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This work aimed to evaluate the effects of particle size, solid/solvent ratio (w/v), and reaction time on

hydrolytic and esterification activities of a lipase extract from wheat seeds. The higher hydrolytic

activity was 5.9 U/g with a particle size of 425 μm, solid/solvent ratio of 30:60 (w/v), and reaction

time of 15 h, with maximum hydrolytic activity of 14.47 U/g after 24 h of precipitation. For

esterification activity the best result was 57.88 U/g with a particle size of 425 μm and solid/solvent

ratio of 30:120 (w/v) for 5 h, with a maximum value after 10 h of precipitation reaching 208.20 U/g.

The partial characterization showed that the optimal pH and temperature were found to be 5.5 and

32-37 �C, respectively. The extract stability at low temperatures was kept after 48 h of storage in

terms of esterification activity. The hydrolytic activity was kept constant at -10 �C during 72 h and

diminished considerably after 24 h at 4 �C.
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design; response surface methodology

INTRODUCTION

Lipases (glycerol ester hydrolases, EC 3.1.1.3) are enzymes
belonging to the group of hydrolases, the main biological func-
tion of which is to work as catalysts in the hydrolysis of insoluble
triacylglycerols to generate free fatty acids, mono- and diacylgly-
cerols, and glycerol (1-3).

Besides their natural function, lipases can catalyze esterifica-
tion, interesterification, and transesterification reactions in non-
aqueous media (4, 5). These biocatalysts have interesting
characteristics, such as action under mild conditions, stability
in organic solvents, high substrate specificity, and regio- and
enantioselectivity (2, 3, 6, 7), with optimal activities at 30-40 �C
and at pH from 6 to 8 (5, 8, 9).

These enzymes can be obtained from animals (pancreatic,
hepatic, and gastric), microbes (fungi and bacteria), and plants
(almond seeds, leaves, and stems), with differences in the catalytic
properties as a function of the source. There has been great
interest in studies concerning the extraction of plant lipases
recently, reducing the production costs and, thus, making intense
their use in industrial applications (10).

Another important aspect concerns enzyme application to
food (natural, kosher, and/or halal restrictions, etc.) or pharma-
ceutical industries. In this case, regulatory restrictions related to
the use of microbial and animal enzymes can be found.

Plant lipases have been isolated from leaves, stems, latex, oils,
and seeds of oleaginous plants and, on a lower scale, from cereals

seeds, such as rice and wheat (Triticum sp.). The wheat seeds
belong to the family Poaceae, comprising about 24 species,
mainly Triticum aestivum and Triticum durum. This seed is
considered to be the most important cereal in the human
diet, presenting an annual cycle of 90-180 days, depending
on the genotype, cultivated during winter and spring, because
some varieties are dependent on cold temperature and light
intensity (2).

However, despite the huge importance of such cereals in
human life, surprisingly, no work was found in the available
literature regarding the use of wheat seeds as lipase sources. Due
to the lack of literature, the objective of this workwas to establish
a protocol for wheat lipase extraction as well as to optimize the
hydrolytic and esterification activities of the crude enzyme
extracts by response surface methodology, following the extract
concentration and the partial characterization of the concen-
trated enzyme extract.

MATERIALS AND METHODS

Materials. The wheat seeds (T. aestivum) Embrapa-Guamirim were
kindly donated by Empresa de Sementes Estrela de Erechim-RS (Brazil)
and stored at 4 �C until use. All chemicals were purchased from Sigma-
Aldrich.

Lipase Extraction. The wheat seeds were triturated in a knife-mill
(Marconi MA-340) and sieved following different particle sizes. The
samples (30 g) were mixed with chilled acetone at 150 rpm and 4 �C.
The contact time and the particle size were defined in the experimental
design. Then the samples were filtered under vacuum via a B

::
uchner funnel

and washed with acetone. The degreased samples were kept in open flasks
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for about 15 h for solvent evaporation. The product was defined as crude
enzyme extract and used for determination of hydrolytic and esterification
activities (11).

Besides wheat seeds, commercial wheat germ (MaisVitta) and germi-
nated wheat were also tested as lipase sources. The tests using germinated
wheat were carried out on the basis of information published in the
literature (4, 12, 13) that stated that only the seeds of castor (Ricinus
communisL.) and sunflower (Vernonia galamensis) do not need germination
before enzyme extraction. To carry out germination, 100 g of seed was
mixed in distilled water at room temperature (approximately 25 �C) and
placed in plates with moist cotton. The mixture was placed in a growth
chamber for 48 h at 25 �Cwith a photoperiod of 12 h. After this procedure,
the need to remove the tegument was also evaluated. Afterward, the seeds
(20 g) were ground in a pestle and mortar and then added to 100 mL of
sodiumphosphate buffer (14). This procedurewas performed in an ice bath,
and after 30 min of grinding, the sample was left to rest for 1 h and then
filtered via a B

::
uchner funnel and used for hydrolytic activity determination.

It is worth mentioning that the use of organic solvent is necessary to
remove the oils present in the seed. The work by Kapranchikov et al. (15)
demonstrated that lipid removal before enzyme extraction enhanced lipase
activity by a factor of 1.8 using wheat germ as enzyme source.

Analytical Methods. Lipase Hydrolytic Activity. Lipase activity
was assayed by reaction using olive oil as substrate followed by alkali
titration. Olive oil (10 wt%/v) was emulsified with arabic gum (5 wt%/v)
in 100 mM sodium phosphate buffer, pH 7.0, for approximately 2 min at
3000 rpm using a domestic blender. A 2 mL sample of crude enzyme was
added to 18mL of this emulsion. After incubation in the shaker for 15min
at 37 �C and 150 rpm, the reaction was interrupted by the addition of
20 mL of an acetone/ethanol solution (1:1 v/v). The amount of fatty acids
liberated was then titrated with 0.05 M NaOH until pH 11. Reaction
blanks were run in the same way, but adding the sample after the addition
of acetone/ethanol solution. Lipase activity measurements were carried
out in duplicate. One unit of hydrolytic lipase activity (HA) was defined as
the amount of enzyme that yields 1 μmol of fatty acids per minute in the
assay conditions (16).

Lipase Esterification Activity. The enzyme activity was deter-
mined as the initial rates in esterification reactions between lauric acid and
n-propanol at a molar ratio of 3:1, a temperature of 60 �C, and an enzyme
concentration of 5 wt % in relation to the substrates. At the beginning of
the reaction, samples containing the mixture of lauric acid and n-propanol
were collected, and the lauric acid content was determined by titrationwith
0.04 N NaOH. After the addition of the enzyme to the substrates, the
mixture was kept at 60 �C for 15 min. Then, the lauric acid consumption
was determined. One esterification lipase activity unit (EA) was defined as
the amount of enzyme necessary to consume 1 μmol of lauric acid per
minuteat the establishedexperimental conditionspresentedpreviously (17).
All enzyme activity determinations were replicated at least three times.

Optimization of Lipases Activity by Sequential Experimental

Design. On the basis of some preliminary results and some data disclosed

in the literature (10,12,15,18,19), the effects of particle size (mesh), solid/
solvent ratio (w/v), and contact time (h)were evaluated using the following
experimental designs.

Experimental Design for Lipase ExtractionOptimization in
Terms of Hydrolytic Activity. A first 23 full experimental design was
applied in this step. The variables and the related levels are presented in
Table 1. Statistical analysis of this experimental design permitted us to
propose a second central composite rotatable design with two factors,
particle size and extraction time. The solid/solvent ratio was fixed at 30:60.

Experimental Design for Lipase Extraction Maximization
in Terms of Esterification Activity. Table 1 presents the variables
and levels studied in the 23 full experimental design with axial points
applied to maximization of lipase extraction in terms of esterification
activity.

The results obtained in termsof hydrolytic and esterification activitieswere
statistically treated by the software Statistica 6.0 (Statsoft Inc., Tulsa, OK).

Concentration of Crude Enzyme Extract by Precipitation with

Ammonium Sulfate. The crude enzyme extract (approximately 120 g)
was concentrated by adding 500 mL of 0.1 M sodium phosphate buffer,
pH 7.0. Ammonium sulfate was added until the desired saturation (60%).
This step was carried out in a magnetic stirred ice bath (4 �C) under pH
control (7.0, adjusted by the addition of 20% NaOH).

The final solution was filtered and placed in tubes, kept for the pre-
established time at -10 �C in a freezer to precipitate the sample. To
determine the best condition for concentration of the enzyme extract, the
ammonium sulfate concentration of 60% was employed (20) and the
precipitation time varied from 5 to 24 h.

After the precipitation time, the samples were centrifuged at 16500g for
30min at 4 �C.The supernatantwas discarded and the precipitate removed
with a minimum amount of 100 mM sodium phosphate buffer, pH
7.0 (21). The samples were then lyophilized for 48 h until constant weight
and stored at 4 �C for measurement of hydrolytic and esterification
activities and protein content according to the methodology described
by Bradford (22).

Partial Characterization of Concentrated Enzyme Extract. The
partial characterization, mainly in terms of optimal temperature and pH
and stability of enzyme activity during storage at low temperatures, is of
fundamental importance for establishing the application conditions for the
enzyme extract.

For determination of optimal values of temperature and pH for the
concentrated enzyme extract, a 22 full experimental design with triplicate
of the central point was carried out. The ranges of studied pH and
temperature were 5.5-8.5 and 32-42 �C, respectively.

The concentrated enzyme extracts were stored (samples of 2 g) at 4 and
-10 �C during 144 h, the hydrolytic and esterification activities being
measured after 0, 6, 12, 24, 48, 72, 96, 120, and 144 h of storage.

RESULTS AND DISCUSSION

Preliminary Tests. Choice of Organic Solvent.The parameters
solventpolarity and timenecessary for complete solvent evaporation

Table 1. Ranges of the Factors Investigated in the Experimental Designs

hydrolytic activity (U/g)

levels used in the first experimental design

-1.41 -1 0 þ1 þ1.41

particle size (μm) - 425 500 1000 -
solid:solvent ratio (w/v) - 30:60 30:90 30:120 -
contact time (h) - 5 10 15 -

levels used in the second experimental design

particle size (μm) 355 355 425 500 500

contact time (h) 8 10 15 20 22

esterification activity (U/g)

levels used in the first experimental design

-1.68 -1 0 þ1 þ1.68

particle size (μm) 250 425 500 1000 2000

solid:solvent ratio (w/v) 30:39.6 30:60 30:90 30:120 30:140.4

contact time (h) 1.6 5 10 15 18.4

Table 2. Matrix of the 23 Full Experimental Design (Coded and Real Values)
with the Responses in Terms of Hydrolytic Lipase Activity Using Wheat Germ
and Wheat Seed as Lipase Source

hydrolytic activity (U/g)

run

particle size

(μm)
solid/solvent

ratio (w/v)

contact time

(h) wheat germ wheat seed

1 þ1 (1000) -1 (30:60) -1 (5) 0.79 0.72

2 -1 (425) -1 (30:60) -1 (5) 1.35 1.12

3 þ1 (1000) þ1 (30:120) -1 (5) 0.31 0.85

4 -1 (425) þ1 (30:120) -1 (5) 1.20 0.38

5 þ1 (1000) -1 (30:60) þ1 (15) 2.45 2.53

6 -1 (425) -1 (30:60) þ1 (15) 0.97 0.75

7 þ1 (1000) þ1 (30:120) þ1 (15) 1.21 1.23

8 -1 (425) þ1 (30:120) þ1 (15) 0.66 1.98

9 0 (500) 0 (30:90) 0 (10) 0.68 1.24

10 0 (500) 0 (30:90) 0 (10) 0.46 1.47

11 0 (500) 0 (30:90) 0 (10) 0.91 1.11
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were taken into account for choosing the organic solvent to be
used for lipase extraction. From evaluated solvents (acetone,
ethanol, butanol, and hexane), acetone was chosen as having
higher polarity and fast evaporation, permitting the extraction
process in a short time range. This solvent was also used by
Liaquat andOwusuApenten (11) and Sagiroglu andArabaci (23)
for lipase extraction of other plant sources.
Choice of RawMaterial. Table 2 presents the matrix of the 23

full experimental design (coded and real values) with the responses
in terms of hydrolytic lipase activity using wheat germ and wheat
seed as lipase source. The results obtained permitted us to observe
that the hydrolytic activities for lipases obtained from wheat germ
were, in a general way, lower than that obtained when using wheat
seed as enzyme source. This canbe related to the fact that thewheat
germ is a commercialized toasted product and these high tempera-
tures could inactivate the enzymes present in the sample.

The hydrolytic activity was also evaluated in the germinated
grain with andwithout the tegument. Here the results pointed out
activities of 1.07( 0.08 and 0.66( 0.06 U/g, respectively, which
can be considered low compared to that obtained using wheat
seeds. From this we can infer that the wheat seed does not need
the germination step for enzyme activation (4).

On the basis of the results presented above, the following steps
of the present workwere carried out using the wheat seed as lipase
source.

Optimization of Lipase Hydrolytic Activity by Sequential

Experimental Design. Table 2 presents the matrix of the 23 full
experimental design with the responses in terms of hydrolytic
lipase activity using wheat seed as lipase source. From these
results, we can observe that experiment 5 led to higher hydrolytic
activities, followed by experiment 8. One can also verify the good
reproducibility obtained in the experiments, demonstrated by the
triplicate of the central point. The data presented in Table 2 were
statistically treated, and at a significance of 90% the contact time
and the interaction between the particle size and the solid/solvent
ratio presented a significant effect on lipase activity. The solid/
solvent ratio did not present a significant effect, this variable
being kept constant at the lower value (30:60), reducing the
solvent costs. From studies presented in the literature (12) and
the previous results obtained here, the effect of particle size was
also evaluated in the second experimental design. As the contact
time presented a positive significant effect on lipase extraction
and the literature points out an extraction time of 16 h for
extraction of lipases from castor seed (Ricinus communis
L.) (12), we have decided also to verify the effect of this variable
in the next experimental design.

Table 3 presents the responses obtained in the second experi-
mental design, in terms of hydrolytic activity, as a function of
contact time and particle size, where one can observe that higher
lipase activities were obtained in the central point.

The analysis of variance (ANOVA) was used for determining
the significant parameters that influence hydrolytic lipase activity.
ANOVA consists of classifying and cross-classifying statistical
results and testing whether the means of a specified classification
differ significantly. This was carried out by Fisher’s statistical test
for the analysis of variance. The F value is the ratio of the mean
squares due to regression and the mean squares due to the error.
This test indicates the significance of each controlled factor on the
tested model. The model F value of 19.66, higher than the listed
F (4.53), implied that the model was significant, making it
possible to validate an empirical coded model (eq 1) and build
the response surface and contour curve presented in Figure 1.

HA ¼ 5:34-1:99� PS2 -0:85� T-1:69� T2 -0:93
� PS � T ð1Þ

where HA is hydrolytic activity, PS is particle size, and T is
contact time.

The hydrolytic activities in the optimized experimental condi-
tions (5.9 U/g) are higher than that obtained (0.195 U/g) by
Kapranchikov et al. (15) using olive oil and polyvinyl alcohol to
prepare the emulsion for hydrolytic activity determination.

Comparing the results obtained here with some others pre-
sented in the literature using seeds with high fatty acids content as
lipase sources, we can consider the hydrolytic activities from
wheat seeds low. Sagiroglu and Arabaci (23), for example,
obtained hydrolytic activities of 920 U/g using sunflower seeds
(Helianthus annuus L.) as lipase source. Activities of 28 U/g were
achieved in the work of Cavalcanti et al. (12) using castor seed
(R. communis L.). On the other hand, Prabhu et al. (24), extract-
ing lipases from rice (Oryza sativa), which has low lipid concen-
tration, obtained hydrolytic activities of 0.85 U/g.

Experimental Design for Maximization of Lipase Esterification

Activity. Table 4 shows the matrix of the experimental design
(coded and real values) with the responses in terms of esterifica-
tion lipase activity. Analyzing the data presented in this table, we
can observe that higher activity (57.88 U/g) was obtained at a
particle size of 425 μm (mesh 35), solid/solvent ratio of 30:120,
and contact time of 5 h. This result was already expected because
higher solvent content leads to high contact surface between the
seeds and the solvents, facilitating the enzyme extraction. As
the lipase is intracellular, from a general sense, the lower the

Table 3. Matrix of the Second Experimental Design (Coded and Real Values)
with the Responses in Terms of Hydrolytic Lipase Activity

run particle size (μm) contact time (h) hydrolytic activity (U/g)

1 þ1 (500) -1 (10) 1.44

2 -1 (355) -1 (10) 4.40

3 þ1 (500) þ1 (20) 1.37

4 -1 (355) þ1 (20) 0.60

5 0 (425) 0 (15) 4.85

6 0 (425) 0 (15) 5.26

7 0 (425) 0 (15) 5.90

8 þ1.41 (1000) 0 (15) 1.52

9 -1.41 (250) 0 (15) 0.63

10 0 (425) -1.41 (8) 2.71

11 0 (425) þ1.41 (22) 0.63

Figure 1. Response surface for extraction of lipases from wheat seeds as
a function of hydrolytic activity. Experimental data and conditions are
shown in Table 3.
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particle size, the higher the lipase activity. This statement can be
considered true until a limit when a predominance of the starch
present in the wheat seed is observed. Results from experiment 13
permit us to prove this statement.

Another important observation, comparing the hydrolytic and
esterification activities obtained fromwheat seeds, is that the last ones
were considerably higher. These values can be considered to be
relevant because no promising results were found in the literature
concerning the esterification activity of lipases from plant sources.
Villeneuve et al. (25) evaluated the feasibility of lipase-catalyzed
esterification of canola phytosterols with oleic acid. The influence of
various reaction parameters was evaluated. Among tested lipases,
namely, plant lipases fromCarica papaya (commercial product from
Sigma and Recco Ltd.) and R. communis (castor bean lipase, a
noncommercial enzyme preparation obtained by extraction with
acetone) and microbial lipases (Rhizomucor miehei, Candida antarc-
ticaB, orCandida rugosa), the best results were obtainedwith the last
ones. In a general way, lower esterification degrees were obtained
compared to microbial lipases. The esterification degree obtained by
plant lipases was compared to the absence of biocatalyst.

The results obtained in Table 4 were statistically treated at a
significance level of 95%, where one can verify that the particle
size, the solid/solvent ratio, the contact time, and the interaction
between particle size and contact time presented a significant
effect on esterification activity.

The ANOVA analysis permitted us to validate an empirical
coded model (eq 2) for esterification activity, because the calcu-
lated F value (6.33) was higher than the listed one (3.21) with a
correlation coefficient of 0.88 (p < 0.05), and to build the
response surface presented in Figure 2.

EA ¼ 21:15þ11:92� PSþ3:88� PS2þ2:05� SSRþ2:90

� T2 -3:01� PS� T-8:01� SSR� T ð2Þ

where EA is esterification activity, PS is particle size, SSR is solid/
solvent ratio, and T is contact time.

From Figure 2a one can verify that with lower the particle sizes
higher esterification activities were achieved, independent of
solid/solvent ratio. Figure 2b permits us to observe that when
lower particle sizes and contact time were applied, higher ester-
ification activities were achieved, demonstrating the significance

of these parameters. Higher esterification lipase activities were
obtained using higher extraction times and lower solid/solvent
ratio, as can be seen in Figure 2c. This response is coherent
becausewhen a high solvent amount is used, high extraction times
are generally not necessary. On the other hand, the use of a low
amount of solvent makes necessary a higher contact time for
effective enzyme extraction.

Table 4. Matrix of the Experimental Design (Coded and Real Values) with
Responses in Terms of Esterification Lipase Activity

run

particle

size (μm)
solid:solvent

ratio (w/v)

contact

time (h)

esterification

activity (U/g)

1 þ1 (1000) -1 (30:60) -1 (5) 7.06

2 -1 (425) -1 (30:60) -1 (5) 31.43

3 þ1 (1000) þ1 (30:120) -1 (5) 19.53

4 -1 (425) þ1 (30:120) -1 (5) 57.88

5 þ1 (1000) -1 (30:60) þ1 (15) 29.16

6 -1 (425) -1 (30:60) þ1 (15) 55.32

7 þ1 (1000) þ1 (30:120) þ1 (15) 23.41

8 -1 (425) þ1 (30:120) þ1 (15) 35.93

9 0 (500) 0 (30:90) 0 (10) 22.58

10 0 (500) 0 (30:90) 0 (10) 21.20

11 0 (500) 0 (30:90) 0 (10) 21.89

12 0 (500) 0 (30:90) -1.68 (1.6) 31.39

13 0 (500) 0 (30:90) þ1.68 (18.4) 14.72

14 0 (500) -1.68 (30:39.6) 0 (10) 10.98

15 0 (500) þ1.68 (30:140.4) 0 (10) 19.41

16 þ1.68 (2000) 0 (30:90) 0 (10) 7.60

17 -1.68 (250) 0 (30:90) 0 (10) 44.03

Figure 2. Response surface for (a) the effect of time and solid/solvent
ratio (w/v), (b) time (h) and particle size (μm), and (c) solid/solvent ratio
(w/v) and particle size on lipase esterification activity. Experimental data
and conditions are cshown in Table 4.
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Concentration of Crude Enzyme Extract by Precipitation Using

Ammonium Sulfate. The precipitation using ammonium sulfate
was carried out to obtain a concentrated lipase, enhancing the
activity of the crude extract. The enzyme extractionwas performed
at the maximized experimental conditions obtained previously. A
saturation of 60% was used in all experiments, on the basis of
results presented in the literature (20). In this step, different
precipitation times were evaluated, as presented in Table 5.

From this table, we can observe that, in general, the enzyme
activity had an enhancement after precipitation.

From an analysis of the hydrolysis activity, the best result was
obtained in experiment 4, when the lipase activity was enhanced
from 3.52 to 14.47U/g. Comparing this result with that presented
byKapranchikov et al. (15), we have obtained a higher hydrolytic
activity, because the referenced authors achieved a hydrolytic
activity from the concentrated extract of 5 U/g.

With regard to esterification activity, the best results were
observed at lower precipitation times, the higher one being of
208.20U/g after 10 h of precipitation. It is worthmentioning that,
besides these results having not been already presented in the
literature, high enzyme activities were achieved, making possible
future commercial use of this extract.

Table 5 also presents the specific activities of the concentrated
enzyme extracts. The protein contentwas determined byusing the
Bradford method (22). Related to the hydrolysis activity, higher
lipase activity was achieved after 24 h of precipitation with
ammonium sulfate (0.64 U/mg of protein). Kapranchikov et
al. (15) obtained a specific activity of 0.014 U/mg of protein for
lipases from wheat seed germ. The higher esterification specific
activities were obtained in experiments 2 (7.79 U/mg of protein)
and 1 (6.85 U/mg of protein).

Partial Characterization of Concentrated Enzyme Extract.

From the best conditions for concentration of the crude enzyme
extract, an experimental design was carried out to evaluate the
effect of temperature and pH on hydrolytic activities of the
extract. The hydrolytic activities varied from 3 to 10 U/g.

The statistical analysis of the data obtained permitted us to
validate (p< 0.05) an empirical coded model (R=0.97), presen-
ted in eq 3, for hydrolytic activity (HA) in terms of optimal
temperature and pH.

HA ¼ 7:35-2:45� pHþ0:89� pH� temperature ð3Þ

Model validation by variance analysis permitted us to build the
response surface, shown inFigure 3, of hydrolytic activity in terms
of the interaction between the pH and temperature. From this
figure we can observe that higher hydrolytic activities were
obtained at lower pH values for temperatures from 32 to 37 �C.

The literature points out optimal temperatures in the range
from 45 to 55 �C and optimal pH from 7.5 to 8.0 for lipases

extracted fromplant sources (23,26,27). Cavalcanti et al. (12), for
example, obtained higher hydrolytic activities using castor seeds
in acid pH (approximately 4.0) and temperature of 30 �C.
Analysis of the data presented in the literature permits us to
observe thatmostmicrobial and plant lipases present optimal pH
ranging from 7.0 to 9.0. This behavior was not observed for
lipases from wheat seeds, making it possible to propose new
applications for the enzyme obtained in this work, mainly when
acid conditions are required.

The stability of concentrated extract to low temperatures was
evaluated by submitting the samples to cooling (4 �C) and
freezing (-10 �C) temperatures. Hydrolytic activities kept their
values until 24 and 72 h of storage, at 4 and-10 �C, respectively.
After this period of time, the enzyme lost its activity. The
esterification activity showed a similar behavior, keeping
constant its value during 48 h of storage in both tested tempera-
tures.

The development of the present work permitted us to conclude
that acetone was efficient for lipase extraction and, among all raw
materials evaluated, wheat seed showed to be a more promising
lipase source than wheat germ and germinated seed. Using
different experimental designs it was possible to measure impor-
tant enzyme parameters.
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Run

Time
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before

precipitation

after

precipitation

specific

activity

(U/mg of

protein)

before

precipitation

after

precipitation

specific
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