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Abstract

Seed deterioration is the process of deteriorated seed in view of viability that changed the physiological and
chemical content. The aim of this research is to find out the effect of moisture content and storage on viability and
biochemical content of jabon putih seed. Completely Randomized Design was used for decreasing moisture content
based on seed drying time for 0, 24, 48, 72, 96, 120 hours, and Completely Randomized Factorial Design was used
for the combination of moisture content (drying time for 0, 24, 48, 72, 96, 120 hours) and room storage (ambient
room, air-conditioned room, refrigerator). The results of this research are: (1) seed drying time and seed storage
affected the change of seed viability and biochemical content, (2) seed drying time and seed storage influence
significantly the value of moisture content, germination percentage, and biochemical content (lipid, carbohydrate,
protein), (3) The longer time of seed drying and seed storage has decreased the seed moisture content, germination
percentage, and the carbohydrate content, but it has increased the content of lipid and protein, and (4) the seeds
were stored in refrigerator has better viability compared to dry cold storage and ambient room.
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Introduction

Jabon putih (Anthocephalus cadamba (Roxb) Miq.) is
belong to the family of Rubiaceae. Distribution of the species
are in most of West Java and East Java, the whole of Sumatra,
Kalimantan and Sulawesi, Nusa Tenggara Barat and Irian
Jaya (Martawijaya et al. 1989). Considering its potential,
jabon putih as a timber-forest species are very good to be
developed. Increasing the number and quality of the seeds
need to be considered to ensure the procurement of plant
material in the planting program. Such improvements,
including through the right time in the seed collection, good
seed handling and right and secure storage. If these phases
followed the planting program is likely to be more
successful.

One of the problems encountered in providing high
quality seed is the maintenance of seed viability during
storage, which can be done by lowering the rate of
respiration. High respiration rate can lead to rapid loss of seed
reserves of energy and food supplies, especially in the
embryo that can result in not being able to germinate and this
is deterioration process of the seed (Widajati et.al. 2012).
Naturally, jabon putih seed will decline in viability as
increasing time. In general, the seeds will face deteriorated
symptoms, or called the setback chronological setback
(Yuniarti et al. 2008c). Thus the safe storage of seeds
intended to maintain seed viability remained high until the
seeds are used for planting.

Seed deterioration is defined as the decline in the quality

of the seed, nature or viability that resulted in low vigor, bad
crops and declining results. Processes that occur in seed
deterioration are as follows (Copeland 1976): (1) reduced
respiration, (2) increasing fatty acid, (3) reduced the rate of
germination, (4) reduction in the rate of growth and
development, (5) loss of energy to grow, (6) increasing
abnormal seedling, (7) loss of enzyme activity, (8) decreasing
of seed germination, (9) loss of shelf life, (10) decrease in
synchrony grow, (11) color changes, and (12) died.
Physiologically, seed decline is indicated by the color
change of the seed, delayed germination, and the growth of
abnormal seedlings (Sadjad 1999), a decrease in the
appearance of seedlings in the field (field emergence),
inhibition of plant growth and development, increased
sensitivity to extreme environments that ultimately can
reduce crop production (Panjaitan 2010). There are two
issues related to the process of seed deterioration during
storage period is chronological setback related to the
elements of time and physiological deterioration caused by
various environmental factors. Deterioration of seed quality
is deteriorated seed viability that enable to change the seed
thoroughly either physically, physiologically or chemically.
Some of the factors that affect seed viability during storage,
among others, temperature, seed moisture content, relative
humidity and oxygen gas (Sudjindro 1994). The changes
during storage conditions can cause changes in the rate of
respiration. Respiration rate continues to increase when the
ambient temperature rises because of the occurrence of such
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inactivation of enzymes, nutrients or oxygen runs out of
reserves or as carbon dioxide accumulates. During storage,
the seeds that contain a lot of fat more easily damaged than
the seed that contains starch or protein (Sudjindro 1994). By
knowing the biochemical content, it can be predicted that the
potential seed storage technique or proper testing can be
specified for the seed. In connection with the above facts, the
purpose of this study was to determine the impact of a
decrease in moisture content and storage to the changes of
seed viability and biochemical content of jabon putih seed.

Methods

Seed quality testing was carried out in the laboratory and
greenhouse of Forest Tree Seed Technology Research Centre
in Bogor. Biochemical analysis (carbohydrate, protein, fat)
was performed in the Laboratory of SEAMEO-Biotrop in
Bogor. The study was conducted over 3 months, starting
June—September 2013. Jabon putih seed used in this study
was collected from KHDTK (Forest Research Station)
Borisallo in South Sulawesi. The materials and tools
including sterilized media of mixture of soil and sand,
aluminum foil, silica gel, sprayer, distilled water, zambient
room, DCS, refrigerator, alcohol, and stationery.

1 Seed moisture content, germination and bichemichal
content

a Seed drying time of treatments used in this study were 0,
24,48, 72 hours using 4 replicates of each tratment.

b The number of seeds in each treatment requires 4
replicates @ 5 g for determination of moisture content, 4
replicates @ 100 g for biochemistry analysis (protein, fat,
carbohydrates), and 4 replications @ 0.1 g for
germination testing.

¢ Determination of seed moisture content, seed
germination, and the content of biochemist seed (protein,
fat, carbohydrate) were conducted at any period of
drying. Determination of seed moisture content usesd an
oven at a temperature of 103 + 2 °C for 18 hours. A
mixture of sand and soil (1:1 v/v) was used for
germination media.

d Responses observed in this study were seed water
content, germination, and biochemical contents
(carbohydrates, proteins, fats).

2 Seed moisture content reduction and storage

a There were 2 factors used in this study, i.e. the drying time
(0,24, 48,72, hours) and rooms for seed storage (ambient
room, refrigerator, and dry cold storage/DCS).

b The number of seeds in each treatment requires 4
replications @ 5 g seed for testing moisture content, 4
replications @ 100 g seed for biochemical analysis
(carbohydrates, proteins, fats), and 4 replications @ 0.1 g
seed for germination testing. The treated seed were
inserted into cloth bags.

¢ Seeds in the cloth bag were put into the box which contain
of'silica gel and placed for 0, 24,48, 72 hours.

d After drying for 0, 24, 48 and 72 hours, the seeds of each
level drying time were stored in a room temperature (28—
31 °C, 70—-80% RH), DCS (4-8 °C, 40—60% RH) and
refrigerator (0—5 °C, 40—50% RH). Seed container used
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was aluminum foil that tightly closed. The seeds were
stored for 2 weeks.

e Determination of seed moisture content, seed
germination, and the content of biochemistry (protein,
fat, carbohydrate) were conducted for every level drying
time atthe end of storage.

Data Analysis A completely randomized design (CRD) was
employed with two way factor of drying rates of 0, 24, 48, 72
hours and rooms for seed storage (ambient room,
refrigerator, and dry cold storage). Data were analyzed by
using analysis of variance (ANOVA). If there was a
significant effect then followed by test Least Significant
Difference (LSD) test.

Results and Discussion

Moisture content decrease by drying time Summary of
analysis of variance of drying effect on water content,
germination, and biochemistry (fat, carbohydrate, and
protein) of jabon putih seed is presented in Table 1.

Based on the results of variance, the drying time
significantly affected the value of water content, germination
percentage, and the content of fat, carbohydrates, and protein
of jabon putih seeds. Treatments of seed drying that made
some difference to the moisture content, germination
percentage and biochemical content of the seeds can be seen
inFigure 1 and Figure 2.

Based on the results indicate that during the drying there
was a change in the viability and biochemical content of the
seeds of jabon putih. Drying time of 0 h (control), the value of
the initial moisture content of the jabon seed is equal to
9.15%, with germinating seed was 1140 pure seeds 0.1 g,
protein content of 13.4%, fat of 19.9%, and carbohydrates of
46.7%. Moisture content decreased after drying for 24 hours
(8.59%) and continued to decline until the drying time of 48
hours (8.11%). When drying time from 48 hours to 72 hours
(7.94%), the water content was relatively stable and did not
give significantly different. At 72 hours of drying time,
germinating seed was 953 pure seeds 0.1 g, germinating
rate of 42.65 seeds per day, protein content of 14.4%, fat of
21%, and 44.1% of carbohydrate. According to Rohandi and
Widyani (2010), declining process in seed moisture content
after facing more than 72 hours drying time can cause
significant decrease in seed germination. Seed moisture
content is an important factor with respect to their effects on

Table 1 Summary of analysis of variance effect of drying
time to moisture content, germination percentage,
and biochemist content (fat, carbohydrate, and
protein) of jabon putih seed

Parameter F calculation F table (5%)
Moisture content 34,04 ¥ 4,066
Germination percentage 12,57" 3,490
Fat 38,50 4387
Carbohydrate 12,82" 4,387
Protein 27,32 4,387

* =significant at 95% confidence level

93
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Figure 1 Average of moisture content and germination percentage of jabon putih seed based on drying time (Least Significance
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Figure 2 Average of fat, carbohydrate, and protein of jabon putih seed based on drying time (Least Significance Different Test).

Fat (==#==), Carbohidrat (==lll=), Protein ( ).

seed viability. This indicates that seed deterioration caused
by moisture content reduction (Sadjad 1999) physiologically
indicated by delayed germination, germination and growth
decline. Judging from the content of biochemistry (protein,
fat, carbohydrates), it appears that jabon putih seeds have the
highest levels of carbohydrate (46.7%) compared to the
levels of protein (13.4%) and fat (19.9%) in control condition
(0 hour drying time). The longer the drying time, will lead to a
slight increase in the levels of fat and protein, as well as a
slight decrease in carbohydrate. In the process of drying
(moisture reduction) fat content in the seeds tend to increase
in line with decreasing water content and germination.
(Yuniarti et al. 2008 a). The lower moisture content will
increase the fat content in terms of seed weight, but it will
decrease seed germination when the seed need water uptake

94

that identical to oxygen uptake to germinate (Bonner et al.
2008).

Jabon putih seed had the highest carbohydrate content
compared to protein and the seed can be cathegorized as
orthodox. One characteristic of orthodox seeds is to have a
high carbohydrate content. Seed which has a relatively high
carbohydrate content has a high shelf to protect because
carbohydrates are food for reserves to survive so that the
seeds can survive during storage and grow into seeedlings
(Justice & Bass 2002).

Moisture content decrease and storage Summary of
analysis of variance of drying time and room storage effect
on moisture content, germination, and biochemistry (fat,
carbohydrate, and protein) of jabon putih seed presented in
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Table 2 Summary of analysis of variance effect of drying time and room storage to moisture content, germination percentage, and
biochemical content (fat, carbohydrate and protein) of jabon putih seed

Parameter Source of F F Table
variation calculation (5%)
Moisture content Drying time 12,93 * 3,009
Store room 47,95 * 3,403
Interaction 23,62 * 2,508
Germination percentage Drying time 11,98 * 2,866
Store room 7,43 * 3,259
Interaction 3,06 * 2,364
Fat Drying time 136,64* 2,773
Store room 697,39* 3,555
Interaction 122,41%* 2,412
Carbohydrate Drying time 10,99* 2,773
Store room 251,89* 3,555
Interaction 28,52%* 2,412
Protein Drying time 3,71 * 2,773
Store room 4,44 * 3,555
Interaction 3,82 * 2,412
* =significant at 95% confidence level
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Figure 3 Average moisture content of jabon putih seed based
on interaction of drying time and room storage
(Least Significance Different test). Ambient room
(=#=), Dry Cold Storage (== ), Refrigerator

(=),

Table 2. Based on the analysis of variance, drying time and
room storage significantly affected on the value of water
content, germination, and biochemical content of jabon putih
seed. To find out the treatment that made significantly
difference, it was tested by LSD (Figure 3, Figure 4, Figure 5,
Figure 6, and Figure 7).

Based on the results, it was indicated that during drying
and storage occur changes in the viability and biochemical
content of the seeds of jabon putih. Moisture content and seed
germination of jabon putih tended slightly decreases after

0 24 48 72
Drying time (hour)
Values followed by the same letter from left to right are not significantly
differentat 95 % confidence level

Figure 4 Average of germination percentage of jabon putih
seed based on interaction of drying time and room
storage (Least Significance Different test). Ambient
room (==#=), Dry Cold Storage (=ll=), Refrigerator
().

seed drying and storage. Naturally jabon putih seed had a
little deteriorated with increasing time in storage. According
to Sadjad (1999), the process of seed deterioration during
storage is related to time and environmental factors.

The seed in decreasing process will decline in energy of
germination and also to the ability to grow on suboptimum
conditions. Deteriorating seed symptoms can be observed in
terms of biochemistry, eg enzyme activity, respiration rate,
and leakage metabolites (Widajati ez. al 2012). Recalcitrant
seeds deterioration due to internal and external factors

95
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Figure 6 Average of carbohydrate content of jabon putih seed
based on interaction of drying time and room storage
(Least Significance Different Test). Ambient room
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Figure 7 Average of protein contain of jabon putih seed based on interaction of drying time and room storage (Least Significance
Different Test). Ambient room (==#==), Dry Cold Storage (==lll=), Refrigerator ( ).

characterized by a decrease in germination, an abnormal
increase in the number of sedlings, decrease the appearance
of seedlings in the field (field emergence), inhibition of plant
growth and development, increased sensitivity to extreme
environments that ultimately can reduce crop production.
Jabon putih seed stored in the refrigerator (0—5 °C, 40—
50% RH) was enable to produce better seed viability than
those seeds stored in the DCS (4-80 °C, 40— 60% RH) and the
ambient room (temperature 28—31 °C, 70—80% RH). This is
consistent with the nature of the jabon putih seed belonging.
Orthodox seed is a seed that can be dried to a low moisture
content, and stored for long time at high temperature and low
humidity without causing a significant decrease in seed
viability. Orthodox seed has a tolerant properties at moisture
content of 5—7%, with a temperature of 0—20 °C (Schmidt

96

(2000).

According to Berjak and Pammenter (2008), the best way
to maintain the viability of the seed is to keep it at a low
temperature and reducing contamination with fungi. As the
seeds of Trichilia dregeana that can be stored several months
at a temperature of 16 °C (Goveia et al. 2004), seed T. emetica
(Kioko et al. 2006) and T. occidentalis (Ajayi et al. 2006) kept
atatemperature of 6 °C.

Judging from the content of biochemical (fats,
carbohydrates, proteins), after storage, jabon putih seed
slightly increased levels of fat and protein, as well as a slight
decrease in carbohydrate content. This is indicated that the
seeds of jabon putih in this study showed symptoms of seed
deterioration as over time (chronological setback).

Biochemical indications in seed decline is the change of



JMHT Vol. 21, (2): 92-98, August 2015
EISSN: 2089-2063
DOI: 10.7226/jtfm.21.2.92

enzyme activity, respiration rate, food reserves, changes in
the membrane, chromosome damage and accumulation of
toxins. Fatty acids can result in damage to the cell membrane
(Tatipata 2008). Increasing lipid and protein content in the
seed were possibly due to seed defense mechanism against
moisture content reduction. Increasing lipid can lead to
delay seed metabolism. Disturbed seed metabolism
resulting in a decrease of seed viability of Diospyros
celebica (Yuniarti et al. 2008b).

The decline in water levels and an increase in free fatty
acids cause a decrease in viability and vigor. High
accumulation of fatty acids in the seed will make the seed
have no energy to germinate, since no further processed into
energy (Tresniawati ez. al. 2014).

High fatty acid content in the seed is also an indication of
a high respiration process which causes energy loss for seed
germination. Increased fat and protein content in the seed
thought to be the defense mechanism of the seed during
storage. While the decrease in carbohydrate content
indicates a decrease in seed defense which resulted in a
decrease in seed viability (Yuniarti et al. 2013).

According to Syamsuwida and Aminah (2007), and
Syamsuwida & Aminah (2005), the biochemical changes in
the seed during storage showed an increase in carbohydrate,
protein and electrical conductivity (EC) and a decrease in fat
content. The change of biochemical content of proteins, fats
and carbohydrates in storage indicated seed deterioration.

The seeds with a high fat content requires special
treatments in handling, otherwise will end up with a loss of
viability and ability to germinate (Balesevic-Tubic et al.
2007). Liu et al. (2006) showed that the proportion of fatty
acids in membrane phospholipids in recalcitrant seeds is
higher than orthodox seeds. In some cases it was found that
increasing the fat content due to the presence of fungi during
storage in humid conditions, e.g Jatropha curcas (Worang et
al.2008).

Justice and Bass (2002) states that the seed which has a
relatively high carbohydrate content has a high shelf.
Carbohydrates are food for seed reserves to survive so that
the seeds can survive during storage and grow into seedlings.
Carbohydrate content in the seeds of jabon putih slightly
decreased during storage. The presence of carbohydrates in
seeds consisting of component sugars (sucrose) as a
substrate forming carbohydrate, showed a defense against
drying as well as protein. The decrease in carbohydrate
content indicates a decrease in seed defense means a decline
in seed viability. This is shown by the decrease in seed
germination jabon putih during storage.

After storage, the fat content of jabon putih seed only
slightly increased. High fatty acid content in the seed is also
an indication of a high respiration process which causes loss
energy for seed germination (Yuniarti er. a/ 2008c).
According to Sudjindro (1994), the seeds that have a high fat
content, can be easily damaged during storage. High fatty
acid content in the seed is also an indication of a high
respiration process which causes energy loss for seed
germination. During storage, the seeds that contain a lot of
fat more easily damaged than the seed that contains starch or
protein. After the seed storage, protein levels in jabon putih
seed slightly increase with decreasing water content and
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germination. Changes in the intensity and type of protein is
controlled by adjusting the activity of DNA in the seed itself.
Increased levels of this protein is thought to be a defense
mechanism against the decrease in seed moisture content
during storage. It also indicates the defense of seeds in
optimal conditions. In addition, the synthesis of specific
proteins is needed to sustain embryo dormancy (Gifford
1993).

Conclusion

Decrease in seed moisture content in storage leads to the
changes in the viability and biochemical content of jabon
putih seed. Treatments in decreasing of moisture content
based on drying time and storage significantly affect the
value of water content, germination, and biochemical
content (fat, carbohydrate, protein) of jabon putih seed. The
longer time for seed drying and storage will cause a slight
decrease in water content and germination, slightly
increased of fat and protein content, as well as slight decrease
of carbohydrates on jabon putih seed. Jabon putih seed
stored in the refrigerator can maintain seed viability better
than in the dry cold storage and ambient room.
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