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Abstract: Germination is a series of changes in mmplmlogn physiology and
biochemistry. These changes are likely to affect the nulritiu content, anti-nutritional and
functional properties of sprout flour produced. The purpose of this study was to determine the
effect the length of germination on the functional properties and the antitrypsin activity of pigeon
pea sprout flour. After being soaked at 50 °C during the first 6 hours, followed by soaking at
room temperature for 30 hours, pigeon pea seeds were germinated at room temperature with
germination time of 24; 36, 48; 60 and 72 hours respectively. The resulting sprouts were difiédat
50 °C. then powdered. The results showed that the germination process increased waler
absorption capacity and the oil absorption of the pigeon pea uls flour 15.73% and 14.80%
respectively. The longer the time of germination, the higher the water absorption capacity and
the oil absorption were. The process of germination decreased pigeon pea flour swelling volume
from 5.3% to 4.2% in pigeon pea sprouts flour, but increased the solubility of 13.3% (pigeon pea
flour) to 19.0% (pigeon pea sprouts flour) and speeding wettability from 377 seconds (pigeon
pea flour) to 188 seconds (pigeon pea sprouts flour). The longer the time of germination, the
activity of trypsin inhibitor decreases. At the 72-hour germination, anti-trypsin activity decline
reached 46%. from 573.090UTI / g sample becoming 308.827 UTI /g sample.

Keywords: germination, fimctional properties, antitrypsin, pigeon pea

INTRODUCTION

Pigeon pea beans contain complete
nutrients that are not inferior to soy. The
contents of nutrients of pigeon pea in 100 g
is energy 336 cal.. protein 20.7 g, fat 1.4 g,
carbohvdrates 62.0 g 125 mg calcium,

phosphorus 275 mg, 4.0 mg iron, vitamin A
19RE and vitamin Bl 048 mg (Odeny.
2007). Until now, most of the pigeon pea
has been used as a vegetable. Like other
legumes, pigeon pea can also be processed

into tempeh, concentrate, isolate protein and




pigeon pea flour (Odeny, 2007). Among the
processed products, pigeon pea flour has
relatively good prospects.

One of the obstacles of the use of
bean flour is the presence of anti-nutritional
substances such as anti-trypsin which may
decrease the bioavailability of nutrients in it.
One of the efforts to overcome this is to give
pretreatment before flouring to eliminate
anti-nutritional  substances, namely by
means of germination (Sharma and Shegal,
1992; Savelkoulet al. 1994. Adawvet al.,
2003: Ramakrishna ef a/., 2006: Valdez-
Anguino, 2015)

Germination has been known as a
process that 1s not expensive and is
technologically-effective in improving the
nutritional quality of beans (Steve. 2012 and
Valdez-Anguino, 2015). Duenasef al. (2009)
proved that germination is able to increase
the nutrient content, digestibility and
availability of free amino acids, dietary fiber
and bioactive components of lupine seeds
(Lupinusangustifolius  1..). Adawyei al.,
(2003) found that the germination green
beans, peas and ]cntiwmven fo increase
mineral content of N, K, Ca, P. Mg, Fe and
Mn. Germination can cause changes in the
functional properties (Nowzuer al., 2010),
chemical composition (El-Moneimet al.,

2012) as well as the content of anti-

nutritional substances such as anti-trypsin
(Savelkoul, 1994). No researctﬁns been
done on the long period effects of
germination on the functional nature and
content of the flour anti-trvpsin of the
pigeon pea sprouts produced. Therefore, this
ﬁawh is very necessary. The purpose of
this study was to determine the effect of
length gcnrﬂlic—n time on the functional
properties (water absorption capacity, oil
absorption capacity. swelling volume,
solubility and wettability) and anti-trypsin
activity of the pigeon pea sprout flour

produced.

MATERIALS AND METHODS

Materials used in this study were
harvest dried pigeon pea from Kubu Village,
Kubu District, Karangasem Regency.
Materials for chemical analysis used were
N-u-benzoyl-L-arginine-4 nitroanilide
hydrochloride (BAPNA), NaOH, a solution
of acetic acid. trypsin solution (Tripzin-1x-8
from porcine pancreas, Sigma-Aldrich),
BAPNA solution. The tools used included
UV / Vis spectrophotometer to analyze the
levels of anti-trypsin.

This research used completely
randomized design, with a length of

germination ime namely 24, 36, 48, 60 and

72 hours with three replications. The




research was preceded by the making of
pigeon pea sprouts. The procedure of
making pigeon pea sprouts was done in the
following manner: pigeon pea was sorted
and then soaked at 50 °C in the first 6 hours,
then at room temperature for the next 30
hours. Replacement of water was done every
6 ours. then drained. and germinated in a
leal-base plastic basket container. The
length of germination time was done
according to treatment. Pigeon pea amount
in each treatment was 150 g with a thickness
of | em and was incubated at room
temperature. Each treatment was evenly
sprinkled with water of 10 ml every 12
hours. E’ing obtained the pigeon pea
sprouts, then dried in an oven at 50 °C for 8
hours, then ground and sifted using a sieve
of 60 meshes, in order to obtain pigeon pea
sprouts flour. Three repetitions of the
experiment were done. The observed
parameters were the functional properties
and anti-trypsin activity of pigeon pea flour
sprouts. Analysis of functional properties
include water absorption capacity by
gravimetric method (Fernandez-Lopez ef al.,
2009), oil absorption  capacity by
gravimetric method (Fernandez-Lopez ef al.,

2009),

volumetric

swelling  volume  with

method  (Collado&Corke,

1999), solubility with gravimetric method

(Collado&Corke, 1999). and wettability
with hydration methods (Bhandan, 2000).
Analysis of antitrypsin activity was made by
means of enzymatic methods (Kakadeer al.,
1974 within Pazlopez. 2012). Data were
analyzed using SPSS, when there was an
effect of treatment: the analysis was
continued with Duncant test (Steel and

Torre, 1995).

RESULTS AND DISCUSSION

The inﬂucn: of the length of time
of germination on water absorption capacity,
oil absorption capacity. swelling volume,
solubility and wettability of pigeon pea flour

sprouts can be seen in Table 1.




Table 1.  The water absorption capacity, oil absorption capacity. swelling volume, solubility
and wettability of pigeon pea sproutsflour at various lengths of germination time
Length of | Water absorption | Oil absorption Swelling Solubility (% Werntability
germination capacity capacity (%o db) | volume (% db) (second)
(hour) (%o db) dh)
0 216.65 173.96 5:3 13,32 377
+1.64¢ +1.64¢ £0.10 " +091° 2137
24 224.32 181.27 5.10 13.73 326
£973° :2.87° £0.10°* £1.22° 48"
36 237.71 182.71 4.77 14.34 275
£1.09° 4226 ° +£0.06" +1.98" +10°
48 248.56 184.16 4.73 16.95 214
+1.09" £2.73° £012° £1.62b° i "
60 250.01 192.48 4.57 18.08 204
£1.66 ° £273° +0.06" 139" +4®
72 250.73 199.72 4.23 19.05 188
+1.09" +391° £0.21° +1.04" +2°

“"% Value in a column with unlike superseript letters were significantly different (p<0.01)

Water Absorption Capacity

Table 1 shows that the germination
process can increase water absorption
capacity of pigeon pea sprouts flour. The
smallest water absorption capacity was
224.32% (db) obtained from the pigeon pea
sprouts flour with germination time of 24
hours, while the largest water absorption
capacity was 250.73% (db) obtained from
pigeon pea sprouts flour with long
germination period of 72 hours but was not
significantly different from pigeon pea
sprouts flour with germination tme of 48
hours and 60 hours. Increased water

absorption capacity was probably due to the

fact that the process of germination can
increase levels of dietary fiber of the
germinated pigeon pea seed. This is in line
with the chemical composition of pigeon
sprouts flour in this research. It was shown
that germination for 48 hours increased the
dietary fiber content from 16.85% (pigeon
pea seed) to  from wheat ﬂcmgerminatcd.
This is in line with the chemical
composition of pigeon pea sprouts flour in
this research. It was shown that germination
for 48 hours increase the dietary fiber
content from 16.85% (pigeon pea seed) to
18.46% (pigeon pea sprouts). It was reported

that one of the important dietary fiber




properties is high water binding ability
(Marsono,  1995). Increased  water
absorption capacity may also be due to
increased levels of protein and quality of
protein so that absorption capabilities and
increased interaction with water (Chauhan
and Sing, 2013). This study also found that
pigeon pea flour protein content was
23.12%, while the protein content flour
pigeon pea sprouts with germination time of
48 hours was 25.32%. Previous researcher
(Adedejier a@l., 2014) reported that
germination increases water absorption
capacity of com starch. Similar trend was
found in sprouts amaranth flour (Chauhan
and Sing, 2013) and tigernut sprouts flour

(Chinmaef al., 2009).

Oil Absorption Capacity

Germination was also able 1o
increase the oil absorption capacity of
pigeon pea flour bean sprouts. The smallest
oil absorption capacity was 181.27% (db)
obtained from the flour pigeon pea sprouts
with germination time of 24 hours, but it
was not statistically significantly different
from germination time of 36 and 48 hours.
Largest oil absorption capacity was 199.72%
(db) obtained from pigeon pea sprouts flour
with the germination time of 72 hours.

Increased o1l absorption capacity of pigeon

pea sprouts flour can be caused by a
decrease in fat content. This study found that
the germination for 48 hours was able to
lower the fat content of 4.9%. It is likely due
to decreased levels of fat because fat is used
as an energy source for the growth of
sprouts. So the longer the germination, the
more o1l can be tied so that @ oil
absorption capacity is increasing. Similar
results were reported by Adedejief al. (2014)
who found that the germination increase oil
absorption capacity of cornstarch. A similar
case was reported by Chinmaet al (2009)
who proves that the germination can
increase the absorption capacity of the tiger

nut flour oil.

Swelling volume

Germination reduces the ability
swelling volume of pigeon pea sprouts flour.
The smallest swelling volume 4.23% (db)
was obtained from pigeon pea sprouts flour
with germination period of 72 hours; while
the largest swelling volume was 5.10 (db)
obtained from the pigeon pea sprouts flour
with germination time of 24 hours. The
decreased capability of flour swelling
volume was possibly due to the fact that,
during germination, starch was hydrolysed
to simpler compounds. The bond of « 1-4 in

a starch was disrupt by amylase and




subsequently by o-glycosidase. This reaction
caused the starch to change into simpler
sugar (Egwim and Ademonom. 2009). The
decreased level of starch possibly caused
swelling volume to decrease. Adedejier al.
(2014) also found the same thing, that 1s,
germination decreased the ability of
cornstarch swelling power. In the non-
germinated corn flour, swelling power
capability was 19.81 mg/g, while in the flour
of the corn germinated for 24, 48 and 72
hours, the swelling power became 19.1 mg /
g 188 mg/ g and 15.0 mg / g respectively.
Elhkalifa and Bernhard (2013) also reported
that germination of sorghum flour caused
swelling power to decrease. Swelling power
of sorghum which was not germinated was
63 g/g. while sorghum which was
germinated for 24, 48 and 72 hours was 5.5

glg, 5.2 g/g and 4.9 g/g respectively.

Solubility

Germination increases the solubility
of pigeon pea sprout flour. The smallest
solubility of 13.73 % (db) was obtained
from pigeon pea sprout flour with
germination of 24 hours but not significantly
different from the germination of 36 hours,
while the largest solubility of 19.05% (db)
was obtained from bean sprouts pigeon pea

flour with germination period of 72 hours,

but not significantly different from
germination of 48 and 60 hours. Increased
solubility of starch as a result of germination
is likely due to the fact that during the
germination process there was hydrolysis
from complex compounds into simpler
compoundwal are more water soluble and
increased the activity of several enzymes
such as amylase and protease enzymes.
Enzymes involved in the hydrolysis of food
reserves were a-amylase. [-amylase and
protease.

Phattanakulkaewnorie et al.  (2011),

According to

increased amylase enzyme activity was due
to germination causing more and more
complex molecules such as carbohydrates
break down into sugar molecules that are
simpler and thus easier to dissolve.

Results of this study were supported
by the research of Hussein ef al. 2013,
which proves that the germination can
improve the solubility of the starch of mung
bean sprouts. Other studies have also proved
that the solubility of the germinated
sorghum flour increased from 14-50%, in
line with the increase in temperature of 55-
95'C. whereas the solubility of non-
germinated sorghum flour was lower that is,
the increase of 10-24% was in line with
temperature 5595 'C

Increases  in

(Phattanakulkemonieer al., 2011). Research




by Atityet al. (2012) also proved that the
germination can increase the protein

solubility of sorghum flour.

Wettability

Table 1 shows that the germination is
capable of lowering wettability of pigeon
pea flour sprouts. Wettability 1s the time
required by the flour to absorb water or the
time required by the flour to wet. The fastest
wellability was obtained from flour 188.00
seconds pigeon pea sprouts with the
germination time of 72 hours, while the
longest was 326.00 seconds wettability
obtained from flour pigeon pea sprouts with
germination time of 24 hours. This 1s
supported by research of Nwosuer al
(2010), which examines the effect of the
germination on wettability of the asparagus
seed flour. They found that the seeds of
asparagus which have not been germinated
had wettability of 189 minutes, while those
germinated for 72 hours had the wettability
of 79 minutes. The other research by Nwosu
(2010), namely on seed germination of Oze
also proved that the germination lowered
wettability of Ozu flour. The study proves
that the wettability of Ozu flour seed not
germinated was 5 minutes, while Ozu seeds
germinated for 24 hours were 4 minutes.

The reduced wettability of flour was likely

caused by germination which was able to
increase hvdrolysis of complex compounds
into simpler compounds. The formation of
compounds which were simpler due to the
increasing of the amount of hydrophilic
compounds resulted during germination. so
that the time required to be wet was

increasingly short.

Trypsipsmhibitor activity

lg{:{:t of germination time on the
activity of trypsin inhibitor can be seen in
Table 2. Pigeon pea beans that have not
been germinated had trypsin inhibitor
activity of 573.090 UTI / g sample. From
Table 2 1t appears that the longer the time of
germination, the activity of trypsin inhibitor

decreases.




Table 2. Activities of trypsin inhibitor of pigeon pea sprouts flour (UTT)

Length of germination | Activity of trypsin inhibitor Decrease of anti-trypsin activity after
(hour) (UTI) g sample germination (%o)

0 573.090 + 37.903 0

24 406,923+ 32.835" 2943.08"

36 376,742+ 13.400 " 3442, 38 "

48 354.042 £ 8,785 ° 384488 °

60 348.754 £ 1516 ° 30+4.14 °

72 308.827 + 24.216 © 46+227°

“¢ Value ina column with unlike superscript letters were significantly different (p=0.01)

Anti-trypsin 1s a protein compound that acts
as anti-nutrients, that 1s, it has the ability to
inhibit the activity of trvpsin enzymes in the
digestive tract. The mechanism of inhibition
of trypsin enzyme activity by antitrypsin
occurs due to the formation of complex
bonds between the two substances. In this
study, a decrease in antitrypsin activity as a
result of germination was possible because
during germination process hydrolysis
reaction took place. In the process, there was
also a proteolysis by a more active
endogenous protease enzyme. The presence
of endogenous protease enzyme can
hvdrolyze antitrypsin during the
development of sprouts to be used as a
source of sulphur amino acids (Valdez-
Anguinoei al., 2015). This is in line with the
research results of Shegal and Sharma

(1992), which proved that faba seed

germination for 2 days can lower the
antitrypsin  activity by 63%. Fraser al.
(1995) reported that the lentil seed
germination for 72 hours was able to lower
antitrypsin -~ activity by 10%.  Seed
germination of green beans, peas and lentils
for 72 hours was able to significantly
decrease the antitrypsin activity, but if
germination extended to 120 hours
antitrypsin -~ activity  actually  increased
(Adawyet al., 2003). Other studies have
reported that the germination of Indian bean
(Delicos lablab) for 32 hours was able to
lower antitrypsin  activity by  17%
{Ramakhrisnaer al., 2006). Malomoer al.,
(2012) reported that soybean germination
for 72 hours was able to lower flour

antitrypsin activity of 29.82%




CONCLUSION
Germination process increased

capacity,  oil
absorption capacity and solubility of

water  absorption

pigeon pea sprouts flour. On the other
hand. the process of germination
decreased swelling volume, wettability
value and anti-trypsin activity of
pigeon pea sprouts flour. The
percentage decrease in  antitrypsin
activity on the germination of 24-72
hours ranged from 29 to 46%.
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