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ABSTRACT

The aim of this study was to establish the feagbibf using super absorbent
hydrogel in drying of seed maiz&ea mays L.) under hermetic conditions. The study
was conducted at the Jomo Kenyatta University oficdfure and Technology
(JKUAT). Seed maize was obtained from East Africé@ed Company Limited-
Industrial area, Nairobi, while the super absorbgolymer, i.e., Poly-acrylic acid,
sodium salt and lightly cross-linked used in thedgtwas purchased from Sigma

Aldrich® Germany.

The performance of hydrogel was evaluated basetihree (3) treatments consisting
of 1:5, 1:10 and 1:15 hydrogel to seed maize riayioveight dried under different

seed drying temperatures of 25, 30, 35 arfi€4thd initial moisture content of 16, 28
and 53% (d.b); the control did not utilize any hygkl. The results were analyzed
using Analysis of Variance (ANOVA) in order to detene whether there existed
significant differences within the drying rate betdifferent treatments, and also from
the control. Modeling was done using non-linearr@sgion analysis (MS Excel

2003™) based on the minimization of sum of squares bjustidg the model
constants. The coefficient of determinatiorf)(Rhe Chi-squarexf) and the root-
mean-square error (RMSE) were used to evaluatgdbdness of fit of the five (5)
tested mathematical models to the actual data.ma@els considered for this study

were Page, Two term exponential, Newton, Logarithemd Henderson and Pabis

model. The viability of seed maize was evaluategesforming germination test to

Xiv



determine the maximum germination potential of @&dséot after drying using

superabsorbent hydrogel under hermetic conditiondifferent treatments.

The moisture content of seed maize was recorded sdtven days of drying with each
set of treatment having reduced seed moisture obrteratio of 1:5 seed maize to
hydrogel by weight and drying temperature of@Qhe moisture content of seed
maize reduced by 31.1, 15 and 4% for initial seadstare contents of 53, 28 and
16% (d.b) respectively. The ANOVA results showedttht 1% significance level

there were highly significant differences betwelea tinal moisture content attained
for the drying temperature, ratio and temperatate rinteraction § < 0.001). High

values of coefficient of determination{R 0.95) were obtained for all the five drying

models while the corresponding valuegoind RMSE were in the range of (0.0016-

0.0141) and (0.0400-0.3045) respectively. As alteésigarithmic model was the best

fitted model with B (0.9749-0.9876) and the weakest valuex’0f0.0016-0.0036)

and RMSE (0.04-0.128). Seed drying using hydrogelmbt alter seed viability as

germination test results revealed germination rasdsigh as 86.5%.

The results of this study illustrate that hydrogeh be used as a potential desiccant

for drying seeds while maintaining their viability.

XV



CHAPTER ONE

INTRODUCTION

1.1. Background Information

Grain drying is important as it removes moisturdalvhmay otherwise cause decay,
premature germination of seeds or growth of migganorsms, especially during
subsequent storage period (Ulukbal., 2006). It is estimated that in the tropics
between 25 and 40% of agricultural products suchmasze is lost because of
inadequate farm and village level drying and sterpractices annually (Weinbeet
al., 2008; Hayma, 2003). To reduce the challenges ofingt seeds with high
moisture, Wambuget al., (2009) found that farmers hang maize cobs oveffitae
place or sun-dry their harvest and store them mmyguags. Maize is hygroscopic in
nature and tends to absorb or release moisturketsurrounding. These traditional
practices of seed drying and storage tend to expuseseeds to moist and humid
conditions causing the seed maize to absorb meistam the surrounding resulting

in enhanced deterioration (Deveresial., 2002).

According to a study conducted by Wambugual. (2009) in Siaya and Busia
Districts of Western Kenya, drying and storage wiarity problem facing on-farm

seed production. The study also showed that alb®ut Gf farmers stored their own
seeds from one season to another. The study fuidbed that farmers had developed

a variety of drying and storage practices. The comratorage methods for seed



maize included use of gunny bags (55%), plastidainers (24%) and hanging over

the fireplace (13%).

Worldwide there is increasing demand for high-gyaind safe food and seed, free of
chemical and physical contaminants and pathogersn @nd seed growers and users
must maintain high quality of their produce. Maigeusually harvested when its
moisture content is in the range of 21.9 to 31.6%okdsis (FAO, 1992). The abiotic
and biotic stresses promote growth of toxigenicgfuthat produce mycotoxins in
maize affecting the seed quality thus lowering yleéds (Magan and Aldred, 2007).
Therefore, measures on curbing the infestation nedoe taken such as improved
drying method, use of preservatives and propeagtoof produce. Storing properly

dried seeds allows farmers to plant more viabldsa@ad hence get better yields.

Additional studies have also been conducted in Keyestablish the state of seed
maize storage facility (Nielsen, 2012). The studiesw that most of the facilities are
in poor conditions. The cooling equipments are untamed and they often leak
through the roof. Some attempts to curb moistugeeission into the facility by use of
barriers such as aluminum lining, silica gel argllation by use of plastic foam have

been made (Nielsen, 2012).

There are various drying method practiced widelthiworld today among them sun

drying, forced air drying and modified solar dryi{lgonohet al., 2009; Agrawalet



al., 1998). Sun drying is limited to days with sufict sun and requires use of
spreading materials such as mats or paved grodihésmethod exposes the grains to
contamination from animal droppings, leaves ancofbreign materials. It is also
slower compared to forced air drying as it takés 2 days for the grain to dry to safe
moisture storage (Rono& al., 2009; Bakker-Arkemaet al., 1999). Sun drying
requires a lot of labor as the grains have to bernmttently stirred and covered at

night.

High temperature dryers such as cross-flow dryemsxed-flow dryers, and
concurrent-flow or counter flow dryers are clasgifias high capacity dryers. These
high temperature dryers are unable to produce g@&ithe same high quality as low-
temperature in-bin drying systems (Bakker-Arkeehal., 1999). However, the high
capacity dryers are best used for drying food grauhich requires temperature of
about 50 to 55 °C and not for seeds as they loskility with temperatures above

40°C (Hayma, 2003).

Although airtight storage is not new, the princifdehind it needs to be used in
designing low cost seed storage containers fouresegpoor farmers which will allow
them to save enough seeds of high quality for &iplanting (Wambuget al., 2009).
Storing high moisture seeds in airtight contairleasls to mold growth in some of the
seeds. The aim of this project was to incorporaté the principle of hermetic drying

and storage in order to improve storage life of skeeds. Proper drying will help



reduce incidences of mold growth in stored seedis Ithypothesized that the
hygroscopic characteristic of seeds (Srikiatd#nal., 2007) will facilitate the
absorption of water by the superabsorbent polyrsatsing the reduction in seed

maize moisture content.

1.2. Problem Statement

The quality of stored seed is a serious limitattonagricultural growth in many

developing countries. Storage of sowing seeds withpyoper drying poses great
problems of mold development, decay and prematemmigation (Hayma, 2003). On

the contrary, too low moisture can cause unnecgssaergy consumption and

cracked seeds during the drying process and aftmmd viability. Therefore, the

ability to determine drying conditions that providegh quality seeds at reasonable
cost is important for agriculture. Presently, tlogv Iquality of the seed maize is a
significant problem facing a large number of farsnen developing countries

including Kenya (CIMMYT, 1999).

After harvesting, most farmers generally maintaipraportion of their crops for
sowing in the next growing season. More often gmeguantities of the maize are
harvested during the wet season and the seedssuepsible to infection with mould
and rapid deterioration (FAO, 1992). As a resultlamge number of farmers in
developing countries experience seed quality lodaedo delayed or improper drying

caused by the lack of knowledge and adequate dfgmlities and technologies.



Commercial seed companies and gene-banks oftereldtywely many small volumes
of seeds. This involves drying of different samplsany one time, but it is
fundamental that the seeds from different plantplots be kept separate (Hatyal.,
2012). Seed drying methods employed by these sesegbanies such use of high
temperature dryers or dehumidifier is costly to m@nh and compromises the
viability of the seeds. Further, use of solar dsygoses the challenge of localized high
temperatures in the dryer, which leads to reduatioseed quality due to cracking of

kernels and loss of viability (Uluket al., 2006).

Maize (ea mays L.) is the most important cereal in Kenya and s staple food to
over 90% of the population (Jayeeal., 2001). Seed maize is thus a vital input for
agriculture, and seed insecurity affects subsequm@atuction. Further, the use of poor
guality seeds results to low yields and directinslates to food insecurity. Since seed
security and food security are closely interfaged important to maximize on ways
production of high quality and viable seeds. Thenef based on the foregoing
background there is need to employ better dryinghods that will ensure seed
moisture content is rapidly reduced to safe stotagels. The drying methods used

should also be able to maintain high seed viability



1.3. Justification

The aim of the study was to develop an alternative efficient method for drying
seed maize to desired final moisture content usingerabsorbent hydrogel under
hermetic conditions while maintaining seed viapilitThe practicability of this
method will reduce the challenge of seed maizendrguring the wet season since it
is not weather dependent. More also, inclusion ying during storage enables
reduce the development of mold, decay and premgenmaination, which cause great
losses during storage. The study also aimed at|aj@mg and validating a
mathematical model for hermetic drying of seed maiming super absorbent
hydrogel. The model developed is useful in apprating the time reduction of
product moisture content under different drying dians (Rivzi, 2005; Wang and

Brennan, 1991). It will help in decision making $hacrease the drying efficiency.

The findings of the study are relevant to all paftKenya that grow maize. It is of
benefit to seed maize breeders, commercial seedrandcompanies, gene banks and
agricultural research institutes. Farmers have yawead to carry out drying of their
harvest before selling to seed companies. Thiselise the high moisture levels
during harvesting do not allow direct preservatirseed maize (FAO, 1992). High
seed moisture also leads to development of mouldratting of the harvested seed

maize translating to losses to the farmers (Wamietigl, 2009).



The use of super absorbent hydrogels can be adegted the weather condition is
unsuitable for seed maize drying or when conditibfecilities are not available.
Hydrogels rapidly bring seed moisture to safe Ievielore also preserving the seed in
hermetic containers using desiccants is a techgotbgt is not dependent on a
reliable power supply or expensive refrigeration aehumidification equipment, or
major modifications to buildings. Babiket al., (2010) recommended the use of
desiccants such as silica gel when a limited nurobseed samples are to be dried as
it is cheaper compared to seed dryers. There areugaanticipated advantages of
using hydrogel as a desiccant in hermetic drying) storage. In hermetic drying the
seeds will be free of rodent and bird attack, freen foreign matter contamination,
use of low temperature, it is not weather dependet is not labor intensive as
compared to sun drying. The super absorbent hytloagealso be recycled after it is

dried.

14. Objectives
1.4.1. Broad Objective
To establish the feasibility of using super absotldieydrogel in drying maizeZéa

mays L.) seeds under hermetic conditions.

1.4.2. Specific Objectives
1. To evaluate the performance of super absorbentolggtlin drying of seed

maize under hermetic conditions.



1.5.

To develop and validate mathematical model for dngng of seed maize
using super absorbent hydrogel under hermetic tondi
To evaluate the viability of seed maize dried ussager absorbent hydrogel

under hermetic conditions.

Hypotheses

The performance of super absorbent hydrogel inndraf seed maize under
hermetic conditions can be evaluated.

Prediction models for drying of seed maize undematic conditions using
super absorbent hydrogel can be developed andchtadid

The viability of seed maize dried under hermetiadibons using super

absorbent hydrogel can be assessed.



CHAPTER TWO

LITERATURE REVIEW

2.1. Post Harvest Challenges

Under humid and warm conditions harvested graires sarsceptible to premature
germination and rapid deterioration due to micrbadivities. Therefore, they should
be dried to safe moisture levels that inhibit thévéity of microorganisms. Drying to
these moisture levels is not economical for farnmedeveloping countries (Weinberg
et al., 2008). Post harvest losses in Kenya have preywiduestn estimated at 30% of
all stored produce (Wilson and Johnson, 2010). @Hesses occur as a result of
storing harvest with high moisture content, poogibge and use of inappropriate

storage facilities (Bett and Nguyo, 2007).

Although time of harvesting fall under pre-harvegtiperiod, its effect has direct
linkage to post harvest challenges. Delaying haivg®f maize until it is completely

dry compromises seed quality as it leads to exgosoradverse conditions that
alleviate deterioration (Egli, 1998). Wet weatharidg the harvesting period like that
experienced in Kenya during the short rains of GettNovember 2009 results in
losses that have serious impact on food securitys@¥ and Johnson, 2010). The
challenge of harvesting during the wet season earetiuced by use of appropriate

technologies that are not weather dependent.



2.2. Methodsof Drying Grain

2.2.1. Importanceof Drying

Proper drying is considered one of the determif@atpors on whether seed maize will
be effectively stored without damage. Seed maizstroa adequately dried to safe
moisture content to reduce survival of insectsglismand other micro-organism build
up (Jewell et al.,, 1994; Raoet al., 2006). During drying much of the grain
deterioration occurs due to improper drying techagjand equipment (Salunkbe
al., 1985). Maize crop is usually harvested whenai$ lneached the physiological

maturity with moisture content of 25 to 42.8% (d.dwellet al. 1994).

The basic drying stages for seed maize includegraladirying of seeds on the cob
prior to harvest, stacking harvested maize in tekl$ to allow them to dry further
and sun drying or artificial drying of threshed dawaize (Agrawalet al., 1998).
According to Hayma, (2003) during the field dryipgriod, seed maize may be
exposed to several undesirable elements such ast imestation, attack by rodents
and weather extremes leading to yield losses. thesefore recommended that the
seed maize be harvested and dried to safe moisttgks in a controlled environment
to reduce post harvest losses. More also, it ionapt to store the seed maize safely
away from contaminants after attaining the safestmoe content (Bishopt al.,

1993).
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Drying of seed maize to the recommended moistunéeod of below 15.6% dry basis
increases storage life as well as maintain highitguaf produce through reduction in

growth of fungi, reduction of insect infestationstorage, reduction in respiration of
kernels and prevention of germination while thenkés/seed retains its germination
potential. The safe moisture content of 15.6% agidis valid for temperatures up to

about 27°C while higher temperatures require loweisture content (Hayma, 2003).

2.2.2. Conventional Drying Methods

The conventional methods that are used for dryirgngin Kenya include layer

drying, portable batch dryers, continuous flow dsyesun drying and in-store drying.
Layer drying refers to drying where the harvesteadgis placed in a bin one layer at
a time. Each layer of grain is partially dried, dref the next is added, by forcing air
through a perforated floor or through a duct in Hottom of the bin. To improve

efficiency, the partially dried grain is stirred damixed with the new layer. An

alternative is to remove the partially dried graimd dry it completely in batches.
According to FAO, (1992) one of the problems whistmethod of drying is finding a
way to mix low-moisture grain with high-moistureagr to get the desired equilibrium
in the final product. Spoilage often occurs in tlagempt. Methods have been
developed to detect high moisture maize in mixtugth artificially dried maize

(FAO, 1992).

11



Portable batch dryers have a high installationst @osl few maize producers,
particularly small farmers, can afford to have tleeivn (Jewellet al., 1994). Portable
batch dryers are useful since they can be movead feom to farm. These dryers
operate with air heated to 60 to 82°C (FAO, 19@)ntinuous flow dryers on the
other hand use the principle of continuous flowgadin through heated and unheated
sections so that it is discharged dry and cool.ti@aaus flow dryers are less flexible
compared to batch dryers as the equipment is thieatgooint in grain storage depots

(Rankeret al., 1997).

In many tropical and sub-tropical regions, sun mgyiemains the preferred method of
grain drying, mostly for economic reasons (Bakkekeinaet al., 1999; Agrawalet
al., 1998). Traditional sun drying has changed litler centuries. The grain is spread
on mats or paved ground in layers of 5- to 15-cioktiess and is exposed to the
ambient conditions (Wilson and Johnson, 2010: Basamd Abe, 2001; Bakker-
Arkemaet al., 1999). Controlling sun drying is difficult due tmn controlled source
of energy for drying. Drying rate in open sun degsenon solar radiation, ambient air
temperature, ambient relative humidity, wind vefpcsoil temperature, grain-layer

thickness, and grain type (Jain and Tiwari, 2003).

Despite the widespread use of sun drying methothendeveloping countries, few
controlled scientific experiments have been corgtlictto establish valid

recommendations for every region for sun dryingseéds (Bakker-Arkemet al.,

12



1999; Muletet al., 1993). In addition, sun drying is labor intensased exposes the

seeds to contamination from dust, foreign materi@sect infestation, rodents and
bird droppings (Jewebt al., 1994; Golobet al., 2002). With its disadvantages, it is a
challenge to produce dried seeds of superior quasitthey require careful handling

and high hygiene standards.

In-store (or in-bin) drying is a fixed bed dryingtlw no product movement and
usually employs ambient air or slightly heated asrthe drying medium (Bakker-
Arkemaet al., 1999; Soponronnarét al., 1994). In store drying is classified into low
temperature where the temperature rise is abWtitafid high temperature drying of
temperature above %D (Srzednicki and Driscoll, 1994; Brooker al., 1992). The
objective of in-store drying is to decrease thestuwe content of the product at a rate
that will prevent product deterioration. Both the@nimmum drying rate and the
maximum final moisture content are locality-deparidee. in hot and humid regions
the drying rate of wet grain has to be higher, #ralfinal moisture content lower,
than in cold and dry areas (Bakker-Arkestal., 1999). Drying a bin of grain with
low temperature is possible if the initial moistuw@ntent of the grain is about 25%
dry basis, the average daily relative humidity loé tambient air is 50%, and the
airflow rate is 2.4 fim®.minute (Brookeret al., 1992; Bakker-Arkemat al., 1999).
The major disadvantage of high temperature drysnthe over drying of the bottom

product layers which requires subsequent cooling.

13



2.2.3. Desiccants Drying Method

Desiccant drying in a closed container is oftengested as a low-technology method
to reduce the moisture content of seed germplasay éHal., 2012; Probert, 2003).
Most of the past research encountered with regadgsiccant drying involves the use
of desiccants to dry seed (Probert, 2003) as opjptosgrain. The method however, is
currently studied by many researchers as it hasynsivantages compared to
traditional and other artificial seed drying meteo@®esiccants such asolite seed
drying bead® (Djaeni and Buchori, 2012; Hagt al., 2012), molecular sieves
(Probert, 2003), salts such as lithium chloride ealtium chloride (Probert, 2003),
quick lime (Hayma, 2003), silica gel (Hayal., 2012; Ondieet al., 2011; Babikeget
al., (2010); Racet al., 2006; Hayma, 2003; Probert, 2003; Zhanyeh@l., 2002;
Gene bank Standards, 1994), bentonite (Stuetaad., 1981) and charcoal (Probert,
2003) have been used in drying seeds for planfligg dry desiccant is used in
intimate contact with or mixed with the wet seedsn airtight container at ambient
temperature (Hagt al., 2012; Daniekt al., 2009; Hayma, 2003; Probert, 2003). The
amount of water absorbed by the desiccants depamdsnumber of factors such as
the ratio of desiccant to seeds, temperature, lamaffinity of the desiccant for water

(Hayet al., 2012; Probert, 2003).

Silica gel being the most commonly used desicchabis vapor water, of about 35
to 40% of its dry mass, along with low regenerattemperatures of below 25

(Tahat, 2001). Dry grains of silica gel can effitlg reduce seed moisture for
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medium to long term storage if a ratio of 1:1 byigie is used (Raat al., 2006,
Probert, 2003). Charcoal can also be used to sgnity reduce seed moisture for
long term storage if a ratio of 3:1 charcoal todseatio by weight is used (Probert,
2003). However, some types of polymers have higreer absorbent and retention
properties and higher affinity towards water (Bumlzhet al,. 1997) than the
commonly used desiccants. These polymers are edfelw as super absorbent
polymers. They are used as soil amendments oriaeklifor potted plants, for
hygiene purposes in hospitals and sanitary indess{Buchholzt al,. 1997). These
polymers though used as adsorbents or drying agieeyshave not been explored as

potential desiccants in drying of agricultural puod such as seeds.

Superabsorbent polymers (SAPSs), also referred sbuad powder, are polymers that
can absorb and retain extremely large amountsligjual relative to their own mass
(Horie etal., 2004). Water absorbing polymers, which are clessihs hydrogels
when cross-linked absorb aqueous solutions thrdughiogen bonding with water
molecules. A SAP's ability to absorb water is adaof the ionic concentration of the
agueous solution. In deionized and distilled wasesuper absorbent polymer may
absorb 500 times its weight (from 30—60 times s wolume), but when put into a
0.9% saline solution, the absorbency drops to m&gbémes its weight (Horie .,
2004). The presence of valence cations in theisalimpedes the polymers ability to

bond with the water molecule.
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The total absorbency and swelling capacity of SARscontrolled by the type and
degree of cross-linkers used to make the gel. Lemsidy cross-linked SAP generally
has a higher absorbent capacity and swells togerdategree (Horie «l., 2004).
These types of hydrogels also have a softer aokietigel formation. High cross-link
density polymers exhibit lower absorbent capacitg awell, but the gel strength is
firmer and can maintain particle shape even undetast pressure. Table 2.1 shows a
sampling of super absorbent polymers of synthetatréchemical) origin, available
from Sigma-Aldric?, together with their morphology and absorptionrahteristics.
Alaei et al. (2005) studied the absorption of A-100 with paetidiameter 35 < mesh <
60 (micron) in two independent water and vapor phasd found that the amount of
water absorbed by hydrogel to get to uniform geatination is relatively equal for both

water phase and vapor phase.

There are two common desiccant drying systems wimiclude intimate mixture of
the seeds and desiccant material in a sealed envét (i.e. static desiccant drying)
and air circulated through separate beds of resetivdesiccant material and seed in
sequence. Static desiccant drying system with dmam ratio of seed to desiccant
reduces the moisture levels rapidly within thetf2sto 3 days followed by a slow
process thereafter (Hayal., 2012). The principle of drying using a desicaarthat
the desiccant dries the seeds mainly by surfacerpiiien and capillary condensation
until the two come to equilibrium (Hasgt al., 2012). Surface adsorption happens

because the desiccant adsorbs moisture from thehas lowering the relative
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humidity. The moisture diffuses from the seed daeosmotic or vapor pressure
gradient. The moisture content when the desiccadtsgaeds are at par such that no
gain or loss of moisture by both is called equilibr moisture content (Raet al.,
2006; Rivzi, 2005). In addition to maize morpholpdhis equilibrium moisture
content of maize also depends on the temperaturdnamidity of ambient air as the

air tight container is stored under ambient condgi(Genebank Standards, 1994).

Table 2.1: Absorbent polymers of synthetic origiaitable from Sigma Aldrich,

together with morphology and absorption charadiesis

Aldrich Absorbent Polymer Morphology Absorbing charactaris

Catalog No.

43,532-5 Poly(acrylic acid), Powder; Absorbs ca. 27g/g of 1%
potassium particle size saline solution; rate of

salt, lightly cross-linked 99%< 1,000mm absorption more rapid than
for corresponding Na salt
43,636-4 Poly(acrylic acid), sodium Powder; Absorbs ca. 45g/g of 1%
salt, lightly cross-linked particle size saline Solution
99%< 1,000mm

43,277-6 Poly(acrylic acido- Granules; Absorbs ~300g of distilled
acrylamide), potassium 200-1,000mm; water/g and ~27g of 1%
Salt, cross-linked pH 5.5.6.0 saline Solution/g_

43,278-4 Poly(acrylic acid), sodium Granular Absorbs ~300g of distilled
salt-graft-poly(ethylene powder; water/g and ~27g of 1%
oxide), cross-linked 100-850mm saline solution/g.

19,206-6 Poly(2-hydroxyethyl Crystals -
methacrylate), average Mv
about 300,000

18,213-3 Poly(2-hydroxypropyl Crystals -
methacrylate)

42,427-7 Poly(isobutylenes-maleic  Fiber; Absorption of 0.9 wt. %
acid), sodium salt, cross24-40mm saline solution is about
linked Diameter 65g/g; Absorption of distilled

water is about 300g/g

Source: sigmaaldrich, (2013).
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Using desiccant in drying of seed maize has sevadabntages such as energy
conservation and seed quality preservation (Prol28@3). This is because during
desiccant seed drying under hermetic conditionsetigelittle or no temperature rise
as the heat of hydration is negligible. Desiccantind) thus differs from other
artificial drying methods such as batch-in-bin dg/iwhich causes overheating of
some seeds as the drying front moves upward froenhtbt air inlet. More also
desiccant such as hydrogel are regenerated avedydow temperature (Tahat, 2001)
and can therefore be dried under the sun to sterenergy for rainy seasons. When
dry maize is exposed to humid environments, it gamoisture content and
equilibrates to a value of equilibrium moisture o, which may be different than
the equilibrium moisture content obtained during thoisture desorption (Rabal.,

2006).

2.3. Drying Models

The hygroscopic characteristics of a seed lot desarelationships between seed
moisture content and storage relative humidity givan temperature and this can be
displayed graphically by sorption isotherm curv&ar(ni et al., 1997). Sorption
isotherm is a graph that shows the relationshipven different relative humidities
of the surrounding air around the seed and theliequm moisture content of the
seed at a given temperature (Thomsen and Stubsga888). These sorption
isotherms predict moisture kinetics of seeds infined environment (Sanret al.,

1997; Kouhilaet al., 2001). The isotherms help to determine optimalddemns for
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seed drying and store environment adjustmentsofagdvity enhancement in storage
systems. Since moisture sorption isotherms varystanbally between different
products or seed types, it is essential to detexrmmamption isotherms for each material
at different conditions. Furthermore, knowledgesoffption behavior of food is useful
in drying processes because it can be used togprdi optimum drying time and

final moisture content of the product (Rivzi, 2008ang and Brennan, 1991).

Seeds usually dry or absorb moisture from its emvirent depending on the relative
humidity of the surrounding air (Thomsen and Stalasd, 1998). Ambient air has an
average humidity of 65-75% in Kenya and this mayease up to 90% during rainy
or cloudy days. It is necessary to dehumidify tindoafore it is passed through to dry
the grain (Atuonwu, 2013). According to Schmidt @2D desiccants such as
hydrogels dehumidifies the air, and thus increatesapacity to absorb moisture
from grain. A product loses moisture (i.e. it drigt) when the relative humidity of

the drying air is lower than the equilibrium rela@ihumidity that corresponds with

the moisture content of the product. The larger difteerence between these two
relative humidities, the faster the drying procgess (Hayma., 2003). However it is
not documented how far hydogels may reduce thetareisontent of atmospheric air
and at what rate the reduction may proceed. THmrmation would be useful in

determining the required flow rate of the inletamd the drying rate of the grain. The
drying rate in turn controls how fast the grainedrand determines whether aflatoxin

contamination will occur or not.
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Drying rate is the amount of moisture removed pet time during the drying period

(Doymaz, 2006). The drying rate of seeds in a syslepends on the drying rate of
the individual kernels. In general, small kernelsel moisture more readily than large
kernels, and naked seeds dry faster than covertk sélaize contains the largest
kernels and dries the slowest; rice and wheat saetl®f comparable size but rice
kernels are covered and therefore dry slower thagatvkernels. Grain kernels dry at

a falling rate (Bakker-Arkemet al., 1999).

Most commonly used drying models only consider mkeheat and mass transfer
and neglected the heat and moisture transfer inkiglgoroduct. The models explain
the total moisture transport by convection and m&sthat during the total drying
process, all heat transferred to the product i€l usevaporize water. However, the
internal interaction between moisture and the pcodnust be considered. Internal
transport mechanism within a single kernel is lediby its surface area and depends
largely on the kernel moisture content. The useediccant in drying consists of
constant rate and falling rate drying periods dyyperiods. This is because at the
initial stage of drying it is mainly capillary fogs (Probert, 2003) that drive free
moisture to the surface of the kernel and keepett (@rikiatderet al., 2007). External
parameters i.e. air humidity and temperaturesh@®hes that are actively involved in
the removal of moisture and this period is refet@@s constant rate drying period.

By keeping air humidity and temperature constaatditying rate remains constant.
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As the kernel loses moisture and approaches thiibegum moisture content, the
internal resistance to moisture transport becomester than the external resistance.
The surface starts to dry and the wet front mowés the kernel particle. From this
point, the moisture movement involves both capilliow and diffusion of water
vapor (Probert, 2003). As the divide of diffusiorctieases then the moisture content
decreases, the drying rate continuously slows déwnordingly, this period is called
the falling-rate drying period. Predicting the arnyirate during the falling-rate drying

period is much more complicated than during thestamt-rate drying period.

Food materials (Srikiatdest al., 2007) and all seeds (Probert, 2003) are classifsed
a hydrophilic or hygroscopic materials which lossesisture in the bound water
region or sorption region. When a water potentradgent is established between the
surface of the seed and its internal tissues thaterwin the seed begins to diffuse
along the gradient. Evaporation of water from thdace of the seed depends on the
water potential difference between the seed andudneunding air (Probert, 2003).
As the seed gets to equilibrium the drying ratewslalown exponentially. Thus,
moisture transfer in the falling rate period ofidgyis usually described by a diffusion
model based on Fick's second law (Hougeml., 1940, Guaret al., 2013). Fick's
second law has been used with some simplificabarotnpute moisture diffusivity of
corn (Chayjaret al., 2011); fresh tilapia fillets (Guaet al., 2013). For long drying

period, Fick’s second law can be simplified (Tuturand Labuza, 1996) as presented
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in Equation (2.1) in which MR is moisture ratiorid#nsionless), k& is the effective

moisture diffusivity (ni/s) andL, is the half thickness of slab (m).

mp.t
MR =2 -7 Der” 2.1)
m Ak
The effective moisture diffusivity is calculateding the method of slopes where the
experimental drying data in terms of In(MR) is péat against time and the

slope is given by equation 2.2 (Hatial., 2008).

e
slope= % (2.2)

0o

The models shown in Table 2.2 are frequently useddescribe the drying
phenomenon in agricultural products (Coredaal., 2009). Moisture ratio for the
models equations are defined by equation (2.3) (Hreret al., 2004), M is the
moisture content (% d.b) at drying tintghours), M is the equilibrium moisture

content (% d.b), and Minitial moisture content, % d.b) & O.

Table 2.2: Mathematical models for characterizirggdhying of agricultural produce

S/NO. Model name Model equation

1 Page MR = exp(kt")

2 Two-term exponential MR = aexp(-kt) + (1- a) exp(kbt)
3 Newton MR = exp(-kt)

4 Logarithmic MR = aexp(kt) +b

5 Henderson and Pabis MR = aexp(-kt)

In the table: tis drying time (h); k is drying cant (i); a, b, ¢, gy are model's parameters,

dimensionless. (Souce: Corré&al., 2009).
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Mo — Me

The mathematical model are evaluated and compasiad statistical measures such

as coefficient of determination {J root-mean-square error (RMSE) and mean sum-

of-squares of errors (MSE f). R is defined as the equivalent to the ratio of the

regression sum of squares (SSR) to the total susgqudres (SST), which explains the
proportion of variance accounted for in the dependariable by the model (Saeetd
al., 2008). It evaluates how well the model fits theéadéDoungpornet al., 2012;
Ronoh et al., 2009; Saeecet al., 2008; Tabatabeet al., 2004) and is usually
computed using equation (2.4).

m: = SSR

The RMSE is used to signify the noise in the daltiles thex” shows the deviations

between the experimental and calculated moisturelde(Doungpornret al., 2012;

Ronohet al., 2009; Tabatabeet al., 2004). The RMSE ang® are computed using

equations (2.5) and (2.6), where Mfand MR, are the measured and predicted
moisture ratios, respectively, N and z are the mremd§ observations and constant

found in the respective model, respectively (Doyreta., 2006).
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N
RMSE:[%Z(MRpre,i —MRexp,i) 2]1/2 (25)

i=1
N
Z (M Rexp,i - MRpre,i)2

X2 =L 2.6
N3 (2.6)

24. Seed Viability

Seeds are the basic biological inputs in crop pcbdn. It consists of parts containing
the embryo which carries genetic information treat give rise to a new plant, similar
in genetic and morphological characteristics (Diamteal., 2012). Therefore, the
preservation of its physiological quality is vernyaV to healthy crop production. Seed
quality depends on factors like source, time amtirigues of harvesting, processing
including drying and storage practices (Hayma, 2003he drying is too slow, there
is a possibility of reduction of seed quality dgyithe drying process due to seed

ageing.

Seed viabilityis a measure of the percentage of seeds thatiaeeafler storage and is
best tested by germination test. Germination peéagms and purity are the two
factors given priority in seed certification (Owdket al., 2005). A viable seed is one
which is capable of germinating when it's undetahle conditions. Seeds which fail
to germinate even under optimal conditions, inaglgdireatments to remove the
dormancy, are considered as non-viable seed (I3985). The greater the viability

of the seeds, the fewer the seeds will be requoedake the desired number of seeds
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per field. International Rules for Seed TestingT@S 1985) gives clearly defined
procedures of a variety of seed viability testifidne criteria include a suitable
substrate, adequate moisture, optimum temperahd@aequate lighting. Laboratory
germination test allows one to control externatdes giving most uniform, rapid and
complete germination. Seed germination test is dbgeproviding the needed

resources (air, water, warmth, and light) to seedsder for them germinate.
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CHAPTER THREE

MATERIALSAND METHODS

3.1. Study Site

Drying studies were conducted in the Food Scienepatment laboratory while
germination test were done in the Horticulture Dapant laboratories, Jomo
Kenyatta University of Agriculture and TechnologlKUAT). JKUAT is located in
Juja at a longitude of 37.0&, latitude 1.19S and an altitude of 1550m above sea

level.

3.2. Description of the Hermetic Drying System

Figure 3.1 shows the schematic of the hermeticndrgind storage system that was
used in this study. The system consisted of a dgtal air tight glass container with
a lid, wire mesh basket and a stand. The glassic@nthad capacity of 750 ml with a
height of 110 mm to the neck and a base diamet®0ahm. The container and lid
had uniform thickness of 3mm and an outside diamEté7mm. To ensure that the
system was air tight a rubber seal was fitted betwe container neck and the lid.

The rubber seal had a diameter of 67mm and hefgtiram.

In the hermetic system, there was a cylindricaintdas steel wire mesh basket that
was used to hold the seed maize. The wire baskeplaaed on a stainless steel stand
so that the sample was not in direct contact whiin lhydrogel. Using hydrogel in

direct contact posed the challenge of separatiom fthe seeds. This is because as
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hydrogel approaches its absorption capacity it dockmoisture forming into a gel.
The cylindrical wire mesh basket was fabricateanfra 4 by 4 mm grid wire mesh
and had a height of 90 mm and diameter of 65 mme Bhskets helped in
containment of the seed maize for ease of weighihg. stands were fabricated from
metal rods with height of 15 mm and 60 mm base diagneter. Both the wire basket
and base stand were fabricated at the BiomechaanchEnvironmental Engineering

department workshop, JKUAT.

Glass lid

Rubber seal

- R

Glass container

Cylindrical wire mesh
basket

Seed maize

e Eess
T T

9; Ias
Stainless steel stand
%&wmgmmﬁ ydrogel

Figure 3.1: Schematic diagram of the hermetic dy@nd storage system that was
used in this study.
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3.3.  Evaluating the Performance of Super Absorbent Hydrogel in Drying of
Seed Maize under Hermetic Conditions
3.3.1. Research Design
The study was conducted using four drying tempegaevels (25, 30, 35 and 4T)
as main plots treatments. The highest constantaeahpre used in the tests was@o0
as seeds should not be dried under temperaturedirgethis value (Hayma, 2003).
Three different initial seed moisture content levdl6, 28 and 53%, d.b) were used as
sub-plots treatments. The moisture contents wdeeteel such that they represented
the minimum, intermediate and the maximum possitdésture contents during seed
harvesting. Three different hydrogel to seed riagiaveight (1:5, 1:10 and 1:15), were
tested in drying of seeds. The control did notizdilhydrogel. The experimental
research design thus, comprised a 3 x 4 x 4 fattexiperiment (Table 3.1) was used
in this study. The data was collected in triplesafor each sub-sub plot (ratio of
hydrogel to seed maize).

Table 3.1: Experimental research design

Temperature
Moisture content Ratio 26 30C 35C 40C

0:1
1:5
1:10
1:15

16%

0:1
1:5
1:10
1:15

28%

0:1
1:5
1:10
1:15

53%
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3.3.2. Sample Procurement and Preparation

Maize used in the study was obtained from EastcAfriSeed Company Limited,
Nairobi. Unprocessed seed maize (KH 600- 15A) waisined from East African
Seed Company limited, Nairobi while super absorlgatrogel, which is Poly-acrylic
acid, sodium salt and lightly cross-linked, wasaghased from Sigma Aldri¢h The
procured unprocessed seed maize samples had aireaentent level lower than the
desired 16, 28 and 53% (d.b) for the study. In otderaise the moisture content to
the required levels of 16, 28 and 53% (d.b), thedsenaize samples were

reconditioned by soaking them in distilled wated%2 for a range of 6 to 24 hours.

Soaking the seeds ensured uniform water accesaniform moisture distribution
(Chemperek and RydzaR006) while keeping the soaked sample®& (Doungporn

et al.,, 2012; Tabatabeet al., 2004) in a refrigerator helped in preventing mould
growth. A colander was used to drain water fromdseize. Excess water on the
surface of the seed maize was further removed ysapgr towels (Maskan, 2002).
Once the water was completely drained from seedemairface the seeds were left at
room temperature overnight. This allowed the sewdseach room temperature

resulting in reduction of thermal stress duringilgy

After reconditioning, seed maize samples were tdkem different positions and

depth in the container so as to ensure equal reqpiaEsn of moisture in the seed lot
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in order to determine their final moisture contéfihomsen and Stubsgaard, 1998).
The samples were weighed in a drying dish of knomass using a digital meter
(PB8001, Mettler Toledo, Switzerland) with a premmsof +0.01gand the wet mass
recorded as W The samples were then placed in a constant tettyseroven set at a
temperature of 10& for 24 hours. The dried seeds were removed fraroven and
the dry mass recorded asqgWrhe final moisture content of the seeds was then
determined using equation (3.1). In order to enso@é the hydrogel was completely
unhydrous before using it in drying the seed mataeas dried in an oven at 4D to

remove moisture.

3.3.3. Determination of the Drying Rate

For 25C a total of thirty six samples of 120g seed méizzsamples for each of the
three moisture contents (i.e., 16, 28 and 53%, Wdie weighed in wire baskets of
known weight using analytical mass balance (PB80fditler Toledo, Switzerland)
with measurement precision of £0.01g. Based on I#Ggped maize nine samples of
24, 12 and 8g of hydrogel were weighed to attain 1:10 and 1:15 hydrogel to seed

maize ratios by weight, respectively.

The evaluation commenced by spreading the weiglaetbles of super absorbent
hydrogel at the bottom of the hermetic system. iRtabydrogel at the bottom of the
system aided in dehumidifying the system as welalasorbing the condensate that

collected at the bottom of the systedire baskets holding the weighed seed maize
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were placed on the base stands inside the systenthansystem was completely
sealed to ensure it was air tight. Each systemaoleasly labeled with reference to the
treatment it contained. The hermetic systems whsn tplaced in an incubator
(Incubator 1S62, Yamato Scientific Co., Ltd. Japas®t at 28C for moisture

monitoring for seven days (see Figure 3.2).

Moisture content of seed maize was monitored acorded at 3 hour intervals for the
first day from 8:00 a.m to 5:00 p.m. The three hioterval helped in monitoring the
moisture removal rate as most drying of biologmalducts occurs during the falling-
rate period (Srikiatden et al., 2007). Thereaftevjsture data was recorded at 12 hour
intervals until no further change in moisture comt&as observed. The interval was
increased to 12 hours because the drying rate d@nsétond falling rate period is

extremely slow (Srikiatden et al., 2007).

At any sampling time during drying the weight oétbeed maize was determined and
recorded as WThen using initial wet mass of the seed maizgaM initial moisture
content dry basis, Mequation (3.2) was used to calculate the moistordgent at
time t, M.. The control involved drying seed maize under kimiermetic conditions
without using the super absorbent hydrogel whiclegsivalent to a ratio of 0:1
hydrogel to seed maize ratio by weight. This cdntem concurrently with other
treatment. The same procedure was repeated for etled drying temperatures (i.e.,

30, 35 and 4tT).
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3.34. DataAnalysis
The percentage initial moisture conteng {.b), was evaluated from equation (3.1)
(Stroshine, 1998) while the moisture content atetitn M, during drying was

determined using equation (3.2) (FAO, 2011).

MO:M*].OO (3_1)
W
M. =100- WW(M) (3.2)
Wi

Figure 3.2: Seed maize in hermetic systems platé#uei incubator for seed moisture

monitoring.
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Graphs relating moisture content and time for tifier@nt treatments were plotted in
order to compare their drying rate. Box plots antkraction plots were used as
exploratory graphs to determine if there existederaction between drying
temperature, initial seed moisture content andranalysis of variance was also
performed to determine whether or not there existgdificant differences within the
drying rate of the different hydrogel to seed maiagos and also from the control.
These analyses were carried out using MS Excel 2D@hd R i386 3.0.2.Ink

statistical computer software.

34. Mathematical Modeling and Validating Drying of Seed Maize using
Super Absorbent Hydrogel under Her metic Conditions

3.4.1. Data Collection Procedure

Modeling and validation of drying of seed maizengssuper absorbent hydrogel

under hermetic conditions was done using data eédain Section 3.2.

3.4.2. Mathematical Modeling of Drying Data

The respective moisture ratios during drying weet¢ednined using equation (2.3)
and were then fitted to five (5) different matheiret models whose relations are
given in Table 2.2 by non-linear regression. Thisswerformed using MS Excel
2003™ in order to select the most suitable model to ilesche drying curve of seed

maize drying under hermetic conditions using hyedtogThe coefficient of

determination (B, the Chi-squarexf) and the root mean square error (RMSE) were

33



used to evaluate the goodness of fit of the tesiaithematical models to the measured

data (Doungporret al., 2012; Ronokhet al., 2009; Tabatabeet al., 2004). The best

model was selected based on the highest valud® d¥t the lowest values of and

RMSE (Doymazt al., 2006; Demiret al., 2007; Doungporet al., 2012).

3.5. Evaluating the Viability of Seed Maize Dried using Super Absorbent
Hydrogel under Hermetic Conditions
3.5.1. Data Collection Procedure
The viability of seed maize was evaluated by penfog germination test to
determine the maximum germination potential of Hemd lot after drying using
superabsorbent hydrogel under hermetic conditiamsdifferent treatments. Two
hundred seeds were counted randomly for germinatsting for each treatment.
These seeds were divided into batches of petriedigtontaining fifty seeds each.
Seeds were then planted in paper substrates (fiiper) by following germination
test procedure described in International Seedigstssociation (ISTA, 1985)op
of paper method was adopted and seeds are pladeg oh substrate paper in glass Petri
dishes with well fitting lids to prevent moisturest. The dishes were clearly labeled
and then placed in a seed germination cabinet gkoin, Koito industries limited
Yokohama Japan) set at’25 for monitoring. The incubator was maintaine@2C
as it is the optimum temperature for seed maizengption. Figure 3.3 (a) shows

preparing seed maize for germination and (b) sasripléhe germination chamber.
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The substrates were re-moistened with equal amoiudeionized water during the
course of the test to provide enough moisture @sired by the seeds. As seed maize
germinates within seven days (ISTA, 1985) two ceumére done to determine the
germination percentage. The first germination cous$ done on the fourth day after
incubating by removing the seedlings from the ofshe sample. A second count was

done on the seventh day and recorded.

(@) (b)

Figure 3.3: (a) Preparing seed maize for germinatsting using top of paper in petri

dishes; (b) Germination samples placed in the getitin chamber for monitoring.

3.5.2. DataAnalysis

Germination results were expressed as a percenfape seeds that had germinated
by the end of the seventh d&¥ermination data was analyzed in MS Excel 28a%/
plotting graphs of germination percentage agaimgingd temperature, hydrogel to

seed ratio and initial seed moisture content.
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CHAPTER FOUR

RESULTSAND DISCUSSION

4.1. Performance Evaluation of Super Absorbent Hydrogel in Drying of Seed

Maize under Her metic Conditions

Tables 4.1-4.3 show the average final moistureestatof seed maize after hermetic
drying for seven (7) days using super absorbentrdged with initial moisture

contents of 16, 28 and 53% (d.b), respectively. Témults from the three tables
illustrate that increasing hydrogel to seed ragiads to lower final moisture content.
This can be attributed to the fact that increagimg amounts of hydrogel leads to
reduced relative humidity in the system. This loslative humidity decreases the
water potential of the air, thus, there is net watevement out of the seeds and lower

final seed moisture content is attained.

Hydrogel to seed maize ratio of 1:5 by weight re=iilin the least final moisture
content compared to the other ratios of 0:1, 11id & 15 with the samples under the
control treatment having the highest final moistooatent. For example samples of
1:5 hydrogel to seed maize ratio by weight withimitial seed moisture content of
16% and dried at 28 moisture content reduced by 1.67% while thos&®BC

reduced by 3.99%. However, the moisture contestaiples of 0:1 hydrogel to seed

maize ratio and dried at 25 only reduced by 0.44% and at’@deduced by 1.67%.
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Table 4.1: Moisture content of seed maize aftemdrjor seven days with initial

moisture content of 16% (d.b)

Ratio Temperature’C)
25 30 35 40
0:1 15.56+0.006 15.81+0.011 15.91+0.008 15.32+0.009
15 14.33+0.009 15.50+0.013 14.55+0.006 12.01+0.006
1:10 14.68+0.009 14.96+0.006 14.91+0.063 14.07£9.02
1:15 15.41+0.011 15.67+0.006 15.62+0.013 14.8939.0

*Average final moisture content +standard errothwée replications after a period of seven days

Table 4.2: Moisture content of seed maize aftemdrjor seven days with initial

moisture content of 28% (d.b)

Ratio TemperaturéQ)

25 30 35 40
01 27.12+0.027 26.82+0.016 23.83+0.012 23.77+0.006
15 18.39+0.009 18.80+0.012 18.00+0.013 13.03+0.009
1:10 21.81+0.016 21.62+0.003 21.20+0.042 17.6849.00
1:15 25.46%0.021 23.55+0.019 23.49+0.020 19.4740).00

*Average final moisture content tstandard errothwée replications after a period of seven days

Table 4.3: Moisture content of seed maize aftemdrjor seven days with initial

moisture content of 53% (d.b)

Ratio Temperaturéq)

25 30 35 40
01 50.86+0.023 49.69+0.126 42.21+0.016 36.66+0.018
1:5 42.83+0.015 31.66+0.011 22.91+0.029 21.88+0.009
1:10 43.83+0.034 35.37+£0.018 27.18+0.014 25.2040.01
1:15 48.87+0.043 35.99+0.018 27.21+0.033 23.3449.00

*Average final moisture content tstandard errothwée replications after a period of seven days

To explore the data and determine if an Analysisasfance (ANOVA) was suitable

for data analysis, box plots were plotted as preseim Figures 4.1- 4.3. The box plot
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illustrated that there was distinct differenceimaf moisture content of seed maize for
the different treatments. To further ascertainube of ANOVA inter plots were used
as presented in Figure 4.4. These plots showedtibed were interactions between
seed drying temperature, initial seed moisture ex@nénd ratio. The results of box

plot and inter plot therefore indicated that cargyout an ANOVA was appropriate

for data analysis.
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Figure 4.1: Box plots of moisture content agaiestperature or ratio for observed

data at 16% initial moisture content (d.b).
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Figure 4.2: Box plots of moisture content agaiestperature or ratio for observed

data at 28% initial moisture content (d.b).
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Figure 4.3: Box plots of moisture content agaiestperature or ratio for observed

data at 16% initial moisture content (d.b).
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Analysis of variance (ANOVA) for a 3x4x4 factorialas performed to test the effect
of the main effects (i.e., drying temperature,ighiseed moisture content and ratio)
and if there was interaction between the treatmdifts ANOVA results are shown in
Appendix A. The results showed that at 1% signiftz level there were highly
significant differences between the final moistemntent attained for the different
drying temperature, initial seed moisture conterattio and temperature ratio
interaction p < 0.001). More also the final moisture content o treatments was
highly significantly different from that of contr@ < 0.001) at 1% significance level.
This implies that hydrogel ratio, initial seed ntare content and drying temperature
used in drying seed maize under hermetic conditaetermines the final moisture
content. Similar results on desiccant drying apored in literature (Hagt al., 2012,
Raoet al., Danielet al., 2009; 2006; Probert, 2003). Very low final morsticontent

can be achieved with higher ratios and drying teatpees.
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Drying curves for seed maize drying under hermetieng conditions for 16% (d.b)
initial moisture contents are shown in Figure 4The influence of initial seed
moisture content on seed moisture ratio is predeote Figure 4.6. The results
showed that during the first 100 hours of dryingréhwas accelerated loss of moisture
as the seed maize rapidly gave up its moisturdne¢ohtydrogel. As the seed maize
reached equilibrium with the hydrogel the rate ofimy slowed down. This is
because as the drying proceeds, there is a dedrefise water available slowing the

rate of drying (Saeed al., 2008).

The influence of seed drying temperature (25, 3aBd 40C) on moisture ratio is
shown in Figure 4.7. It was observed that highenpterature led to increased
moisture removal and the final moisture contenttled seed maize reduced with
increase in temperature from 25, 30, 35 andC40hese results were in agreement
with findings by Djaeni and Buchori, (2012). Ths attributed to water being more
able to vaporize and diffuse out of the seed maizegher temperatures as compared
to lower temperatures (Saeed al., 2008, Thomsen and Stubsgaard, 1998).
Moreover, increase in drying temperature increasessible heat available for

moisture removal from the seeds (Saeteal., 2008).
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(c) 35 and (d) 4% drying temperatures for initial seed moistureteahof 16% (d.b)
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Figure 4.6: The influence of initial seed moistaomtent on moisture ratio using
Logarithmic model for (a) 16%, (b) 28% and (c) 53#othe figure: IMC, initial

moisture content
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Figure 4.7: The influence of drying temperatures) (30), (35) and (d) 4G on

moisture ratio using Logarithmic model. In the figuIMC, initial moisture content

The effect of hydrogel to seed ratio on seed maastatio is exhibited in Figure 4.8.
The results show significant moisture reductiorhwitthe first 50 hours followed by
slowed drying rate. This observation is attributedhe fact that seed maize dry by
moisture transfer from the seed surface to theosuading air and then movement of
moisture from inside of the seed to the surface Bl relative humidity created by
the super absorbent hydrogel facilitated fast dyyate within the first 50 hours. The
drying rate reduced as the hydrogel approachedatato. The least final moisture

content for each set of treatment was observeddoples that were dried with 1:5
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followed by those dried at 1:10, 1:15 and contespectively. Djaeni and Buchori,
(2012) and Hayet al., (2012) also reported that increasing the rati@ediccant to
seed led to increased moisture removal when stgdséolite seed drying bedtfor

drying seeds.

It was further noted that a ratio of 1:5 seed mawdydrogel by weight dried the
seeds from moisture content of 16 to 12% (d.b) ageen days. These observations
are of importance as moisture content attained lvedsw the safe storage moisture
content of 15.6% (d.b) (Hayma, 2003). With periodéplacing of hydrogel the
moisture content can be reduced further and in fed@gs though caution must be
taken as lower moisture content will force the se¢al dormancy state. The results of
this study have illustrated that higher ratios plifogel can be used to achieve fast
and lower seed drying rate compared to the aforgored desiccants in literature

review.
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Figure 4.8: The influence of hydrogel to seed rédiol:5, (b) 1:10, (c) 1:15 and (d)
0:1 on moisture ratio using Logarithmic model. he figure: IMC, initial moisture

content

4.2. Modeling and Validating Drying of Seed Maize using Super Absorbent
Hydrogel under Hermetic Conditions

The five chosen models were fitted to the measdedd using non-linear regression

analysis (MS Excel 200%) based on the minimization of sum of squares by

adjusting the model constants. Tables 4.4-4.7 pteske established drying

parameters and the performance of the models farefit seed drying temperatures.
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It is noticeable from the results that high valoésoefficient of determination @R
0.95) were obtained for all the five drying modél§ie corresponding values gf
and RMSE were in the range of (0.0016-0.0141) &n@400-0.3045) respectively.
However, the Logarithmic model had the highest eslfor R and the weakest values
of x> and RMSE. The high values of Rdicates how well the model fits the data
(Doungpornet al., 2012; Ronohet al., 2009; Saeedt al., 2008; Tabatabeet al.,
2004). On the other hand, least values of RMSEifsgnless noise in the data while
least values of* showed there was less deviations between the iexgal and

calculated moisture levels (Doungpatnal., 2012; Ronolet al., 2009; Tabatabeet

al., 2004).

The comparison of the five models shows that Ldlyaric model produced the
highest values for R(0.975-0.988) and the lowest valuesy6f(0.0016-0.0036) and
RMSE (0.04-0.128). The Page model had the lowektevaf RMSE at 4%C of
0.0534 as compared to 0.128 of Logarithmic modelweler, comparing the values
of coefficient of determination @ Chi-square ¥°) and root mean square error
(RMSE), the Logarithmic model satisfactorily preéut drying of seed maize using

hydrogel under hermetic conditions. The resultsewier agreement with previous

studies conducted by Sungcormgeal., (2013) that showed Logarithmic model best
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described drying of tomato, Fhybrid seed by desiccant material witfh & (0.93-

0.99).

Table 4.4: Established drying parameters and padoce of different models at %5

Model Model coefficient and constants R X RMSE
Page k=0.0467 n=1.424 0.9830.0026 0.0456
Two term exponential k=0.0220 a=1 b=1 0.9510.0084 0.1412
Newton k=0.0126 0.951 0.0084 0.1412
Logarithmic k=0.0002 a=6.8447 0.984 0.0021 0.0408
Henderson and Pabis k=0.021 a=1.0351 0.952.0141 0.1117
Maximum 0.984 0.0141 0.1412
Minimum 0.951 0.0021 0.0408
Average 0.964 0.0071 0.0961

Table 4.5: Established drying parameters and padoce of different models at %D

Model model co-efficient and constants R X RMSE
Page k=0.0168 n=1.0487 0.9760.0033 0.0506
Two term exponential k=0.0145 a=1 b=1 0.9680.0055 0.0613
Newton k=0.0142 0.968 0.0055 0.3046
Logarithmic k=0.0108 a=2.2182 b=-4.2644 0.9880.0016 0.0335
Henderson and Pabis k=0.0135 a=1.0244 0.969.0045 0.1127
Maximum 0.988 0.0055 0.3046
Minimum 0.968 0.0016 0.0335
Average 0.974 0.0041 0.1125

Table 4.6: Established drying parameters and padoce of different models at %5

Model model co-efficient and constants R X RMSE
Page k=0.0057 n=1.3336 0.9760.0043 0.0591
Two term exponential k=0.012 a=1 b=1 0.9650.0054 0.0632
Newton k=0.0138 0.965 0.0150 0.0641
Logarithmic k=0.0068 a=1.8254 b=-0.8386 0.9850.0019 0.0400
Henderson and Pabis k=0.0142 a=1.0233 0.963.0051 0.0652
Maximum 0.985 0.0150 0.0652
Minimum 0.964 0.0019 0.0400
Average 0.971 0.0063 0.0583
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Table 4.7: Established drying parameters and padoce of different models at 4D

Model model co-efficient and constants R X RMSE
Page k=0.0038 n=1.6024 0.9750.0040 0.0534
Two term exponential k=0.0173 a=1 b=1 0.9430.0105 0.0783
Newton k=0.0143 0.942 0.0101 0.0828
Logarithmic k=0.0157 a=5.5013 b=-4.1376 0.9750.0036 0.1280
Henderson and Pabis k=0.0150 a=1.0516 0.948.0092 0.1212
Maximum 0.975 0.0105 0.1280
Minimum 0.942 0.0036 0.0534
Average 0.9563 0.0075 0.0927

The low values of* and RMSE exhibited by Logarithmic model togethéhwesults

in Figure 4.9 show that there was indistinct déface between the observed and

predicted moisture ratio.
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Figure 4.9: Relationship between measured and geztimoisture ratios for the

Logarithmic model
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4.3. Evaluation of Viability of Seed Maize Dried using Super Absorbent
Hydrogel under Hermetic Conditions

Germination is defined as the clear and unobstdueteergence of the radicle, or
seedling root, from the seed coat. Testing theiktalf seeds by conducting seed
germination test is an important way to deducedinality of the seeds after drying.
For this study seeds were considered to have gatednvhen the radicle emerged.
The germination results are shown in Figure 4.1@ ianAppendix C. These results
reveal that seeds with high final moisture contenlsibited the lowest germination
rates with the control recording the least germamatates. Weinbergt al., 2008 also
reported similar results after studying the effetimoisture level on high moisture

maize under hermetic conditions.

It was established that drying temperature; hydrageseed ratio and initial seed
moisture content affected the seed quality in teoigermination rate (Figure 4.11).
Highest germination rate of 86.5% was realized wihds dried at 40 using a ratio

of 1:5 hydrogel to seed by weight and initial sesaisture content of 16%. This rate
is above the accepted germination threshold of en&i0%) according to Plant
Protection Act, (1976). On the other hand, lowestngnation rate of 19% was
realized with seeds of 53% initial moisture conteith a ratio of 0:1 dried at 26.
This is because high final moisture contents inséeds impaired germination process

and stimulated microbial activities as most of thegeds were soft, swollen, and
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decayed, indicating that they were dead and noteviakhese observations are in

agreement with those made by Owolatal., (2005).
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CHAPTER FIVE

CONCLUSIONSAND RECOMMENDATIONS

51. Conclusions

The specific conclusions drawn from the study wasrdollows:

1. The findings of this study demonstrate that hydrogen be used as a
desiccant to dry small volumes of seeds to low taaslevels recommended
for gene bank storage where other drying methoda$ ss controlled air
drying are a challenge. With a ratio of 1.5 seedzem#o hydrogel by weight
and drying temperature of %D the moisture content of seed maize was
reduced from 16 to 12% (d.b) after seven days yihdr

2. All the five models considered had high valuesaéfticient of determination

(R?> 0.95) with corresponding valuesyffand RMSE in the range of (0.0016

- 0.0141) and (0.0400 - 0.3045), respectively. kitgaic model was found to

be the best fitted model to predict seed maizendryising hydrogel under
hermetic conditions with R(0.9749 - 0.9876) and the weakest valuex’of
(0.0016 - 0.0036) and RMSE (0.04 - 0.128).

3. Seed drying using hydrogel does not alter seedliiabs germination rates

obtained in this study were as high as 86.5%. Laweisture content seeds

gave the highest germination percentage as oppogedh moisture seeds.
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5.2.  Recommendations

This study identified some key areas which requugher investigation. It is

therefore recommended that:

1. Extensive studies should be conducted to evallietonomic feasibility of
drying seed maize using super absorbent hydrogidruimermetic conditions
with regeneration of the hydrogel. This will helgtérmine further the
financial viability and sustainability of its use large scale by gene banks and
seed companies.

2. Logarithmic model should be adopted in developitepdardized tables for
determining the optimum hydrogel to seed ratiosdiging seed maize under
hermetic conditions.

3. Further investigation to be performed on improvthg drying efficiency of
hydrogel in order to attain germination percentag@sve the set germination

standards.
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APPENDICES

Appendix A: ANOVA Results

Appendix A.1: Analysis of variance table for alfexfts and interactions at 16%
moisture content

Df SumSq Mean F value Pr>F) F ¢

Sq

Temperature 3 11.1783 3.7261 8767.3 <2.2e- 141.108  ***
16

Ratio 3 23.6899 7.8966  18580.3 < 2.2e- 13.902 ***
16

Temperature: 9 5.7822 0.6425 1511.7 <2.2e- 4.298 e

Ratio 16

Residuals 32 0.0136 0.0004

Signif. codes: 0 ***' (0.001 ** 0.01 *" 0.05 ‘. 0171

Appendix A.2: Analysis of variance table for singliéects at 16% moisture content

Df SumSg MeanSqg Fvalue Pr(>F) Fe
Temperature 3 11.1783 3.7261 26.359 1.158e-09 rrk
Ratio 3 23.6899 7.8966 55.861 1.541e-14 6.562  ***
Residuals 41 5.7958 0.1414
Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 ". 0171

Appendix A.3: Analysis of variance table for intetians at 16% moisture content

Df SumSg MeanSq F value Pr(>F) Fe
temperature:ratio 15 40.650 2.71003 6376.5 <2.2e-16 3.662  ***
Residuals 32 0.014 0.00042

Signif. codes: 0 “*** 0.001 **' 0.01 *' 0.05 ". 0171

Appendix A.4: Analysis of variance table for alfexfts and interactions at 28%
moisture content

Df Sum Sgq Mean Sq F value Pr(>F) F.

Temperature 3 160.95 53.652 282.046 < 2.2e- 141.108  ***
16

Ratio 3 45575 151917 798.624 < 2.2e- 13.902 ***
16

Temperature: 9 26.63 2.958 15.552 2.341e- 4.298 rrk

ratio 09

Residuals 32 6.09 0.190

Signif. codes: 0 ***' 0.001 ** 0.01 *" 0.05 ‘. 0171
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Appendix A.5: Analysis of variance table for singliéects at 28% moisture content

Df Sum Sq Mean Sq F value Pr(>F) Fc
Temperature 3 16095 53.652 67.243 6.999e-16 *rx
Ratio 3 45575 151.917 190.402 <2.2e-16 ok
Residuals 41 32.71 0.798
Signif. codes: 0 ***' 0.001 “** 0.01 * 0.05 *. 0171

Appendix A.6: Analysis of variance table for intetians at 28% moisture content

Df SumSg MeanSq F value Pr(>F) Fe
Temperature:Ratio 15 643.33 42.889 22547 <2.2e-16 3.662  ***
Residuals 32 6.09 0.190
Signif. codes: 0 ***' 0.001 “** 0.01 *’ 0.05 *. 0171

Appendix A.7: Analysis of variance table for effeeind interactions at 53% moisture

content
Df SumSg Mean F value Pr(>F) Fe
Sq
Temperature 3 2833.68 94456  254142.0 < 141.108  ***
2.2e-
16
Ratio 3 1556.85 518.95 139628.0 < 13.902  ***
2.2e-
16
Temperature:Ratio 9 20171 22.41 6030.1 < 4.298 e
2.2e-
16
Residuals 32 0.12 0.00
Signif. codes: 0 ***' 0.001 ** 0.01 *" 0.05 ‘. 011

Appendix A.8: Analysis of variance table for singliéects at 53% moisture content

Df SumSg MeanSqg Fvalue Pr(>F) Fe
Temperature 3 2833.68  944.56 191.88 <2.2e-16 141.108  ***
Ratio 3 1556.85 518.95 105.42 <2.2e-16 6.562 ok
Residuals 41 201.83 4.92
Signif. codes: 0 “***' 0.001 **' 0.01 *' 0.05 ". 0171

Appendix A.9: Analysis of variance table for intetians at 53% moisture content

Df Sum Sq MeanSq Fvalue Pr(>F) F .
Temperature:Ratio 15 4592.2 306.149 82372 <2.2e-16 3.753  ***
Residuals 32 0.1 0.004
Signif. codes: 0 ***' 0.001 “** 0.01 " 0.05 *. 0171
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Appendix B: Model Parameters and M easur es of Goodness of Fit

Appendix B.1: Statistical parameters and measwora fnodeling of drying curves:

Page model
Temp. Ratio Initial Constants R 2 RMSE
(°C) moisture X
content
(%)
Page model K n
25 0:1 16 0.000592 1.614996 0.9883 0.001557 0@A0
25 1.5 16 0.001721 1.440350 0.9768 0.00314 0.10%40
25 1:10 16 0.000575 1.663163 0.9839 0.002504 7004
25 1:15 16 0.000320 1.825213 0.9932 0.001172 2063
25 0:1 28 8.06E-5 2.086251 0.9819 0.003343 04%01
25 1.5 28 0.032953 0.930502 0.9972 0.000384 a@m38
25 1:10 28 0.492470 0.819850 0.9885 0.001389 50D8
25 1:15 28 0.000563 1.609734 0.9479 0.006652 6617
25 0:1 53 0.001553 1.450499 0.9899 0.004228 O0O1B1
25 1.5 53 0.016010 1.011016 0.9741 0.003463 Q&®5
25 1:10 53 0.0131411 1.019920 0.9849 0.001807 39929
25 1:15 53 0.000591 1.615383 0.9883 0.001557 7068
30 0:1 16 0.004240 1.238779 0.964 0.004808 0.1®10
30 1.5 16 0.005553 1.251194 0.9671 0.004931 0O&®5
30 1:10 16 0.001906  1.43305 0.966 0.005211 0D®78
30 1:15 16 0.008867 1.12520 0.983 0.002387 09458
30 0:1 28 0.042692 0.839382 0.9919 0.000977 G®29
30 1.5 28 0.030565 0.900316 0.9935 0.000816 @2®6
30 1:10 28 0.049188 0.81888 0.9878 0.001473 0%B6
30 1:15 28 0.001235 1.528823 0.9868 0.002387 4648
30 0:1 53 0.0040421 1.218085 0.9269 0.0086320 87@.1
30 1.5 53 0.012642 1.106402 0.9772 0.003395 @(3b4
30 1:10 53 0.026600 0.067083 0.9927 0.001017 99&P
30 1:15 53 0.013484 1.056901 0.9731 0.003746 7495
35 0:1 16 0.0042388 1.238823 0.964 0.004808 Q365
35 1.5 16 0.0055553 1.251195 0.9671 0.004931 O00@¥
35 1:10 16 0.0019099 1.432580 0.966 0.005211 781®
35 1:15 16 0.0088673 1.125206 0.983 0.002387 000®
35 0:1 28 0.010225 1.028781 0.9384 0.006952 G238
35 1.5 28 0.005449 1.85799 0.9714 0.00361  0.0%643
35 1:10 28 0.010000 1.000000 0.996 0.012946 82196
35 1:15 28 0.000159 1.94802 0.9872 0.002395 0685
35 0:1 53 0.000591 1.615383 0.9883 0.001557 0&87
35 1.5 53 0.007002 1.161254 0.9779 0.002981 G3¥51
35 1:10 53 0.007146 1.18191 0.9873 0.001864 6580
35 1:15 53 0.007628 1.162528 0.9873 0.001833 o0QDU
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40
40
40
40
40
40
40
40
40
40
40
40

0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15

16
16
16
16
28
28
28
28
53
53
53
53
Ave.
Max.
Min.

0.006143
4.37E-6
7.53E-6

0.004691

0.000172

0.000877

0.0145951

0.001695

0.005883

0.008138

0.002408

0.000533

0.0043325
0.0145951
0.000172 0.067083

1.262365
2.695352
2.77752
1.286387
1.436944
1.557923
1.113804
1.533431
1.207014
1.266183
1.405215
1.686341
1.352148
2.77752

0.9907
0.9824
0.9461
0.9721
0.9875
0.9726
0.9937
0.9983
0.9749
0.9891
0.9844
0.9055

0.9774 0.0035386

0.9983
0.9055

0.001462
0.003268

01085
09636

0.0082234 @885
0.004227 1018

0.002407
0.003837

0886
Q858

0.000916 28a.3p

0.000292
0.003607
0.001709

601
@066
8288

0.0023860 45888

0.015067

0.015067
0.000292

5303
0.8621
0.115303
0.016057

Appendix B.2: Statistical parameters and measwra fnodeling of drying curves:

Two term exponential

Temp. Ratio Initial Constants R 2 RMSE
(°C) moisture X
content
(%)

Two term exponential K A b

25 0:1 16 0.012652 1 1 0.9626 0.007465 0.081156
25 15 16 0.01 1 1 0.9619 0.007119 0.079255
25 1:10 16 0.01 1 1 0.9519 0.009135 0.089778
25 1:15 16 0.01 1 1 0.956 0.010809 0.097662
25 0:1 28 0.1115 1 1 0.9209 0.015788 0.118029
25 15 28 0.025195 1 1 0.9962 0.000541 0.021847
25 1:10 28 0.024145 1 1 0.9853 0.002565 0.047513
25 1:15 28 0.00938 1 1 0.909 0.011400 0.099029
25 0:1 53 0.011796 1 1 0.9522 0.007786 0.082888
25 15 53 0.016786 1 1 0.9739 0.003467 0.055306
25 1:10 53 0.015623 1 1 0.9846 0.0018818 0.040050
25 1:15 53 0.007477 1 1 0.8527 0.022601 0.141210
30 0:1 16 0.01354 1 1 0.9693 0.006298 0.074544
30 15 16 0.012181 1 1 0.9528 0.009197 0.090085
30 1:10 16 0.011673 1 1 0.9521 0.0092730 0.090453
30 1:15 16 0.012694 1 1 0.9597 0.010575 0.096598
30 0:1 28 0.022464 1 1 0.988 0.001958 0.041566
30 15 28 0.020344 1 1 0.9918 0.001168 0.032108
30 1:10 28 0.023985 1 1 0.9847 0.002661 0.048445
30 1:15 28 0.012944 1 1 0.9616 0.006755 0.077205
30 0:1 53 0.010915 1 1 0.915 0.009388 0.091013
30 15 53 0.019672 1 1 0.9765 0.003699 0.057129
30 1:10 53 0.0023341 1 1 0.9924 0.001052 0.030464
30 1:15 53 0.0107203 1 1 0.9726 0.003834 0.005816
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35 0:1 16 0.012375 1 1 0.9526 0.005842 0.071794
35 15 16 0.016185 1 1 0.9638 0.006519 0.075843
35 1:10 16 0.013096 1 1 0.9445 0.008152 0.084814
35 1:15 16 0.015282 1 1 0.9797 0.002752 0.049277
35 0:1 28 0.011635 1 1 0.9386 0.006976 0.078453
35 1:5 28 0.012472 1 1 0.9688 0.004448 0.062644
35 1:10 28 0.013859 1 1 0.9877 0.002585 0.047761
35 1:15 28 0.0011431 1 1 0.9336 0.012829 0.106394
35 0:1 53 0.014244 1 1 0.9702 0.006157 0.073668
35 1:5 53 0.014223 1 1 0.9746 0.003608 0.056420
35 1:10 53 0.01569 1 1 0.9838 0.002654 0.004839
35 1:15 53 0.01543 1 1 0.9838 0.002647 0.046658
40 0:1 16 0.018402 1 1 0.9874 0.003025 0.005167
40 15 16 0.010092 1 1 0.8816 0.02663 0.051663
40 1:10 16 0.007877 1 1 0.8277 0.023162 0.153288
40 1:15 16 0.01593 1 1 0.9681 0.006233 0.042958
40 0:1 28 0.01166 1 1 0.9347 0.012654 0.074159
40 15 28 0.011 1 1 0.9495 0.008844 0.105667
40 1:10 28 0.023371 1 1 0.9933 0.001233 0.088338
40 1:15 28 0.016304 1 1 0.9839 0.005306 0.068421
40 0:1 53 0.014596 1 1 0.9686 0.004515 0.063117
40 15 53 0.01614 1 1 0.9836 0.003303 0.053985
40 1:10 53 0.05076 1 1 0.9681 0.010806 0.097644
40 1:15 53 0.011968 1 1 0.8678 0.020715 0.135195
Ave. 0.0167032 1 1 0.9567 0.0074586 0.0705691
Max. 0.1115 1 1 0.9962 0.02663 0.153288
Min. 0.0011431 1 1 0.8277 0.000541 0.0048391

Appendix B.3: Statistical parameters and measwora fnodeling of drying curves:
Newton model

Temp. Ratio Initial Constants R 2 RMSE
(°C) moisture X
content
(%)

Newton K

25 0:1 16 0.012652 0.9626 0.007465 0.051156
25 1.5 16 0.01 0.9619 0.007119 0.079255

25 1:10 16 0.01 0.9519 0.009135 0.089778

25 1:15 16 0.01 0.956 0.010809 0.097662

25 0:1 28 0.01115 0.9209 0.015788 0.118029
25 1.5 28 0.02519 0.9962 0.000541 0.021847
25 1:10 28 0.0124145 0.9853 0.002565 0.047573
25 1:15 28 0.00938 0.909 0.011114 0.099029
25 0:1 53 0.011796 0.9522 0.007786 0.082888
25 1.5 53 0.016786 0.9739 0.003467 0.055300
25 1:10 53 0.014623 0.9846 0.001818 0.040050
25 1:15 53 0.007477 0.8527 0.022601 0.141217
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30
30
30
30
30
30
30
30
30
30
30
30
35
35
35
35
35
35
35
35
35
35
35
35
40
40
40
40
40
40
40
40
40
40
40
40

0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15

16
16
16
16
28
28
28
28
53
53
53
53
16
16
16
16
28
28
28
28
53
53
53
53
16
16
16
16
28
28
28
28
53
53
53
53

Ave.
Max.
Min.

0.01354
0.012181
0.011673
0.012694
0.0022464
0.020344
0.023341
0.017203
0.012375
0.016185
0.013096
0.015282
0.011635
0.016185
0.013096
0.015282
0.011635
0.012472
0.013859
0.011431
0.014244
0.014223
0.01569
0.01543
0.018402
0.010092
0.007877
0.01593
0.01166
0.011
0.023371
0.016304
0.014596
0.01614
0.014196
0.011968
0.0137156
0.02519
0.0022464

0.9693
0.9528
0.9521
0.9597
0.988
0.9918
0.9847
0.9616
0.915
0.9765
0.9924
0.9726
0.9526
0.9638
0.9445
0.9797
0.9386
0.9688
0.9877
0.9336
0.9702
0.9746
0.9838
0.9838
0.9874
0.8816
0.8277
0.9681
0.9347
0.9495
0.9933
0.9839
0.9686
0.9836
0.9723
0.8678
0.9567
0.9962
0.8277

0.006298
0.009197
0.009273
0.010575
0.001958
0.001168
0.002661
0.006755
0.009388
0.003699
0.001052
0.003834
0.005842
0.006519
0.008152
0.002752
0.006976
0.004448
0.002585
0.12829
0.006157
0.003608
0.002654
0.002467
0.003025
0.02663
0.023162
0.006233
0.012654
0.008844
0.001233
0.005303
0.004515
0.003303
0.005589
0.020715
0.009744
0.12829
0.000541

0.074544
0.0090085
0.090453
0.096598
0.041566
0.032108
0.048453
0.077205
0.091013
0.057129
0.30464
0.058161
0.071794
0.075843
0.049277
0.078453
0.062644
0.047761
0.106394
0.073668
0.05642
0.048391
0.046658
0.051663
0.153288
0.142958
0.074159
0.105667
0.088338
0.032987
0.068421
0.063117
0.053985
0.070224
0.131950
0.008687
0.0764044
0.304640
0.008687

Appendix B.4 Statistical parameters and measura frmdeling of drying curves:
Logarithmic model

Temp. {C)

Ratio

Logarithmic model

Initial

moisture
content

(%)

Constants

R

2 RMSE

X
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25
25
25
25
25
25
25
25
25
25
25
25
30
30
30
30
30
30
30
30
30
30
30
30
35
35
35
35
35
35
35
35
35
35
35
35
40
40
40
40
40
40
40
40
40
40
40
40

0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15
0:1
15
1:10
1:15

16
16
16
16
28
28
28
28
53
53
53
53
16
16
16
16
28
28
28
28
53
53
53
53
16
16
16
16
28
28
28
28
53
53
53
53
16
16
16
16
28
28
28
28
53
53
53
53

0.004234
0

0

0
0.001219
0.024716
0.021337
0.000268
0.002627
0.00975
0.0109
0.000157
0.005806
0.003219
0.002308
0.004553
0.021783
0.01927
0.020942
0.004274
0.000659
0.014899
0.02072
0.010686
0.002509
0.012236
0.003816
0.008607
0.004961
0.005997
0.00881
0.001659
0.006929
0.007077
0.009592
0.009165
0.14337
0.000529
0.000188
0.011878
0.002089
0.00168
0.002297

2.0760121.0707
2.049545-1.04557
3.67 -2.66296
2.20 -1.17042
5.9205864.89541
0.981961D.000687
0.93486D.00687
21.477670.0103
2.86848820.4952
1.18345 -1.88153
1.1016230.25481
37.672050.13487
1.69533536.5995
2.5257560.68991
3.3010331.52941
2.07125 -2.29434
0.9399431.03299
0.973323.10934
0.9358180.0059
2.0307030.01368
8.8479811.0416
1.1064467.91889
1.0071660.1217
1.1835580.03399
2.80885 -0.22927
1.1887881.87207
2.14597 -0.16385
1.2757051.18248
1.6169590.31904
1.6392220.65428
1.3023410.65696
4.4442 -0.29231
1.5395623.43081
1.4204020.53213
1.25714  -0.45298
1.26615 -0.27672
1.1577040.29316
13.356950.13561
30.4560612.2905
1.21072629.4215
3.6441470.17915
4.1854122.63121
1.0483423.18378

0.00114381.280695 -0.02972

0.006677
0.010079
0.007451
0.001273

1.4808740.23304
1.2716210.52162
1.46709 -0.27396
5.4555230.45828

0.9922 0.001111
0.9875 0.001719
0.993 0.000965
0.9860.002101
0.9779 0.003321
0.9963 0.000484
0.9866 0.001546
0.9768 0.002593
0.9874 0.001664
0.9886001378
0.9888 0.001293
0.9402 0.007334
0.993 0.001006
0.9868 0.001883
0.9912 0.001227
0.9881001863
0.9880 0.001402
0.9920 0.000969
0.9863 0.001585
0.9928 0.000986
0.9720 0.003006
0.9822 0.002537
0.9937 0.000836
0.9848 0.002000
0.9904001120
0.9684 0.004708
0.978002811
0.9944 0.000700
0.9514 0.005443
0.9854 0.001806
0.9965 0.000466
0.9809002631
0.9896 0.001527

0.031308
0.0389443
0.0291
0.043059
0.054135
0.020559
0.036939
0.047832
0.038314
0.034872
0.03379
0.080444
0.029797
0.040767

0.032910
0.040545
0.035766
0.029235
0.0327402
0.025489
0.051502
0.047310
0.0027414
0.042011
0.031440
0.064453
0.049803
0.024856
0.069300
0.039915
0.020283
0.048185

0.9916 0.0001066 0.036710

0.996000581

0.996300458
0.9920 0.001209
0.9532 0.007703
0.9198 0.009616
0.9731 0.004050
0.9817 0.002680
0.9912 0.001171
0.9935 0.000944
0.992 0.001288
0.9905 0.001238
0.9954 0.000653

0.980M01600
0.9269 0.010618

0.030663
0.022638
0.201040
0.032656
0.082444
0.921112
0.059778
0.048627
0.032144
0.028865
0.033711
0.033057
0.024008
0.037567
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Ave.
Max. 0.14337
Min. 0.0

0.0098821 4.097396 -

3.010442

37.672050.10934

0.934867 -36.5995

0.9827 0.0022903 0.0701062

0.9965 0.010618

0.921112

0.9198 0.0001066 0.0027414

Appendix B.5 Statistical parameters and measura frmdeling of drying curves:
Henderson and Pabis model

Temp. Ratio Initial Constants R 2 RMSE
(°C) moisture X

content

(%)
Henderson and Pabis K A
25 0:1 16 0.013417 1.056567 0.9576 0.006634 6Q@r6
25 1.5 16 0.01 1.06 0.9575 0.006309 0.074609
25 1:10 16 0.01 1.06 0.9458 0.008095 0.084576
25 1:15 16 0.01 1.09 0.9482 0.008828 0.088256
25 0:1 28 0.12051 1.077405 0.9122 0.014143 00917
25 1.5 28 0.024661 0.982415 0.9963 0.000484 66RO
25 1:10 28 0.0022052 0.927714 0.9865 0.001560370.@6
25 1:15 28 0.009677  1.025272 0.9061 0.010930 829
25 0:1 53 0.011693 1.004117 0.9384 0.006971 @298
25 1.5 53 0.012853 1.026691 0.9671 0.004265 GO®1
25 1:10 53 0.014501 1.042213 0.9855 0.002147 3828
25 1:15 53 0.012281 1.068547 0.9264 0.011554 0048%
30 0:1 16 0.0150341 1.052861 0.9663 0.005462 4@
30 1.5 16 0.014354 1.00842 0.9741 0.003590 08562
30 1:10 16 0.015942  1.015047 0.9829 0.002600 70@a
30 1:15 16 0.015134  0.991077 0.9803 0.002733 90@E
30 0:1 28 0.0011693 1.004117 0.9384 0.006971 8azxg
30 1.5 28 0.012853 1.026691 0.9671 0.004265 GoB1
30 1:10 28 0.014501 1.042213 0.9855 0.002147 36%23
30 1:15 28 0.012281  1.068547 0.9264 0.011554 094%
30 0:1 53 0.015034 1.052861 0.9663 0.005462 @2®9
30 1.5 53 0.014354  1.00842 0.9741 0.003590 0&8%62
30 1:10 53 0.015942  1.015047 0.9829 0.002600 70@a
30 1:15 53 0.01557 1.007696 0.9834 0.002453 6246
35 0:1 16 0.0122460 0.99076 0.9534 0.005819 6%51
35 1.5 16 0.017066 1.057084 0.9617 0.005918 Q@&Q02
35 1:10 16 0.013309 1.015111 0.9431 0.008094 4608
35 1:15 16 0.0151340 0.991077 0.9803 0.002733490.@6
35 0:1 28 0.011693 1.004117 0.9384 0.006971 @298
35 1.5 28 0.012853 1.026691 0.9671 0.004265 GO®1
35 1:10 28 0.014501 1.042213 0.9855 0.002147 3623
35 1:15 28 0.012281 1.068547 0.9264 0.011554 0048%
35 0:1 53 0.015034 1.052861 0.9663 0.005462 @2®9
35 1.5 53 0.014354 1.00842 0.9741 0.003590 08562
35 1:10 53 0.015942  1.015047 0.9829 0.002600 70@a
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35
40
40
40
40
40
40
40
40
40
40
40
40

1:15
0:1
1:5
1:10
1:15
0:1
1:5
1:10
1:15
0:1
1:5
1:10
1:15

53
16
16
16
16
28
28
28
28
53
53
53
53

Ave.
Max.
Min.

0.015557
0.019295
0.011335
0.008454
0.016928
0.012494
0.01174
0.024103
0.017612
0.014638
0.016696
0.014951
0.012318
0.015927
0.12051
0.0011693

1.007696
1.046786
1.111842

1.0546652

1.059069
1.066553
1.058855
1.02818
1.079577
1.002668
1.032997
1.050379
1.027051
1.033587
1.111842
0.927714

0.9834 0.002453 6624
0.9853 0.002544 G187
0.9580 0.023066 64@2

0.8200 0.022244 0.140097

0.9656 0.005423 90.06
0.9277 0.011459 63%0
0.9440 0.007904 01835
0.9929 0.001079 G230
0.9794 0.003882 8145
0.9684 0.004573 QO®3
0.9815 0.003048 6118
0.9687 0.004963 60.06
0.8648 0.020578 4638
0.9578 0.006410 0.093011
0.9963 0.023066 0.694200
0.8200 0.000484 0.02066
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Appendix C: Germination Results

Appendix C.1: The germination data of seeds dritba

viability testing for seeds dried at %5
Moisture content Ratio Number of seedsDay 4 Day 7 Total GerminatedGermination rate (%)

16% 0:1 200 36 34 70 35.0
15 200 66 36 102 51.0
1:10 200 62 36 98 49.0
1:15 200 46 30 76 38.0
28% 0:1 200 30 28 58 29.0
15 200 61 39 100 50.0
1:10 200 61 38 99 49.5
1:15 200 36 34 70 35.0
53% 0:1 200 28 10 38 19.0
15 200 44 22 66 33.0
1:10 200 32 24 56 28.0
1:15 200 26 14 40 20.0

Appendix C.2: The germination data of seeds drted{iC

Viability testing for seeds dried at 0D
Moisture content Ratio Number of seedsDay 4 Day 7 Total GerminatedGermination rate (%)

16% 0:1 200 38 42 80 40.0
15 200 88 43 131 65.5
1:10 200 68 36 104 52.0
1:15 200 52 44 96 48.0
28% 0:1 200 33 26 59 29.5
15 200 76 46 122 61.0
1:10 200 60 44 104 52.0
1:15 200 37 33 70 35.0
53% 0:1 200 30 16 46 23.0
15 200 50 28 78 39.0
1:10 200 32 24 56 28.0
1:15 200 29 19 48 24.0
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Appendix C.3: The germination data of seeds drte35iC

Viability testing forseeds dried at 86
Moisture content Ratio  Number of seedsDay 4 Day 7 Total Germinated Germination rate (%)

16% 0:1 200 42 39 81 40.5
1:5 200 90 56 146 73.0
1:10 200 64 48 112 56.0
1:15 200 56 46 102 51.0
28% 0:1 200 40 31 71 35.5
1:5 200 74 57 131 65.5
1:10 200 59 50 109 54.5
1:15 200 43 31 74 37.0
53% 0:1 200 41 24 65 32.5
1:5 200 68 34 102 51.0
1:10 200 40 28 68 34.0
1:15 200 43 23 66 33.0

Appendix C.4: The germination data of seeds drietiiC

Viability testing forseeds dried at 4G
Moisture content Ratio Number of seeds Day4 Day7 Total Germinat&krmination rate (%)

16% 01 200 47 37 84 42.0
1:5 200 111 62 173 86.5

1:10 200 83 45 128 64.0

1:15 200 63 49 112 56.0

2800 01 200 44 29 73 36.5
1:5 200 89 60 149 74.5

1:10 200 76 49 125 62.5

1:15 200 56 34 90 45.0

53% 01 200 48 20 68 34.0
1:5 200 77 31 108 54.0

1:10 200 44 26 70 35.0

1:15 200 42 30 72 36.0
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