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Respiration in stored rapeseed at eight moisture contents between 6 and 19% was studied at 10, 20, 30 and 40°C for

3-5 wk in 300-mL flasks. Carbon dioxide and oxygen levels were measured and respiratory quotients were found for
eachmoisture-temperature combination. Equations aregiven forrateof C02 production predicted bytemperature, mois
ture contentof seed, and storagetime. Cumulative C02 production at each temperature is predictedby moisture content
of the seed and storage time. Stepwise multiple linear regressions at each temperature after 3-5 wk relate cumulative

C02levels to moisture content of seed, free fatty acid levels, seed germination andseed-borne microflora. Safe storage
periods for rapeseed at different temperatures and moisture contents were determined basedon a 5% loss in seedger
mination. Storability indices based oncumulative respiratory activity were calculated forrapeseed under various storage
conditions.

INTRODUCTION

Oilseeds deteriorate in storage when
temperature and moisture levels permit
microflora and mites to multiply (Sinha
1976; Sinha and Wallace 1977). Micro
flora are ubiquitous in stored seed and are
often the main cause of seed spoilage in
crops stored with high moisture content.
In a survey of 440 primary elevators in
the three prairie provinces of Canada,
Mills (1976) found that more than 7% of

the rapeseed purchased by the elevators in
1974and 1975 deteriorated during storage
on the farm or in the primary elevator.
Daun and Mills (1979) have calculated

that spoilage of rapeseed in storage at the
farm level led to losses of 5 million dollars
in 1974-1975 and 3.7 million dollars in

1975^-1976. It is probable that even greater
losses occurred because of unreported
spoilage and heating of rapeseed on farms.
At present, the commonly used method
to determine active spoilage in bulk cere
als and oilseeds is to measure temperature

combinations of temperature and moisture
content permitting biological activity, and
to correlate C02 production with abiotic
and biotic variables indicative of stages of

per kilogram dry rapeseed at the experi
mental temperature and pressure. At 10

deterioration, under simulated, partially
aerobic conditions in the laboratory.
Knowledge of the relationship between

and 20°C, samples were taken three times
a week for 5 wk and at 30 and 40°C, sam
ples were taken five times a week for 3 wk

C02 production and several other associ

ated variables is a necessary first step in

for 15 sampling dates at each temperature.
After sampling, each flask was opened

the utilization of C02 measurement as a

and flushed for 2-5 min at ca. 20 mL/sec

practical method of determining rapeseed
spoilage in granaries.
MATERIALS AND METHODS

and subtracted from the value obtained on

the following sampling date. After 3-5

at 0 to -15°C, was adjusted in 1-kg lots
to eight moisture levels ranging between
6 and 19% on a wet mass basis. A detailed

description of the materials and methods

used in a parallell study have been given
elsewhere (White et al. 1982).

Briefly, 300-mL flasks were partially
filled with 150 g (dry mass) of rapeseed at

ever, hot spots resulting from the respira
tion of invading organisms are usually lo

eight moisture contents (MC); 32 flasks

thermal diffusivity (Sinha and Wallace
1965). A more precise method of deter

mining incipient deterioration in storage
is needed. Muir et al. (1980) have dem
onstrated that C02 measurement in bulk

grain in typical farm granaries gives a
good indication of grain deterioration at a

with moisturized compressed air to pre
vent complete anaerobiosis and resealed.
Residual C02-02 levels were determined

Low erucic acid, low glucosinolate
rapeseed (Brassica napus L. 'Regent',
No. 1 grade, < 1% dockage) harvested dry
in September 1980 and stored dry for 6 mo

at various points in the bulk seed. How

calized in bulk seed because of its low

mal conductivity detector. All samples
were standardized to milligrams C02 or 02

were used with four replicates per mois
ture level. Groups of flasks were held at

wk, levels of seed-borne microfloral in

fection, seed germination and free fatty
acid, measured by fat acidity values
(FAV) of the seed, were determined

(White et al. 1982). Periods between gas
sampling were based on the intensity of
respiration at various temperaturesto yield
an equal number of sampling dates.
All data were placed in a computer and
multiple prediction equations were ob
tained using Statistical Analysis Systems
(SAS) library programs (Helwig and
Council 1979).

10, 20, 30 and 40°C with the experiment
being repeated for each temperature. The
initial moisture levels at all temperatures

Moisture Content

(mean ± SE, n = 16) were: 6.6 ± 0.3, 8.0
± 0.2, 9.7 ± 0.1,11.3 ± 0.2, 13.0 ± 0.2,
15.2 ± 0.3,17.1 ± 0.4, and 18.6 ± 0.3%.

SE) of the rapeseed, whichdid not change
appreciably at any temperature during the

RESULTS AND DISCUSSION

The final moisture contents (mean ±

Each flask was sealed with a rubber

study, were: 6.8 ± 0.41, 8.1 ± 0.25, 9.7
± 0.21, 11.3 ± 0.18, 12.8 ± 0.16, 14.8

spoilage.

stopper and a rubber septum on a side-arm.
About 6 mL of gas were withdrawn from

± 0.26, 16.6 ± 0.24 and 18.4 ± 0.21%.

The purposes of this study were to find
the rate and quantity of C02 produced and
02 consumed in stored rapeseed at various

for C02 and 02 using a Perkin-Elmer
Sigma 3B gas chromatograph with a ther

considerable distance from the site of

the flasks at regularintervals and analyzed Rate of C02 Production
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The rate of C02 production based on
data acquired at four temperatures and
43

eight moisture contents of the seeds (four
temperatures x eight moisture contents
x four replicates x 15 sampling dates =
1920 samples) resulted in the following
equation:

tory activity of oilseeds increases sharply
is at a moisture content in equilibrium with
75% RH (Sallans et al. 1944) which is
10% MC at 20°C and 7.5% MC at 40°C.

contents between 6.5 and 17%. Equations
were derived to predict the time required
for an initial 5% germination loss (safe
storage time):

The moisture content of rapeseed at a

Loglo0 = 6.224 - 0.302M - 0.069T

given relative humidity decreases as tem
(1) perature rises.

Log10(RCO2) = -1.317 + 0.037(T) 0.037(d) + 0.001(d)2 + 0.154(M)

when 6.5% <M < 11%, coefficient of de

termination (R2) = 0.99;

Respiratory Quotients

where

RC02 = rate of C02 production per
unit dry mass of seed (mg/kg

Respiratoryquotients, or the ratio of the
volume of C02 produced to volume of 02

Loglo0 = 5.278 - 0.206M - 0.063T

0 = estimated maximum storage time
(days)

ture-temperature treatment on each sam

T = temperature (°C)
6 = time in storage (days)
M = moisture content of seed (%).

All independent variables are signifi
cant (P<0.01) and the R2 is 0.82. The
standardized regression coefficients for
the independent variables are: tempera
ture, 0.077; time, 0.090; time2, 0.002,
moisture, 0.211. For a short initial period
the rate of C02 production decreases and

is probably the result of changing biolog

plingdateandaveraged (Table I). Aerobic
lipid metabolism results in respiratory
quotients of 0.7 to 0.8 and these values

M = moisture content of seeds (%)

temperatures. Respiratory quotients for

T = temperature (°C).
All independent variables were signifi
cant (P<0.01) and 99% of the variability
(#2=0.99) was accounted for by these

wheat under similar conditions of moisture

variables.

were common at 11.3% MC or lower at all

and temperature are higher (White et al.
1982) mainly because of the difference in
substrates being metabolized. Higher
moisture content at all temperatures gen

erally showedrespiratoryquotientsgreater
1982). Extrapolation of the prediction than 1.0 indicating a certain amount of an
equation beyond the duration of experi aerobic fermentation even though the
mental data collection may yield unreal flasks were regularly flushed with com
istic values, since the curve is parabolic, pressed air (White et al. 1982). Certain
especially at low moisturecontents. Under difficulties were inherent in flushing the
granary conditions the presence of dock flasks and then sealing them between sam
ageanddamaged seed is likelyto resultin pling times. The increasing levels of C02
higher values than those found in this and subsequent infusion of oxygenated air
study (Kalabasi-Ashtari et al. 1979). The by flushing may have had some effect on
rate of C02 production at all moisture microfloral respiration. This limitation is

ical factors within the seeds (White et al.

levels declined for 1-2 wk at 40°C then

unavoidable since the flasks could not be

stabilized, but at 10-30°C the rates grad left open if cumulative C02 production
was to be determined. Flushing prevented
ually increased with time.
Observed mean rates of C02 production a complete anaerobic environment be

Variables Affecting Cumulative C02
Cumulative C02 production was corre
lated to moisture content of the rapeseed

and a range of biotic variables indicating
the condition of the seed at the end of each

experiment. Seed germination after 1,3,
5 and 7 days' incubation at 22°C on watersoaked filter paper, seed-borne micro
flora, and FAV were used as biotic vari
ables. (The type and quantity of microflora
infecting the seed pertain specifically to
the seed lot used in this study although the
microflora noted are common on most

stored rapeseed.) Stepwise multiple linear
regressions with cumulative C02 as the
dependent variable resulted in prediction
Eqs. 4-7, where:
C02 = cumulative C02 (mg/kg rape-

throughout the study indicated that 10 mg cause some degree of 02 always remained
C02/kg rapeseed wereproduced in 24h at: and the procedure roughly reflects atmos
11.3% MC and 10°C; 9.7% MC and 20°C;
8.0% MC and 30°C; and 6.6% MC and
40°C. The mean quantities of C02 pro

(3)

when 11%^MC<17%;

consumed, were calculated for each mois

seed in 24 h)

(2)

pheric mixing in granaries as barometric
pressure changes.

seed)
M = moisture content of seed (%)

A.g. = Aspergillus glaucus gr.
(no. seeds infected/75 seeds)
P. = Penicillium spp. (no. seeds in
fected/75 seeds)
W.s. = Wallemia sebi (Fr.) v. Arx.

duced (mg C02/kg seed) at 9.7% MC (le Safe Storage Time
Cumulative C02 production is related
gally dry seed) in 24 h were: 2 at 10°C, 6
at 20°C, 12 at 30°C, 50 at 40°C; and at to the length of time seed is stored. To
11.3% MC (tough seed): 10 at 10°C, 20 compare observed cumulative C02 to

G-l = germination (no. seeds germi

at 20°C, 40 at 30°C, and 80 at 40°C. Based time, allowable safe storage times were
on Eq. 1, the rate of C02 production at a calculated using data published by Krey-

G-3 = germination (no. seeds germi

given moisture content increased by 2.35 ger (1972). The data were obtained from
times with each 10°C increase in temper

rapeseed stored at constant temperatures

ature. The critical point at which respira

between 5 and 25°C and constant moisture

TABLE I.

RESPIRATORY

QUOTIENTS (MEAN ± SE ) IN STUKJfiD KAraa Kj&U

A l E/IUHJi

(no. seeds infected/75 seeds)

nating/75 seeds in 1 day)

nating/75 seeds in 3 days)
G-7 = germination (no. seeds germi
nating/75 seeds in 7 days)

lviuiai uiul \^\

TEMPERATURES

Moisture content (%)

Temperature
(°C)

6.6

10

20
30

1.4±0.3
1.4±0.2

40

1.1±0.1

8.0

9.7

11.3

13.0

15.2

17.1

18.6

0.9±0.2
1.4±0.2

1.2±0.2
1.1±0.2
0.8±0.1
0.8±0.1

0.8±0.1
0.7±0.1

0.9±0.1
1.1±0.1
1.1±0.1
1.4±0.1

1.7±0.1
1.9±0.1
1.3±0.1
1.2±0.2

2.7±0.1

2.6±0.2
1.7±0.1
0.9±0.1
1.4±0.2

0.8±0.1
0.9±0.1

0.7±0.1
1.0±0.1

1.8±0.1
1.1±0.1
1.3±0.1

N -15 at all temperature-moisture combinations.
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All the independent variables are signifi
o

cant (P<0.01).
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(c) 30°C, 21 days:

0
i

Logio(C02) = 0.010 + 0.187 (M) + 0.005 (G-7)
+ 0.003 (A.g.) + 0.002 (W.s.) + 0.007 (G-l) (6)

Multiple R2 = 0.993; standardized
regression coefficients:
Moisture, 0.152; Germination 7 days,
0.038; Aspergillus glaucus gr., 0.017;
Wallemia sebi9 0.025; Germination 1 day,

regression coefficients:
Moisture, 0.111; FAV, - 0.006; Ger
mination 1 day, - 0.027; Germination 3
days, - 0.017.

Moisture content of the rapeseed is the
predominant positive predictor of cumu
lative C02 at all four temperatures (Eqs.
4-7). Fungi (Aspergillus glaucus gr. and
Penicillium spp. or Wallemia sebi) (Figs.
1A, B, C; 2A, B) are predictors of C02
production only at 20 and 30°C. The role
of A. glaucus gr. is particularly significant
(almost as important as the crucial predic
tor moisture content) at 20°C after 35 days
storage time (Eq. 5). In general, an in
crease in fungal population is closely cor
related to increased C02 and FAV produc
tion (Christensen et al. 1949). Visible
external mold was evident on rapeseed at
10°Cby 31 days at 15.5% MC; at 20°C by
20 days at 12.9% MC; at 30°C by 15 days
at 12.8% MC; at 40°C by 7 days at 13.5%
MC only, and by 10 days at 11.8%. At
40°C neither rapeseed at moisture contents
above 13.5% nor below 11.8% had visible

mold within 21 days.
The minimum cumulative quantity of
C02 produced until external mold was vis
ible as well as the corresponding predicted
safe storage times were: 548 mg C02/kg
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Mean microfloral infection, seed germination after 1 and 7 days incubation
(G-l, G-7) and fat acidity values (FAV) of stored rapeseed at various moisture
contents after 35 days at 10 and 20°C.

seed and 26 days at 10°C; 642 mg C02/kg
seed and 23 days at 20°C; 975 mg C02/kg
seed and 6 days at 30°C; and 1362 mg
COz/kg seed and 1.2 days at 40°C. The
higher the temperature the more C02 was

mold to appear at 30 and 40°C. In wheat,

bly because of increasing anaerobic res
piration.
Free fatty acids represent a direct loss
in the processing of oilseeds; therefore, an
increase in the level of free fatty acids,
which are usually increased by respiration,
is important.
Seed germination after 1 and 7 days
(Fig. 2C) was a positive predictor of C02
production at 30°C and the rapid decrease
in germination at 40°C (Fig. 2D) was neg
atively related to C02 production. Gener
ally, conditions favoring intense respira

visible mold was present when 285 mg

tion in stored seed result in decreased

C02/kg seed were produced at 20°C and
890 mg C02/kg seed at 30°C (White et al.
1982). Bacteria predominantly infected
seed at high moisture contents at the end
of the experiments, possibly inhibiting
fungal growth.
The FAV (Figs. IF; 2E) is almost as im
portant a positive predictor variable of
C02 production as moisture at 10°C; but
a less important negative predictor at
40°C. The FAV was negatively related to
C02 at 40°C because the sharp increase in
FAV at high moisture levels was corre
lated to declining C02 production proba

germination with time, temperature and
moisture content playing an important role
(McKnight and Moysey 1971).
A comparison of multiple linear regres

produced by the time visible mold was ev
ident. A similar trend has been observed

in stored wheat (White et al. 1982). Cal
culated safe storage times were close to the
observed time for visible mold to develop
at 10 and 20°C. Safe storage time was

1/4 to 1/3 the time required for visible
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sions for both rapeseed and wheat (White
et al. 1982) stored under identical condi
tions indicates that moisture is the most

important positive predictor of cumulative
C02 for both crops at 10-30°C and also at
40°C for rapeseed. Aspergillus glaucusgr.
is a significant positive predictor variable
in rapeseed at 20 and 30°C and in wheat

at 10-30°C. Penicillium sp. is a significant
predictor in both crops only at 20°C; Wal45

ues for cumulative C02 are given for 3 and
20 days for 10, 20, 30, and 40°C (Table
II). Observed cumulative C02 values are

shown in Fig. 3. The prediction equations
are most accurate at and above 13% MC.

Steele et al. (1969) used cumulative
C02 production to calculate safe storage
time for shelled corn as did White et al.

10 12 14 16 18 201

6

8

10

12

14

16

18

(1982) for stored wheat. In both studies
C02 production was related to mass loss
in the grain by assuming that only carbo
hydrate metabolism occurred and that all

20

MOISTURE CONTENT (%)

MOISTURE CONTENT (%)

reactions were aerobic. The determination

of mass loss in stored rapeseed is not prac
tical since the seed is composed of about
43% oil, 23% protein, and 34% carbohy
drates (Moysey 1973), while dry wheat
contains about 4% oil, 16% protein and
80% carbohydrates. Calculations based on
Eqs. 2-3 and 8-11 give the predicted cu
mulative C02 produced by the time a 5%
loss in seed germination has occurred
(Table III). At 10-30°C, higher moisture
content of the seed results in less C02 pro
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duction by the time of initial germination

40°C

loss, but at 40°C increased respiration in
a shorter period is evident at high moisture
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levels. The mean cumulative C02 values
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20°C, 345 at 30°C, and 660 at 40°C. The
values of 10, 20, and 40°C are close to the
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Figure 2. Mean microfloral infection, seed germination after 1 and 7 days incubation
(G-l, G-7) and fat acidity values (FAV) of stored rapeseed at various moisture
contents after 21 days at 30 and 40°C.

lemia sebi was found only in rapeseed and
was significant only at 30°C. The predictor
variable FAV was positively related to
C02 production in rapeseed at 10°C but
was negatively related to C02 production
in both rapeseed and wheat at 40°C.

(b) 20°C, R2 = 0.951:
C02 = -14 - 10.276 (0) + 6.177 (W) 4-

2.198 (0xW) + 0.260 (0XW2).

(9)

All variables are significant (P<0.01),
except W(P<0.110).

(c) 30°C, R2 = 0.985:
Prediction of Cumulative C02
Prediction models for the total amount

C02 = 57 - 14.159 (0) - 6.923 (W) +
2.861 (0xW) + 0.697 (0XW2).

(10)

of C02 produced since the beginning of
All variables are significant (P<0.01),
storage are needed for correlations with
except
W(P<0.028).
rate of gas diffusion to meaningfully in
terpret levels of C02 in granaries. Anal (d) 40°C, R2 = 0.949:
yses of data at each of the four tempera
tures studied resulted in the following

equations, where:
C02 = cumulative C02 (mg/kg rape-

14.438 (0x W) - 0.283 (0x W2).

(11)

All variables are significant (P<0.01).
These models are based on serially cor

seed)
W = moisture content minus 4 (%)

related data. The variable W is moisture-

6 - time in storage (days).

content minus 4 since we sought to bring
the lowest moisture content used in this

(a) 10°C, R2 = 0.937:
C02 = 5 - 4.842 (0) + 1.802 (W) -I- 0.551 (0xW)
+ O.116(0xW2).

(8)

All variables are significant (/><0.01),
except W (P<0.298).
46

C02 = -311 - 28.548 (0) + 115.011 (W) +

study (6%) to the value of 2; this resulted
in better prediction equations than simple
moisture content. Also, low moisture con

tent (0-4%) are of little importance in C02
production. Observed and predicted val

mean of 655 mg/kg seed determined for
a 5-10% loss of seed germination in stored
wheat by White et al. (1982) although the
range of values for rapeseed is larger. The
low value at 30°C may reflect the prefer
ential infection of seed by microflora
which respire less actively but rapidly kill
seed. Generally, rapeseed at moisture con
tents comparable to those for wheat in
equilibrium with the same relative humid
ity produce more C02 at a given temper
ature (White et al. 1982) based on cumu
lative C02 equations after specified times

in storage. For example, by 7 days at 20°C
rapeseed of 10% MC (75% RH) produces
110 mg COjj/kg seed and wheat of 15%
MC (75% RH) produces 11 mg (C02/kg
seed; at the same temperature and time,
damp rapeseed at 17.5% MC (90% RH)
produces 538 mg C02/kg seed and wheat
at 19% MC (90% RH) produces 247 mg
COjs/kg seed.

Storability Index
The use of a storability index to deter
mine the relative keeping-quality of stored
products has been suggested by Hall and
Dean (1978). The index is the ratio of
grain quality variables under safe or dry
conditions to the same variables under dif

ferent conditions. White et al. (1982) used
cumulative C02 production in wheat after

7 days as the basis for calculating stora-
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TABLE II. PREDICTED AND OBSERVED VALUES (MEAN ± SE) FOR CUMULATIVE C02
(mg) PRODUCEDFROM 1 kg RAPESEED BY 3 AND 20 DAYS IN STORAGE
Storage time (days)
Moisture

2

Temperature

P

^

(°C)

10

£

(%)

20

Predicted

Observed

Predicted

Observed

7.4

6

1± 0.1

-21

3±

8.0

10
24

10± 0.4

-3

17±

0.8

10± 0.4

69

27±

0.2

10.0

z

3

content

0.2

p

11.3

34

15± 0.7

125

^*

13.2

52

54± 1.0

223

15.5

76

17.2

97

96± 7.1
94± 9.0

482

70± 0.3
213± 4.8
417± 22.8
539± 61.3

19.0

121

93±15.1

623

532± 17.2

6.0

-15

-98

8.2

23

6± 0.1
4± 0.1

9.5

49

17± 0.7

213

CA

1

iZ

20

VO
00

30

40

363

83

11.1

85

61± 0.3

398

12.9
15.2

131

154± 1.8

638

196

17.0

253

1310

17.9

283

246± 3.6
260± 4.5
273±11.5

5.9
8.3

25

9.1

60
77

11.0

128

13±
43±
39±
136±

0.1
0.6
1.4
1.3

994
1481

-80
248
393
808

12.8

191

251± 5.4

1295

14.2

16.0
18.3

249
335
466

422±11.8
471± 8.6

1736
2383

579±16.8

3342

6.0

-84

-97

7.5
9.8

146

40± 0.3
135± 6.8
390± 3.8

11.8

492

13.5

785
1030

15.7
18.1

1666

19.1

1799

1338

569±14.5
701± 2.4
956± 9.0
958±18.0
1180±15.8

461
1269

22±

0.4

23± 0.8
73± 3.9
302± 0.7
694± 17.7
1251± 10.4
1308± 4.5
1306± 27.2
59±
207±

CM

O
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o

2.2
3.3

209± 4.6
734± 20.8
1315±
1914±
2410±
3213±

40£cjo:c
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34.5
31.3
33.4

131± 3.4
328± 17.7

2443

960± 15.3
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3352± 107.9
3497± 37.4

3925

3359± 57.8

1922

E

14

21

DAYS

28 35

14

21

28

35

DAYS

Figure 3. Observedcumulative C02 (mg/kg rapeseed) for 3-5 wk.

TABLE ffl.

CUMULATIVE C02 PRODUCTION BY 1 kg OF STORED 1ElAPESEED (DRY
MASS) IN RELATION TO 5% GERMINATION LOSS

Temperature
(°Q

Approx. allowable
storage time
(days)

Moisture content

(%)

C02 (mg/kg seed)

8

1312

10

327

924

12

150
58

1106
758

16
18

22

446
268

8
10

268
88

12
14

35
14

874

16
18

5

328
164

8

55
14

496

10
12

8

430

14

3

16

1

296
94

10

14

20

Predicted
cumulative

30

9

8

11
3

12

2

14

1

from convection currents leading to con
siderably higher C02 values in the upper
and cooler portions of the bulk than in or
below the zone of heating.
Physical factors such as thermal con
ductivity, thermal diffusivity, heat trans

fer by convection, the mechanics of water
translocation, and gaseous diffusion need
to be considered for a clear understanding
of the nature and course of respiration and

784

1104

heating in bulk grain. The diffusion of C02
in bulk grain has been reported to be
slower than in quiet air, but normal, cyclic
changes in barometric pressure result in
the interchange of air (Milner and Geddes

576

2

10

40

-

a zone of high moisture and led to consid
erable air movement within the bulk seed

411

1954).

Schaper and Varns (1978) have meas
ured C02 in a fullsize bin, a model bin,
and laboratory chambers containing pota

449
521
746
926

toes. The patterns and magnitude of C02
buildup in the commercial bin were dif
ferent than those in laboratory chambers
because of wind and locational effects

granary holding about 45 tonnes of rape-

bility indices. Similardeterminations have
been made for rapeseed (Table IV) using

seed, at 10-12.8% MC, shortly after the

seed was placed in the bin. Levels of C02
as high as 1.3% were found at the center
of the granary near the bin floor. However,
C02 concentrations above atmospheric

seed at 9% MC, 10°C as the baseline

value. The square root of the baseline of
C02 production divided by actual C02
production givesan estimate of the effects
of biological activity on the rate at which

levels were not observed after 1 mo.

Levels of C02 greater than 1% have also
been found in granaries containing rapeseed after 1 yr in storage (Muir and Sinha,
unpubl. data).
Milner and Geddes (1945) studied inter-

seed will deteriorate.

Use of C02 To Monitor Deterioration

Many variables affectthe rate of respi
ration within bulk rapeseed, with moisture

seed air composition and temperature of
soybeans stored during a winter in a large
open-top commercial bin at numerous
points in the bulk grain. Heatingstarted in

and temperature acting as the main acti
vating physical factors.
Sinha et al. (1981) have reported meas
urable levels of C02 in a galvanized steel

present in the bin. Higher accumulations
occurred in the chambers than in the stor

age bin. These observations indicate that
caution should be used in extrapolating
data from the present laboratory study to

granary conditions and that C02 levels
within filled granaries are present at meas
urable levels during storage which can be
related to levels of biological activity in
the seed.

The levels of naturally produced C02 in
stored rapeseed must be known for corre
lation with variables which predict dete
rioration if C02 measurement is to become

a viable method of spoilage detection.
This study presents basic data on which
further experimentation within granaries
will be based in the development of param
eters for such a detection system.

TABLE IV. EFFECTS OF MOISTURE CONTENT AND TEMPERATURE ON THE
STORABILITY INDEX (SI)t OF RAPESEED AFTER 7 DAYS IN STORAGE
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0.34
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