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biosystémes au Canafié: 3.1-3.8. Safe storage guidelines for grainsIn Canada, most cereal crops are seeded in ApMayr and
at different moisture contents and storage tempezsiare essential to harvested in the autumn (fall). Sometimes unexjoeetsather
know how long seed can be held without deterioratiRye samples conditions during harvest cause the crop to bedsaed at high
with 10.0, 12.5, 15.0, and 17.5% moisture contemt pasis) were moisture levels which are not suitable for safe pralonged
stored at 10, 20, 30, and“@for 16 weeks. Germination, moisture storage, or occasionally, farmers may not even ¢eteghe

content, visible and invisible microflora, and frizgty acid (FFA)
values were monitored periodically. Germinationeratecreased
significantly with increase in moisture contentmgeerature, and

10°C increased with time, whereas that of samplesdtat 30 and
40°C decreased. Visible mold appeared in all the 17rBétsture
samples and in all the samples stored 4€4Benicilliumspp and
Aspergillus glaucugroupwere the predominant fungi in almost all
samples throughout the study. Fat Acidity Value\frlcreased with
increasing moisture content, temperature, and geatiene (=0.05).
Safe storage guidelines with respect to initial shoie content and
temperature were developed based on the drop mig@ion and
appearance of visible mold. Rye with2.5% moisture content stored
at 20°C would be safe for at least 15 weeks, whereawitje 15%
moisture content stored at “@would have less than a week to
complete drying and cooling{eywords: rye, moisture content,
temperature, safe storage guidelines.

Des recommandations pour I'entreposage sécuriasarains a
différentes teneurs en eau et températures d'edage sont
essentielles pour savoir combien de temps les gaéuvent étre
conservés sans détérioration. Des échantillonsegesayant une
teneur en eau de 10,0, 12,5, 15,0 et 17,5% (basede) ont été

entreposés a 10, 20, 30 ef@pendant 16 semaines. Les paramétre

suivants ont été mesurés périodiquement : gerroimaineur en eau,
microflore visible et invisible et acides gras &br Le taux de
germination a diminué de fagon significative aves dugmentations
de la teneur en eau, de la température et de Eedllentreposage
( =0,05). La teneur en eau des échantillons entrepas&0C a
augmenté avec le temps, contrairement a cellesédeantillons
entreposés a 30 et UM qui ont plutdt diminué. De la moisissure
visible est apparue parmi tous les échantillonseétaneur en eau de
17,5% ainsi que dans tous les échantillons entéspas4fC. Les
groupesPenicillium spp et Aspergillus glaucugtaient les espéces
prédominantes dans presque tous les échantillonsttieétude. Les
valeurs d’acide gras augmentaient avec une augtiwmtte la teneur
en eau, de la température et de la période d’evgege (=0,05). Des
recommandations pour un entreposage sécuritaitegquient compte
de la teneur en eau initiale et de la températtréte développées en
considérant la réduction de la germination et l&ppce de moisissure
visible. L’entreposage du seigle & une teneur anrdérieure ou égale
a 12,5% et a une température d&26u moins s’est avéré sécuritaire
pour une période d’au moins 15 semaines. Toutedoisseigle
entreposé a une teneur en eau supérieure ou égalé at a 4% se
conserverait moins d’'une semaine sans séchagdreidigsement.

harvest before winter. For example, in 1996 onl658f the
cultivated wheat crop was harvested because ofaweimn

storage period €0.05). Moisture content of the samples stored atweather (Anonymous 1997).

Moisture content and temperature of the grain dumarvest
determine the safe storage period. Drying and ngaf freshly
harvested, moist, warm grain is an important opanabefore
it goes for processing or storage (Bala 1997).graén can be
dried in a heated air dryer and cooled or ambiecta be used
to slightly dry and cool the grain within the biFhe choice of
either of the conditioning systems depends on theng
condition and weather patterns. If the harvestaihgran be
held for a long enough period at the harvested ton@sand
temperature conditions without any significant gge, then the
farmer can use ambient air drying and reduce tleeggrcost.
However, this may not be effective for moist andmagrain as
the use of ambient air is slower than heated-gindr Rates of
drying and of cooling also depend on the availéibie for that
particular operation. Even grain with safe initi@oisture
content can spoil if the storage conditions arerp®berefore,

guidelines must be developed for all the commoingrat all

possible moisture and temperature conditions thmgnay be
subjected to after harvest, to provide farmersindion on the
number of days available for completion of postvilat
conditioning operations.

Rye Secale cereale.) accounts for 1.2% of the total world
cereal production and is the second major raw radfer the
bread industry next to wheat. Canada has a suladtsinare in
the world’s rye trade. Although it is not a majawogucer,
Canada exports more than half of its productiomeyear.
Swathing of fall rye may begin at around 45% se@istare
content, which is called the milk stage. Rye hasvintual
dormancy, therefore, this can result in pre-hargpsbuting.
Delayed swathing may increase the risk of shattgraid heads.
Hence, judgment must be made to balance the risgsouting
and shattering. Swathed rye is field dried andstied at around
22% moisture content (Hartman 1999). It should Heda® or
less moisture content and for long term storagedéds to be
dried further to 12% moisture content. Rye whiclegdor
milling and baking has to meet specified commereiat

Mots clés seigle, teneur en eau, température, recommamdatio hygienic standards. Therefore, early harvesting praper

d’entreposage sécuritaire.
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drying before storage are necessary (Weipert 1996).
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Fig. 1. Experimental setup.

Safe storage of grain may be defined as the timegéor
which the grain can be stored without any signiftdass in its
quality and quantity. Seed maturity and conditiomisture
content, storage temperature, storage time, mokkgts, mites,
dockage, climate, and storage and handling methoglthe
factors that affect the quality of the stored gr@diayas 1995).
Among all these factors, seed moisture and temyrerare the
important abiotic variables which need to be maeito
continuously and controlled to prevent grain spmldSinha
1973; Mills and Sinha 1980; White 1995; Jayas ankit&V
2003). Germination, fat acidity value (FAV), moldowth,
physical appearance, and nutritive values are fat¢kat need
to be monitored to assess the condition of thedtgrain (Muir
2001).

Germination is the first and most sensitive factoassess
the deterioration level of any stored grain. Frattyfacids
(FFA) are produced by breakdown of lipids by thegasss of
hydrolysis caused by enzymatic secretions fronas®ciated
microorganisms of the grain. Therefore, FAV hashesed as
an index to monitor the condition of stored grairhe
appearance of mold is another indicator of gradilage during
storage.

3.2 LE GENIE DB3OSYSTEMES AU CANADA

Several studies have been conducted to asseslsahges
in the quality of different commodities during sige: wheat
(Wallace et al. 1983), rapeseed (Mills and SinH0)9canola
meal (White and Jayas 1989), wild rice and rice ifé&/and
Jayas 1996), hull-less and hulled oats and baviéyité et al.
1999a), solin (White et al. 1999b), and flax se@thife and
Jayas 1991). However, safe storage guidelines basgdain
moisture content and storage temperature are alaaly for
wheat (Mills 1989). As only limited data are avhion the
deterioration of rye, the objective of this worksata monitor
the quality changes of rye stored at different mooes and
temperature conditions and to develop safe stogagkelines
from the measured quality parameters.

MATERIALS AND METHODS

Sample preparation and storage conditions

Hartman (1999) reported that fall rye may be swétfalowed
by field drying without any quality loss, but it@hld not be
artificially dried after combining until the kerneloisture is less
than 20%. Therefore, the moisture content can lysviagre
below 20% before it goes for any post-harvest ineat. Rye
with 14% moisture content is considered as stragghtle,
whereas 13% moisture content is considered safe for
prolonged storage. Hence, the 10.0-17.5% moistargeat
range was chosen for this storage study. Two lalsise safe
and two below were chosen for this storage studyl. riye
samples (harvested in 2004) were obtained fromcAilitire and
Agri-Food Canada, Winnipeg and reconditioned t®102.5,
15.0, and 17.5% moisture contents (wet mass babs).
conditioned samples were stored 8C-Gntil used for the study.

Four environmental chambers (E15 and C1010,
CONVIRON, Controlled Environments Limited, Winnipeg
MB) were used to maintain temperatures of 10, 20, ahd
40°C with a relative humidity (RH) of 50+5%. The 10°@0
range was based on the possible temperaturesahevgould
undergo during and after harvest. The average tiamiperature
of the Canadian prairies is around°@5during normal
harvesting periods (Muir and Jayas 2001) and ceraats like
rye can be about eight degrees above the ambiepetature
after lying in the swath (Prasad et al. 1978).

Equilibrium relative humidity (ERH) of the 10.0, 5215.0,
and 17.5% moisture content samples (60, 75, 859a%@RH,
respectively) were maintained using potassium hyideo
(KOH) solutions of specific gravities of 1.285,112 1.147 and
1.108, respectively (Solomon 1951).

Experimental setup

About 400 ml of KOH solution were placed in a sdghastic
container with perforations on the outer surfacevabthe
solution level and placed inside a plastic paib(k). Two
kilograms of conditioned rye were placed in a meab and
placed over the KOH-filled container inside thd pahich had
a lid loosely fitting on the top (Fig. 1). Threelieations were
made for each temperature and moisture combindtlangrain
in the mesh bag was mixed thoroughly and samples taken
at regular intervals for quality analysis. The stwds carried
out for 16 weeks and no further quality measuremedre
carried out once the germination of a sample drdpp&%.
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Table 1. Changes in germination of rye stored at 1@ (n=3).

Storage Moisture content (% wb)

period

(wk) 10.0 12,5 15.0 17.5
0 92.0a* £ 0.0* 92.0a+ 0.0 92.0a+ 0.0 92.0a+ 0.0
1 92.0a+ 0.0 86.7ab + 2.3 82.7abc + 4.6 62.7b + 2.3
2 92.0a+2.8 77.3cdefg £ 5.7 86.7abc + 2.8 57.3bcd + 5.7
3 86.7abc + 2.3 82.7bcd + 2.3 88.0ab £ 4.0 58.7bc + 2.3
4 86.7abc + 6.1 81.3bcde + 2.3 80.0bcde + 4.0 50.7cde £ 6.1
5 85.3abc + 8.3 77.3cdefg £ 2.3 81.3abcd £ 6.1 50.7cde + 2.3
6 88.0ab + 6.9 78.7cdef+£ 6.1  78.7bcdef+ 6.1 453e+6.1
7 82.7bc + 2.3 74.7efg £ 4.6 80.0bcde + 6.9 48.0de + 10.6
8 81.3bcd + 2.3 74.7efg £ 2.3 76.0cdefg £ 12.0 48.0de + 14.4
9 82.7bc + 2.3 72.0fg £ 0.0 70.7defgh + 8.3  49.3cde + 6.1
10 82.7bc + 4.6 84.0bc + 6.9 61.3hi £ 2.3 30.7f+ 2.3
11 81.3bcd + 2.3 76.0defg £ 4.0 77.3bcdefg + 4.6 24.0fg £ 8.0
12 74.7d £ 6.1 72.0fg £ 0.0 60.0hi + 13.9 32.0f£6.9
13 80.0cd + 4.0 70.79+ 2.3 69.3efgh + 6.1 14.7gh £ 4.6
14 84.0bc + 4.0 72.0fg £ 6.9 68.0fgh £ 8.0 14.7gh £ 4.6
15 82.7bc + 2.3 74.7efg £ 6.1 66.7gh = 2.3 17.3gh £ 6.1
16 80.0cd + 4.0 74.7efg £ 4.6 50.71+ 4.6 10.7h £ 2.3

* Values followed by the same letter in a columa ot significantly different by
least significant difference (LSD) compariszirmeans.
** Standard deviation

Table 2. Changes in germination of rye stored at 2@ (n=3).

Storage Moisture content (% wb)

period

(wk) 10.0 12.5 15.0 17.5
0 92.0a*+ 0.0*  92.0a+0.0 92.0a+ 0.0 92.0a+ 0.0
1 89.3ab + 2.3 86.7ab + 2.3 80.0abc + 4.0 61.3b+6.1
2 85.3abcd + 4.6 73.3cdef+6.1  76.0bcd + 10.6  48.0cd + 14.4
3 81.3bcde +8.3 73.3cdef+4.6  70.7bcdef+ 12.2 58.7bc + 8.3
4 85.3abcd + 8.3 80.0bcd + 6.9 81.3ab + 4.6 44.0de £ 4.0
5 85.3abcd + 6.1 76.0cde +10.6 74.7bcde £+6.1  54.7bcd + 16.7
6 77.3de + 2.3 73.3cdef+2.3 78.7bc+2.3 44.0de + 10.6
7 80.0cde + 8.0 80.0bcd + 4.0 62.7efg £ 2.3 32.0efg £ 4.0
8 82.7bcde + 2.3 82.7abc + 4.6 68.0cdef + 8.0 33.3ef+ 8.3
9 82.7bcde + 2.3 78.7bcd + 2.3 48.0i + 10.6 29.3fg + 9.2
10 78.7cde + 2.3 70.7def £ 2.3 64.0defg + 4.0 20.0gh + 4.0
11 86.7abc + 2.3 73.3cdef+ 2.3  54.7ghi + 4.6 8.0h+6.9
12 76.0e £ 4.0 70.7def £ 11.5 49.3hi+2.3 10.7h + 4.6
13 80.0cde + 6.9 70.7def £ 9.2 42.7ij£ 6.1 13.3h + 4.6
14 78.7cde + 6.1 70.7def £ 8.3 61.3fgh + 8.3 10.7h £ 6.1
15 78.7cde + 2.3 64.0f £ 8.0 49.3hi +12.9 20.0gh + 4.0
16 80.0cde + 4.0 66.7f £ 6.1 30.7j+9.2 8.0h£4.0

* Values followed by the same letter in a colume @aot significantly different by
least significant difference (LSD) comparisifrmeans.
** Standard deviation

Grain quality assessment
Germination rate was measured every week by plaSrapeds

per sample on a Whatman No. 3 filter paper in an9f

diameter Petri dish saturated with 5.5 ml of distilwater. The

of seeds germinated was counted (Wallace and 39632).
Moisture content of the samples was measured evesk

by drying approximately 10 g of grain per sample an
convection oven at 130 for 16 hours (ASAE 2003) and

expressed as percentage on wet mass basis.

Volume 50

2008

CANADIAN BIOSYSTEMS ENGEERING

Appearance of visible mold was
monitored every week by visually inspecting
the samples. Invisible microflora species
were identified at four week intervals by
placing 25 seeds on a Whatman No. 3 filter
paper in a 90 mm diameter Petri dish
saturated with 5.5 ml of 7.5% aqueous
sodium chloride (NacCl) solution. The plates
were incubated at 26 for seven days and
the microfloral species were identified using
a dissection microscope (Mills et al. 1978).

Free fatty acid values (FAV) were
measured every two-week interval using
Goldfisch fat extractors and KOH titration
(Schroth et al. 1998).

Statistical Analysis

Effects of moisture content, temperature, and
storage period on germination rate and FAV
were analyzed using analysis of variance
(ANOVA) using a three factorial design
model (4 moisture contents x 4 temperatures
x 16 weeks). Changes in germination and
FAV over the storage period were analyzed
using least significant difference (LSD)
means of comparison with a 95% confidence
interval.

RESULTS and DISCUSSION

Wallace et al. (1983) studied the effect of
abiotic variables such as temperature,
moisture content, and storage time on the
biotic variables such as the seed and its
microflora. They used seed germination,
grain grade, and FAV as the indicators of
grain deterioration.

Germination

Changes in germination of stored rye
samples over time are given in Tables 1-4.
The initial germination rate of the rye was
92%. Changes in germination with respect to
moisture contents and temperatures were
noticed in the first week of the study. At
10°C, the germination of the 10.0 and 12.5%
moisture content samples remained above 80
and 75%, respectively, throughout the study,
whereas that of the high moisture samples
decreased over time. At ZD, only the 10%
moisture content samples maintained about
80% germination throughout the experiment.

Even at 20C or below, the rye grain with 17.5% moisture or
more has to be dried within a week to avoid losséed
viability. At 30°C, germination of the 10.0 and 12.5% moisture
dishes were incubated at 22€ffor seven days and the number S2mples remained above 80% for three weeks. However
germination of all the samples decreased over fithe.17.5%
moisture samples reached 0% germination during3fieveek
of the study. At 4%C, and the 17.5 and 15.0% moisture samples
reached 0% germination during tHeaihd 7" weeks of storage,
respectively. At 30 and 4G, even the dry grain was susceptible

3.3



Table 3. Changes in germination of rye stored at 3@ (n=3).

al. 1998; Karunakaran et al. 2001). As moisture
content increases, most types of grains become

Storage Moisture content (% whb) sensitive to injury or death by increasing storage
period temperatures (Christensen and Kaufmann 1969).
(wk) 10.0 12,5 15.0 17.5 Germinability of grain has a negative correlation

with storage temperature and storage fungi

0 92.0a* £ 0.0** 92.0a 0.0 92.0a £ 0.0 92.0a £ 0.0 (Wallace and Sinha 1962).
1 85.3ab + 2.3 80.0b + 4.0 76.0b + 0.0 53.3c+2.3
2 81.3bc + 2.3 80.0b + 6.9 73.3bc + 4.6 69.3b £ 6.1 Moisture content
3 81.3bc + 2.8 78.7bc + 2.8 69.3bc + 2.8 53.3c £ 5.6 Potassium hydroxide Soiutions Of different
4 760cd+6.9  720bc+4.0 61l3cdet6.l 50.7c£6.1  gpecific gravities were used to maintain the ERH
5 69.3de+23  707c£23  56.0de+80  37.3d£46  of the grain samples, so that the initial moisture
6 66.7e£2.3 70.7c+6.1 64.0bcd +13.9  30.7d+6.1 contents 10.0, 12.5, 15.0, and 17.5% remained
7 r4.7cd £2.3 70.7c+2.3 49.3ef+ 4.6 22.16£23  congtant throughout the storage period. But the
g gg';fefif'gsz gg';ge+i6lf'l gélggghigfo iégffg'll KOH solutions could not maintain the required
10 69.3de + 4.6 1676+ 23 33.39hi_+ 83 5 ég +46 RH values over 16 V\_/eeks, du_e to evaporation of

DT P e e water from the solutions at higher temperatures
11 64.0ef + 4.0 48.0e £ 6.9 26.7hi £ 8.3 27923 (Solomon 1951)
12 69.3de + 6.1 44.0e £4.0 25.3hi £ 10.1 1.3g+2.3 )
13 69.3de+4.6  48.0e +4.0 26.7hi + 9.2 0.0g + 0.0 Changes in the moisture contents of stored
14  69.3de+23  49.3de+23  32.0ghi + 10.6 - rye samples over time are given in Fig. 2. Almost
15 66.7e + 2.3 48.0e + 4.0 24.0hi + 4.0 - all the stored rye samples showed changes in
16 58.7f + 4.6 46.7e £ 6.1 2271+ 4.6 - their initial moisture content over time. At°()

* Values followed by the same letter in a colume @aot significantly different by

least significant difference (LSD) comparisifrmeans.
** Standard deviation

Table 4. Changes in germination of rye stored at 4@ (n=3).

moisture contents of all the rye samples
increased over time. At 20, the 17.5%

moisture content samples lost moisture, the
15.0% moisture samples remained almost
constant; and the 10.0 and 12.5% moisture
samples increased in moisture content over time.

Storage Moisture content (% wh) At 30°C, the 10.0 and 12.5% moisture samples
period remained almost constant in moisture level
(WK) 10.0 125 15.0 17.5 throughout the study, whereas, the 15.0 and
17.5% moisture samples lost moisture over time.
0 92.0a*+ 0.0  92.0a+0.0 92.0a+0.0 92.0a+0.0 At 40°C, all the samples lost moisture over the
1 76.0bc £ 4.0 64.0bc+4.0 37.3b+23 20.0b + 4.0 storage period. In general, moisture contents of
2 70.0bcde £+ 6.0 70.7b+10.1 22.7c+16.2 2.7c+4.6 all the samples stored at°@increased with
3 76.0bc + 10.6 62.7bc+10.1 10.7cd +2.3 6.7c + 8.3 time. At 20C, the low initial moisture samples
4 74.7bcd + 6.1 54.7cd £ 11.6 17.3c+8.3 53c+23 increased in water content. At 30 and®@p
5 78.7b + 8.3 54.7cd £ 16.1 12.0cd +10.6 0.0c+0.0 near|y all the Samp|es decreased in moisture
6 76.0bc£6.9  38.7ef£10.1  4.0d£0.0 - content with time. The rate of decrease in
7 66.7cdef+2.3 34.7ef+10.1  0.0d+0.0 - moisture content increased with increased initial
8  77.3b+23 46.7de £ 6.1 - - moisture content and storage temperature.
9 72.0bcd + 4.0 29.3f+11.6 - -
10 57.3fg+ 8.3 40.0ef + 10.6 - - Microflora
11 653def+4.6  33.3ef+6.1 - - As fungi cause deterioration in stored grain
12 613efg+11.5 33.3ef+4.6 - - quality, it is important to quantify the presence
13 66.7cdef+2.3  41.3def+4.6 - - of fungi which will give some indication of the
14 587ig+4.6  36.0ef+6.9 - - magnitude of deterioration that has occurred.
15 5479g+23 30.7f£ 8.3 - - The time of appearance of visible mold and
16 53.3g+6.1 29.3f+ 4.6 - -

* Values followed by the same letter in a colume @aot significantly different by

least significant difference (LSD) compariszfrmeans.
** Standard deviation

respective germination rate of rye is shown in
Table 5. Visible mold appeared in all the 17.5%
moisture content samples irrespective of the
storage temperature and in all the samples stored
at 40C, regardless of the moisture content. The

to spoilage. The 10.0 and 12.5% moisture samplesdiwve
3 weeks for cooling at 3G and less than a week at°@0
Effects of initial moisture content, storage tengpere, and
storage period on germination rate were signifi¢an0.05).
Germinability of the grain is the first and forerhéector used
to assess the storability of the stored produan@anz 1992).
If the germination rate decreases below 90% of itfitgal
germination rate, then the storage condition hhs tmonsidered
as unsafe and protective measures need to be(&&kroth et

3.4 LE GENIE DB3OSYSTEMES AU CANADA

17.5% moisture content samples stored at 20, 4@ had
visible mold appear in the very first week of amséy The
storage temperature should be below@nd the moisture
content should be below 15.0% to avoid visible mold
According to Wallace et al. (1983) all seeds havisile mold
had a musty odor although all musty seeds did aoessarily
show the appearance of visible mold. Mustinessadikddors
are often associated with increased storage funthdacreased
germination rate.

SATHYA, JAYAS and WHITE



20°C, Penicillium spp was
dominant during the early
stages of storage and the
number of seeds infected
with  A. glaucus group
increased with storage time.
Aspergillus candidusLink
and Hormodendrum were
present in almost all samples
but occurred less frequently.
Aspergillus ochraceus
Wilhelm increased with
moisture content and storage
period. At 20C also,
Penicillium spp were the
dominating species followed

20 20- by A. glaucus group and
HormodendrumThere were
184 184 few seeds infected by
'-; 164 & § 164 Fusariumand the number of
o w ° o A seeds infected witRhizopus
s 14 € 144 X : -
£ | L . X K X x =] ¢ (f.) increased with storage
8 42t ° "’3°'°.§2§ °©o 5 o 8120 50" time. At 30 and 4fC, A.
c e oo ® e o g 000,70 c e X
H . . o . A glaucus group was the
o 101 o 109 g8 ° dominant species. Similar to
= — e p .
;3 8 ‘3 8 ° 3 ; samples stored at low
S 2 © °© aag temperatures, at 30 and°@0
&1 6 © "o e also, the number of seeds
4 e 4 - infected with A. ochraceus
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 jncreased with moisture
Storage period (wk) Storage period (wk) Coment_ and Storf"_‘ge period.
() (d) Aspergillus wentiiwWehmer
and A. candidusLink were
Fig. 2. Changes in moisture contents of rye with regect to time: (a) 10C; (b) 20 C; the other two Aspefg'"ush
(c) 30 C: (d) 40 C. Initial moisture content: 10.0%; 12.5%: 15.0%; 17.5%. SPecies present in the
samples.
Fungal growth and its

Table 5. Time (wk) of the first appearance of visit# mold
and respective mean germination (%) of rye.

Initial moisture content (% wb)

Temperature

(© 10.0 125 15.0 175

2
10 ) ) ) 57 + 4.6

1
20 ) ) ) 61+6.1

20 ] 9 5 1
54+162 55+80 53+23

20 10 5 1* 1*
57+83 56+162 37+23 20+4.0

*Visible mold might have occurred before this tilmecause of
the length of time interval between samplingedat

Initially, samples had a high number of seeds teigdy
Penicillium spp with Aspergillusand Penicillium spp being
predominant in all samples throughout the studyl@tand
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metabolic activity cause loss in germinability afed and
contaminate the grain. Fungal deterioration and atoydn
production are two significant signs of poor grgirality. Fungi
require a minimum moisture content and temperabaiew
which they can not grow (Abramson 1991; Frisvad5)99

FAV

Biochemical changes cause a loss in the nutrithhee/(change
in carbohydrates, proteins, lipids, and vitamingth@ grain

(Pomeranz 1992). Oxidative or hydrolytic changesuodn

lipids over time. In whole grain, hydrolytic chasgare more
common; hence, FAV is considered one of the impoftectors
in assessing the condition of stored grain. HoweavAN has a
limitation in that a given mold species may prodackarge
amount of FFA and consume part of this, hence FAN mot

directly be correlated with the presence of furi@gfirfistensen
and Kaufmann 1969). As there is no absolute FFRsbtoelate
with deterioration, however, many researchers heses the
relative change in FAV (Sinha 1983; Schroth et 1898;

Karunakaran et al. 2001) as a measure of detdoarat

Changes in FAV of stored rye samples over timegaren
in Tables 6-9. Initially, the FAV of rye was 15 {@H/100 g
of dry grain. At 10C, the FAV of the 10.0, 12.5, 15.0, and
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Table 6. Changes in FAV of rye stored at 1aC (n=3).

Storage Moisture content (% wb)
period
(wk) 10.0 12.5 15.0 17.5

0 14.7bc*+ 1.3* 14.7cd+1.3 14.7c+1.3 14.7c+ 1.3
2 199a+4.4 19.2a+1.3 17.7ab+2.2 18.4b+3.4
4 15.5bc £ 2.2 15.5bcd + 2.2 16.2bc+1.3 16.2bc+1.3
6 17.0b£1.3 17.0abc + 1.3 155bc+2.2 14.0c+1.3
8 14.7bc £ 1.3 15.5bcd + 2.2 15.5bc+ 0.0 16.2bc+1.3
10 13.3c+2.2 13.3d £ 2.2 15.5bc+ 0.0 18.4b+1.3
12 17.0ab + 1.3 17.7ab+0.0 19.2a+1.3 19.2b £ 3.9
14 16.2bc £ 1.3 16.2bc+2.6 16.2bc+2.6 25.8a+6.4
16 15.5bc £ 2.2 17.7ab+ 0.0 14.8c+3.4 258a+1.3

* Values followed by the same letter in a colume ot significantly
different by least significant difference (Lp&mparison of means.
** Standard deviation

Table 7. Changes in FAV of rye stored at 2@C (n=3).

Storage Moisture content (% wb)
period
(wk) 10.0 12.5 15.0 17.5

0 14.7bc*+ 1.3* 14.7c+1.3 14.7d+1.3 14.7c+ 1.3
2 19.9a+ 0.0 199ab+2.2 20.7b+2.6 229b+1.3
4 17.0b£1.3 17.0bc+1.3 14.8d+1.3 14.0c+ 1.3
6 13.3c+2.2 15.5c+ 2.2 16.2cd+2.6 229b+3.4
8 16.2b £ 1.3 17.0bc+1.3 18.4bc+1.3 229b+3.4
10 14.8bc £ 1.3 14.0c+ 1.3 19.2b+1.3 229b+1.3
12 17.0b£1.3 19.2ab+1.3 19.9b+0.0 33.2a+0.0
14 16.2b £ 1.3 214a+13 23.6a+1.3 34.7a+6.4
16 15.5bc £ 2.2 14.7c+ 3.4 18.4bc+1.3 33.9a+25

* Values followed by the same letter in a colume ot significantly
different by least significant difference (Lp&bmparison of means.
** Standard deviation

Table 8. Changes in FAV of rye stored at 3@C (n=3).

Storage Moisture content (% wb)
period
(wk) 10.0 12.5 15.0 17.5

0 14.7d*+ 1.3  14.7d+1.3 147e+13 147c+1.3
2 20.7ab + 1.3 24.3ab + 0.0 20.7bc £ 1.3 26.5a+5.9
4 18.4bc £ 1.3 13.3d £ 9.7 17.0de + 1.3 18.4bc+ 3.4
6 20.6ab + 2.6 214abc+1.3 214b+13 236ab+2.6
8 17.7c £ 0.0 18.4bcd +1.3 18.4cd+1.3 25.8a+4.6
10 19.2bc £ 1.3 21l4abc+1.3 229b+13 229ab+2.6
12 22.1a+2.2 17.7cd+ 4.4 214b+13 25.1a+2.6
14 22.8a+1.3 25.1a+1.3 28.0a+13 27.3a+34
16 18.4bc £ 1.3 214labc+1.3 22.1b+3.9 25.1a+2.6

* Values followed by the same letter in a colume ot significantly
different by least significant difference (Lp&mparison of means.
** Standard deviation

17.5% moisture content rye samples remained neaclyanged
until week 10 and then it increased gradually aume. At

difference in the values of 10.0, 12.5, and 15.0%
moisture content samples stored at 10 af@ Aout

the FAV of the 17.5% moisture samples stored at
2(°C more than doubled to 34 mg KOH/100g of dry
grain by the 18 week. The 17.5% moisture content
samples stored at 4D had the highest FAV of
42 mg KOH/100g of dry grain by the fourth week of
storage. At all the four storage temperatures, FAV
increased with moisture content and storage period.
The effects of moisture content, temperature, and
storage period on the FAV of rye were significant
( =0.05). The high storage temperature and grain
moisture level favors mold proliferation, which
further results in increased chemical changes. The
resultis in accordance with Wallace et al. 1988w
reported that FAV has a positive correlation with
moisture content of stored grain @ehicillium spp.
There were no noticeable color changes in thedtore
samples over time; however, the high moisture
grains (15.0 and 17.5% m.c.) stored at high
temperatures (30 and 4X) were musty.

Estimated safe storage life

Germination is the most sensitive, effective, and
simple method of determining the condition of a
grain bulk at the farm level. As other quality
parameters such as FAV and identification of
microfloral species require training and expensive
equipment, germination alone can be considered for
developing safe storage guidelines.

Safe storage period was defined as the time for
which the germination of the samples remains above
80% of their initial germination (> 73.6%) with no
appearance of visible mold. The number of weeks
the samples maintained 80% or more of their initial
germination was plotted against the initial moistur
content and storage temperature to get the estimate
safe storage guidelines (Fig. 3).

CONCLUSIONS

Rye samples with 10.0, 12.5, 15.0, and 17.5%
initial moisture content stored at 10, 20, 30, and
40°C were studied for 16 weeks. At°€0only the
high moisture samples lost moisture over time,
whereas at 30 and %D, all the samples gradually
dried over the first four weeks which simulated
near-ambient aeration conditions. Grain condition
was assessed by periodically monitoring
germination, moisture content, visible and invieibl
microflora, and FAV. Safe storage guidelines based
on weeks in storage were plotted with respect to
initial moisture content and temperature. Rye with
12.5% moisture content stored &0°C would be
safe for >15 weeks, whereas rye with 17.5%
moisture content stored at “@would have less

than a week for post-harvest treatments like drgimgjcooling.
The available time for corrective action decreaseith

20°C, there was a gradual increase in FAV of sampiiés w increased moisture content and temperature.
increasing moisture content and time. There wasnmath
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Table 9. Changes in FAV of rye stored at 4QC (n=3).

ASAE. 2003. Moisture measurement - Unground

Grain and Seeds. ASAE S352.2. ASAE

Stgrfizge Moisture content (% wb) Standard£003, 555. St. Joseph, MI: ASABE.
p(Wk) 10.0 125 15.0 175 Bala, B.K. 1997 Drying and Storage of Cereal
Grains Enfield, NH: Science Publishers Inc.

0  147d*:z13* 147c:13  147c+13  147b+13 Christensen, C.M. and H.H. Kaufmann. 1969.
2 20.6a+ 2.6 19.2ab + 3.4 206b+1.3 28.0ab +5.1 Grain storage: The role of fungi in quality loss
4 19.2ab + 3.4 19.9ab + 2.2 19.2bc+5.6 42.0a+11.7 Minneapolis, MN: University of Minnesota
6 14.8d £ 0.0 18.4abc+1.6 26.6a*3.1 - Press.
8 15.5cd + 3.8 17.0bc £ 1.3 - - _ _ o
10 19.2ab + 1.3 21.4a+ 3.4 - - Frisvad, C.J. 1995. Mycotoxins and mycotoxigenic
12 17.0bcd +1.0 21.4a+2.6 - - fungi in storage. Irstored-Grain Ecosystems,
14 18.4abc+ 1.3 19.2ab+3.4 - - eds. D.S. Jayas, N.D.G. White and W.E. Muir,
16 17.0bcd + 1.3 17.7abc + 2.2 - - 251-288. New York, NY: Marcel Decker Inc.

* Values followed by the same letter in a colume ot significantly different

by least significant difference (LSD) compariof means.
** Standard deviation

Fig. 3. Estimated safe storage life of rye based @9%
decrease in the initial germination and no visible

mold. Periods of safe storage arandicated.
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