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Abstract

Steeping is a simple model of studying the activation and modulation of the
physiological pathways involved in seed germination. In this study, steeping
of grains of the ‘obatanpa’ maize variety in buffers at different pH was moni-
tored through the measurements of lipase activity, oil yield, fatty acid compo-
nent and unsaturation, and germination capacity. Lipase activity of grains
steeped for four days decreased in the order: pH 3 > pH 5> pH 7 > pH 9 > pH
11. Decreasing lipase activity was corroborated with decreasing free fatty acid
components, protein concentrations and oil yields. The unsaturation com-
ponents of the oil fractions only marginally increased with increasing steep-
ing media pH. Three major components were detected by TLC in all oil
fractions. The unique components were confirmed by their uniform
UV-absorption spectra converging at an isosbestic point of 290 nm. Germina-
tion capacity was much reduced for seeds steeped in buffered media for 24
hours compared with seeds steeped in portable water though the pattern of
germination, which was monitored for five days, did not change. This study
has demonstrated the use of pH changes of steeping medium to modulate
physicochemical properties and germination of seeds. The physicochemical
changes were observed after seeds have been submerged under steeping buffer
for four days. Practical application: With proliferation of specialty maize
hybrids, the study provides an insight into the development of experimental
protocols for the selection of types of maize grain for preparation of foods and
beverages in terms of general characterization and lipolytic activity, which
have implications for flavor, taste and odor of the final products. The immi-
nence of this in some traditional ways of preparing malted and fermented maize
foods and beverages, which go through days of steeping, cannot be overempha-
sized. This study therefore provides another dimension to the manipulation of
the steeping stage to develop varieties of maize-based product.
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1. Introduction

Malting of cereal grains is a well-studied process applied in industries and in
many traditional fermented food and beverage preparations. The three major
steps involved in malting; steeping, germination and kilning are used in that or-
der to obtain products as packages of starch, sugars, proteins, amino acids, en-
zymes, fatty acids, vitamins, minerals and other minor constituents [1]. Among
these steps, steeping; a natural means of breaking seed dormancy, provides the
most convenient, effective and yet simple laboratory approach of investigating
physiological and environmental effectors of seed germination [2]. Steeping sof-
tens the cell wall as the seed imbibe water and thereby activating hydrolytic and
reductive enzymes for the release of nutrients; amino acids, sugars, fatty acids
and others from food reserves. Diastatic power of rice malts was increased when
gibberellic acid; a plant hormone with increased activity on germinating seeds,
was included in the steeping water [3]. Steeping also removes pigments, pesti-
cides, bitter substances and microorganisms from grains [4]. The above events
are important determinants of the quality of malt and fermented cereal-based
products processed through steeping [5]. Activity of lipase is the one major
source of oft-flavors and odors during the preparation of malted and fermented
food products. Polyunsaturated free fatty acids released from the hydrolysis of
triglyceride by lipase and their oxidative and carbonyl-amine derivatives are the
major source of off-flavours, odours, and bitter taste, which can taint food
products [6]. Phosphatidyl ethanolamine and phosphatidyal choline sphingo-
myelin fractions are the main sources of the disagreeable fishy odours in many
food systems [7]. Short-chain fatty acids such as butyric acid and caproic acids
possess soapy flavors can also taint food products [8]. On the contrary, lipases
are used as flavor enhancers in certain types of food processing [9]. Lipase is also
required for the degradation of lipid vesicles, which encapsulate starch granules
to maximize amylase release of simple sugars; the primary goal in any malting
process [10]. Thus, over-expression or under-expression of lipase during steep-
ing may affect the quality of malted and fermented products. Since expression of
enzymes in the cell could be regulated by the levels of products of enzyme catal-
ysis, the free fatty acids present in the seed could alter the expression of lipase
[11], we hypothesized that this transcriptional alteration could equally be in-
duced by the overall changes in pH balance in the storage bodies including the
oil bodies. The presence of alkaline and acidic lipases with reciprocal expression
pattern in germinating castor seeds as reported by Huang et al, 1978 [12], may
lend credence to this hypothesis. We therefore tested the hypothesis by steeping
seeds of ‘Obatanpa’ an open-pollinated quality protein maize (QPM) variety
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[13], in aqueous medium buffered at different pH and determined the changes

in lipase induction and the residual oil fractions in grain homogenates.

2. Materials and Method

2.1. Source of Maize Grains

The ‘Obatanpa’ maize grains were obtained from one of the Ministry of Food
and Agriculture designated shops, which sells seeds to Ghanaian farmers for cul-
tivation of farmlands. Seeds were disinfected by submerging in sufficient quan-
tity of a 1% sodium hypochlorite solution, thereafter washed several minutes
under potable running water and finally with distilled water. The disinfected
seeds were used immediately in the experiment after a brief air-drying without

prior storage.

2.2. Steeping and Extraction of Oil from Maize Grains

50-gram maize grains were each submerged for four days in a 50-mL medium of
0.1 M universal buffer (citric acid 6.843 g, potassium phosphate monobasic 4.080
g, sodium tetra-borate 8.421 g, tris{hydroxymethyl}aminomethane 3.633 g and
potassium chloride 2.238 g) at pH 3.0, 5.0, 7.0, 9.0, and 11.0 respectively. Steeped
grains were briefly air-dried and ground into fine, semi-dried particles, loaded
into a conical flask containing 100 mL hexane and fitted with a reflux condenser.
Extraction by refluxing was always performed at 66°C for four hours. The hex-

ane extracts were filtered and completely evaporated to oils.

2.3. Determination of Oil Yield

Oily fractions were poured into separate pre-weighed evaporating dishes
representing the pH 3.0, 5.0, 7.0, 9.0, and 11.0. The filtrates were dried on a
boiling water bath for 10 minutes to remove residual hexane. At room tempera-
ture, the dishes and their oil contents were re-weighed and the percentage of oil

present in each 50-gram weight of maize grains was calculated.

2.4. Physicochemical Analysis of Qil

20 pL aliquot of each oil sample representing the pH 3.0, 5.0, 7.0, 9.0 and 11.0
was spotted onto TLC plates (silica gel 60 F254 Sigma- Aldrich, UK) and resolved
in hexane:ethanol:acetic acid solvent system at ratio 80:18:2. TLC spots were de-
tected first in UV-illumination box and lastly in an iodine chamber. The retar-
dation factor for each spot was calculated as the ratio of the distance each spot
travelled on the TLC plate over the distance travelled by the front of the solvent
system. 0.2 g of each oil sample in ethanol was also scanned with a spectropho-
tometer (Shimadzu UV mini 1240, Japan) between 250 nm and 300 nm at inter-
val of 10 nm to determine the absorption spectrum of each sample. Same
amount of oil was used according to AOAC [14] methods but at different pro-
portions of reagents to determine iodine number and free fatty acid values of

each oil sample by the formulas below:
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12.69><(V2><V1)x Nt 56 x NsxV

lodine number = W ; Acid value =

V1 = volume of thiosulphate used in test sample; V2 = volume of thiosulphate
used in blank

Nt = normality of thiosulphate solution; Ns = normality of sodium hydroxide
solution

V= volume of sodium hydroxide used; W= weight of oil sample.

2.5. Preparation of Crude Lipase Homogenates

200 grams each of the ‘Obatanpa’ maize grains was steeped for four days in 200
mL of universal buffer of pH 3.0, 5.0, 7.0, 9.0 and 11.0 respectively. The softened
seeds of each sample were homogenized in 50% cold acetone after a brief drying
period. The homogenates were centrifuged at 15,000 g for 10 minutes at 4°C.
The protein precipitates were filtered and washed with excess acetone and the
resultant precipitates reconstituted in 0.1 M sodium phosphate buffer (pH 7)
and kept at —20°C to serve as the crude lipase. The above experiment was re-
peated three times and lipase activity was calculated for each run for the differ-

ent steeping pH.

2.6. Total Protein

The protein concentration (mg/ml) of the crude lipase preparation was deter-
mined using the biuret method [15]. Standard albumin preparations were used

to construct protein calibration curve.

2.7. Determination of Crude Lipase Activity

Maliks et al, 2000 [16] method of lipase determination was employed with few
changes. Olive oil emulsion was prepared by adding 25 mL olive oil to 150 mL of
triton-X100 followed by vigorous vortexing. 5 mL of the emulsified olive oil was
treated with 20 mL of the crude lipase preparation containing 0.42 grams equiv-
alent of crude protein. Reaction mixture was incubated at 37°C for 5 minutes.
The reaction was stopped after adding 10 mL of a 96% ethanol. Controls were
produced by the same reaction but ethanol was present in the reaction mixture
during the 5-minute incubation period. The reaction mixtures were titrated
against 2 mM sodium hydroxide using phenolphthalein as indicator and the
amount of released free fatty acid was calculated for each sample. One unit of li-
pase activity is defined as the umol of free fatty acid released after one minute of

crude lipase incubation with emulsified olive oil.

2.8. Measurements of Changes in Seed Germination

250 grains of ‘obatanpa’ maize were disinfected in 200 mL of 1% sodium hy-
pochlorite solution. Grains were briefly air-dried and steeped for 24 hours in 0.1
M universal buffer. 250 steeped grains were prepared for buffer at different pH;
3.0, 5.0, 7.0, 9.0 and 11.0. Each 250-grain sample was divided into five 50-grain
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samples representing 1%, 2™, 3™, 4™ and 5™ day of germination. These were
spread on separate petri dishes overlaid with cotton soaked in their respective
buffers. Samples were wrapped in clean aluminum foil and kept in a dark cup-
board. Germination was observed for five days and the percentage daily germi-
nation was calculated for each sample (pH) on each day during the five-day test
period. Daily numbers of germinated seeds were used to measure the germina-
tion process by the methods I to V below:

1) Germination Percent (GP, %) at end of the five-day test period [17].

2) Germination Energy (GE, %) [18].

3) Emergence Energy Value (EEV, %) [19].

4) Germination Value (GV¢, %) [20].

5) Germination Value (GVdp, %) [21].

Each germination experiment was repeated twice and the average value was

calculated for each of the methods I to V and recorded accordingly.

2.9. Statistical Analysis

Analyses were conducted for replicate samples. Measurements were recorded
and standard deviations were calculated from Microsoft Excel (2007 edition)

spreadsheet.

3. Results
3.1. Steeping pH Affected Seed Oil Content and Composition

Universal buffer contains organic and inorganic ions compatible with many life
forms markedly altered the oil metabolism of the ‘obatanpa’ maize seeds during
steeping. Figure 1 shows that the pH of the steeping buffer altered the content of
oil in seeds of the ‘obatanpa’ maize during the four-day steeping. Percentage oil
yield was higher at lower pH 3.0, 5.0 and 7.0 than at higher pH 9.0 and pH11.0.
Equal amounts of oil extracted from maize samples steeped at different pH each
gave same three major components A, B and C on TLC irrespective of the
steeping pH as shown in Figure 2.

Again, equal amounts of the oil samples were scanned in a spectrophotometer
(Shimadzu, UV-mini, Japan), at varying wavelengths. In Figure 3, the spectra
patterns support the existence of similar chemical entities in all samples but
whose proportions were affected during the period of steeping.

In Figure 3, the spectra pattern and the maximum absorption of oil samples
in the range of 260 nm to 270 nm with isosbestic point at 290 nm attest to the
similarity of the major oil components (A, B, C) in oil fractions obtained at the
different steeping pH. However, there was higher absorptivity associated with
oils obtained at pH 9.0 and pH 11.0 compared to oils at pH 5.0 and pH 7.0 as
shown in Figure 2. This difference could be due to changes in the concentration
of any of the major components A, B and C; an unsaturated component will
have higher UV absorptivity than a saturated component.

Changes in oil yield observed from pH 3.0, 5.0, 7.0, 9.0, to 11.0 of the steeping

medium were supported by decreasing free fatty acid content from 32.41 + 5.3,
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Figure 1. The yield (%) of oil extracted from maized steeped at different buffer pH. Equal
amount of maize grains steeped at different pH gave different oil fractions.

0.9
0.8

0.7 -

05 oA

EB
0.4 -
EC

Retardation factor

0.3 -

0.2

pH 3 pH5 pH7 pH9 pH 11

Figure 2. Thin layer chromatogram of oil extracted from maize grains. Three major spots
(A, B, C) were marked and the retardation factor (C > B > A) determined for each spot.

18.62 + 1.2, 15.83 £ 2.2, 13.66 £ 0.9 to 10.40 + 1.1 mg NaOH/gram Oil respec-
tively; whilst for the same oil samples iodine number increased from 48.6 + 0.4,
49.0 £ 0.2, 48.8 £ 0.4, 50.5 + 0.1 to 52.1 + 0.0 gram I,/100 gram Oil respectively.
The reciprocal patterns of concentration and the degree of unsaturation changes
of fatty acids are shown in this study to be dependent on steeping pH. Compared
with the acid values the variations in the iodine numbers were very minimal but
consistent with increased UV absorption at pH 9 and 11 in Figure 3. These
changes suggested the possibility of alteration in lipase levels and activation

during the prolonged steeping period.
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Figure 3. UV-scans of oil extracted from maize grains. Grains steeped in buffer at pH 3,
5, 7 gave lower absorptivities than grains steeped at pH 9 and 11. Note: Spectra for pH 3
and pH 5 are superimposed.

3.2. Protein and Lipase Activity at Different Steeping pH

Four days of steeping of maize grains at different buffer pH affected the protein
levels as well as lipase activity. There was a consistent drop in protein levels; 37.6
+3.2,25.8 + 24,224 +3.0,17.5 £ 1.2, 17.1 + 2.2 mg/ml with pH increases of
3.0, 5.0, 7.0, 9.0 and 11.0 respectively.

Protein content of each of the homogenates was tested for lipase activity. As
shown in Table 1, there was a corresponding reduction even though at minimal
rate in the lipase levels as the steeping pH increases.

Lipase activity decreased with increase in steeping pH (3.0 to 11.0) and the
rate of reduction was consistent in all three batches of maize grains used in this
study as shown in Table 1. The capacity of steeping pH to affect malting and
fermentation processes through the alteration of lipase activation, oil yields and
components was further validated by its influence on the germination processes

of the ‘obatanpa’ seeds.

3.3. Effects of Buffered Steeping Media pH on Germination
Processes

In order to conform to our laboratory protocol for germination experiments,
maize grains were steeped for a day and not for four days. The number of ger-
minated seeds was counted on each day for five days.

The daily germination data were used to compute average values by five dif-
ferent methods, which are recommended for the measurement of the germina-
tion process as shown in Table 2. The average values obtained by the five me-
thods showed a reduction in seed germination when maize grains were steeped

in buffers of different pH. This effect was more pronounced at pH 3 and pH 11.0.
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Table 1. Determination of lipase activity of homogenates of maize grains steeped in buf-
fered media. Experiment was carried out on three (1, 2, 3) batches of maize grains of each

sample.
Lipase activity in umol per minute*
Steeping pH

1 2 3 Mean activity +STD
3 0.3714 0.3352 0.3705 0.360 0.016
5 0.3609 0.3152 0.3581 0.345 0.021
7 0.3305 0.3086 0.3447 0.330 0.015
9 0.3095 0.3019 0.339 0.317 0.016
11 0.3000 0.2848 0.3181 0.301 0.014

*Lipase activity for a batch is mean of two determinations.

Table 2. Comparison of different methods used to measure germination process of seeds
steeped in buffered and in water (control) media.

GP, % GE, % EEV, % GVc, % GVdp, %
Control 100 + 0.00 18.89 £ 0.65 25.65 +1.48 256.5 +14.84 18.12 £ 1.01
pH3 37 £21.21 6.74 £ 2.64 9.58 +4.12 41.30 = 33.51 6.39 £ 1.76
pHS5 77 £12.72 14.25 + 3.14 18.25 +2.47 133.50 + 30.12 10.24 +1.18
pH7 68 + 5.65 12.12 £ 0.17 15.75 +0.35 107 + 6.50 10.47 £ 0.62
pH9 55+1.41 10.35 £ 0.45 13.50 +2.12 74.10 £9.75 9.56 £ 0.74
pH1l1 27 £1.41 4.16 £0.79 5.25+0.49 14.81 £1.23 3.92 +0.18

GP = Germination Percent; GE = Germination Energy; EEV = Emergence Energy Value; GVc = Germina-
tion Value; GVdp = Germination Value.

Germination started on the second day (Day 2) for all samples. The difference in
percentage of germination on Day 2 and Day 5 are 60%, 23%, 49%, 50%, 29%
and 18% representing steeping in distilled water as control and in buffers at pH
3.0, pH 5.0, pH 7.0, pH 9.0 and pH 11.0 respectively. However the characteristic
pattern of germination of the ‘obatanpa’ maize seed did not change for the dif-

ferent steeping pH as shown in Figure 4.

4. Discussion

Steeping of grains in water until the attainment of moisture level, which can
support enzymatic activity is a convenient stage in malting whereby the activities
of enzymes involved in seed germination can be modulated to achieve a desira-
ble malt or fermented product. In developing countries maize are cultivated
solely for human consumption contrary to the situation in industrialized coun-
tries where maize is used as industrial raw material and animal feed. Some tradi-
tional methods of preparing malted and fermented products including corn
dough and liquors go through initial stage of steeping of grains in water; a stage
that can last for days depending on the product of interest and importantly on

the variety of grains [22]. Activation of lipase can affect the flavor of corn based
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Figure 4. Patterns of germination for treated and untreated maize grains. Number of
germinated seeds was recorded for each sample on each day and percentage daily germi-
nation calculated. Note: The difference in percentage of seeds germinated on first day of
emergence (Day 2) and last day of counting (Day 5) is indicated atop each column clus-
ter. Values for percentage daily germination and difference in percentage of seeds germi-
nated on day of emergence and last day of counting was calculated from the data in
Table 2.

products due to its effects on rancidity and the formation of oxidized unsatu-

rated fatty acids and their protein complexes [6].

4.1. Ionization of Fatty Acids during Steeping

This study has shown how pH of the steeping medium can be used to modulate
lipase activity as well as the oil yield and components. The universal buffer used
as the steeping medium contains buffer components that allowed for the ad-
justment for different pH. Buffers used as steeping media have same concentra-
tion of each of the components but differs in the concentration of hydrogen
ions. TLC data suggest unique components of oil extracted from the homoge-
nates of seeds steeped at different pH. Crude corn neutral storage oil is com-
posed of around 90% triacylglycerol out of which 80% may compose of triacyl-
glycerols of unsaturated oleic and linoleic fatty acids depending on the maize va-
riety [23]. The TLC data (Figure 2) show that the steeping buffer did not change
the key components but the steeping buffer reached the storage tissues changing
the protonation, the relative proportions and setting up equilibrium of the
UV-absorbing protonated (FFAH) and unprotonated (FFA") free fatty acid
components by the changes in concentration of hydrogen ions (H"):

FFAH S FFA™ + H' (steeping buffered media)

These observations are supported by the similarity of the spectra patterns and
the equilibrium set between FFAH and FFA, mixtures at constant proportions

resulting in the isosbestic point at 290 nm in Figure 3.
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4.2. Modulation of Lipase Activity and Oil Yield

The steeping pH also affected the oil yield (Figure 1). Oil yield was lower at pH
9 - 11 compared to pH 3 - 7, which also corroborated with levels of lipase activi-
ty at the respective pH of steeping buffer; very typical of oilseeds [12]. However,
the differences in oil levels also support the effect of pH on the particle size of
the ground grains. Higher acidity treatment will produce smaller particle sizes
during grinding, which will enhance higher oil extraction [24]. Reducing lipase
activity at increasing steeping buffer pH (Table 2) was corroborated by the de-
creasing levels of free fatty acid component of the oil. Acid value is often a good
measure of the breakdown of the triacylglycerols into free fatty acids, which has
an adverse effect on the quality of lipids. The levels of lipase activity and total
protein decreased with increasing steeping pH. The reducing free fatty acid le-
vels at increasing buffer pH did not reflect on the unsaturation levels of the fatty
acid. Fatty acid unsaturation as shown by the iodine values was marginally en-
hanced with increasing steeping pH. This observation might have been due to
the high proportion of unsaturation of the oleic and linoleic components of corn
oil coupled with the greater sensitivity of the iodine assay for unsaturation of
triacylglycerol than of the free fatty acid [23]. It has also been found that plant
lipases are specific for the hydrolysis of the ester bonds at C1 and C3 positions of
the glycerol moiety [25]. Thus, the low lipolytic activity at higher steeping pH
might have resulted in the observed marginal increase in iodine value, which is
corroborated by the spectra from Figure 3. The findings suggest increasing acti-
vation of lipase through increasing acidity of the steeping medium, which also
affected the proportions of the components (A, B, and C) of the oil.

4.3. Changes in Germination Capacity and Maintenance of
Germination Pattern

The steeping of the seeds of the ‘obatanpa’ in buffered steeping media for 24
hours did not change the pattern of seed germination of this maize variety. Seeds
steeped in buffered media and in the control media (water) did not germinate on
the first day after 24 hours of steeping rather on the second day. However, the
germination vigor on the second day was lower for all buffered samples com-
pared to the control. This is also evidenced by the lower percentage of seed ger-
minated between the second day and the fifth day of buffered samples compared
to the control sample as shown in Figure 4. Common parameters of monitoring
seed germination, shown in Table 2 were reduced when seeds were steeped in
buffered media. The germination data implicate the lowering of activities of
many gene products and pathways relevant for seed germination for seeds

steeped in buffered media compared to seeds steeped in water.

5. Conclusion

This study has demonstrated the use of pH of steeping medium to alter the phy-

siology of the maize oilseeds in terms of lipase activity, oil yield, fatty acid com-
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ponent, fatty acid unsaturation and germination. Physicochemical changes were

amenable to simple spectrophotometric monitoring producing series of data that

validate lipase and fatty acid ionization changes which ultimately affected oil

yield and germination when seeds were steeped in buffered medium.
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