Journal of Crop and Weed, 12(2):14-22(2016)

Effect of alkaline treatment and storage qualities of maize flour
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ABSTRACT

An attempt was made to study the effect of lime treatment, packaging materials and storage periods on biochemical
qualities of CO1 and HQPM 7 maize varieties flour. The flours were treated with calcium hydroxide, packed in the
two packaging materials viz., polyethylene bags (P,) and metalized polyester polypropylene laminated bags (P,)
and its biochemical qualities were determined at fifteen days storage intervals of 90 days storage. It was found
that an increase in moisture content was noticed during storage and it was lesser in the lime treated flour
compared to untreated maize flour of both varieties. In P, package moisture content was significantly lower in
compared to P,. The free fatty acid and peroxide value increased on storage and the changes were minimum in
samples packaged in P, biochemical qualities of maize flour showed that lime treated maize flour can be stored for
longer period compared to untreated maize flour in the both the varieties.
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Cereal based foods areamajor source of inexpensive
dietary energy and nutrients in developing countries
(Opereetal., 2012). Maize (ZeamaysL .) isaso known
ascorn, isone of theworld'sleading cereal grainsalong
with riceand wheat. It contributes significantly to global
grain pool of 2200 million metric tons annually in
achieving food and nutritional security. Maize provides
nutrients for human and animals and serving as a basic
raw material for the production of starch, oil, protein,
alcohoalic beverages, food sweetenersand morerecently,
fuel (Anandakumar et al., 2010) The kernel of a maize
plant consists of three main parts; the pericarp,
endosperm and embryo. Maize grain is subdivided into
distinct types based on endosperm and kernel
composition, kernel colour, environment in which it is
grown, maturity anditsuse. Therearesix major varieties
commercially grown speciality maize for human
consumptionincluding flint, floury, dent, pop, waxy and
sweet corn (Suleiman et al., 2013). Theutilization pattern
of maize in India as a source of human food (25 %),
animal feed (12%), poultry feed (49%), industria products
mainly as starch (12%) and one per cent eachin brewery
and seed (Jat et al ., 2009).

Mai ze processed into two ways namely, dry milling
and wet milling. Dry milling isthe common method and
yields by products such as maize meal (whole flour),
grits, suji (semolina) and bran, While wet milling
concerned one step further and some of their parts
separated into their chemical constituents (Shobha et
al., 2011).

Maize contains 65 - 70 per cent starch, 8 -10 per cent
protein, 3 -4 per cent fat and some of the vitamins and
minerals. However inspite of several uses, maize hasan
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inbuilt drawback of deficiency in essential amino acids,
particularly lysine and tryptophan, limit its nutritional
value (Gibbon et al., 2003). This was overcome by
conventional breeding efforts have yielded several
modern maizevarieties, collectively referred to asquality
protein maize (QPM) (Gunaratna et al., 2008). In India
nine single cross QPM maize hybrids viz., HQPM 4,
HQPM 1, HQPM 5, HQPM 7, Vivek QPM 9, Shaktiman 1,
Shaktiman 2, Shaktiman 3 and Shaktiman 4 have been
developed for different agro-climatic conditions (Dass
et al., 2009). Quality Protein Maize (QPM) shows higher
lysine6.0-13.4 g/100 g protein and tryptophan 0.8- 1.2 g/
100 g of protein content than regular maize (Grajales
Garciaet al., 2012). Nixtamalization or lime cookingisthe
alkaline cooking of corn kernelsin calcium hydroxide
solution. This process is responsible for important
physicochemical, nutritional and sensory characteristics
of corn based products, During lime cooking process
calcium ions penetration into maize kernels improves
niacin bioavailability; formation of flavor and aroma
compounds that impart special organoleptic
charactertics to the products and partial disintegration
of the kernel pericarp take place (Pozo- Insfran et al.,
2007).

Nixtamalization isused to produce many staplesfood
such astortillas, tortillachipsand snacks (Rojas- Molina
et al., 2007). Maizeflour used as main ingredient in the
preparation of bread, cake and porridge. Maizeoil isused
in cooking, bakery products, oleomargarine, salad
dressing and pharmaceutical. Maize starch is used for
producing bio fuel asethanol after fermentation. Further
maize was aso included in the shortening compounds,
soaps, varnishes, paints and similar other products
(Shamimet al., 2010).



The present work was carried out to study the effect
of limetreatment on biochemical qualitiesmaizevarieties
flours stored in two packaging materials during storage.

MATERIALSAND METHODS

Theresearch work was carried out in the Department
of Food Science and Nutrition, Home Science College
and Research Institute, Madurai, India. Maize variety
CO1(Coimbatore 1) was obtained from the Department
of Millets, Tamil Nadu Agricultural University,
Coimbatoreand HQPM 7 (HariyanaQuality ProteinMaize
7) variety was obtained from Zonal Agricultural Research
Station, Mandyal, Karnataka, India.

Limetreatment of maizegrains

Limetreatment of maizegrainswere carried out using
themethodol ogy reported by Shobhaet al. (2011). Maize
grains (0.5Kg) were soaked in one per cent calcium
hydroxide solution (10 g in onelitre of water) cooked at
85°C for 30 minutes. Thetemperature was maintained by
using thermometer. Then the mixture was steeped
overnight (15 hours) at ambient temperature of 32+1°C.
Alkaline cooked maize grains were washed with excess
(5 litre) tap water for three times and then dried for 6
hours at 60°C to final moisture of 10-12 per cent. The
flowchart for lime treatment of maize grain isshownin
Fig.1.

Maize
¥
Cleaning
¥
Soak 1lkggrainin 1% limewater
(10gof limein 1lit of water)
¥
Heat treatment at 85° C for 30 minutes
¥
Removethevessel and leaveit overnight (32+1° C)
¥
Wash 3-4timestoremovelime
¥
Dryindrier (60°C, 6 hrs)
(Moisturelevel should be 10-12%)
¥
Milling
\

Maizeflour Maizesemolina

Fig.1. Limetreatment of maizeflour

The untreated and lime treated maize varieties were
pulverized, sieved using a BS 60 mesh sieve and
evaluated for chemical constituents such as moisture

J. Crop and Weed, 12(2)

15

Subblakshmi and Amutha

content of the sampl e estimated by hot air oven method,
protein was determined by available nitrogen in the
sample by microkjeldhal method in Kjel plus (Pelican
equipment, India), fat estimated by soxhlet extractionin
Socsplus (Pelican equipment, India) and the ash content
was estimated by dry ashing method (AOAC, 2005). The
starch and fibre content were estimated by anthrone
method (Sadasivam and Manickam, 2008) and acid and
alkali method (AOAC, 2000) respectively. Thefreefatty
acid and peroxide value of the maize varieties were
estimated by titration method (AOAC, 1995). Carotene
and niacin content were estimated using calorimetry
method as given by Sadasivam and Manickam (2008).
The minerals viz., calcium, iron, copper, magnesium,
potassium, phosphorousand zinc estimated using atomic
absorption spectro photometer (Malomo et al. 2011).

The storage stability of untreated and lime treated
CO1 and HQPM 7 maizeflour with two package materias
were studied. About 200 g of flour was packed in 200
gauge polyethylene bags (P,) and 200 gauge metalized
polyester polypropylene laminated bags (P,) and stored
at room temperature. During storage changesin chemical
characteristicsviz., moisture, acidity, freefatty acid and
peroxide values were analysed at fifteen days storage
interval for 90 days of storage.

The data obtained from experiments were subjected
to statistical analysis to find out the impact of lime
treatments, packaging materials used and storage
periods on the quality of maize flours. Factorial
Completely Randomized Design (FCRD) as per the
method described by Gomez and Gomez (1984) was
employed for the analysis with triplicate number of
samples.

RESULTSAND DISCUSSION
Limetreatment of maizegrains

The CO1 and HQPM 7 maize grainsweretreated with
1 per cent lime solution (calcium hydroxide) and cooked
at 85°C for 30 minutes. Then the mixture was steeped
overnight (15 hours) at ambient temperature of 32+1°C.
Theresultant alkaline cooked maize grainswere washed
three timeswith excess (5 litre) tap water and then dried
for 6 hours at 60°C to afinal moisture of 10-12 per cent
and the grains. The study supported by Kulshrestha et
al. (1992). Maize flour cooked with lime water was
afforded thefinest flour compared to plain water cooked
maize asreflected by the optimum water absorption and
the particlesizeindex. Water absorption capacity of maize
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flour increased significantly after lime water treatment.
The alpha-amylase susceptibility was highest in lime
treated flour. The contents of total ash and crude protein
of maizeflour increased whereasthose of crudefibre, fat
and carbohydrates decreased after lime and heat
trestments. Boniface and Gladys (2011) studied the effect
of akaline soaking followed by cooking on sorghum
flour. The result indicated that alkaline cooking of
sorghum flour significantly increased the protein content,
water absorption capacity, oil absorption capacity, pH,

hydroscopicity and significantly lower ash, tannins
cyanide contents, phytate and trypsin inhibitor than
control and water treated sorghum flour. Roy and Singh
(2013) compared the untreated and lime treated maize
flour and found that lime treated maize flour had high
amount of calcium, carotene and niacin content than
untreated maizeflour.

Nutrient composition of maizeflour

Chemical composition of CO1 and HQPM 7 maize
varietiesare givenintable 1.

Table 1:Chemical composition of untreated and limetreated maizevarieties(per 100g)

Co1 HQPM 7
Parameters T, T, $ L0 T, T, D LSD(005)
Moisture (g) 9.30 840 01934  05371** 1010 870 00985  0.2735**
Protein (g) 1263 1272 0.2340 0.6496** 1215 12.27 0.3387 0.9404**
Fat (g) 4.60 430 0.0965 0.2679* 520 540 01008 0.2325+*
Starch (g) 68.66 71.28 15436 4.2857"S 67.89 7024 0.8070 1.8610**
Fiber (g) 260 210 0.0488 0.1354** 270 230 00511 0.1419**
Ash (g) 150 130 00403 0.1118** 130 120 0042 01171
Carotene (Q) A & 13714 3.8077Ms & a 19914 1.5200N
Niacin (mg) 3.60 390 0.0575 0.1598** 2.70 310 0.0447 0.1242**
Tryptophan (mg) 3 0 05125 1.4229N a3 &b 12746 35388
Iron (mg) 2.60 260 0.0581 0.1614Ns 270 260 0.0845 0.2345"s
Copper (mg) 0.36 035 0.0058 0.0160Ns 041 041 0.00%4 0.0262\s
Zinc (mg) 220 240 00213  0.0593+* 280 290 00712 01976'
Magnesium (mg) 124 125 22018 6.1132\s m 120 01185 0.2733'
Potassium (mg) 287 23 52884 146831 289 281 00094  0.2203+*
Cacium(mg) 80 22 0.7607 2.1120** 90 al 05871  1.6302**
Phosphorous (mg) 314 34 9.8699 194038 A48 333 55271 5.3458"¢

Note:T, - Untreated maize T, - Limetreated maize

Moisture

The untreated maize grain had higher moisture
content (9.30g*100in CO1and 10.10g*100in HQPM 7)
compared to thelimetreated samples 8.40 g*100g (CO1)
and 8.70 g1100 (HQPM 7). Sharmaet al. (2002) reported
that moisture content of five maize genotypes ranged
from 8.21t0 8.79 per cent. Paesand Maga (2004) reported
that the moisture content of four maize cultivars ranged
from 9.15t0 11.88 per cent. The lower moisture content
of lime treated maize might be drying of grain in the
cabinet drier during limetreatment process at 60°C for 2
hours.

Protein

The lime treated samples had the highest protein
content compared to the untreated maize varieties,
rangingfrom 12.72t0 12.63g1100g in CO1 maizeand from
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12.27 to 12.15g*100g in HQPM 7 maize respectively.
Gupta (2001) found that the protein content of normal
maize, processed defatted maize germ cake and maize
germwere 12.63, 23.94 and 23.41 per cent respectively.
Sharma et al. (2002) reported that the five maize
genotypes had the protein content ranged from 8.6 to
10.23 per cent. Paes and Maga (2004) reported protein
content of four maize cultivarsranged from 6.99t0 9.20
per cent. Guria (2006) reported that protein content of
threemaizevarietiesviz., QPM, SA. Tdl andDHM-2 were
10.15, 8.90 and 10.29 per cent respectively. Significant
increase in protein content during lime treatment of
sorghum has been reported by Bonface and Gladys
(2011). The protein content of sorghum was increased
from 19.7710 21.69 per cent after limetreatment. Ocheme
et al. (2010) a so reported that cooking of grainsin lime
solution resulted in significant increase in the protein



content of the flour. Significant increase the protein
content dueto small increasein nitrogen content of lime
treated maize flour which was attributed to a
concentration effect.

Fat

Theuntreated CO1 and HQPM 7 maizegrainshad fat
content of 4.6 per cent and 5.2 per cent respectively. The
corresponding value for limetreated CO1 and HQPM 7
maize were 4.3 per cent and 5.4 per cent respectively.
The values found to be statistically significant. Gupta
(2001) reported that the fat content of normal maize,
processed defatted maize germ cake and maize germ were
4.60, 4.34 and 34.19 per cent respectively. Sharmaet al.
(2002) recorded that the five maize genotypes had the
fat content ranged from 4.00 to 5.00 per cent. Paes and
Maga (2004) reported that the fat content of four maize
cultivarsranged from 3.24 t0 6.16 g/100g.

Sarch

Lime treated maize showed higher starch content
compared to untreated maize. The starch content of lime
treated CO1 and HQPM 7 were 71.28 and 70.24 per cent
whileuntreated CO1 and HQPM 7 were 68.66 and 67.89
per cent respectively. Gupta (2001) recorded the starch
content of normal maize; processed defatted maize germ
cake and maizegermwere 69.97, 33.11 and 8.30 per cent
respectively. Grgjales-Garciaet al. (2012) stated that the
total starch content of QPM masaand QPM tortillawere
77.68+0.20 and 76.69+0.82g per 100g respectively.

Fibre

The fibre content was dightly reduced during the
lime treatment. The fibre content of untreated CO1 and
HQPM 7 were 2.60 and 2.70 per cent reduced to 2.10 and
2.30 per cent respectively after lime treatment. Gupta
(2001) reported the fibre content of normal maize,
processed defatted maize germ cake and maize germ were
2.60, 4.10 and 5.68 per cent respectively.

Ash

The untreated and lime treated CO1 maize variety
had the ash content of 1.5 and 1.3 per cent which was
higher than untreated and lime treated HQPM 7 maize
variety with the values of 1.3 and 1.2 per cent
respectively. Gupta (2001) found the ash content of
normal maize, processed defatted maize germ cake and
maizegermwere 1.55, 4.60 and 5.68 per cent respectively.
Paes and Maga (2004) reported that ash content of four
maizecultivars (Pioneer 3779, Br 451 QPM, BR 473 QPM
and BR 2121 QPM) ranged between 1.14 and 1.41 g/
100g. Mestres et al. (2003) have reported on the ash
content of six maize cultivars (Dente, Aviso, Kalis,
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Tiemantie, EV 8432 SR and Sotubaca) ranged between
1.17 and 1.63 per cent.

Carotene, niacin and tryptophan

Higher values interms of carotene and niacin
found in lime treated COL1 variety (86 g and 3.90 mg
100g* respectively) and HQPM 7 (91 pg and 3.10 mg
100g* respectively) compared to untreated CO1 variety
(84 ngand 3.60 mg 100g™* respectively) and HQPM 7 (89
Mg and 2.70 mg 100g? respectively). The result was
supported by Pozo-Insfran et al. (2007) in which lime
cooking of maizeimproved the niacin bioavailability and
formation of flavour and colour compounds that impart
special organoleptic characteristicsfor the products. The
untreated and limetreated HQPM 7 mai ze recorded higher
tryptophan content (63 and 65 mg 100g™* respectively)
compared to CO1 maize (38 and 39 mg 100g™* respectively)

Minerals

The maximum values for calcium and phosphorus
were 32 and 324mg/100g respectively for CO 1 maize
variety and as31 and 353 mg/100g respectively in HQPM
7 maize variety after the limetreatment of maizegrains.
Similar result were obtained by Bressani et al. (1990)
revealed that average calcium content for three maize
varietiesincreasefrom 35in raw maizeto 206 mg/100gin
limetreated maizeflours. Theincreasesin calcium content
after lime treatment due to usage of calcium hydroxide
(1per cent) inlime cooking processwhich penetrateinto
themaizekerndl. Nussand Tanumihardjo (2010) reported
that lime cooking of wholemaizekernelsgreatly enhances
the amount of calcium and the bio availability of niacin,
lysine, tryptophan and isoleucine content.

The trace mineras iron, copper, magnesium,
potassium and zinc were higher in HQPM 7 maize (2.70,
0.41, 121, 289 and 2.80 mg 100g'* respectively) compared
to CO 1 maize (2.60, 0.36, 124, 287 and 2.20 mg 100g*
respectively. The trace minerals copper, magnesium,
potassium and zinc content in untreated and limetreated
maize showed no signi(cant difference of both maize
varieties. Guria (2006) reported that mean valuesof iron,
copper, manganese and zinc content of three maize
varietieswere1.98,0.30,0.16 and 1.22mg 100 g of maize.
Roy and Singh (2013) reported the lime treated maize
flour contained 10g cal cium, 348 mg potassium, 2giron
and 90 mcg of carotene 100g™.

Chemical changesof maizeflour during storage

The chemica changes viz., of raw and lime
treated CO 1 and HQPM 7 flour during storage are
presented in table 2.
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Moistureand acidity

Significant difference was observed between
treatments, packaging materials and storage period with
respect to moisture content of both maize varieties. The
moisture content of CO1 maize flour was lesser in the
lime treated flour which varied from an initia value of
8.43t011.63and 9.72 per centinrespectively inP, and P,
packaging materias. Themoisture content of limetreated
HQPM 7 increased from 8.72t0 10.57 and 9.88 per cent
respectively in P, and P, packaging materials. In the
untreated flour of both varieties moisture content was
significantly lower in P, (ranging from 9.31 to 10.92 per
centin CO1 maizeand 10.15t0 11.96 per centinHQPM 7)
compared to P, (ranging from 9.31 to 11.95 per cent in
CO1 and 10.15 to 12.85 per cent in HQPM 7) during a
storage period of 90 days. This study indicated that the
limetreated flour storedin P, had | ower moisture content
which attributesto better storagelife. Similar result was
reported by Kadam et al. (2012) that moisture up take
was higher in low density polyethylene bags compared
to high density polyethylene bags on storage of whole
and degermed maize flour for the period of 90 days.A
similar trend was observed for acidity during storage.
The lime treated flour had lower values for acidity
compared to untreated maize flour of CO1 as well as
HQPM 7 maize varieties. Theacidity of limetreated CO1
maize flour stored inP, increased from 0.6 to 2.5g per
cent compared to 0.8t0 2.8 g per cent in untreated maize
flour. The corresponding figuresfor HQPM 7 maizeflour
recorded an increasefrom 0.7 to 2.7g per cent compared
to untreated HQPM 7 flour (0.9 to 3.3 g per cent). The
samples packaged in P, recorded higher values
comparatively for both varieties and significant
difference was observed between treatments, packaging
materialsand storage periods. Thefinding was supported
by Kadam et al.(2012) showed that whole maize flour
had maximum total acid percentage as compared to the
degermed maize flour. The packaging material, storage
days and its interactions are highly significant. The
reason for increase in acidity isthat rancidity increases
the acidity of the flour due to increase in number of
peroxides. Butt et al. (2004) reported that breskfast cereal
packaged with 0.02 per cent antioxidant inauminiumfail
bags found best and there were no sign of rancidity
even after six months storage.

Madaan and Gupta (1990) indicated that raw
maizeflour of normal and QPM maizevarietiesrecorded
anincrease of 62 and 64 folds of acid valuerespectively
over 180 days of storage. The appearance of acidity and
its sharp increase could be attributed to the release of
fatty acids from 1, 3 position of triacyl glycerol on fat
hydrolysis.

Nasir et al. (2003) studied that the wheat flours
were packaged in polypropylene bags with different
levelsof moisture content (9t013.5 per cent) for 60 days
of storage period. During storage protein and fat content
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were decreased with storage period increased and this
trend was morein treatments of higher moisture content.
Mould growth and insect infestation was morein higher
moisture during storage. Hence higher the moisture
content of flour will decrease the flour quality.
Freefatty acid and peroxide value

The chemical changes in free fatty acid and
peroxideva ue of maizeflour during storage are presented
intable 3.

Significant differencein freefatty acid content
between untreated and lime treated maize flour was
observed during storage. The lime treated CO1 maize
flour had lower values of free fatty acid compared to
untreated CO1 maize flour. The free fatty acid in lime
treated flour stored in P, package increased from 4.2 to
6.8 mg KOH g* which waslower compared to untreated
CO1 maizeflour packaged in P, package and the values
being increased from 5.3 to 10.4 mg KOH g*. The
corresponding figuresfor HQPM 7 maizeflour recorded
anincreasefrom3.9t06.2mgKOH/gand 5.7t09.4mg
KOH/g respectively. The samples packaged in P,
package recorded higher values of freefatty acid content
in flours of both maize varieties. Significant difference
was observed between the treatments, packaging
materials and storage periods.

Theresult wassupported by Kadam et al. (2012)
that the free fatty acid content in both degermed and
whole maize flours were increased with increase in
storageintervals. Theminimum freefatty acid was present
in degermed maizeflour packaged in a uminiumlaminated
foil and high density polyethylene bags. Maize germis
responsiblefor fat and freefatty acid contentinit. Higher
lipolytic and proteolytic activitieslead tolossin nutrients
(protein and fat) and production of higher freefatty acid
resulting with rancid sensory characteristics.

A similar trend was observed for peroxidevaue
during storage. The peroxide value (meg/kg) of untreated
CO1 maizeflour ssmplesincreased from7.8to0 13.2for P,
and 7.8 to 11.5 for P, during storage, the comparative
figures for the lime treated CO1 maize flour being
significantly less, thevauesincreasingfrom5.2t09.7in
P, and 5.2t0 9.2 respectively in P, packages. Theinitial
value for peroxide content of the untreated and lime
treated HQPM 7 flour packaged in P, were 8.1 and 7.5
meg/kg respectively and at the end of storage period the
valuesincreased to maximum of 10.7 and 11.3 meq kg*
respectively. The corresponding figures for P, recorded
an increase from 8.1 to 14.5 and 7.5 to 12.1 meq kg*
peroxide vaue respectively.

Shobhaet al. (2011) reported that raw and lime
treated QPM stored in LDPE bags and plastic box with
antioxidant treatment had significant increasein peroxide
value over six month of storage period. Madaan and
Gupta (1990) have reported on peroxide value of QPM
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flour was slightly more than that of normal maize
samples. Butt et al. (2004) reported about the reason for
increasein peroxidevaueisthat oxidation of fat increases
the peroxide percentage in the product. Peroxide value
for fresh oilsand fatsisbelow 10 meq kg* and for rancid
oils and fats the values are above 20 meq kg (Eagan,
1981). Navaratne (2013) recommended that flour
packaged in double lamination with moderately high
moisture barrier packaging material namely LDPE and
PET (Low density polyethylene, Polyester) or LDPE and
OPP (Low density polyethylene, Oriented polypropylene
having maximum allowable moisture content of 12 per
cent at 85 per cent relative humidity level provide the
longer keeping quality flour. CO 1 and HQPM 7 maize
grainstreated with lime solution will improvetheprotein,
starch, calcium and niacin content. Though the CO 1
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