, BAJIM-08-27, BAJIM-13-1, HKI
1105 and HKI 1155} was identified as promising donors
which can be utilized in the breeding programes towards
the development of nutritionally improved maize.
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