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•% Quality, Morphology and Storability of C a n o l a and R a p e s e e d
Harvested after Overwintering in Northern Alberta
J.K. D a u n * , L.A. C o o k e and R.M. C l e a r
Agriculture Canada, Canadian Grain Commission, Grain Research Laboratory, 1404-303 Main St., Winnipeg, Manitoba, Canada
R3C 3G8

Samples of canola and rapeseed harvested after over-
wintering in Northern Alberta were compared to samples
of fall-harvested seed from the same area. Spr ing-
harvested seed had a weathered appearance d u e to
changes in the epidermis and received lower grades than
the unweathered fall-harvested seed. Spring-harvested
seed had more oil and protein than fall-harvested seed,
but also had higher free fatty acid content and conduc-
t ivi ty and lower viability. Spring-harvested seed did not
store as well as fall-harvested seed, having larger in-
creases in free fatty acids, conductivity and storage fungi
and larger decreases in viability when stored hermetically
at 10% or 12.5% moisture.

A snowfall in October, 1984 covered a large amount of
canola in Northern Alber ta while it was still in the field.
Some of this seed was harvested the following spring.
Processors and grain handlers expressed some concern
regarding the qual i ty of spring-harvested seed, especially
as its external appearance was very different from seed
harvested in the fall.

This report summarizes the morphology, qual i ty and
storability of spring-harvested canola from Northern
Alber ta compared with canola from the same growing
area harvested the previous fall.

MATERIALS A N D METHODS

Samples. Samples of fall-harvested canola were obtained
from the Grain Research Laboratory 's 1984 New Crop
Survey (1). Samples of spring-harvested seed were ob-
ta ined through the Canadian Grain Commission's Inspec-
tion Division. Twenty-two samples each of spring- and
fall-harvested seed were collected. The samples were con-
sidered individually fo r qual i ty t e s t i ng and morphology
studies. Fo r storage studies, composite samples of fall-
and spring-harvested seed were equilibrated to 8.5%,
10.0% and 12.5% moisture by addition of water , followed
by gentle mixing in a closed container overnight. The
spring-harvested seeds were observed t o absorb the added
moisture much more rapidly than the fall-harvested seeds.
Af t e r equilibration, the samples were divided into sub-
samples and each subsample was stored hermetically for
a different l eng th o f time before testing.

Analysis. Canadian Grain Commission inspectors
graded the samples according to Canadian Grain Grading
Regulations (2). Seed analysis for species determinat ion
was performed by an Accredited Seed A n a l y s t {Agricul-
ture Canada} b a s e d on microscopic examination fo r mor-
phological characteristics. Individual seeds were photo-
g raphed with a Wild M400 Photomacroskop and a Wild
MPS 55 Pho toau toma t .

Oil contents were determined b y nuc lea r resonance
*To whom correspondence should be addressed.

spectroscopy (3) u s i n g an accurately analyzed (4) com-
posite from the 1984 New Crop Survey as a standard. Pro-
tein contents were determined by t h e Kjeldahl method
(5). Chlorophyll was determined by spectrophotometry (6)
u s i n g pure chlorophyll A as a reference s t a n d a r d . Free
fa t ty acids were determined by t i t ra t ion (7) of oil ex-
t rac ted from g r o u n d seed b y pet ro leum e t h e r (16 h r on
a Goldfisch extract ion apparatus). Crude f iber contents
were determined by titrimetry (8). Conductivity, a mea-
sure of ions passing into solution from the seed, was deter-
mined u s i n g a Radiometer CDM 83 conductivity meter
with a CDC 114 electrode (9). F a t t y acid compositions
were determined b y gas chromatography (10).

Germination t e s t s were according to the Canadian
Methods and Procedures of Seed Tes t ing (11), except the
seeds were f i r s t surface sterilized a n d 100 ins t ead of 200
seeds p e r sample were used. F o u r petr i p la tes of 25 seeds
each on a Wha tman / /3 (9 cm) fil ter p a p e r were moistened
with 5 ml of sterile distilled water . A daily regimen of 15 C
for 8 h r in t h e dark, followed by 25 C for 16 h r in the l ight ,
was maintained for 10 days. The number o f normal, ab-
normal (defective) a n d dead seeds were determined af te r
4 and 10 days. Normal seedlings showed good roo t and
shoot development while abnormal seedlings lackede i the r
good root o r shoot development or b o t h . Dead seeds
showed no visible signs of germination.

Seeds were prepared fo r es t imat ion of funga l levels by
surface steril izing fo r one minute in a 0.3% sod ium
hypochlorite solution, air d ry ing u n d e r a laminar flow
hood, and pla t ing 100 seeds onto both p o t a t o dex t rose
a g a r (PDA) and fil ter p a p e r moistened by 5 ml of 7.5%
sod ium chloride solution (SFP). Levels and types o f field
fung i and bacteria levels were determined from the seeds
p la ted on PDA, while storage fung i types and levels were
determined from seeds p la ted onto SFP.

RESULTS A N D DISCUSSION

Seed analysis. Brassica campestris variet ies predomi-
n a t e d in both the spring- and fall-harvested samples. B.
napus variet ies were found in quan t i t y in four of 22
samples of fall-harvested seeds, and in two of 22 samples
of spring-harvested seed. Immaturity o r damage pre-
v e n t e d complete characterization of samples o f m i x e d
species. This was particularly true fo r one sample which
was severely weathered. Although B . campestris varieties
were t h e predominant varieties grown in the Northern
Alber ta growing area (12), it is in te res t ing t h a t the
number of B. napus samples was similar fo r both the
spring- and fall-harvested sample groups. A larger
number of t h e later-maturing B . napus samples m i g h t
have been expected in t h e spring-harvested samples.

The majority of the B . campestris samples were par-
tially yellow in color, indicat ing the presence o f Tobin o r
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Candle varieties. Three of the spring-harvested and the
mixed samples o f fall-harvested seed contained only dark-
seeded B. campestris and m u s t have been unlicensed
varieties, as all current ly licensed variet ies are mixtures
of yellow and dark seeds.

Fore ign material, rang ing from 0 t o 3.7%, was f o u n d
in b o t h spring- a n d fall-harvested samples. St inkweed
(Thlaspi arvense L.), lamb's quar te rs (Chenopodium
a l b u m L.) and soil fragments were t h e m o s t common
foreign materials . Ball mustard (Neslia paniculata L.},
cleavers (Galium spurium), hemp nett le (Galeopsis
tetrahit L.) and lady 's thumb (Polygonum persicaria L.}
also were found. There was little difference in foreign
material between the spring- and fall-harvested samples,
except t h a t lamb's quarters and soil were more frequently
p r e s e n t in the spr ing harvested samples.

Grading. The fall-harvested seed was graded mainly No.
1 Canada (20 samples}. The two samples g raded No. 2
Canada contained mostly B . napus seeds and were
downgraded on the basis of more than 2% distinctly green
seeds. This grad ing distribution was as expected, con-
sidering the weather dur ing the preceding growing period.

The general degree o f maturi ty was sufficient to qualify
m o s t samples o f spring-harvested rapeseed as No. 1
Canada . However, due t o the discoloration associated
with overwintering, it became necessary to exercise judg -
ment in making grade evaluations. The overal l external
color, in conjunction with the appearance of the crushed
seed, was used t o determine the fac to r "not of good
na tu ra l color." Color is defined u n d e r Section 9.4.3 of the
Grain Grading Guide (2) as "The general degree of matur-
i ty and the amount and degree o f discoloration, such as
from weathering, 'including' such factors as l ight rime
o r redness associated with growing conditions which af-
fect the general appearance but which are not extremely
detr imental to qual i ty ."

Only two of the spring-harvested samples were g raded
No. 1 Canada. The o t h e r 20 samples were g raded No. 2
Canada , mainly on t h e basis o f seed damage (green,
shrunken} and "poor color." If external discoloration were
disregarded, 9 fur the r samples would have been graded
No. 1 Canada.

Visual appearance and seed morphology. The spring-
harvested samples were characterized by a distinctly
"weathered" appearance. Overall, t h e samples appeared
dull and grey as well as "rough," due t o a variable seed
size ranging from large , b loa ted seeds to small or
shrunken seeds. Many seeds appeared immature. On close
examination, the samples consisted of a mixture o f nor-
mal appearing seeds and the distinctly weathered seeds.

The dull, g r ey , "weathered" appearance was due to the
presence of a large proportion of seeds with blistered seed
coats. The o u t e r m o s t layers, the cuticle and o u t e r epider-
mis, appeared t o have separated and lifted from the
underlying seed coat (Fig. 1), forming a th in , loose mem-
brane over the seed. This might have been caused b y alter-
nate wet t ing and drying, coupled with freezing and thaw-
ing. Mucilage, which has been shown to b e present in the
epidermis of canola (13}, could contribute to the process
b y swelling when we t t ed .

In the majority of weathered seeds, the entire seed sur-
face was sl ightly b u t evenly blistered. Less frequently,
t h e epidermis was blistered over large areas or in small
circular patches (Fig. 2). The blistered layerexhibited the

FIG. 1. Spring-harvested B. campestris with blistered epidermis (BE).

FIG. 2. Spring-harvested B. campestris with epidermis blistered in
patches {PE).

FIG. 3. Spring-harvested B. campestris with patches of thickened
epidermis (TE} and superficial encrustations {SE).

same surface reticulations and granulations as the
underlying layers of the seed coat. Occasionally, blistered
portions were very loose and peeled free of t h e seed coat.
Benea th t h e blistered o r peeled epidermis, t h e underly-
ing seed coat appeared normal.

Less frequently, the samples contained seeds with a n
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apparent ly thickened epidermis o r with superficial en-
crustations (Fig. 3). Seeds with a th ickened epidermis
were f o u n d particularly in association with immature
seeds. Thickened areas appeared white to creamy in color.
Their epidermal surface was more granu la r than blistered
seeds. Scrapings o f the surface t rea ted with Melzer's solu-
tion contained scattered blue-black s t a ined bodies,
possibly starch granules as found previously in the epider-
mal layers o f frost-damaged canola (14).

Superficial encrustations were creamy t o brownish in
color and sugary to finely mat ted in appearance. Scrap-
ings t rea ted with Melzer's solution did not contain stain-
ed bodies. The encrusted material may have been, in pa r t ,
dr ied mucilage. In B . campestris varieties, up t o 18% of
the seeds of Tobin and 38% of t h e seeds o f Candle may
extrude mucilage when immersed in wate r (13). In such
seeds, mucilage in the o u t e r in tegument was observed to
swell sufficiently when wet ted to b u r s t through the o u t e r
walls of t h e epidermis, forming a gelatinous film over the
surface of the seeds. Mucilage containing seeds were
found t o be present in the fall-threshed B. campestris
samples (Fig. 4).

Thick encrustations occasionally were found around the
hilum, a n d in a number of cases t h e funicle was still at-
tached. Such deposits could have originated from the pod.
Pod membranes were f o u n d adher ing to some seeds.
Funga l mycelium, soil and o t h e r debris also were
detected. Some seeds, which were encrusted with soil and
mycelium, were soft and ro t t ed .

Fall-harvested seeds were predominantly sound, clean,
br ight and reasonably mature . Small quantities of
damage , such as green seed coats, cracked and loose seed
coats, decorticated or broken seeds, shrunken o r shriv-
eled seeds and swollen rup tu red seeds, were noted. Seeds
with blistered or encrusted seed coats were very rare .

Quality measurements. Spring-harvested canola had
more oil and protein, more free fa t ty acids, a h ighe rcon-
duc t iv i ty and more u n s a t u r a t e d fa t ty ac ids t h a n fall-
harvested seed (Table 1). There was no difference between
spring-harvested and fall-harvested seed for chlorophyll,
f iber or seed size. One sample o f spring-harvested B.
campestris seed contained 25.4% erucic acid. This sam-
ple was obviously a n unlicensed high erucic acid rapeseed
var ie ty . Varieties of B . campestris with high levels of
erucic acid have not been licensed in Canada since 1971,
but a very few farmers in the Northern Alber ta growing
area have persisted in growing these o lde r varieties. Ex-
cluding this sample , there was no difference in the level
of erucic acid between t h e spring- and fall-harvested
samples.

The difference in grade distributions be tween the two
sets o f samples and presence of B. n a p u s and B.
campestris varieties made it difficult to draw conclusions
from the overal l da t a means . Fo r example, t h e difference
in free fa t ty acid levels was typ ica l for t h e difference ex-
p e c t e d between No. 1 Canada and No. 2 Canada grades
(15). Also, B. napus variet ies have been found t o have
more oil and protein and different fa t ty acid compositions
than B . campestris varieties 116). The effect o f weather-
ing on quality was assessed b y comparing quality factors.
Samples of spring-harvested B. campestris seeds which
were g raded No. 1 Canada , or would have been graded
No. 1 Canada except for weathering, were compared with
fall-harvested B. campestris seed graded No. 1 Canada

FIG. 4. Fall-harvested B. campestris i n water wi th fr inge of muc i lage
IM) extruding from epidermal c e l l s .

(Table 2) a n d with spring-harvested samples g raded No.
1 Canada (Table 3). The spring-harvested samples were
ranked according to their degree of weathering, and
Spearman's rank o rde r correlation was computed between
t h e weather ing ranks and t h e qual i ty factors (Table 4).

Spring-harvested seed had more oil than fall-harvested
seed of the same species. It is possible t h a t the spring-
harvested seeds h a d ripened more fully and deposited
more oil than the fall-harvested seeds. In a previous study
(17), frost-damaged B. napus seeds were observed t o be
immature and to contain less oil than non-damaged seeds.
Spring-harvested seeds may have been p lan ted late and
may have, t o a grea t extent , escaped the drought and heat
which caused premature r ipening and lower oil contents
in much o f t h e 1984 Western Canadian canola crop. A
tendency toward more u n s a t u r a t e d fa t ty acids in t h e
spring-harvested seeds also suggested t h a t these samples
had grown u n d e r cooler, we t t e r conditions t h a n the fall-
harvested seeds (18). Oil c o n t e n t was n o t e d t o decrease
with increasing weathering. This suggested t h a t although
the spring-harvested seeds contained, on t h e average,
more oil than the fall-harvested seeds, the damage within
the spring-harvested seeds was rela ted to matur i ty .

The higher conductivity and free fa t ty acid levels in the
spring-harvested seeds resulted from the changes in the
seed epidermis described above. Breaks in t h e epidermis
would al low ions t o escape easily, increase the likelihood
of funga l invasion and al low moisture to e n t e r the
seed, possibly st imulat ing lipolysis. These resul t s are
similar t o resul t s repor ted previously for frost-damaged
seeds (17).

Spring-harvested seeds were n o t e d to b e significantly
more variable in size and f iber content than fall-harvested
seeds (Table 5). This may be a n important qual i ty con-
cern in crushing since, for a single roll spacing, more small
seeds would remain in tac t , decreasing the oil extract ion
ra te . The variabil i ty in f iber probably was linked t o the
variabil i ty in seed size.

The fall-harvested seed showed good germination,
averaging 91% with 20 of the 22 samples hav ing b e t t e r
than 80% normal germinat ion (Table 1). The spring-
harvested samples had much lower ra tes o f normal ger-
minat ion, with a mean o f 26% and m a x i m u m of 68%, on-
ly 8% highe r than the l o w e s t germinat ion from t h e fall-
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T A B L E 4

Rank Order Corre lat ions (Spearman's Rho) for Qual i ty
o n Spring-Harvested Rapeseed v s . Severi ty of Weathering

Spearman's rho Spearman's rho
Quality test All samples B. campestris No. Ia

Oil content -0.343b -0.608c
Protein content 0.495d 0.699d
Conductivity 0.449d 0.522c
Free fatty acids 0.421c 0.378
Chlorophyll 0.301 --0.121
Crude fiber 0.005 0.195
F.A. composition

C22:1 --0.108 -0.42
C18:3 -0.144 0.03
Iodine value -0•140 -0•072

1000 seed weight 0.124 -0•188
Germination

Normal --0.361c 0.777e
Abnormal 0.109 0.766e
Dead 0.398c 0.287

o

c~
O

o

h ~

~L

aB. campestris samples which gradedNo. 1 Canada or would have
gradedNo. 1 Canada except for weathering.
bp < 0.1
Cp < .05
dp < .025
ep < .01

harvested seed (graded No. 2 Canada). Abnormal ger-
minations and particularly dead seeds were prevalent in
the spring-harvested samples.

T o further confirm the effect of weathering on quality,
samples were r a n k e d in order of weather damage . Signifi-
cant rank-order correlations (Table 4) were f o u n d for oil
content, protein content, conductivity, free fat ty acids,
chlorophyll and germination. Oil content decreased with
increasing weather damage , while protein content, con-
ductivity and free fat ty acids increased. Germination was
observed t o decrease with increasing weather damage for
the overall samples. W i t h i n the sub-grouping of B.
campestris samples which w o u l d have been graded No. 1
C a n a d a without weather damage , however, both n o r m a l
and abnormal germination increased with increasing
damage . Possibly with these last samples, the overall
damage was insufficient t o kill the seeds and the weather
damage allowed easy penetration of moisture t o s t a r t the
germination process.

Storage• The change in the seed surface character with
weathering, a l o n g with the increased conductivity and
decreased viability of spring-harvested seeds, suggested
that the spring-harvested seed would not store as well as
fall-harvested seed.

Quality changes during storage. Some variability in
results was noted, possibly due t o insufficient mix ing of
the samples after equilibration of moisture content. The
mix ing problem was suggested by the presence of l u m p s
of adhered seeds in some of the samples even though the
samples were s h a k e n gently d u r i n g equilibration.

Both free f a t t y acids and conductivity increased more
rapidly in the spring-harvested samples than in the fall-
harvested samples (Figs. 5 and 6). Free fat ty acids tended
t o increase throughout the period of the s tudy, with the

JAOCS, Vol. 63, no. 10 (October 1986)



1338

J.K. DAUN, L.A. COOKE AND R.M. CLEAR

A 1 . 5 ~
g ...~
< 1.o ~ - - - ~ "

Lu 0 . 5
(5Z
T 0
0 I I I I I 1 I 1 J

0 10 20 30 40

STORAGE TIME (days)
FIG. 5 . Storage of spr ing- and fa l l -harvestedc a n o l a . Changes i n free
fat ty acid l e v e l s . Fall-harvested: $ , 8.5% moisture; m , 10% moisture;
A, 12.5% moisture . Spring-harvested: O, 8.5% moisture; D, 10%
moisture; A, 12.5% moisture .
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FIG. 6 . Storage of spring- and fall-harvested c a n o l a . Changes i n con-
duct iv i t i e s . Fa l l -harves ted: e , 8.5% moisture; l , 10% moisture; & ,
12.5% moisture . Spring-harvested: O, 8.5% moisture; [~, 10%
moisture; A, 12.5% moisture .

increase be ing larger for samples s t o r e d a t h ighe r
moisture contents. Conductivities tended to increase for
the f i r s t four weeks of the study, following the same
general pa t te rn as free fa t ty acids with respect to
moisture content. Conductivities decreased between the
four th and fifth weeks.

Germination of fall-harvested samples, a t 8.5% and
10% moisture (Fig. 7), remained unchanged af te r five
weeks storage. A t the 12.5% moisture level, there was
no change up t o t h e third week, b u t by the end of the ex-
periment the number of normal seedlings had declined by
26% and the number of abnormal seedlings had increased
by 22%.

The spring-harvested seed did not maintain its init ial
leve l of viabil i ty as well as did t h e similarly t rea ted fall-
harvested samples. There was a decrease in normal seed-
l ings for all moisture levels, the decrease be ing particu-
larly significant for samples stored a t 10% a n d 12.5%
mois ture . The incidence of abnormal seedlings increased
over the full period of storage for samples a t 8.5% and
10% moisture. Abnormal seedlings increased for the f i r s t
th reeweeks for samples a t 12.5% moisture, but decreased
dur ing t h e four th and fifth week; the decrease was accom-
pan ied by a drast ic increase in dead seeds. Dead seeds
increased throughout the study for samples stored a t 10%
and 12.5% moisture but remained essentially constant for
samples stored a t 8.5% moisture.

Although spring-harvested seed was observed to have

decreased storabi l i ty compared to fall-harvested seed,
seed storage did not become a major problem in 1984/85
due to the genera l shor t supply. In general, t h e grad ing
assessment o f t h e wea thered seed (i.e., downgrading t o
No. 2 Canada in m o s t cases) appea red to be reasonable
because the weathered seed had higher levels of free fa t ty
ac ids and poorer s torabi l i ty t h a n unweathered seed.

Mycoflora g r o w t h during storage. Mycoflora f o u n d on
t h e seeds af te r surface sterilizing were categorized into
two groups, the field fung i and the storage fungi. Alter-
naria was by far the m o s t dominant genus, compris ing
80% of the field fung i f o u n d in t h e spring-harvested
samples and 95% of t h o s e f o u n d in the fall samples.
Cladosporium was found only on t h e spring-harvested
samples, where it comprised about 15% o f the field fungi.
Of the remaining genera, Chaetomium was t h e m o s t com-
mon, be ing found mainly on the spring-harvested
samples. Of t h e four Aspergilli found, the A . glaucus
g r o u p was the m o s t common, followed b y A . candidus,
A . nidulans and A . versicolor.

The h ighe r levels of field fung i in t h e spring-harvested
samples indica ted t h a t these samples had experienced
wet t e r field conditions than t h e fall-harvested crop. The
presence o f Cladosporium only in t h e spring-harvested
samples lent support to this analysis, as this genus has
been shown t o be associated mainly with mature grain
harvested in wet conditions {19,20).

While in both the spr ing and fall samples the levels of
field fung i decreased over the 5-week storage period, t h e
spring-harvested seed had a more precipitous decline in
t h e levels o f field fung i over the f i r s t th ree weeks t h a n
did the fall-harvested material (Fig. 8). A l t h o u g h a
decrease in the levels of field fung i over time is a feature
of stored seed (21), the decrease tends t o be more rapid
when seed is s t o r e d a t h ighe rmoisture and temperature
levels (22-24). The decrease in field fung i levels suggests
t h a t field fung ilikely had negligible effects on the changes
in the level of free fa t ty acids, conductivity and germina-
tion of the stored samples.

The effect o f s t o r a g e fung i was difficult to assess. The
second most common storage fung i found on the samples,
A . candidus, has been shown t o b e associated with in-
creases in free fa t ty acids (25,26}. Free fa t ty acid levels
and seed viabil i ty did not paral lel t h e fluctuations in
storage fungi, b u t conductivity levels showed a similar
peak af te r 3 to 4 weeks s t o r a g e followed by a decrease
af te r 5 weeks.

The overall leve l of storage fung i did increase dur ing
the 5 weeks of storage with a t o t a l of 49 counts of storage
fung i in the spring-harvested samples and 25 counts in
t h e fall-harvested samples. The init ial levels of seed in-
fection by storage fung i were 2% and 1% respectively,
a f t e r which there was no s t e a d y increase b u t ra the r
weekly fluctuations, with t h e final levels a f te r five weeks
not be ing appreciably different from the init ial levels. In
a n o t h e r s t u d y (24), Sinha and Mills f o u n d Penicillium
species present on 100% of rapeseed s t o r e d a t 12.5%
moisture and 25 C for 30 days. The difference be tween
their resul t s and t h e results in this s t u d y may be due,
largely , t o the pract ice of surface steril izing the seeds in
t h e p r e s e n t study, a procedure not used by Mills and
Sinha . In t h e p r e s e n t s t u d y , only t h o s e fung iwhich have
pene t r a t ed the seed would surv ive t h e surface steriliza-
tion to develop later, while spores and mycelium on t h e
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FIG. 7. Storage of spr ing- and fa l l -harvested c a n o l a . E f f e c t o n ger-
minat ion . Fall-harvested: 0 , 8.5% m o i s t u r e ; . , 10% moisture; A ,
1 2 . 5 % moisture . Spring-harvested: O, 8.5% moisture; [], 10%
moisture; A , 1 2 . 5 % moisture .

WEEK

FIG. 8. Storageof spr ing- and fa l l -harvested c a n o l a . Funga l and
bacter ia l l e v e l s . Fall-harvested: m , s torage molds ; o , f i e l d molds ;
A, bacter ia . Spring-harvested: D , s torage molds ; O, f i e l d molds ; A,
bacter ia .

seed surface were eliminated. A build-up of CO2 and o t h e r
gases, accompanied b y a decrease in 02 inside the sealed
containers, also may have inhibi ted fung i development
in this study. While Mills and Sinha used a similar ratio
of sample size t o jar volume, they opened their jars on
the average of every 18 days. In this study, up to 35 days
passed before the jars were opened fo r sampling.

Bacteria levels generally decreased over the leng th of
t h e study, b u t showed weekly fluctuations. As bacteria
require a h ighe r moisture content t o multiply t h a n was
p r e s e n t in the storage experiment, the levels recorded
may only reflect maintenance of init ial levels, a t l e a s t
unt i l la te r in the experiment when they b e g a n t o die out.

The init ial levels o f 22% in the spring-harvested samples,
and 3% in the fall-harvested samples, suggest both wet t e r
conditions and seed coat damage in the spring-harvested
samples. Bacteria are not able t o pene t ra t e undamaged
mature seed coats, but irregularities and breaks in t h e
surface may provide protection from sur face steril izing
techniques.
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,%The Determination of Fatty Acid Primary Amides
by Capillary Gas Chromatography
Dennis A. Brengartner
Owens-Illinois, Inc., O n e SeaGate, Toledo, O H 4 3 6 6 6

A method has been developed for the determination of
12 primary amides of long-chain f a t t y acids by capillary
column gas chromatography. T h e method uses no
derivatization or sample preparation other than extrac-
tion of the sample. A variety of commercial amide-
containing materials have been analyzed successfully.

The amides, along with other soluble materials, are first
separated from the host us ing refluxing 2-propanol con-
taining an internal standard. T h e fatty acid amides are
then identified and measured by gas chromatography
over a programmed temperature range of 200 to 260 C.

T h e chromatograms obtained show sharp peaks,un ique
retention times and acceptable reproducibility for quan-
titation. Cis-trans isomers of several of the fatty acid
amides were tested and found to b e resolved under the
condit ions employed.

F a t t y acid amides are used as lubricating additives in
several types of applications in plastic food packaging.
F a t t y acid amides are often a d d e d t o polyolefin and vinyl
resins in o r d e r t o modify their physical properties. The
amides m i g r a t e t o the surface of the plastic article, where

they function as lubricants and static-charge reducers.
The t y p e of amide affects the rate of "bloom," or migra -
tion t o the surface of the plastic article. Both the t y p e
and a m o u n t of amide affect the lubricating properties im-
parted t o the product. Knowedge of the fat ty acid amides
content in the package permits the correlation of the type
and concentration of various commercial amide prepara-
tions with changes in product performance. Knowledge
of the amides in the product permits the assessment of
product/package interactions. The interested r e a d e r is
referred t o McKenna (1).

The analytical method chosen had t o cope with several
complications:

(i) The amides are mixed commercially with the resin,
but m i g r a t e t o the surface as a result of their dis-
similarity t o the m a t r i x and become inhomoge-
neously distributed.

{ii) The amide molecules contain polar and non-polar
groups.

(iii) There e x i s t c i s - t r a n s isomers of the unsaturated fat ty
acid amides.

(iv) Commercial materials consist of mix tu re s of fat ty
acid amides r a t h e r than a single species.
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