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1.0‘ Introdﬁction _

’ Rapeseed processing in Canada hasigrown to be a relatively large
industry. Aoreage planted is in the 3 million range and cruahing plants are
howfbeing'established'in the east as well as the prairies. Very little data
has been published to date on the equlllbrlum moisture content of rapeseed ‘

The equlllbrlum moisture content of rapegseed is of particular
importance in reference to the moisture levels required for procesaing of the
seed. The necessity of having the moisture content above €% for the inacti:i
lvation of myrosinéee'during processing will govern the gtorage relative humi-
dities which can be used. -

This report giﬁes\data on the éorption isotherms for rapeseed and
~the vapour pressure generated.by the moisture in'the seed over a tempereture
range of 15o toyéooc, while‘phe majority of téstingbwas done with the Echo

variety. Bronowski, Arlo, Oro and Targét were also checked. : -

)

2.0 Rev1ew of theratnre . ' , -
2.1 Equlllbrlum m01sture content.— Theor& |

Several authors have dlscussed equatlons to flt m01sture equlllbrle
data. Labuza (1968) dlscusses several approaches to the subject, and reviews

various aspects of sorption and water activity. He discusses the three

approaches ofi(l) kinetic (Langmuir isotherm); (2) potential (including Harkins

- Jura isotherm) and (3) capillary condensation. Henderson (1952) developed

- an empirical equation to cover theecompletepsorptioq isothefm.‘ Strohman (1967)
developed an equation for equilibrium moisture starting from the Othmer plots -
of the data. Details regardlng the use of the Othmer plots for latent heat
and7vapour pressure are given by_Othmer (19&0).‘ Brunauer (1938) extended the
Langmir isotherm_approach with the BET theory, This,appﬁoach has been used by
quite a few workers, and was.considereo_py Labuza (1968) to be most useful in
 predicting monolayer values and heat of adsorption. The BET approach seems to

hold up to an activity ‘of about-0.5.

/. o
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The general forms of the sorption isotherms are outlined in the following:

o

\

MOISTURE

DESORPTION
CONTENT /

ADSORPTION

% RELATIVE HUMIDITY

General form of the sorption isotherm

This_genergl sigmoid shaped isotherm is charéctérisfic for most food
and agricultural products. Labuza (1968) points out that over ﬁost-df‘the upper
range,the water activity is near one, the value for pure Water,lbu£ $t’loweT
moistures (the last 10 - 20% of the water %n the material)'the water activity
decpgases. ‘This latter area is that of interest for dehydration and storage of

> food products. | ) o - . - .
Temperature plays airple in the sorption isdtherm form, with increased

a
temperature decreasing the moisture content at any given relative humidity.

"~ MOISTURE
CONTENT

. " % RELATIVE HUMIDITY

Influence of temperature on sorption isotherms shown diagrammatically.
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The BET isotherm has been used quite widely for describing water

sorption'in.food products. This form of the sorption isotherm is often given as:

a_ _ 1, a(c-1)
(l-a)v . va th

it

where C

)

k exp (QS/RT)

o
1

accoﬁmodétioh coefficient = 1 .
s frequency factor ) S : -1

v = volume adsorbed in g/g or cc/g

<
i

monolayer value

A Plottihg the BET isotherm as-a/(l-a)v vs a should yield a straight line.

- The slope (g%l)"andfinfercept coefficient (5%-) cén be used fo calculate the
: . n

_monolayer coveragé value. Labuza (1968)vpoints out that the BET isotherm

usually holds only between acﬁivities of 0.1 to O.5. The heat of adsorption

\

can also be calculated from phis plot. X o |

C -' i _

X -
‘ X
a
(l—a)v / X -

A 0.5
a
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Most éorption pﬁenomena obey the Clausius - Clapeyron felationshipi
e -G |
T R
Plotting In a vs the reciprocél of the absolute temperature should
-give a straight line and provide a means for calculating the heat of adsorption,

Qg (Labuza 1968, Berry 1973).

Ina

INCREASING
MOISTURE
CONTENT S
/T
Clausius - Clapeyron plot of sorption isostere . g

Henderson (1952) de?eloped an empirical relationship in an effort to cover the
complete sorption iéotherm. Two constants or factors chéractpristic of thé‘
'materlal are required 1n the equation.

1 -1rh-= k Mp

Values for the two constants for various materials‘are given in several
sources (Henderson, 1952). Pichler (1957) found quite good agreement for wheat with
Henderson's equation but not’for rape. Caléulation of k' and n for rape froﬁ
two pairs of relatlve humldltles at 20 C did not give agreement let alone agree-
ment with values calculated at different temperatures.

The plotting technlque dev1sed by Othmer (l9bO) has been applled to
agricultural products (Haynes 1961, Strohman 1967). The Othmer plot relates

the vapour pressure exerted by the moisture in the product with the vapouri

\
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pressare of water at the same temperature. In his derivation Othmer assumes
(1)- ideal gas law holds- (2) vol. of condensed phase is 1n81gn1f1cant compared
aw1th vapour phase and (3) ratlo of the 1atent heats remains nearly constant.
With these assumptlons the data should glve linear plots of the form shown

below. : -

"LOG V.P
~ OF Hy0

LOG V.P H,0 IN PRODUCT

General fqrm of the‘Othmer plot i
The slopes of the lines in the Othmer plot‘can be used in the
determinat%on of the latent Heat of water in'the product.
2.2 Equi;ibrium moisture in variousvproduets |
Mahy bapers have been written on equilibrium moisture content; on a
wide fange of products. Henderson (1952) fitted his equation with such products
‘as corn, wheat, sorghum, soybeans, f;ax, raisins, deied peaches and prunes,
cotton, leather, wood, dried eggs and clays. Wheat has recelved congiderable
'attentlon (Day 1965, Pichler 1957, Gay 1946, Young 1967, Haynes 1961). ‘Among
the other products that have been studied are rice (Agrawal 1971, Karon 1949,
Hoéan 1955), dry beans (Weston 1954), soybeansl(saravacos 1969), sunflower

(Kilara 1972) and flaxseed (Larmour 1944).
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2.3 Methods of- measurement oi mnlsture sorptlon
Several methods have been used to determlne moisture equilibria in
foed and agricultural products. The methods have been rev1ewed by Smlth (1971)
Sorption isotherms may be determlned by equlllbratlng the materlal

over saturated salt solutions and measuring the moisture content. Thls is

~

perhaps the gimplest method but it is time consuming, because static equili-
bration is slow. Air circulation above the salt solutions increeses the rate - (
of equilibration.l Magnetically coupled fans provide a simple solution (Wink 1946,
Bosgin 1970). \

Selection of salt solutiene to provide any given relative humidities
is facilitated by several feferences to humidities above saturated salt solutions
(Rockland 1960, Wink 1950, Richardson 1955, Hygrodynamics). A typical set of
values fof salt solutions to cover a w?de rapge of relative humidities is'repro—

duced in Table 1.

Table 1. EQUILIBRIUM REIATIVE HUMIDITIES CY
FOR SATURATED SALT SOLUTIONS :

aturated Salt Solutien Formula Percent Relative Humidity at State Temperatures
68°F(20°C) 71°F(25%) | 86°F(30°C)

Lithium Chloride | LiCl . B0 - ) 12,4, 120 1.8
Potassium Acetate KCH,0, | | 23.3 22.7 © 22,0
Magnesium Chloride - ‘MgCl .'6H20 33.6 33.2 . 32.8
Potassium Carbonate | K 003 . 2H,0 Ldys O 43.8' 43.5
Potagsium Nitrite KNO,, 49.0 48.1 47.2
Magnesium Nitrate Mg (NO,), . 6,0 50,9 53 52,0
Sodium Nitrite | wamo, ; 65.3 | bl.3 63.3.
Sodium Chloride NaCl 75.5 | 75.8 75.6
Ammonium Sulfate | (NH,),SO, 80.6 80.3 80.0
Potassium Nitrate KNO, 9.2 1 92.0 . 90.7
Potassium Sulfate KZSOLF ' 97.2 | 96.9 96.@
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Other methods for ‘determining the sorption characterlst;cs of
products are based on the vapour pressure of the water 1n the product or the

relatlve humldlty above the product. Legault (l9h8) used specially built

apparatus whlch 1ncluded a Dubrov1n manometer to measure the pressure,

Haynes (1961) uaed an 1sotenoscope to measure aeed vapour pressure. Hayneé

(1961)'also used a Dunmore type humidity sensor o atudj the relative humidity
generated b& various seeds. Smith'(l97l) discusses the use of various humidity
sensors in reference to the determinationaof equilibrium relative humidity.

3.0 Material, Equipment and Metho&s' |
3:1 Material . ;_ o v .‘ T
.All rapeseeg samples used in this.sfudyIWere provided by the

Food‘Research Institute, Agriculture Canada. The material was all Canada #l

Bead;4cleanedband graded. The»bulk of the tegts wéré conductad using seed
ofbthe Ecﬁo variefy with compafative teats conducted on Brdnowéki, Arlo; Oro
and Tafget samp1és.' | | | |
3.2 Equip@ent
3.21 Static equilibrium over saturated salt solutions

Equilibration of the seed over salt solutions was performed using
three chambers constructed from clear acrylic fube; Each chamber (Fig. 1)
was 30 cﬁ diameter by 13 cm high and equipped with a magnetically coupled
clrculatlon fan and a screen bottomed holder for the seed. Each chamber couldA
Jbe used to equlllbrate 1 kg of seed.‘

A single chamber similar to that descrlbed by Bosin (1970) was used

for final equlllbratlon. This chamber was arranged to weigh the sample

without removing the sample frdm the chamber-(Fig;‘2).
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3;22 Vapour pressure measurement
isotenoscope assembly similar to that of Haynes (1961) was used‘(Flg. 3).
A stopcock type valve interconnected the two arms of the "U" tube manometer.

The isotenoscopes were constructed by an Agriculture Canada glass blower.

~Flask size used for the isotenoscope was 250 mi. The water bath used for

temperature‘stabilization was controlled by a Haake Model E52 thermoregulator.
Vacuum was drawn-on the system using a 1/3 hp Fisher Duo Seal pump.; Pressure
in the system was monitored by a Fisher;Zimmerli mercury-manometer. A glass
dlsslcator Jar of about 25 cm dia was used as a vacuum Treservoir. Any air
bled into the system entered through a 20 cm long dessicant column. |
3 3 Methods

3.31 Rapeseed pre—equilibration~

A1l seed samples.used were pre—equilibrated over saturated salt

., 80lutions either at 11% RHvor‘75% RH. The 1 kg samples were held over the

salt solutions for about 2 wks. prior to use'inltesting. If no weight change
was observed between COnsecutlve days weighings, the seed was considered pre-
equlllbrated
3.32 Final equilibration

Final equilibration of the seed over the selected saturated salt
was performed using 250 g samples in the chamber equipped for in situ_weighing.
During equilibration the apparatus was located in a controlled temperature Troom
at~23oC. With the continuous air circulation in_the chamber constaht weight
was reached in-AA- 7 days. From this material 75 g was used for the vapour
pressure measurement and 30 g for duplicate moisture determinations. Ihe remaining

145 g vere gtored over saturated salt "in still air for duplication runs.
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3.33 Moisture Content Determination
| After equlllbratlon, seed moisture COntent was determlned u31ng a

Brabender Rapld M01sture Tester .. A 30 g sample was %round'and two~lO g
samples were used for'dupllcate moisture'determinatiOns. -Following vapour
_pressure determlnaélons using the 1sotenoscope duplicate lO g samples were
again used to determlne the flnal moisture content.
3.34 Vapour Pressure determination |

Vapour oressures were measured in the isofenScope\ayatem (Fig. 3
& 4). For each tesf the.isotenoscope flask was weighed; a75¢g sample of
equilibrated'seed added and reweighed. With valve A, Fig. 3 aod valve A,
Fig. h open the system was pumped down for 1 hr., allowed to remain under\
vacuum for 1/2 hr. and then pumped down_for a final 1/2 hr. After pump
ﬁdown,,both‘of the above valves_were'closed and the isotenoacope placed in fhe
coﬁtrolled temp bath. Iniﬁial bath tempeiature'was about l5°C. After a 24
hr. pefiod at the controlled temperature a final.preaaufe balancing is done
and the.vapour pressure read on tﬁe manomeﬁer. After‘readiné, the temperature
- was reset and the aystem rebalanced.‘ Temperatures of 15, 30, AE and 60°C were
used and the seed vapour pressure was allowed 24 hrs; to equllibrate at each '
temperature, System pressures were balanced either by’pumping down with thev
vacuum pump or allowing atﬁospheric pressure air into the vacuum reservoir
through the dessicator colum. (Ttem 6, Fig. 3).

For the later tests using the four additional varieties, femperatures
of 25, 45 and 60°C were used. | |

At the end of each test serles, i.e. after a 60 C readlng the 1soteno-
soope was removed from the controlled temperature bath, valve "A", fig. /L opened

and the iaotenoscope allowed to cool. After the sample cooled, vacuum was released

by opening valves A and B, Fig. 3, sample weighed and the duplicate moisture samples run.

2. W. Brabender Inc., 50 East Wesley St.,Soﬁth Hackensack, New Jersey.

N
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3.35 Flow chart for isotenoscope procedure
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END
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A secondary method was used for determlnlng the vapour fressure for-
the seeds at hlgh m01sture content. ‘This was necessary for two reasons. |
The.flrst tha@ drawing the vacuum on the high moisiure.seed radically:reduces
fhe moisture oontent and secondly at‘ihe higher moisture and higher temperature
erroneously high readingsare obsained.. This appears to be due to mold growth
vand respiration in the seed. The vapour pressﬁre was determined indirectly
' by measuring the dew poiht of the air above the gseed using a Cambridge Model
880 dew cell. Air was circulated from the sampie container, over the dew cell ,
aﬁd returned'to the sample»éontainer. Sample temperature was regulated by
placing the contalner in a- controlred temperature water bath as for the isoteno-
scope. The system was operated in a controlled temperature room at about 5 °c
higher than the sample temperature. This is necessary to rake certain that
no condensatlon could occur in the a1r lines, 01rculat1ng pump or flow meter.
The dew cell head was also in the controlled temperature room with only ‘the
actual meter kept remote. | ’ ( '

Seed for the high moisture,levels was‘broﬁghﬂto the desired moisture
content by the direct addition of water. Seed with the added water was tumbled
in a sealed container for 3 hours. -

3.4 Summary of Tests | -

Whole Seed ~ Pre-equilibration at ll%

Equilibration BH ) femperatures 90,
s 15 30 45 60 '
3 - 1530 45 60
33 - 15 30 45 60
2+3 _ . 1530 45 60
s2 - ©-15 30 45 60
67 _ S 15 30 45 60

75 o 15 30 45 60
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‘Whole Seed - Pre-equilibration at 75% Ri .

Eguilibratiog RH : Temperatﬁres °c ‘ s .'
33 . 17.5 35 45 60 1 ‘
B | 215 35 45 60 \
52 r | 26 35 45 60

Crushed Seed - Pre-equilibration at 11% RH

Equilibration RH Vv ‘ ' Temperatures °C

o | | 15 30 45 60
3 o 15 30 45 60
33 ’ 15 30 45 60
B 15 30 45 €0
52 , 15 30 45 60 :
67 . 15 30 45 60
75 _ | 15 36 45 60

Crushed}Seed - Pre—eguilibra£ion a£ 75% |

Egﬁilibration RH : : Temperaﬁurés'oc
11 ' | ‘ i'z.s 31 45 60
33 ' : | ’ 15 - 30 45 60

52 . 15 30 45 60

4.0 Results and Discussion |
4.1 Equilibrium Moisture content

Seed sampies wefe.equilibrated ovér the various saturated salt éolutions
with RH values bgtwéen 11 and 75% as in section 3.32. Over this range of relative:
humiditieé the moistﬁre content increased from about 3.4% (wet basis) up to 9.8%
(Fig. 5). Some differences were observed between_varieties but from the number
of samples it is not possible to tell if the differences are sﬁatistically signi-

cant. Although very low moisture cohtent values were not obtained, it appears that .
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the sorption isotherm for rapeseed foilpws the general sigmoid form found
Lin'many agricultural products. Hysferesis iélseen bef&eén adgorption
and desorption (Fig. 6) although the diffefences between the two curves
are not great.
Moisture contents for rapeseed obtained in'fhis‘S;ud} agree with
the Qalues,botained by Pichler (1957) over the humidity range considered

as is seen below. -

RHY%
15 25 40 75
Present Study (Fig. 5) - . 4.3% 4.8 5.8 10.8
Pichler ’ | 4.2 5.0 6.0 10.8%

No‘attempt hasHbéen madé to fit the data_fo Henderson's equation,
as Picﬁler (1957) found a poor relatibnship when ﬁsing the 25 to 75% rh
range. Hé found reasonable agreement with Henderson's equation using up
to 55% rh reference points of 15% and 40% rh. Pichler suggests that the
poor agreement at higher moisture is due to water uptake by capiilary
condensation instead of adsorption.

4.2 Vapour Pressure

The vapour pressure of either crushed or whole rapeseed increases
exponentially with temperature and produces a family of roughly parallel
lines depending on thé sample moisture content (Fig. 7 and 8) when plotted
on semi-log paper; A1l varieties tested had very similar vapour pressures
(Fig. 9) over the range of temperatures and moisture contents tested.
Vapour pressure at 609C is near 100 mm Hg for seed with a seed moisture con-

tent of about 6% and about 50 mm Hg for seed moisture of about 3.5%.
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A more informétive means of appr;ising the QapOur pressure,
‘temperature and moisture content relationship is throﬁgh the'use of the
Othmer,plbt (Fig. 10, 11, 12). In thié»farm the vapour pressure of the
watei in the seed is plotted vs the vapour pfessure of pure water using
a log-log scale. The solid straight line at 45° across thé graph repre-
sents the vapour pressure.of pure Qater. vLatent heat of vapbrization
for the water in the seed can be calculated from the slope of the Othmer

plot (Othmer, 1940). ' _ _
) log VPST1 _ log VPST2

Ly  1og VPypy - 1og VPyq,

slope =

where L = iatent heat of vaporization of water in sample
Lw = latent heat of vaporization of water
VPST1 = vapour pfessure sample at tempefature 1
VPST2-=.yapour pressure sgmple at temperature 2
VPWTI = vapour pressure pf water at_temperature 1
.VPWTZ = vapour pressure of water at temperature 2

The Othmer slopes and latent heats are given in Tables 2 - 5.
The slopes and latent heat increase with;decreasing moisture showing the
increase in energy required to dry the seed to low moisture levels.
Anomalous readings were found for Target and Arlo at 6% moisture (Table 3).
Slopes of less than one (i.e. less than the slope for pure water) were also
found by Haynes (1961) for clover and fescue when using an isotenoscope to
measure vapour pressure. He suggested that seed respiration at the higher
moisture content limited accuracy. In the high moisture content samples
of rapeseed where the dew point was measured in place of the vapour preésure,
slope values of slightly less than one were found. The true slopes at the

high moisture level are probably very close to that for pure water.
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Thie Othmer slopes for rapeseed and various other seeds-are
The slopes for rapeseed drop more fapidly with increased

plotted in Fig._13.

moisture than for the others. Above 8% moisture the Othmer slope for the rape-
seed essentially matches that for water. ' :

Latent heat for the moisture in whole rapeseed 1s somewhat hlgher
than for that in crushed seed.(Tables 2 & 4). Bronowski seed had a higher
Othmer sldpe than the other varieties, about 5 - 10% higher than the whole
AEeho seed (Table 3).

Table 2

Latent heat of vaporization for water in whole Echo Rapeseed at various

moisture content and temperatures, calculated from the Othmer plots.

Latent Heat of Vaporization‘cal/g § (Btu/lb) =

1;
M01sture Slopgo JELEHLY ngg,oi VaDOfiZangY cad/ o 5, ,,‘
Content, (OFhWER). - 259 T45°F ‘*“"““6o°cq CBRyng
R TR S L S et
31583 141" 823 (14815'"“367 (1453y" 795 (1430) T e
g ”’,t.l- LM (‘umj, v 807 (1452) IS5 amon '
4.03, 1. 43 '835 (1502) 818 (1473) 806 (1450)
e L) OJ .1'301' \18 (‘ 7,_\ ,‘c.
4,55 1.34 7%3V(1408) 767 (1380) 755 (1359)
. L Sy s W Al n/ i_? ;"‘ S i.vrA
4.93 1.32 770 (1387) 755 (1359) 744 (1339)
' oo 7~
QR 7T finsey
5.05 1.34 782 (1408) 767 (1380) 755 (1359)
6.33 1.20 Zpg (1261) 687 (1236) 676 (12l7)‘
S ONc l‘j_l__é(); el :
7.15 1.12 654 (1177)1ﬁ“641 (1153) 631 (1136) -
Ioula 654 I1'«lh.,‘ - . ' O i
- _ U
- T _.'Z’ ;:»,- — - £y ‘: N -
%M01sture content (% wet ba§is)~measured after testlng“ Y s

AR S - .
LA B 7-. R "'-«N.,\N .

t?\ pa (‘U'){C,

%Latent heat of vaporlzatlonofor water 1050 4 Btu/lb at 25°C

and 1014 1 at §0f é
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Table 3
Latent heat of vaporization of water in four varieties of rapeseed equi-

librated at 11% RH and 67% RH

Variéty Moisture1 S1ope Latent Heat of vaporization cal/g § (Btu/1b)
Content (Othmer)  25°C 45°C 60°Chv
_ Target 3.45 1.43 835 (1502) 818 (1473) 806 (1450)
Arlo 3,33 1.45 846 (1523) 830 (1493) 817 (1471)
oro 3.25 1.47 858 (1544) 841 (1514) 828 (1491)
Bronowski  3.75 1.62 1945 (1702) 927 (1668) 913 (1643)
Target 5.95 .89 519 ( 935) 509 ( 917) 502 ( 903)
Arlo 5.98 .90 525 ( 945) 515 ( 927) 507 ( 913)
‘Oro 6.23 1.12 654 (1177) 6417(1153) 631 (1136)
Bronowski  6.83 1.20 700 (1261) 687 t1236)> 676 (1217)

1. . . .
Moisture content (% wet basis) measured after testing

Table 4

Latent heat of vaporization for moisture in crushed Echo rapeseed’

Moisturel Slope Lateng Heat of Vapgrization calég § (Btu/lb)o
Content (Othmer) 15°C - 30% 45°C" 60°C
3.68 1.36 801 (1442) 790 (1422) 778 (1401) 766 (1379)
3.98 1.45 854 (1538) 842 (1516) 830 (1493) 817 (1471)
4.23 1.28 754 (1357) 743 (1338) 732 (1318) 721 (1298)
4.55 1.27 748>(1347) 738 (1327) 727 (1308) 716 (1288)
4.55 1.30 766 (1379) 755 (1359) 744 (1339) 733 (1318)
5.33 1.20 707 (1273) 697 (1254) 687 (1236) 676 (1217)
5.68 1.19 701 (1262) 691 (1244) 681 (1226) 671 (1207)

1Moisture'content (% wet basis) measured after testing
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Table 5

Othmer Slopes for high moisture content rapeseed

Moistufe : : _ Othmér
Content - o _ , SIOpg
7.0 L o 0.93
‘ ' 9.1 ' ‘ 0.97
| 11.6 - | - 0.96
15.8 - ' - 0.91

4.3 BET Isotherms
BET isothefms have been used by many workers patterned after
the -work of Brunauer ét~a1. (1938) . The data has been plotted in the

BET form as vs a in Fig. 14 for whole Echo seed. The data fits

L
o (l-a)v .
reasonably to a straight line with a slope (%:%0 of 44.39 and an inter-
ﬂ , n
cept (l/va) of -3.25., This results in values of C = -~12.5 and v, ©
0.0244 g/g dry matter. The monolayer value (vm) is related to the surface

area of the product as: (Labuza, 1968).

_ 1 i _ 3 .
So = Vm M HO No . H20 3.5 x 10 Vm
2
= 3.5 x 10° x 0.0244 = 85.5 n°/g
where So = surface area m2/g
v, = monolayer value g H20/g solid
M H20 = molecular wt H20 = 18 g/mole
No = Avogadro's no = 6 x 1023 molecules/mole
H.0 = area of a water molecule = 10.6 x 10720 in’
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The area is a bit low although it still appears reasonable.

Values between 100 and 250 m2/g are given By Labuza (1968). The monolayer
value for rapeseed ranged from about 70% of the total adsorbed at 3.6%
H20 to about 48% of the total adsorbed at a moisture content of 5%. The
actual moisture content of the seed at the monolayer value is quite low
and the energy required to reduce the seed to a moisture content below
that would appear to be quite high. Brunauer (1938) concluded that the
beginning of the approximatelyilinéar portion of the sigmoid moisture
content vs relative humidity curve (Section 2;1) corrésponds to the mono-
layer coverage value. As calculated above, the monolayer value is iower
than any of the experimental déta poin;s and as seen in Fig. 5 no inflection
point at the lower end of the curve occurs. Furfher data at moisture
contents of 3% and less would be needed to ponfifm‘the sigmoid shape.
5.0 Conclusions | | o o N

| Equilibriﬁm relative humidities for rapeseed over thevraﬁge
from 11% to &5% relative humidity werevdetermined. Seed moisture cbnteht
varied from about 3.5% at the low relative humidity to about 10% ét the
75% rh. The values obtéined agree very closely with data given by Pichler
(1957). Vapour pressure over the seed was determined over a temperature
range from 15°C to 60°C for several hoisture contents using an isotenscope
method. No great difference$ were observed between the varieties‘studied,
although the eqﬁilibrium moisture for Bronowski appeared somewhat higher
than fof the other four varieties. Othmer plots were used to determine
the latent heat of vaporization of water in the seed for various moisture

contents. The latent heats at low moisture content were appreciably greater
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than for pure water, up to about 40% greeter at the 3. 50 moisture. . QiOpes
of the Othmer plots drop more rapldly for rapeseed than for the seeds
‘studied by Haynes (1961) .- .

While the data obtalned suggests that rapeseed follows a
sigmoid curve typical of many'food and agricultural products, more points
at lower than 3.5% moistufe woold be'necessary to confirm this. . The'.
monolayer value eaiculated from tne BET isotherm'is at'a'lower moisture
than we have studied. Brunauer (1938) suggests that this monolayer
value shoold correspondvto'the low moistore inflection point of the
equilibrium moisture curve. |
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8.0 Nomenélature
a = water activity = p/Ps‘
p = watef'vapour pfessﬁre exerted by the material
p, = vapodr pressure of pure water
T = absolute temperature (°K)
-Q_ = heat of adsorption
R = gas constant |
rh = relative humidity
M = éqqilibrium moisture content (dry basis)

k') constants in Henderson's equation,
n characteristic of the particular material

v = volume absorbed g/g or cc/g ,

BET isotherm
Vm = monolayer value
V_ = vapour pressure

.
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Figure 1. Equilibration chambers with magnetically coupled fans for equili-
brating samples above saturated salt solutions.




Figure 2.

Equilibration chamber with weighing arrangement.
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Figure L.

Isotenoscope for measuring seed vapour pressure.
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. Figure 5, Equilibrium relative humidity vs moisture -content for whole rapeseed.,
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