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ABSTRACT

Lentil seeds Lens culiparis Medic, under normal storage con-

ditions discolor gradually over an 18-month pericd changing
L — .

from an olive/qreen to to 1light yellov and finally to deep

broin,‘This

Y,

iscoloration reduces marketability of the seeds

and thus important economic 1iaplications. 1In the study

/
reported here, tﬁa rate of browning”or lentil seeds exposod

te a variety of envirommental conditions was assessed.
. e

Browaning was foﬁnd to be accelerated by sources of near U.V.

or visible light, an anaerobic atnosphere, high humidity and

varm temperatures. SeeJ; placed in light and air at 30°C and

100% BR.H. were di colored and overgrown with saprophytic
fungqi in less than/a week. Germination percentage and water
uptake declined a5 the discoloration process proceded. The
tetrazoliunm tesé shoved very low or no viability in browned
seeas. Blectri¢al conductivity of the imbibition mediua was
highest with bp¢vned seeds "indicating that ngmbrane integr-
ity had been lq t. Exudationm of soluble proanthocyanins was
abundant from een seeds but 1limited from browned seeds.
These observations suggest that browning may result froa an
oxidative polymerization of the low molecular weight con-
densed proanthocyvanin precursors. Light emhances this reac-

tion and in the process membrane proteins are presuomably de-

natured by a tanning mechanisn.



RESUME y

Lors de conditions normales .d'entreposage Sur une période de
18 mois, 1la couleur des semences de lentillés (Lens QgL;-
ggﬁig medic.}) passe graduellement d'un vert olive a un brun
plus on moihs foncé. Cette coloration réduit la valeur marc-
hande des semences, de ce fait, a des implicatlons dconomi~
gues importantes. Dans la présente etude, le taux de brun-
issepent de semences. de lentilleg, exposées a kiverses
conditions d'environnement, a été déterminé. Elle a €td ob-
servé que le processus dtait accélérd par une exposition d
la lumiere blanche, fluoresceate ou ultraviolettez de n@me
que par ume atmosphere anadrobique, une tempeérature et humi-
dité €levées. Des semences placées a la lumidre, a 30°C et
100% H.B. avaient bruni et étaient envahies par les chaopig-
nons saprophytes en moins d'une semalne. Le pourcentage de
germination et l'absorption d'eau étaient abaisses chez 1les
semences brunies. Le test du tétrazoliun a montrd une via-
bilitéﬁ}rés faible, lorsque présente, sinon nulle chez ces
dernieréds. La conductivité electriqué du milieu d*imbibition
etait la plus élevde chez les semences brunes, indigquant que
1'intdgrit€ de la membrane avait éte perdue. L'exudation de
proaPthocyanines solubles par les sepences vertes dtait

abondante alors que tros rare chez les semdspces brunes. Ces

- gy -
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\1\\\ o ervations,suqqérent que le brunissement pourrait résulter

ne polynérisa;ion oxydante de prébﬁrseurs de proanthocya-~
nines condensés de faibles poids loléculai:es. ~,La luniere
tte rdaction et, au éours du processus, les pro-
téines de la meabrane sont probablement ddnaturdes par un

I'd
mecanisse de tannage.

- vii -
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section I
INTRODUCTION . "f'
\‘ o
Lentils, Lens culinaris ue&ic.-belong to the Leguminosae,
a family which includes 41 crop sﬁecies such as pulses, be-
ans, and-grain lequmes, and is second only to cereals as a
source of human and animal food (Harlam, 1975). Nutrition-
ally they are 2-3 . times richer 4in proteins than cereal
grains, with a protein content betuéen 20 and 40 per cent

(anonymous, 1979) .

. On a world scale 2 lequmes are of great importance im hu-
man nutrition; the common bean P. vulgaris, ie latin America
and the lentil, L. culiparis Medic. in the Indian-subconti-
nent. (Purseqlove, 1968) . It is clear fron archeological ev-
idence (Zohary,1973a,b) that the earliest siqgns of lentil
domestication are cohcentrated in the HNear East. In addi-
tion to their cultivatiow in Indja, lentils are also grovn
in most subtropical reqions of the world and at high alti-

tudes in the tropics (Purseglove,1968).

In Canada, lentils (L. culinaris) Medic. were first grovn
in.the prairie provinces in 1972, using seeds obtained frono

the Palouse area of the U.S.A., However, the increasing area



2
devoted to lentil production in. fﬁq Canmadian prairies
emphasizes the importance of the development of a cultivar
adapted to the Caﬁadian climate, After a breeding progran
from 1972 #o0 1978 using different lines of lentils, the var-
iaty Laird was granted a license in Hoveamber 1978. lLaird is
a larqe-seeded Chilean type with yellow cotyledons. The seed
is thicker than that ?f most other cultivars with a protein
content of 22.5% (Slinkard and Bhatty, 1979). Saskatchewan
produces most of the Laird variety grown in Canada. Host of’
this production is exported to Europe where it 1is used in
soups and specialty ethnic dishes (Bhatty and Slinpn-

kard,1979).

¥hen supplies exceed demand the seeds are held in sto-
rage. Sead coat discoloration (a progressive change froam
ligqht green to yellow and finally to dark brown) bacomes ev-

ident after 10 “to 18 nonths of storage in some if pot all

lentil cultivars, making them less desirable to the con-
sumer. Therefore prices are depressed and sometimes the
seeds have to be sold at no profit. Because lsmporters

stronqly discripinate against lentils which have lost their
light qreen color, browning has become an important problen
to commercial producers and research workers imvolved in de-
veloping a desirable product for the world consumer market

{Slinkard,1978; Ali-EKhan, 1980 personal ccoonunications).
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The seed coat becomes darker with increasing length-of
storage. Sometimes the color change is relatively rapid; at
other tiames it may occur very slowly (Hughes, 1974). \?hese
obserQations have led to speculations that the color change
could be controlled by requlating temperature, light and re-
lative humidity of storaqge rooas. Sharma and sSharma {1978)
pointed out for instance that poor storage of agricultural
condggziies results in_loss qf'quality of seeds, and in sonme
cases complete destruction, due to invasion of storage fungi
vhich bring about the degradation of seed comnstituents, thus

/
rendering seeds unfit for useful purposes.

/

Toole et al. {1948) noted that a tan colored snap bean
seed had changed to a reddish brown after storage at high
temperature and high relative hunidity.(ﬁ”naononald and #il-~
ler (1947) pointed out that browning in %resh vheat germs was
$ronoted by elevated temperature and moisture content. Dex-
ter et al. (1954) found that white pea beans stored at hiqh
relative humidity amd high temperatures had turned dark
brown. They also noted that a rancid odor coincided with the
darkening. Hughes, (1974} reported a darkening of kidney
beqn during storage at high tenperature and high relative
humidity. He also reported that cool-white light and near
ultra violet appreciably darkened the bean seeds as compared

-

to the seeds stored in the dark. ,/

/

|
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Seed coat discoloration may be related to the presence of
condensed proanthocyanins which Bate-sSmith and Swain (1953)
recoqnized‘as responsible for{é\“broad range of tamnim reac-
tions in. plant tissues. These suhst?nces have been classed
as condensed tannins but +the more appropriate ‘tern nrcon~
densed proanthocyanins™ will be -used :here (Veinges ot al.
1969%a). Weinges apd his collaborators have revealed that

these substances possess di-,tri- and tetra-flavan struc-

tures of a general type as shodﬁ?in fiqure 1 in which the

. Lo/ .
flavan monomer umnits are 1qubq/ by C-C -bond between the

f4-position of one flavan unit and the 8-positiom of ring R

of the next unit (Harborme,1975).

" The capacity of these conﬁouddé to tan is due to a large
extent to their molecular size, and in this respect low mo-
lecular welght phenols such as flavan 3,4-diols , flavan
3-ols, chlorogenic acid, are tooc small to permit suffi-
clently effective cross linking. Highly polymerized polyphe-
nols on the other hand are either too insoluble or too large
to fit between suitably oriented polypeptide chains. Maximunm
tanning action is shown by tannins of intermediate size, and
polyphenols with a molecular weight range of 500 to 3000
have been suqggested as most satisfactorily fulfilling these
requirements (W§hite,1996; Goldstein and Swaian,1963:; Gustav-

son,1954). It is desirable that the term tannin should be

raserved for those polyphenols within this polecular weight
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§
range, It is relevant to say that diamers, trimers and tet-
ramers of the proanthocyanidins are correctly classified as
tannins since they have aolecular veights which fall within
this range (Barbornme,1975). Roxx and %velyp {1958a) deter-
mined ebullimetrically the molecular size of different tan-
nin fractions; they concluded, that substances uith‘a molecu-
lar ‘waight of the ordeg;of 2000 correspomds with a polymer
containing 7 flavan unit¥. Tetra, tri or dimeric forms cor-
responded with a molecnlar weiqht between 1500 and 1000; mo-
nomeric forms had a moiécular ;eiqht lower ' than 1000 (Roux

v

and Evelyn 1958b). )

To clarify the general chemical structure of the proan-
thocyanidin compounds, different approaches have been used.
Heinqé; et al. (1968a) used proton wmagnetic resonance.
Thompson et al. (1972) developed a chromatographic techni-
que on dextran gel Sephadex LH=-20 as a means of separating
the individual free phenolics forms of the plant proantho-
cyanidins. Paper chfonatoqraphy has been also utilized as
an analytical method combined with spectroscopic techniques

(Harborne, 1975) .

In food technology it is well kXpown that preducts con-
taining seeds are susceptible to discoloration in process-
ing. It has been recognised that condensed proanthocyanidins

play a role in such a problen. Dickinson, (1957y reported
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that ihe difference between. those few varieties of broad be-
ans (¥icla fabaj} that are suitable for canpning and the many
that are not, is the absence of condensed proanthocyanidins
from the seed coats of thé former. Wine is another product
in which condensed proanthécvanidins have been recogmnised as
of technical importance (Ribereau-Gayon, 1957). The princi-
pal source of these cdnpounds-has been identified as the
seeds. The condensed tannins in beer are derived from both
malt and hops, that froama the malt originates from the peri-
carp in barley, being the proanthocyanidins which make the

major contribution to the formation of beer hazes (Bate-

Smith and Ribereau-Gayon, 1959). Lv////////—_

F

In most instances, the proanthocyanidins are richest in
the seed coat, and their condition changes as the fruit ri-
pens, and after the seeds are harvested. By virtue of their
tannin nature, as the cells die the proanthocyanidins become
absorbed in the cell wall (Howes, 1953). Their condition .
then changes as coampared with, for instance, that of living f/
cells when they are mainly in solution in the vacuoles, an /
becopes more like that in wood. This change is acconpanigd//
by increasinqgly reduced solubility in gethanol’ (Hiflia/and
Swain, 1957) and decreasing ability to form true amthocyani-
dins when the tissue is digested with agqueous HACl. An excel-

lent exanple of these changes is provided by 'the field bean

(V. faba) when still green in the pod, the seced coat



. 7
- richly yields anthocyanidiqs vhen digested with aqneous\ﬂcl.
When harvested ripe they still yield anthocyanidins ;hgn
diqeétea with Alcoﬁolic HCl, but during, storage when fggﬁ
séad coats become dry, touqh and discolqred. the yield ;¥o—

qgressively decreases (Bate-Saith, Riberau~-Gayon, 1959).

The aim of this study was to follow the discoloration
phenosenon in the seed coats of lentil seeds, (L. culjinaris)
Medic. and to correlate seed coat discoloration with gerni-
nation percentaqge, rate of imbibition, electrical conductiv-

ity, exudation of soluble condensed proanthocyanins, and

different storage conditioms.

-



These substances posses di-,tri-, and tetra flavam structures
in which the fliavan amonomer umits are linked by C-C bond
between the fourth position of one flavan unit and the A ring
of the next unit (Harborme, 1975).

Fiqure 1: Procyanidin: Precursor of Condensed
Proanthocyanins.
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section II

MATERIALS AND METHODS
2.1 PLANT BATERIAL

Lentil seeds, (L. culinaris mMedic) var. Laird, were ob-
tained from J. Sheppard, Agqriculture Canada. A plant intro-
duction P.I. 345635, was provided by A. E. Slinkard, Crop
Deve}opuant Centre, University of Saskatchewan, Saskatoon;
In order to obtain'uniforn samples for the different experi-
ments performed,the seeds were sorted according to seed coat
color into green (1) and light yellow (2) using an fSCC-HBS
ceptroid color chart, standard sample No. 2106 (figure 2).
2.2 QOH.IBOL OF STORAGE COHNDITIONS

2.2.1  Light

Three different light sources were used during the sto-
rage experinents: ioncandescent (400-1100nn), cool white
fluorescent (350-750nn) and black 1light blue fluorescent

(300-400nm}, (Swmith, 1977). (See appendirx).

Incandescent light was provided by laops with Sylvania
bulbs of 40 watts and a light intensity of 84 ¥/n2 at seed

level.
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%

B.L.B.. and fluorescent lights:

Fluorescent cool white and bla light blue lamps vere

together in a wooden box., On one sidé ere two 20 watt
{black liqht blue) tubes (General Electric F20T12/BLB} with
a light intensity of 4.2 W/m2 at seed level and on the
othgr side were 2 tubes of fluorescent cool white 1light
(Gemeral Electric P20T127CH)  with a light intensi of 11
¥/n2 at seed level. The B.L.B. and fluorescentszzz}\white
lights vere separated by a cardboard. To keep the surround-
ings from over-heating, a small fan was located at ome end
of the box so cool air coantinuously circulating through the

compartments. Intensity measurements vere made with a Yellow

Springs radiometer, model 26A.

2.2.2 RBelative Humidity

Dryness (0% R.H.) vas maintained using .,a bed of 10 grams
of silica-qel under the seeds. 2 relqtive humidity of ap~-
proxinmately 50% was obtaiﬁed by saturation in a closed envi-
ronment with 46% H50,. In initial experiments 100% relative
humidity was similarly achieved using 1% HSOp but in later
experiments pure distilled water was used (Hand Book of

Chenistry and Physics, 89th edition, 1968-69) .
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2.2.3 Tepperature
nstant temperature rooas maiantained at 5°C, 200C or

309C fe uged for temperature control.

2.3 EXPERIMENTAL DESIGH

2.3.1 Seods Stored Umder Contipyous Illumination

N .

Seeds exposed to light were stored in glass contaipers 15

)

cn high and 8.5 cmn in diameter. The containers ware placed .

in an up~side down position to allow the I{ght to penetrate
the glass and to reach the seeds sittinq on the cap of the
(Eiq 3a). The glass cont;iners were arranged in rows, 1in
30x45 cm2 plastic trays, covered with a cardboard box with
an opening cut out at the top over vhich a lamp with the 40
watts bulb was fitted. The containers were rotated daily ino
order to get a more or less even distribution of light. For
the near U.V. experiments the same type of contaipner was
used, and located inside the uoodgn box in which the lights

vere suspended directly below the tubes.

2.3.2 Seeds Stored Under Continuous Darkness

Seeds stored under darkness were kept in aluminum con-
tainers 5.2 co high and 9.0 cm diameter. These were used iun

the upright position (fiqg 3b)
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2.3.3 cCoptrol of Belative Humjdjty

Seeds subjected to 0X relative humidity vere placed on a
filter paper over silica-qel which covered the bottom of the
container, The solutions of qpo,uhich gave approximately 50%
and 100% BR.H. as well as the pure water vere poured into 20
ml beakers, vhich wvere placed in tﬁe center of each con-
taiper. The seeds vere gﬁftributed around the beaker at the
bottom of the container.“&ll the containers were themn sealed

with masking tape and/téken to the storage rooas.

2.4  SEED VIABILITY TESTS

2.4.1 Imbibition test

To determine the ;ate of seed imbibition, replicate lots
of Sb seeds vere ;eiqhed before soaking and this value wvas
taken as a 100% weight. The seeds wvere sbqked for 6 hrs in a
100 ml beaker containing 50 ol of deionised water, and then
renoved froao the water, drained and wveighed again; The sec-
ond weiqht was expressed as pércent of the initial weight,
to indicate the proportional amount by which the seeds in-
creased in weight due to uatér uptake. The 6 hrs iobibition
tine was deternined by a pgéiininary test of rate of imbibi-
tion with green (1} seeds. A total of 16 beakers each con-
taining 50 seeds and 50 nl of deiomised water vwere left to

inbibe for a period of 3 +to 24 hrs. Replicate samples vere

renoved every 3 hr for fresh wveight determination.
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2.04.2 Gecrnipation Tests
/

P

Laboratory Test: —_“\>\\
-

Thganethod followed to ﬁg§pfﬁerminatig;‘was mainly that
described in Methods and Procedure of Seed Testing, Agricul-
ture Canada (1965). After 6hr /imbibition the seeds removed
from the deonised water and weighed, then placed on 200
grams of sand;;oistened vith 15 ml\af distilled ;ater in 15
ce diameter petri plates. The seeds) were kept at 209C in
continous illumination with cool white fluorescent fiqht.
Gernination was checked after 5 da&s; seeds were arbirtrari-
liy considered to be germinated when the radicle length was

at least 1 cn.
Field trial:

This trial was performed omn a plot at the Central Experi-
nental Parm. Seeds were planted 15 c; ;pari and 3 co into
the soil, in rows of 50 seeds. The test was repeated at two
different tipoes during the supper of 1979, The first time
(15-5=79) lots of 100 greeh (1) and yellowv (2) seeds as well
as 100 brown seeds were used. Lots of 100 green (1) and yel-
low (2) seeds were tested again on the 31-5-79. 1In the sup-
ner of 1980 only greem (1) and yellﬁv (2) seeds which vere
stored in the freezer for a year vere tested; this tipe 400

seeds of each wvere used. Geroination was checked after 2

veeks vhen the seedlings were betveen 5 and 10 cn tall.
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2.4.3 Tetpazolium Test

This test 1is described in the Tetrazoliua Testing Hand
Book, Contrihntion Ho.29 to Hand qPok on Seed Testing, Asso-
cilation of 0fficial Seed Analysts, (Grabe, D. 1970 Ed.}.
Tetrazolium testing has been developed %¢ furnish a quick

oestimate of seed viability.

The tetrazolium test wvas perfqrmed on lentil seeds after
they were taken from storaée and a color change on the seed
coat had occurred. Lots of 100 seeds vere used for each of
the five differemt seed coat colors.

4

a) Inbibition of the Seeds in TTC solection:

The intact seeds were put in a 100 nl beaker containing a
1% solution of 2,3.5-tripheny1 tetrazolium chloride (TTC{,
(1 grag of TTC in 100 ﬁl of distilled wvater, pH befueen 6
and 8). sSufficient solution was used to cover the seeds and
to allow absorption for 6 to 7 hours at 359C and in dark-

ness.

tn,ﬂvaluation of the test:

a
»

After staining was conpleted, most of the tetrazolium was
siphoned off using an eye dropper. A small anount of ligquid’

vas left in the beaker to prevent the seeds froam drying out.
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Seed coats were removed before exaninatipn by rupturing them
vith a forceps. The cotyledons were then separated and the
staining patterno of the intermal tissues was evaluéted. vi-
able seeds stain to a deep red color vhereas non-viable

seeds do not stain at all.

2.5 \\ TESTS ON EXUDATES FROM IMBIBED SEEDS

2.5.1 Conductivity Test

The procedure followed is a modification of that of HMat-
thews and Whitbread, 1968. The test comnsists of neasuring
the electrical conductivity of deionised water using a con-
ductivity meter (conductivity cell, cel/bso 1, K:0.100/cm),
Beckman Instruments, IHC Cedar Grove Operation, ©Rew York.

The test is a measure of the amount of solutes that have

leaked from the seeds during imbibition.

Two replicate lots of 50 seeds each were wveighed and cov-
erad uith;SO ml of deionised water. A control bsaker con-
taining wvater but no seeds was set with each test run, All
beakers were-labelled and covered with parafilm, and kept at
200C for 4 hrs under fluorescent lights. After 6 hrs the
soaking water was decanted into a second beaker, and divided
into 4 equals fractions, (approximately equivalent 5
ml/seed). Practions 1 and 2 were diluted to 125 nl with
deioﬂised vater and their conductivities deternined. For

each replicate the conductivity reading is expresed per gran
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of seed and the mean of the two readings is calculated as

folldws:

Conductivity of fractionm 1 Conductivity of Praction 2
--------------------------- + - ——— —————
Ioitial wt. of seed lot 1 Initial wt. of seed lot 2

fractions 1 and 2 were kept for further amalysis. Frac-
tilons 3 and 4 were kept in 25 ml plastic bottles, and
freeze-dried»in gﬁ Virtis freeze~-dryer. The dried exudates
vere redissolved im 1 ol of distilled water for later chro-

matography.

2.5.2 Test for Procanthocyanins

After conductivity was deterpmined the soaking water of
fractions 1 and 2 wvas poured separately onto a polyvinylpyr-

rolidone ({PVP) colunn for adsorption of soluble condensed

proanthocyanins.
b4

Preparation of the PVP columns: N

PVP powder was washed with tap water to/ remove the fine
particles. After 10 amin of settling, the vater was decanted
and the process repeated 19 times, in order\to wash off all
small particles. Burettes of 50x1.5 co. vere ad. Glass-

wool was placed over the drain hole of the burette to keep
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it clean of any particles, so the water could run freely
through the column. PvVp suspended 1in water was poured down
the column using a wide mouth 10 =l volumetric pipette. The
colusn vas drained until almost all the water had run out
and to obtain a finmal length of 10 ca of packed PVP (fiqg 4).
After the run the stopcock was removed, the whole column
blown out froa the upper end with air pressure, collected on

a paper towel, and air-driegd (Thakur, 8. 1980).
Hydrolysis of PVP adsorbable material:

The top part of the coluan (discolored by tannins) was
transferred to a test tube and boiled in 4 ml of 50% HC1l for
15 nia (Clevenger, 1971). The resultant solution was de-
canted, diluted to 8 ml with distilled water: and centri-
fuged at 2,000 gq. Absorbance was determined at 580nnm, using
a Coleman, Junior II, Spectrophotometer, Model G/20 (Marga
et al. 1973). The red pigments were extracted using 1 nl of
isoamyl alecghol. This procedure was done twice for aach

treatment having a total of 36 sanples.

Paper Chromatoqraphy of Anthocyanidins of the Acid Hydro-

lyzates

The isoanyl alcohol soluble fractions were one dipension-

ally chronatographed on one balf of a 46157 co? sheet of



N 18

WVhatman 1 paper; .5 samples were spotted on each paper.
Each spot was made from 0.1 al of the pigment solution, ap-
proximately 1.5 cm. in diameter, and separated by about 3 cn
from its neigbours. The distance from the edge was 2.5 cm,
and from the end, 7.5 cm. The papers were run descendingly
for about 16 hrs using as a solvent "Forestal® (glacial
acetic acid-water-conc.HfCl, 30:10:3 v/v/v) (Harborne, 1967:

Riberau-Gayon, 1972).

2.5.3 Paper Chromatography of the Freeze-dried Exudates

The crude exudates (fractioms 3 and 4) wvere each chroma-
tographed in 2 dimeansions on one fourth of a 46x57 cm2 sheet
of paper, 0.1 ml (equivalent to 2.5 seeds) of the exudate
vas spotted in the right side corner, 2 cm from the short
edge and 2.5 cn from the long edge. The papers were stapled
along the 1lonqg edge to form cylimders and chromatographed
ascendingly for 2 hrs using 6% glacial acetic acid as a sol-
vent. The papers were them air-dried, restapled along the
short edqge and run again ascendingly for 8 hrs in the second
direction using as a solvent secondary butanol- acetic
acid-water (18:1:5 v/v/v). The finished chrobatograms were
again air dried. The dried chromatograms were exanmined un-
der long-wave U.V. and the absorbing or fluorescing spots
narked with a lead pencil. The papers were then sprayed

"ith:
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1) Perric chloride~potassiua ferricyanida, 0.2%
solution. After spraying, the chromatograns vere vashed with
2H-HC1l, then in distilled uater'saveral times, apd air
dried. Oxidisable phenols including proanthocyanins are
readily revealed as prussian blue spots on a vwhite back-
ground.
2)Gibbs reagent (2,6 dibromobenzoquinone
4-chloroimide), 0.5% w/v ig acetone, followed by sodium hy-
drogen carbonate (saturated aqueous solution). Reactive
spots appear mauve-purple on a white background.
3) Benzidine, (diaminodiphenyl).The different
phenolic acids qive different colors which change with pH.

(Thompson, et al. 1972).

IOTAL PROANTHOCYANIN CONTENT OF

2.6  DETERMINATION OF
THE SEED COAT

Seeds were taken directly fron plants growing at the Cen-
tral Experimental FParm. Pods were collected at different
stages of maturity: bright green, yellow, and brown corres-
ponding in the centroid color chart to 117, 72, and 75 res-
pectively. The seed coat colors were the same as those of
the pods. The seeds were renmoved from the pods, and their
seed coats cut avay using a razer blade. Beplicate lots of
10 seed coats randowmly selected from each of the three dif-
fereat coat colors collected from the field, vere beoiled se-

parately with 4 ol of 50% HCl for 15 oin, then the solution
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vas diluted to 8 ml usiﬁg distilled water and the absorbance

taken at 540 nn.

2.7 EXPERINMENTS PERFORMED

2.7.1. Long Term ﬁ!ﬂﬁli!&ﬂ&é

2.7.1.1 Effect of Light, Temperature, and Humidity on
Sead Discoloration:

18 different environmental conditions were provided as
followus: using incandescent 1light or darkness, three
different relative humidities: 0%, 50%, 100%, and three
different temperatures (5°¢C, 20°C or 30c). Replicate
lots of 100 greemn (1) and yellow (2) lentil seeds variety
Laird vere stored under each condition for a total of 72
contajpners. When a color change vas noted in the light-
exposed seeds that lot was removed for analysis, the lots
under the same storage condition of temperature and hum-
idity but in darkness were romoved from storage one week
later up to the seventh week. From the ninth veek to the
last the sanples under the same condition of temperature
and humidity light or dark were taken for analysis at the

sape tinme.

The oriqinal intention was to leave the seeds until
browning was observed in the liqht exposed containmers and
then to remove both light amd dark sanples at the sane

tine. Seeds started to brown so rapidly at 100% R.H. in
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light that the number of samples was too laFge to handle
all at once. Thus, to overcome this darkened containers
vere removaed one week later. By the time the seeds in the
50% R.H. containers showed some browning, the availabil-
ity of an assistant (Miss Christy Nuyens) enabled han-
dling of 8 containers at a time. By this time it becanme
apparent that it could be several months or perhaps years
before complete browning occurred under some conditions
and the protocol ua§ changed to that of removal of all
samples, starting with those at the highest temperature
(200C) within as short time as possible. Wken the sam-
Ples vere removed from storage and seed lots vere classi-
fied by color (see fig 2), the tests specified in sec-
tions 2.4 and 2.5 were performed on one replicate lot.
The second 1lot was stored im the freezer for 6 months,

after vhich they were tested for viability with TTC.

2.7.1.2 Effect of Anaerobiosis on Seed Coat. Color:

100 green (1) and yvellow (2) lentil seeds var. Laird wvere
stored in an anaerobic container wvhere the oxygen vas elimi-
nated using gas-pack disposable hydrogen + carbon dioxide
qgenerator envelope (70304 BBl division of BioQuest) at 50%
B.H. using 46% H2504 and continuous illupination with incan-
descent light for am 11 month period. Seed coat color was

checked periodically.
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2.7.1.3 Effect of Freezing Temperature on Seed Coat
Color:

After setting up of the long term experiment, the surplus
of green (1) and yellow (2) seeds vere kept in the freezer
under coaplete darkness, Seeds wvere removed after one year
of storage for examination of gensd coat coler and the TTC

test performed on thenm.

2.7.1.4 Test to coapare Humidity Coatrolling Agents:

In order to check the effact if any of humidity controll-
ing agents on the discoloration of lentil seeds, replicate
lots of 100 green (1) seeds each were stored at 209c, 50%

R.H. under incandescent light. The 50% =n. B. wvas achieved us— 

ing 46% §§0q1n one replicate lot and a saturateqd solution of <

CaCl, for the other. The discoloration phenomenon was fol-

lowed for a month period. The sage experinent vas repeated a

second time.

2.7.2 Short ternm Experipents

2:.7.2.1 Storage Experinment:

Since the seeds browned so guickly at 30°Cc, 100% R.H. in
light, élsecond test vas rum as follows: Seven jars (fiq 3a)
containing 200 green {1) seeds variety Laird vere placed in

1

the 30°C\\roon at 1008 R.H. uonder contidnuous illunination

)
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wvith an incandescent lamp. Every 24 hrs thereafter, one jar
vag removed for testing the rate of wvater uptake, germina-
tlon percentage, electrical conductivity and soluble proan-

thocyvanins.

27242 Effect of Light Quality on Seed Discoloration:

To test which wave length range was most effective in
promoting the browning phenomenon in lentil seaeds, replicate
lots of 100 green (1) seeds each were placed in the 30°C

roop at 100% R.H. under B.L.B. liqght, fluorescesnt liqht or
incandescent light plas a U.V. filter. After 72 hrs of sto-
rage the seeds were exanined for color change in the seed

coat. The experiment was repeated once.

2.7.2.3 Effect of Genetic Constitution:

Using P.I. 345635 one jar containing 106 seeds was stored
at 30°C, 100% B.H. under incandescent light for ome week.
After that the seeds vere raemoved from the jar, examined for
any color change in the seed coat, and the seed exudates

further analyzed.

2.7.2.4 Effect of an antioxidant on seed exudates:

4 lots of 25 green (1) lentil seeds were renoved fronm the
freezer after storage for one year. Two lots were inbibed in

25 ol of deionised water and two lots were ipbibed in 25 ol

\
b
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of deionised water Plus 0.25 g of ascorbic acid. The seeds
vere kept during imbibitiopn at 20°C anpd continuous illumina-~
tion with fluorescent light for a period of 6 hrs, after
that the water vas decanted, freeze-dried, .and chromato-~
graphed im two dinensions, in order to determine the effact

of ascorbic acid in the oxidation of Polyphenols present ip

the seed exudates.

"



A color chart wvas used to indicate the seed coat
color changes throughout the experinental work.

Seed Coat Color Centroid chart ¥o.
Green {(n 91

ligqht Yellow(2) between 76 and 91=*
Yellow~Brown (3) 77 .
Light-Brown (4) 58
Dark-Brown (5) 59

* Two color chips were chosen since in the color chart
there was no chip which exactly natched
as the seed coat for the liqght yéllow seeds 2) .

Figure 2: Centroid Color Chart.

25



Yellow
QOlive

Orange - Yell
Yellowish- brown
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The glass containers (a) used to store 1i t~exposed

seeds

vere 15 co hiqgh and 8.5 cn dia etpt. The

aluminon c¢ams (b) used to store darlgr\exﬂosed ' seeds &)
vere 5.2 co high and 9.0 cn dianeter. . ‘

Pigure 3: Containers for light-exposed and darkeped-exposed

——

r-“'\

seeds.

b
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. Burettes of 50x1.5 ca were used to set up the Pyp

" columms. After being washed 20 times the PVP _
suspended in vater was poured down the colunmns :
to obtain a final column leagth of approximately 10 cn.

Figure 4: Polyvinylpyrrolidone (PYP) columns.
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section III .

RESULTS

3.1 EFFECT OF LONG TERN STORAGE OF LENTIL SEEDS
3.1.1 Seed Coat Color Change

A broad range of environmental conditions (light, humid-
ity, and temperature) was surveyed for the purpose of choos-
ing conditions in more detailed subsequent experipents. Evi-
dently 1light, high 'humiditv, high temperature and long
exposure to the conditions are inportant factors im the

brouﬂinq reaction of lentil seeds (table 1).

Storage under continuous illunination with incandescent
light at 309C and 100% relative humidity resulted in rapid
discoloration of lentil seeds. (The degree of discoloration
was determined at the tine\of sampling by reference to the
color chart showa in fiqure 2. 1In the space of one veek
seads chanqged from greem (1) and yellow (2} to a dark brown
{5) (Tasle 1, fig 5a). By contrast seeds stored in darkness
under the sape conditions of teoperature and relative hunid-
ity bhad discolored only slightly if at all after two veeks
(fig 5b). At 209c amd 100€ BR.H. all seeds étored in light
vere dark browvn and overgrown by fungi by 3 veeks. Green (1)

sééds under darkness discolored to dark brown (5) a week la-

- 28 -
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ter, yellow seeds (2) under light turned yellow brownm {3)
after 3 wveeks of storage. At lowver huniditiés ahd tempera-
tures the rate of browning, evem in light was slower. Green
(1) and yellowv (2) seeds stored at 30°C, 50% R.H. discolored
to a yellow brown (3) under light; in darkmess green seeds
changed to 1ight yellow, and light yellow discolored to yel=-
low brown (3). WNhen the relative humidity was lovered to 0%
all seeds stored under light changed to yellow browm (3) but
seeds stored under darkness did not discolor even after 10
veeks of storage. Seeds at 209C, 50% R.H. or OX R.H.
changed sliqbtly under light and remained practically un-
changed under darkness. Seeds at 59C either at 50% or 0%
R.H. had discolored very little even after 12 weeks of sto-

rage.

The purpose of this thesis is. not to examine in detail
environmental factors on browning but rather to look at sonme
of the physiological changes occurring during browvning; sone
of the reasomns for this approach vere the shortage of seed
supply and time exposure with respect to econonically real-

istic storage coanditions.

3.1.2 Seed Viability Tests

3.1.2.1 Bate of Imbibition ;

The rate of water uptake im greem (1) 1lentil seeds before

storage was qreatest within the first 3 hrs of soaking,
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after this time the rate increased very slowly, until maxi-
aun imbibition had been reached by aboqt 18 hrs, with a fi-
nal increase of 2601_(f1q 6). In fiqures 7 and 8 it can be
seen that when seeds are kept under different storage condi-
tions, seeds stored at lower temperatures (5°C) for a period
between 6 to 16 weeks (table 1) imbibed less water than
seeds stored at higher telperatures (209C or 30¢C)y. An ex-
ception are the seeds stored at 300C and 100% relative hum-
idity in 1light; these samples wvere very badly damaged by
fungal growth. 1In most cases seeds stored in the 1light .im-
bibed more water than those kept in the dark regardless of
the temperature. This pattern was found in green and yellow
lentils except for the omes kept at 5°C, 0% relative humid-
ity and 59C, 100% relative humidity. In general seeds stored
in the light at high temperafure under low humidity vwere the
ones with higher imbibition values, for instance, seeds
stored at 30°C, and at 50% or Oi relative hupidity had an
increase of fresh weight of 295% for the former and 285% for

the latter. -

In fiqure 9 water uptake related to the seed coat color
after storaqge is shown. Green (1) and yellowvw (2) and light
brown (&) seeds had mean values of 236, 240, and 236 per
cent ipcrease in fresh wveight respectively; vwhereas yellow-
brown (3) showed the greatest average value of 271%, and

dark brown (5) had the lowest (212%).
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3.1.2.2 Germination Tests

Effect of storage conditions on germination 1s shown in
table 1 and fiqure 10. Germination percentage was found to
be lower in seeds stored under light (open circles) than ue-
der darkmess {closed circles). An exception vas green (1)
and yellow (2) seeds stored at 20°C, 100% R.H. and darkness
vhere germination percentage was zero. It was “also.noted
that gernmipnation was lower when seeds were stored at 100X

R.H. regardless of the temperature.

The relatiosship of germination percentage and seed coat
color resulting from storage is shown in figure 11, Geraina-
tion percentages are consistently lower in discolored seeds,
sliqhtly so in yellowed seeds (2) and yellow brown (3) and
markedly so in browned seeds (4 and 5)

Gerninatiok uas also tested in the field and it was found
that qreen seeds showed better germination than yellow and
brown seeds for the first suommer (table 2). For the first
planting (15-5-79) germination percentages were Be%, 7T6%,
and 4% for greem, vyellow and brown seeds respectively; and
for the second planting (31-5-79) germinoation dropped to 763
for qreen seeds and 68% for yellow seeds. No brown seeds
vere tasted the second time. In the sunmer of 1980 gernina-
tion was checked only omce, As in the previous year green

seeds had the gqreatest gerninatiom, the values being 85% for

;'
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green seeds and 79% for yellow seeds. The Student t test was
applied to the set of data for the suemaer of 1980 and it
showed that the 7% difference in germination of green {1)

and yvellow (2) seeds was significaat at the 95% level.

3.1.2.3 Tetrazolium test

In figqure 12 it can be seen that sope seeds stain to a
deep color wvhereas others do not' staie. In fiqure 13 a close
up of some of the staining patterns observed is showa. The
vhole eabryo is stained ta), nost of the cotyledon stained
but the shoot-root axis not {b}, or po part of the seeds

stained (c). In fiqure 14 the staining vpatterns of lentil

seeds ofy-different seed coat colors are shown. Sead lots\

uith‘see# coat;\;zéfinq from green (1) to yellow brown (3)
stained éu\a deep{rad color, but seed lots of light brown
{#) and dark brown (5) stain little, if at all. The percen-
tage of staining in relation to seed coat color is presented
in table 3, green seeds (1) showed the highest percentage of
staining (B0X%) yellowed seeds (2 and 3) showed a T4% and 62%
of staining respectively. Light brown (4} and dark brown (5)
seeds had the lowest staining values, 10% and 0% respeé-
tively. The tetrazoliun test was repeated vith green seeds
froo the sane lot as before vwhose seed coats had been re-
noved before inpersion in the tetrazoliunp solution; B82% of

the seeds were stained.

)
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3.1.3 REffect of Anaerobjosis on Seed Coat Color

Green (1) and yellov (2) 1leantil seeds stored under .anae-
robic atmosphere d4did not discolor even after 11 months of

storaqe.

3.1.4 Effect of Freezing Temperature on Seed Coat Color

Green (1) and yellow (2) seads kept in the freezer for over
a year showed a very slight change in their seed coat color.
The lot of greemn (1) seeds had approximatély 2X of 'yellowish
seeds and yellow (2) seeds did not shov any detectable seed
coat color change. The lots of seeds which were kept in the
freezer after the lonqg terr storage experiment remained the
sane color they had been when removed from the 1long ternm

storage exporinent.

3.1.5 Hunidity Contgrolling Agqents

Initially green (1) seeds stored under incandescent light
at 20°Cc, 50% R.H. using HSO0, or CaCl, discolored to yellow
broun (3) after one nonth of storage, therefore no differ-
ence vas found in the effect of the two different solutiomns

on the discoloration process of lentil seeds.

3.2 TEST O EXUDATES FROH IHBIBED SBEDS
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3.2.1  Electrjcal Copductivity

The effect of storage conditions on electrical conductiv-
ity of lentil seeds gave variable readings. Im table 1 it
can be seen thaﬁdﬁiqh tenper%pure (300C ?nd 209C) and high

"

humidity (100%) showed the highest con&ugﬁivity values.

P,

Lougpiiﬁ'thé temperature and humidity resulted in a decrease
of electrical conductivity. In fiqure 15 a relationship bet-
veen sead coat color change during storage and eleetrical
conductivity values is shown. Conductivity was higqhest with
darkened seeds; seeds which renmained green (1) even after
long term storage héd conductivity values between 21 and 35,
yellow (2) seeds ranged betwveen 21 and 65, vyellov brown (3)
showed values between 34 and 49, and dark brown (5) had con-
ductivity readings between 115 and 225. The vertical bars
represent the standard error of tﬁe neans.
I

3.2.2 Test for Proanthocyanin

The anmount of PVP adsorbable material, as indicated by
the depth of the tan color, varied from one sead lot to
another. Its proanthocyvanin pature was verified by the ap-
pearance of a bright red color upon boilirg in acid, and by
the separation of two red spots behaving as cyanidin and
delphinidin on chromatograns of the isoanyl alcohol soluble
fraction (fig 16). In table 1 it can be seen that absor-

bance of the anthocyanidin fractiom vwas very variable ac-
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cording to the storage conditions. At high temperature
(30°C) and high huiidity (100%) absorbance was low compared
to the values of seeds after storage at low temperature
(5°C) and 0% relative humidity. Figure 17 shows a quantifi-
cation by absorbance measurements at 540 nm. When seeds
were green (1) absorbance ranged from 0.57 to 0.90 {(table 1)
vith a mean value of 0.67 a similar value was observed with
vyellow (2) and 1light brown (3) seeds, and with light brown
(4) seeds absorbance averaged 0.50 with the seeds that had

turped to a dark brown (S5) absorbance was very low (0.10).

3.2.3 Paper Chromatography of the Freeze-dried Frudates

Of the 3 different colorogenic reagents used to detect
the presence of soluble phenolic compounds incleding con-
densed proanthocyanins on chropmatograns of crude exudates,
ferric chloride-potassiunm ferricyanide was chosen since it

showed the best results,

In fiqure 18 is presented representative chronmatograns
obtained from freeze-dried exudates of seeds of each of the
5 seed.coat colors resultinq‘ froom lomng term storage. Exud~-
ates frop seeds which remained qreen (1) throughout the ex-
periment had four spots mobile in boty solvents, plus sone
spots inmobile in BAH. Yellow (2} seeds shoved only 3 nobile
spots in both solvents and also material inmobile in BAW,

Yellow broun (3) seeds showed a spmear in BAW vith only 2



36
Spots amobile in both Solvaents. Chromatograes made of
exudétes(froﬁ- light bro;n (4 and dark brown (5) seeds
showed veri litlle material and no mobility of spoté what-
soever,

' When ascorbic acid ¥as added to green (1) seeds during
imbibition, the exudate when Cchromatographed showed a big
Spot (&) onr the left sgide of the paper, just around the area
wvhere the small Spots were oa exudates vithout the ascorbic

acid.

3.2.4 Total Proanthocyanin Content

As it is shown in table 4, green seceds (1) had-the high-

@st reactivity of total proanthocyanin content (A=0.41 per

25 seeds), 25 yellow seeds (2-3) yielded a total of 0.27 ab-

sorbance followed by 25 brown seeds (4-5) with an absorbance

of 0.11. These values are a result of replicate experinents.

3.3 SHORT TERHM EXPERINENTS
3.3.1 Storage experinent
3.3.1.1 Seed Coat Color Change

During the seven days of the short tern sto;aqe experi-
nent the seed coat color of lentil seeds changed gradually.
After 24 hrs of storage the color renained green (1) buat
after 48 hrs it had turned to light yellowvu (2} and by the

seventh day of storaqe.lit kad changed to dark brown (5).

-
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Rate of water uptake decreased throughout the short tern
btorage experiment. By the first day the value was 238% as
shown in figqure 19c¢ then it gradually dropped off so.that

when the test was done on the seed lot with seven days of

storaqe the value was 170!.

3.3.1.3 Germination

It vas found that germination percentage remained high
during the first two days of'sfﬁraqe but by the third day it
dropped to.SO% and continuously decreased with tipme to ap-
prdxiuately 2% during the last '3 days of storage (fig 19a).

rd

3.3.1.4  Electrical Conductivity /
Electrical conductivity of léetil seeds increased

!
throughout the seven days of the exhsriment. the reading
after the first day of storage was 38, it continued increas-
ing and by the fifth day it Qas very high (110} and even

highar (155) by the seventh day (fig 19b).

3.3.1.5" cConcentration of Scluble Proanthocyaninsg

As is shown in fiqdre 19d by the first day absorbance was
0.87 and by the secon& day had decreased to 0.70. By the
third day it had gone down to 0.25 and by the seventh day

absorbance was 0.10.
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3.3.2 Effect of Light Qualjty on Seed Discolorat on
‘Green (1) seeds stored gnder U.V. light at 30°C and 100%
R.H. discolored from green (1) to yellov brown (3) in a
period of 24 hrs, by 48 hrs they vere light brown (4) and by
72 hrs dark brown (5). Seeds stored at the?same conditions
of relative hunmidity and temperature but under fluorescent
light discolored to light yellow (2) after 72 hrs of storage
(fig 20). Greem (1) sgeds stored at 30°C, 100% BR.A. and un-
der incandescent liqght plus a ©.vV. filter did not show any

N
discoloration after a week of storage.

3.3.3 Effect of Genetic Constitution

P.I. 345635 wvas tested for browaning as uel{/gs for pres-
ence of cohdensed proanthocyanins. It was found that these
lentil seeds did _not discolor even after a week of storagqge
at 309C, 100% R.H. and under cqgtinuous incandescent light.
Presence of condersed proanthocyanins uasgyot detected when
seed coats wuwere boiled in 50% HCl. Chronatographs of the
crude exndate did not show any presence of phenolic con-

pounds when run in tvo dimensions.
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TABLE 1

Preliminary survey of a broad range of Storage Conditions on
lentil seeds, (L. culinaris. Medic).

--------------------------------------------------- r A S ey Gl T S e ——

Storage Tenmp. BR.H. S.C.C. %% Germ.*** Abs*x%, Conductivity**=*
Time® oC, 4 Init. Final. X S40nm readings.
L. D. L. D. L. D. L. D. L. D.
1 2 30 100 1 58 2 0 66 .30 .70 225 . 52
2 4 4 18 47 .60 .52 65 60
3 4 20 100 1 53 5@ 0 1 .18 .00 116 115
2 3 52 61 1 .35 .00 49 158
6 7 5 100 1 4 -1 39 90 .19 .80 71 23
2 4 2 38 80 .80 * .65 62 23
9 30 50 1 3 2 76 82 .53 -- 32 21
2 3 3 77 82 .15 .40 43 24

H

10 30 0 1 3 1 62 90 P .57 38 34
2 3 2 72 81 .60 N.67 42 33
10.5 20 50 1 2 1 g4 93 .67 .60 31 23
2 2 3 80 77 .73 .90 .37 36
11 20 0 1 2 1 82 96 .49 .60 35 27
. 2 3 2 77 86 .59 .63 37 32
11.5 5 » 50 1 2 1 79 95 -« 19 .57. 32 21
2 2 2 80 87 W77 .70 43 24
12 5 0 1 2 1 78 87 1.50 .90 65 35

2 23 80 75 1,00 1,00 34 34

*#ine in weeks exposed to light (L) or ir darkmess (D).

S.C.C.=Seed coat color - (see fiqurg 2): Seeds were separated
initially (Init.) into green (1) ogfyellov (2) and their color
(Pinal) was again assessed after storage in light (1) and in
darkness (D} as qreen (1), yellow ,{(2}, yellow brown (3), light
broun (#) or dark brown (5). / )
#*% Germination %, absorbance of hydrolysed proanthocyanins in
in the exudate and conductivity of the exudate were determined
in replicate. Values given in the table are the average of two
readings.
® Seed coats dark brown, fungal growvth already abundant on the seeds.
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(a) qreen seeds (1) stored for a period of one week under
incandescent light at 309C, 100% R.H. Fote-a dark

color of seed coats (5) dark brown. The numerical

value of colors was deternmined by referencel to color

chips (fig 2). Also note a fungal growth on the seeds.

{b) greem seeds (1) stored for a period of two weeks under
complete darkmness at 300c, 100% R.H. Discoloration did not
occur nor fungal gqrowth.

N
-

Piqure S5: Lentil seeds after storade at 300Cc, 100% R.H.
under light or darkness. |
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Replicate lots of Sokgreen (1) lentil seeds each wvere
soaked in 50 ml of delonised water for a period ramging
3 to 24 bhrs, replicate samples were removed every 3 hrs

fresh weiqht determination. The Xertfical bars represent
standard error of the\mean of tyo replicate samples.

Fiqure 6: Percentage increase in fresh. weight of green
lentil seeds during imbibition.
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Percent iancrease in fresh veight of initially green (1)
lentil seeds after storaqge at three different temperature;
{59C, 209C or 309C), three different huaidities (0K, 50% °

. or 100%), and in continuous incandescent light (open synbols)

or complete darkmess (closed syabols).

Hote:; Uptake of water during imbibition increasas vith a rise
in storage temperature froa 59C to 209C to 309C, except for
those seeds which vere dark brown (5), i.e. stored at 200C and
30°C in light and 100% R.H.

Figqure 7: 1Imbibition percentage of initially green (1)
lentil seeds after storage.
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Per cent increase in fresh weight of initially yellow (2)
lentil seeds after storage at three different temperatures
(5°C, 209C or 309C), three different humidities (0%, 50%

or 100%) aad in continuous incandescent light {opren symbols)
or coaplete darkness (closed symbols).

Hote: Uptake of water during imbibition increases with a

rise in storage teoperature from 59C to 200C to 300C

excapt for those seeds which were dark brown 5), 1.e. stored
at 300C in light at 100% R.H.

Figure 8: Imbibition percentage of initially yellow (2)
lentil seeds after storage.
T
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coat color change aft storage at different environmental
conditions of light, nperature and humidity. The vertical

bars represent the standard error of the neans. £

Note: The higqh average of sead coat color (3) is an artefact
resulting from the high proportion (5 of 9) of seed lots exposed
to 309C during storage. As indicated in fig. 7 and B the average
iobibition of greea (1). yellow (2) and yellovw brown (3} is
about 220%: of seeds stored at 200C¢, about 250%; but of seeds
stored at 309C, about 280%.

Mean values of lentilégeeds imbibition according to seed
t

SEED COAT COLOR Bo. OF SAHMPLES STORED AT
) 50C 200C 3o00cC

1 3 2 1

2 6 6 1

3 1 3 5

1} 2 0 2

5 0 3 1

Fiqure 9: Bate of ipbibition related to seed coat color
change after storage.
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TABLE 2
Gernmination % of qreen, yellow, and browned seeds under
field conditions. :
Seed Coat k&\ Plantings of Summer 1979 Sumner 80
Color T T e T T e et e e m et e —-——— -
1st of May 2nd of June ’
" GREEN (1) 86 76 ’ 85
YELLOH (2) 72 - 68 79
BROHEN (4-5) 4 - ——

-

The data for the summer of 1980 shows a significant difference
at the 95% level, by the Student t test betueen green (1) and
yellow (2 .



Green (1) and yellow (2) lentil seeds were stored under
continuous incandescent light ({open circles) or complete
darkness (closed circles), at three different tenmperatures
(59C, 20°C or 309C) and three different humidities (0%,

_50% or 100%).Gernination was deternined by placing the

inbibed seeds on moist sand in petri plates and at 209C
and fluqrescent light for S days approximately.

b

Fiqure 10: Gernination percentage of Lentil seeds after
storaqe unrder different conditions.
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Mean values of germination percentage of lentil seeds
according to seed coat color change after storage at
different environmental conditions of light, temperature
and hunmiditity (table 1). The vertical bars represent
standard error of the means.

Pigure 11: Relationship between seed coat color and
geruination percentage.
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After 6 bhrs imbibition in TTC at 350C, germinable seeds
stain to a deep color; whereas non germinable seeds
do not stain.

Fiqure 12: Tetrazolium Test.

.
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)

In a close up of lentil seeds after imbibitien in TTC
three different staining patterns cam be observed:

(a} The vhole embryo stained, seeds are comsidered viable.
(b} Cotyledom stained but shoot-root axis did not stain
seeds are considered non viable.

{c) When the whole embrryo is not stained, the seed is dead.

Figqure 13: Close up of three different staining patterns
using TTC.
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Seeds with a seed coat from green (1) to yellowv-brown
(3) have a high number of seeads stained completely,
bat light brown (4) and dark brown (5) do not stain
as much; so these last two lots vere considered non
viable. -

Piqure 14: TTC Test on lentil seeds which discolored during
storage.

-
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TABLE 3 -
Al
Percentage of staining of lentil seeds after storage using
TTC.
FINAL SEED COAT COLORS
1 2 3 4 5
stained seeds (%) 80 14 62 10 0
Not stained (%) 20 26 38 90 100

seeds

A A D N S W S —— M T - TP = W T I TP I P NP R R D R R R S

The seeds vere renoved fron storage and kept in the freezer
for 4 pmonths before the TTC test was parforned.
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After storage. at different environmental conditions lentil
seads of different seed coat colors were imbibed in deionised
water for 6 hrs at 20°C and fluorescent light, and electrical

conductivity determined using a conductivity meter (table 1).

The vertical bars represent the standard error of the neans.
L

Pigqure 15: Mean of electrical conductivity values of lentil
seed exudates related to seed coat color.

e
~
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Chromatographs of anthocyanidins obtained by acid ‘hydrolysis
of the PVP adsorbable‘material exuded from lentil seeds of
various seed coat colors during imbibition on dionised

wvater. Spots are proportional to 2.5 seeds. Cy=cyanidin
Dp=delphinidin,.

Fiqure 16: Chromatographs of anthocyanidins fron acid
hydrolysis of the seed exudates.
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The hydrolyzed exudate from lentil seeds of different seed
coat colors resulting from long term storage experiment was
measured at 549 nm and the mean values for each seed coat

color plotted (table 1) . The vertical bars represent the
standard error of the means.

Figure 17: Concentration of soluble prodnthocyanins related
to seed coat color. :
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Freeze-dried exudates from lentil seeds after long term
storage were chromatographed in 2 dimemnsions. In the first
direction 6% AcOH was used and in the second BuOH:AcOH:H20
{10:1:5 wv/v/v). The chromatograms were air dried folloved
by ferric chloride-potassium ferrlcyanide spray, amnd
subsequent washing with 2KH-HC1l amnd destilled water. The
lower left chromatograph was from green (1) seeds exudates

_which contained ascorbic acid. Spots showed as prussian blue

on a white backqround.

Figure 18: Chromatgraphs of the unhydrolyzed exqﬂates of
lentil seeds after storage.
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TABLE 4

Total proanthocyénin‘content froa lentil seeds.

----- —_'--—----‘.--a'---——------ ’-‘ - i e -
Pod and<Seed Ho. Seed Absorbance at 540 aom

| coat colors used . Replicate 1 Replicate 2 Average
Green (1) 0.39 0.42 0.41
Yellow (2-3) 0.26 . 0.28 0.27
Brown (u-gf

i T s . R > < Sy (A o - ———— R A A

Replicate lots ¢ 0 seed™goats from each of the three different
coat colors cgllectéd froam the field vere boiled separately with
& nl of S50% HC1 for 15 min, en the solution E;s diloted to 8 ml

using distiiled water and the
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Seeds were stored at 309C, 100% E;H.

" for a period of one week, after ﬂhich
’

AN

(a) “electrical conductivity (b}, imbi
soluble-proanthocyanins (d) were deter

Fiqure 19: Effect of storage on lent
) experinment. Y
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aind incandescent light
germination percentage B
bitior (c) and concentration of"
ained.

il 'seeds in a week long
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Green lentil seeds were stored for 72 hrs at 30°cC,
100% R.H. under 0.V. or fluorescent lights. Note the

brown color (5) of seeds stored under B.L.B. light as
conpared to slight dis(iéiiit'on (2) of the seeds

stored under fluorescent Jight\.._
-

FPiqure 20: EBffect of continuous B.L.B. and fluorescent
lights on green (1) lentils.

Ay
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s section IV
DISCUSSIOHE ARD CONCLUSIONS
It has been found that lentil seeds discolor during %to~
rage, and such discoloration is associated with the condi-
tions existing in the storage room. As humidity and tempera-
ture increase the p£ouninq process is accelerated. Hughes
(1974), found that the same discoloration pattern occurs in
kidney beans. When kidney beans are stored at hi;h tempera-

tare and hiqh humidity the browning is faster than when

seeds are kept at low’ température and low humidity. When

.seeds are kept in the light the darkening is also acceler-

ated; for instance of the two lots of seeds stored under the
same condition of temperature and humidity, but one under
incandescent light and the other in the dark, the former
discolored very rapidly whereas the later remained brith
qreeﬁ {1) or showed only slight change. Hughes (1974) also
found that light-colored red kidgpey beﬁn appreciably disco-
lored when stored with c¢ool white 1light and near  ultra

violet compared to the dark treatoent. The darkening ap-

\yeared to be a continous process during storage. Hozzolillo

(1978) , workimg with pea seeds also fﬁ&nd seed coat discolo-
ration during storage. Dickinéon (1957 and Barker and Kor-
ris (1968), reported a discoleration phenomeno® on the sead
. RS
' - 59 =
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coay  of tge' broad bean (Vicia faba) during stopage and

cananing.

Bate-Smith and Biberau-Gayon (1959), noted that the seed
coat of Phaseolus wvulgaris and the field bean (Y. faba) dis-
colored when left in the pod for very-long or during sto-
rage. They also pointed out that such discoloration was ac-
celerated by light. .

A poor qgermination is associated with seed coat disqolo-
ration of lentil seeds. As leantil seeds discolor gerniration
percentage decreases, slowly at first and then very rapidly
and vhen seeds are dark brown qerninqtion is practically
nil. Discoloration is then one factor that can be used to
study seed viability. Hughes (19%5), working with kidney be-
ans and Nozzoliﬁlo {1978) with field peas noted the same
cbrrelation bet;een discoloration and germination percen-
tage. Steward and Carlson (1932) found that light green al-
fafa seeds showed the highest germination percentage; dark
brown seeds did not germinate at all. They carried out the
test in the laboratory as well as in the field and germipa-
tion iﬁ the field was lover compared to that in the labora-

tory.

2
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Imbibition was affected both by seed coat discoloration
and by the storage tempergture. Litgle effect on imbibition
was noted with green.(1), yellow {2), vyellow brown (3) or
light brown (4) seeds as long as seeds that had been stored
ét the same temperature were compared. Dark brown seeds (5)
however exhibited a consisteétly lov imbibition regardless
of the temperature of Storage. Seeds stored at 5°C also had
a lov inbibition: 'seeds stored at 30°C bhad a high imbibi=-
tion. The imbibition patterns can be explain as follows: In
thé case o% green (1), vyvellow (2), yellow brown (3), and
liqht brown (4) seeds jobibition was controlled by the or-
qénizad membranés in the seed - coat, and in the cotyledons.
The high imbibiéion of seeds storéd at 309C suggests that

sone damaged may have occurred

-

which let the water throﬁéh
the membranes more €easily. And the low imbibition of fully
browned seeds (5) @pay be a result of damage so severe that
they have lost the capability of retaining water imside the
cells. Berjak and Villiers (1972) suggested that such daw-
age caﬂ be due to oxidation of the nmnolecules constituting
the membranes dupinq storage. Parrish ard Leopold (1978),
also pointed out that low imbibition is due to deterioration
in the membrane system of the seed due to_accelerated aging
during storaqe. The§ éaid that the nembrénes lose their
ability to reform and function upon hydration. T@g state of
cell mewmbranes is/x}§o reflected in the solute leakage- fron

plant pmaterial (Laties, 1964; Sipon,1974). On the basis of
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this view, poor retentzon of solutes result&ng in high 1eak-
»? age froam inmbibed enbryos has been regarded as the result of
either damaged (Larson,1968) or inZomplete menbranes (Simon
and Raja Harun, 1972). This explanation is énpported by the
results of the electical coﬁductivity; Increase of electri-
cal-conductivity'of the seed exudatesf&hs inveréely related
to seed coat discoloration of lent#1 seeds. For instance,
vhen seeds are qreen (1) and yellow brown (3) conductiyity
s low, but when seeds are 1light brown (4) and dark brown
(5 coﬁductivity is high. Larson (1968) noted a high leak-
age from dry pea embryos the seed coats had been removed
ring the first few honrs soatlnq in. Hatér this did not oc~
cur frow seeds imbibed intact. He attributed the high loak-
age to disruption of cell Rembranes as a résult of the rapid

*

iarush of water. Povel]ﬁ Matthews (1978) associated high
I

conductivity readinqsav' dead or damaged tissue,

Papp' (1975{, .rélaﬁéd conduétivity to .aqging in lentil}
seeds.: She found that an older cultivar {196 9) showed a
bigher conductivity readiag thaﬁ a‘younger (1975) lenfil
seed lot. In her studies the higher condzﬁtivity readings J

the darker seeds ﬁas also associated with a dénaginq of the

menbranes, She pointed out that, in general, intact nen-
- . branes_emitlfe;‘ ioﬁs. whereas danaged Bembranes fron via-
tevéi caugg‘éhit more“idms. She also noted that the degree
of 1eachidq'or.ioh loss is‘ dependent upon the stage of éeed

Eaturitv, their dormancy, age and temperature.

- . . o,

L - ¢
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After conductiiity vas determined *~ the tetrazolium ' test

vas performed on lentil §eads. Staipiﬂﬁ\of the seed with TTC

-is due to the formation of red forlazaﬁ on the e!bryos

) tthuqh the reduction of TTC by cell dehydrogenase (Roberts,

59§1§‘ppthrell, 1948; Powell and Matthews, 1978). Powvell and

. J;i evs (1979), established that the presence of cracks on
the sufface of the seed coat was responsable for the low/rr

!
- - (
Staining patterns of pea seeds. They also found that pea ™

v
‘'seads-without seed c;até shoved a very low staining pattern
compared to that of seeds with seed coats, and attributed
this to death of the tissuoe resulting from the uncgntrolled
entry of water. In the work reported here green seeds
stained to a high percentaqge, but liqht;broun (8) as well as
dark brown (5), seeds did not staln at all. It can be sug-
gested that damage to the tissue occurred'durinq storage and

not during imbibition since browned seeds imbibed the TTC

solution with théir.seed coats,

Finally, discoloration of lentil seeds is dssociatéd with
a decrease of the soluﬁie condensed proanthocyanins exudad
from the seed coat. The solubility of these conpoﬁnds de-
creases with discoloration, being practically nil in browned
seeds. dJacques (1§70;. s5uggested that there are two types
/’fTL\ of compounds that when boiled in ;cid give 'a red color: fla-

van 3,4~diols and flavan 3-ol d¥mers or higher oligomers,

respectively named leucoanthocyanidins and pProanthocyani-
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dins. The red color is due to the transformation of both

,<;\“\\co-pouﬁds to anthocyanidins, mainly cyanidin and delphini-

’é}n. The transformation of préanthocyanins into amthocyanirs
upon heating in acid is widely.ﬁsed for gquantitative deter-
mination of these conpouﬁds (Qhensel. 1968; Matthew,1968;
Goldainst and Swain, 1963). Some people have reported poor
vield of anthocyanidins using this method (Govendarajan and
Matthew, 1965; 'nattheu. 1969; Jewvak, 1968). Considerable
variabiligv is found when exudates from lentil seeds ‘are
boiled im acid.

»
When total proanthocyanin content vas studied in lentil

seeds it was found that the development of a red color :as
very high in green (1) seeds wvhose pods were still briqﬁt
gqreen as well, but nuch lower vhen the pods were darﬁ brown,
tough® and dry and the seeds wvere left to mature inside thenm.
Bate-Snith and Riberau-Gayon (1959) found the same correla:
tion in the field bean (¥. faba). They poinfgd out that the
browning may be due to a condensation and oxidatiom of pri-
mary flavanol molecules both with each other and with other
constituents of the cell such as cellulose and proteins. If
this is so, the formation of these oliqomegic heavy molecu-
lar veight compounds nmay be responsible for the lov degree
of reactivity in ﬁhe boiling acid test. Ehowpson (1964) ,

suggested that the browning could be due to a polyphenol ox-

idase reaction. Singleton (1972), believes that the products

3
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of browaing can be sﬁown to include very large molecules re-
Sultinq‘fron polymerization of pLeanic compounds. ‘ Scott
(1964) , anqasggd that browning could be a result of oxida-~
tion of colorless Iphenols, vhich absorb only in the ultra
violet into a derivative which absorbs in the wvisible re-
qion. .Reichert gt al (1979) foumnd that discoloration of
pearlinillet (Penpisetum thypholdes) was ~also due to the
presence of polypheanolic compounds predoainantly located in
the peripheral area of the grain. Rangaswany et al (1974),
working with a lequminous weed (Rhynchosia minima) founa
that during qermination a brownish-black halo vas formed
around the seeds, they suggested that this discoloration was
_ eue to the presence of high concentrationé of proanthocya~
nins leached from the seed coat;‘;ﬁen ascorbic acid was used
as an antioxidant no halo was formed, suggesting that sucg

discoloratiop vas due to the oxidation of these phenolic

campounds,
\,

i

A schematic chromatogram is shown in figure 21 where the
different types of proanthocyanins according to their mole-
cular weiqhts are present: at the top of the chromatogranm
a?e | found the monomeric forms (t)-catechin and
(-} epicatechin, further down the dimers then tgp trimers and
fiqallv the oligomers. The polymers, if any, are thought to
be located at the origin in the butanol solvent. The work

done on lentil seeds can be fitted within this +3Chene be-

T
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- greater the amount of nononeric_ and dimeric forms.: In\tye
case of Iight brown (4) and dark brown (5) seeds these com-

poundé_yere‘conpletely absent from the exudate. The polymer-

ized stréaks found in chromatoqrams from exudates of green

(1) and yeliow €2) seeds are due to oxidation and a certain

'deqrée of polymerization of low molecular weight dimers,

trimérs and oligomers during extraction and further handling
of {hé’sanples since the sanme type of extract but containig

ascorbic acid did not show the same pattern when chromato-

‘qraphed. instead a big Spot (A fiqg 18) was found which may

correspond to . the monomeric precursors of condensed proan-

thocyanins.

Furtﬁer support for the conclusion that soluble proantho-
cvanins are responsible for the browning was - obtained with
the following preliminary experiments: 2 replicate lots of
25 green (1) seeds were soaked in 25 nl of deionised water
for one hour. They were then air-dried and stored at 309C in
light and 100% BR.H. for 5 days. No color changed was ob-
served; im coatrast to unwashed seeds which become dark
brown (5) under the same conditions. Conductivity remained
low, gernination was still 8s8%, and absorbance of the dne
hour presoaking water was 0.45, the absorbance of the soak-
ing water after storage vas lov, 0.1. sSimilar results vere

obtained with a 3 hr soak. The evidence clearly suggests
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( that removal of the soluble proanthocyanins protected the

seeds from browning.

A relationship betvween seed coat discoloration and fungal
qfowth vas also found. Lentil seeds kept at high humidity
high temperature and light had a fungal growth after oniy
onpe week of storage. As discussed above as seeds discolored
the exudation of soluble condensed proanthocyanins dimin-
ished, Sanders (1979), associated the conce;trations of
proanthocyvanins with fungal qrowth in peanut seedg. He fpund
that as the concentration of soluble condensed proanthocX?-
nins decreased the percentage of colonization by ﬁggg;gillus
parasiticus increased, assessing that this can be one og‘the
several factors siqnificdntly correlated with deqree ofvre—
sistance of peanut to fungal iﬂvasion.,siuilarily. Young and
Paterson (1980) found in the exudate éf vhite clover seeds a
high concentration of condensed proamthocyanins which they
assumed to be toxic to Rhizobjum bacteria. They hydrolysed
the proanthocyanin fractions with concentrated HC1 in n-Bu0R
and obtained a déep.pnrple solutions which were analyzed by
paper chromatography in forestal solvent. The major coampo-
nent of tPese fractions was identified as delphinidin and
this finding was confirmed using spectrophotometric analy-

sis.
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In conclusion, the combination of high temperature, high
humidity and 1liqght is the most damaging condition during

seed storage, acgcelerating the browning phenosmenon. Since

seeds stored in the dark showed little or no discoloration

regardless of the teamperature and humidity in comparison to
seeds stored in the light, discoloration seems to be aégoci-
ated vith a photochemical process. This photochgnical pro-
cess appears to result in polymerization of soluble proan-
thocyanins since decreasé in amount of these doppopnds
occurs in browned seeds. An oxidation phenomenon may as well
be involved =since preliminary experiments have shown that

lentil seeds kept at 300C, 50% B.H. 1light and anaerobically

did not discolor even after 11 months of storage.

The physiological changes associated with browning of
lentil seeds during storage are still a matter of further
studies, but it is clear that storage conditions plgy an im-~-
portant role in keeping the seeds viable and in controlling
the darkening of the seed coats. More studies should be un=-
dertaken in order to find economical storage conditions that
permit to keep the seeds in good physiological condition,
i.q. a preliminary onme hour zoak in water could delay brown-
ing on a long term basis. It is clear fron this work that
seads stored at 5°C, 0% R.H. under continuous darkness re-
main green after three months of storage, but for how much

longer would they keep, and how costly is this condition?.
\
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Furthermore braeding proqrans-could be conducted using lLaird
variety and plant introductions such as P.I. ‘' 345635 which
showed no browning after storage at higﬁ humidity and high
temperature. Enzymatic studies also should be conducted to
£ind'out which enzymes are or may be involved in the brown-
ing phenomenon on lantil seeds durimng storage. A schematic

model for the browning phenomenon is suggested below:
Colorless monomeric and olggomeric proanthocyanins in the
seed coat (Sol P.A.) ©polymerize to brovwn color imsoluble-

proanthocyanins {(Insol P.A.).

SOl Pul.=====cocmeeecemmcmmann Insol P.A.
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Chromatogram showing the different typés of condensed proanthocyamins
according to their molecular ueiqhts./Taken from Thompson et al (1972).

Fiqure 21: Idealized chromatograph of condensed
proanthocyanins.
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APPENDIX

SPECTRA OF THE LIGHT SOURCES USED IN THB;EXPERIMENTS

a incandescent light
b blacklight blue fluorescent

¢ cool white fluorescent
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