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diséases are considerable and need immediate -attention. The 

storage) systems designed to maint,ain an optimum environment 

already exist' and are common in modern warehouses. Managing 

these systems' better with monitoring tools capable of detecting 
\ 

stresses in the stored crop before significan~ lasses oceur 

might be the key to loss reduction . . , , 
The p-r i m a r y ab j e c ti ve 0 f th i s st u d y w ~ s toi n v est i 9 a t eth e 

possible use of headspace volatile profiles of vegetables to 

detect storage diseases. The technique was applied to stared 

carrots (cultivar Charger) and potatoes (cultivar Atlantic). 

l ni 0 r der t 0 r e pro duc e v~ n t i lat e d s t 0 r age cOn dit ion s, a 

dynamic headspaoe analysis method was chosen ta collect 

met ab 0 lie v 0'1 a t j. les . Sm a Il co n t a i n ers fi Il e d w i th sou n d and 

disease-inoculated earrot roots or potato tubers were purged 

continuously with purified air and the volatiles concentrated on 

polymerie adsorbent (Chromosorb 105) loeated at the container 

outlets. Subsequently, the trapped volatiles were thermally 

desorbed and ana1yzed by gas chromatography. 

Ex~minetion of the normal and disease-induced volatile 

profiles indicated differences in the range of metabolites 

produced. One camp~und wes unique ta eech cerrot infection 

caused by either Sclerotinia sclerotiarum or Botrytis ciQeres. 
\ 

< 

Pentane and especially dimethyl disulfide dominated the profiles 
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of ' po tato tubera i..nfecte-d wi th E rw i nia ca,rotovor.a a'nd' 'f'~r ium " , 
ros§um, but were 

p 

not get~cted in the headspace .above non-

inoculated samples. At least one 'additional compound wes unique 

t 0 the Fus a r i u m d i y rot in f e c t ion. The om e ta b 0 Ti C vol a t i 1 e s 

responsible for the speci fic responses might serve as disease , , 

indicators in commercial storages, 

of ~evèral normal carrot' me.tabolibes ;Jwere _ 

c h rom a t 0 9 r a p h Y - m.a s S s p e c t rom e t r y • F e ~ e r 
. 

metabolic volatiles were ,detêcted above sound potato tubers. <' 

The identity 

determined by gas 

V eg e t a b les t 0 r ers, a san y a the r bus i n es s man age r s, rel yon 

good information. The exact knowledge of the crop disease status 

\uring storage would certainly' be an asset to them,<$, The 

mon i t 0 r i n 9 0 he a d spa c e vol a ti les m i g h t pro v' ide t h i s cap a b i lit Y 

" and has pote tial to become an indispensable management tool. 

1 -

> 

I.l 

,.' 

1 



" 
-

,0 

o 

!( 

o 
r ,-

.. ,,' .. ," , -

1 
\.RESUHE 

Au . .Québec, les.,-pertes ete légum-es en E!ntr.epôt causfes par'Ola 

ma fad ie son t considérables et requièrènt une attention 

immé'diate .• Des systèmes conçus p'our main tenir "des : cond it ions 
r 

d'entre'posage opt imales existent ~ et sont courants dans les 
• loi'" 

e n t.r e p ô t s m 0 der ne s • -L es p e rte s pou rra i en t ê t r e réd u i tes d 1 une 

façon certaines par une meilleure gestion de ces systèmes à 

l,' a ide d' 0 u t ils des u r v e i lIa n ce' cap a b 1 e s- de' d é t e c ter 1 e s 

premiers indices de détérioration de la récolte entreposée avant 

que la situation ne s'aggrave. 

L'objectif premier de- cette étude était d'examiner la 

possibilité d'utiliser la fraction volatile des légumes afin de 

détecter la maladie en entrepôt. Pour cette recherche, la 

technique fut appliquée à l'entreposage de la carotte (cultivar 

Cha r g e r ) e t d e 1 a po m m.e de ter r e (ci u 1 t i var A t l a n tic ) • 

Dan sIe but der e pro d u ire 1 es' con dit ion s d' e n t r e p 0 s age 

ventilé, une méthode d'analyse dynamique de l'air ambiant fut 

choisie 
.. 
pour l'échantillonnage des c09stituants metaboliques 

volatils~ Des petits contenants remplis de racines de carotte ou 

de tubercules de pomme de terre sains ou inoc'ulés avec des 
1 

pa t hogènes communs fu ren t pu rgé s d'une faç on cont i nue avec de 

(, air P.u r i fié. Les c 0 m p 0 S é s vol a t ils ai n sie nt rat née s dan s 

l'effluent furent concentrées li l'aide d·' un 
. 
pol )Corn ère ad sor ban t . . 

et subséquemm~nt· libérés sous l'effet de la chaleur pour analyse. 

par chromatographie en phase gaseuse. 

Il i 

_ ~ , f 

. ~f'~~l .:rl~\~~ Î. ~pt~Vd.";;ùi::td 
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substsn"ces (volaÙ'lés 'et de '1 '.~~:'t" 

t~l.' 

1 " 
!. 

ceux ,_P~~hO~è nes a permis de 
~ 

dé-c-e re r' de a 
, . 

. di ~férences r~ 

'ét~i t UniquJ; 

ana la gamme de' métalJolites' ,prodt.{'ts. Vn compos'é' 
<4. , . 

à' châ'que infection 'Causée Boit par~ le S'clerotinia 

'sClerotifJum f" soit par le Botry.tis c.inerea. Les comp~sés pentane 
~ [r", •• 

et particul~~lre~e'nt disulfurle de diméthyle, domf'naient .la 

fraction 

Erwinia 

détectés 

moins un 

, 
, 

vola\tile des tubercules. de pomme de terre infectés par 
\ \" r ~ 

c.ro~ovorc et Fusarium roseurn, ma;. n'ont pas été 

dans ',l'ai ambiant des échanti·llons non in culés. Au 
~ 

composé additionnel ~tait unique à ia pourriture sèche 

fusarienne. Les métabolites volatils responsables des réponses 
, 

spécifiques pourraient servir d'indicateurs de maladie dans les 

entrepôts commerciaux. 

L'identification de plusieurs .. métabolites. normaux de la 

carotte s'est faite par chromatographie en phase' gaseuse 

combinée à la spectrométrie de masse. Moins de métabolites 

volatils ont été détectés dans l'air ambiant' des ~bercules 

sains âe po~me de terre. 

Les' gérants d'entrepôts de Ugumes ont besoin d'une 

informati'on de qualité. Une connaissance exacte du niveau 

d'infection de 'la'réculte durant l'entreposage serait, pour eux, 

un atout certain. La surveillance des substances volat~les dans 

l'ail' ambiant pourrait leur fournir cette connaissance-et a le 

potential de devenir un outil ind'ispensable ...... de gestion. 
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- " 1- INTROOUCllON 

1.1 BACKGROUND 1 

Dv.er the years, much research effort in postharvest 

technology has been devoted in determining optimum s.torage 
\ 

conditions and how these conditions may be maintained 
• 

economic~lly. As a reault, fruit and especially vegetable crops 

are co m mon lys t 0 r e d in' laI' g e corn mer ci a l 8 t r u c t ure s t h a t n\a k eus e 

of ventilation, refrigeration, CA storage, or other systems ta 

preserve produce quality over longer periods. Yet, despite these 

technical innovations, losses due ta postharvest diseases remain 
r 

. 
high for certain crops. For e\ample, it i8 not unusual for 

Québec's carrot and patata producers ta suffer lasses caused by 

decay alone exceeding 10%. And 8ince modern warehouses are 

la l' ge l'an d 0 f t en 10 a d e d in bu l k , the tas k of de t e c tin 9 dis e as e 

outbreaks for rapid lntervention has become much greater and 

more crucial. 

Existing disease detection methods are obsolete as they did 

!Jot ~volve with storage systems. In fact, most storage managers 

still rely on changes in crop appearance and odor and on their .,.-

ability to recognize them ta identify ciisease problems. The 

option of using multiple sensors or hand-h~ld infrared scanners ...... 

ta pick up the slo~ temperature rises associated with 

concentrated microbial activities in the stored, crop is 

available. In a11 cases, when infections are dftected, 

ai 9 nif i c a nt los ses wou Id h a v e 0 cc U l' r e d al l' e a d y • Pro v,i d i n 9 

1 
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management with better monitorïng' tools wou1d be an effective 

means of.,., reducing postharvest lasses and constitute a new 

research ~allenge. 

1.2 SCOPÈ 

This study considers the monitoring of headspape volatiles 

above stored vegetables' as an alternative disease detection 

technique. The concept is really.a technologieal improvement of 

smelling tlhe storage atmosphere. It assumes that the use of 

precise analytieal rnstruments to follow changes in the volatile 

profiles produced by the crop' could replace the human nose 

a d van t age a u s l y • The a b i lit Y tom a nit 0 r he a d spa c e vol a t'i les m a y : 

(8) allow early disease detection and identification; (b) give 

an objective measure of the level of-lnfection; (c) become a 

source of permanent farm records which enable comparisons of 

crop performance from year to year; and (d) evolve as an 

integral component of an automatic control system. Attempts to 

verify these assumptions have been reported on stored crops such 

as peanuts, cereal grains, and especia11y potatoes. 

1.3 OBJECTIVES 

In \his research, volatile monitori~g was applied ~o the 

storage of carrots and potatoes. The primary goal was t~ further 
, 

i n v est i 9 a t eth e . P,o s s i b 1 eus e of. the tee h n i Q\.e i n a s t 0 r a 9 è 

diseas~ detection system. The specifie objectives were tO+ 
.. 

. ' , ;~ 
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a mèthod of 
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00 Il e c tin 9 , and a ri a 1 y z in cf h e,a d spa c e 

.' vo)a t i les emana t ing From small vent ilated lots of carrots and 

potatoes. 

2) De/termine whether this method can det"ect comp6unds tha tare 

specifie to two important diseases -for each vegetable. for 

c.rrots. the ·d~::ses were Scleroti~ie sclerotiorum and Botrytis 

cinereaj where Erwinia carotovora and fusarium roseum were 
\ 

selec~e~ for the potâ~:;disease trials. . 

J) Identify so~ of the volatile metabolites emanating from 

healthy carrots and pota~oes. 

• "f ," 
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I~~ REVIEV OF LITERATURE 

2.1 GENERAL 

In Québec, carrots and potatoes are 

"1 , ., ,-':\':;:':~ j ",Î~~~~~i;~,:~~;:?;t:':~~ 

" 

, ,~ , ~ ~, 

" , , 

ri • 

the main veget~b~é 
, -' 

crops in terme 'of tonnes produced (Anonymous, 1987). According 

to th,e 1985 figures for example, the potato cro'p eas.ily ranks 

first with 19400 hectrres of land that yielded a total of 460000 

tonnes. The carrot crop still cames next even, though only 4115 

hectares were cultivated to produced -102065 tonnes. Both 

v'egetables are stored during the harvest per10ds and marketed 

continuously during t~e/rest of the year to meet the year-~ound • 

demands From consumer~ a~d processing industries. 

In storage, the quality of the vegetables, and consequently 

their life, are reduced by moisture loss, physiologieal 

breakdown and decay (Raghavan and Gariépy, 1985). Holding 

temperature, relative humidity and air circulation have a strong ,. 

influence on these deteriorations. In weIl designed starage 
'1 

facilities, these factors are cantralled ta pravide the micra-

environments that mast, favar the upkeep of the vegetable 

qualîty. Although the enviranmental conditions required for 
\, 

carrots differ substantially from those prescribed for potatoeN, 

the building structures as weIl as the handling systems are 

similar for bath' vegetables. 

2.2 STORAGE REQUIREMENTS 

2.2.1 C"arrots 

A temperature of about 0 oC and a relative humidity (RH) of 

4 
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93 "to'----98 ~. a,re best ·to store darrots for about 6 months 

(Salunkhe and Dessi, 1984b). Aftef har~esting, r~pid 00011ng of 

the roots to th" desired storage temperature ls required for 
u 

\ ~ 

successfu1 storage (Lough~ed and Valk, 1985). This is why co1d . 
storsges where mechs~ically refrigerated air is circulated 

within the storage room are preferred over Iess efficient 

s t 0 r age s th a top e r a' t e w i t h 'o'u t s ide col d air. The j a c k e tan d ) h e 
~ 

Filacell types of cold st orages have also been recomJ?ded for 

storing carrots. Their common feature is that very hlgh RH can 

be maintained. However, higher capital costs made them'unpopular , 
among farmers. Carrots are usually stored in stacked pallet 

" boxes (Figure 2.1) and sometimes in bulk bins with roots piled 

as deep as 3.3 meters and air circulation forced through the 

pile. 

2.2.2 Potatoes 

The ,~torage temperature of potatoes depends on their 
-. 

intended end use, duration of storage, and sprout inhibition .. 
treatment (Porritt, 1974). Potatoes stored for short periods (up 

to 10 weeks) are he Id at temperatures between 7.2 and 10.0 oC 

(Hall, 1980). For longer periods, seed and table stock should be 

" a t 0 r e d a t t e m p e rat ure a b e t w e en 3. 5 à,n d 4. 5 . ° C i f a pro u t 

inhibitors are not used. However, stock 'for processing into 

french fries and patata chipa are maintained at 7.5 oC to 10.0 

OC during storage (Ryall and Lipton, 1979) • At lower 

temperatures, the tendency of tubers to accumulate reducing 

\ 
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soyars cause them to Fry dsrk. At aIl times; high RH (85-90 ~) 

ie recommended (Porritt, 1974). 

Potatoes, as opposed to carrots, need no rapid cooling 

after harvesting; On the contrary, it is important to provide a 

higher temperature (13.3-15.6 oC) and ~umidity~ (95' ~) 

environment during a 10-14 day period before getting it to the 

s t 0 r age t e m p e rat ure (p 0 r ri t t, 19 74 ). D o-r i n 9 t h i s ti me, r e fer r e d 

ta as the .curing ~eriod, suberisation and wound periderm 

fOR.!,"ation take place. These processes reduce the tubers' 
i 

susceptibility to subsequent storage losses by making their skin 

firmer and tougher. Usually, fall temperatures in temperate-zone 

arees are such that these temparary, but necessary, cOl')ditions 

can be obtained without any mechanical refrigeration. Instead, 
, 

air-cooled storage that operates by controlled ventil-a-tion of 

" . cold outside air are widely used for storing potatoes (Ryall end 

Lipton, 1979). 

For economy of handling, most potetoes are held in bulk 

bins although pallet boxes are still used (Porritt, 1974; Fig 

2 .• 2). The depth of piles may r~ach 4.5 m but greater managem 
, 

problems are expected for deeper beds (Bishop and' Maunder, 
l " 

1980) • Conventional forced-air ventilation systems supply air 

From ducte placed on or in the floor. The air travels up through 

the tuber pile and returns above the pile (Ryall and lipton, 
, . 

1979). ~dea11y, adequate controls and duct)layout distribute air 

of proper temperature and RH to tubers located st any point in 
• 
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2.' CAUSES or POSTHARVEST lOSSES 
.. 

A majpr funetiori' of any slorag~ systèm is to keep -storage 

loss~s as lQW as possible (Booth a~d Shaw, 1981). How~ver, evèn _ 

if the optimum storage environment e.xists, los ses will occur. 
, 

Potato losses have been estimated to yary from 5 to 40' % 
~ 

(Salunkhe and Desai, 1984b). Sueh a general estimate il'not 

~va'ilable for earrots. These losses are likely ta result from 

physiear, physiologiesl or' pathologieal causes or combinations 

of ail these (Salunkhe and Desai, 1984b). 
, 

2.3.1 Physieal (or Mechanieal) Cau~es 

Losses due to physieal. or mechanieal injury are often 

overlooked (Booth a[ld Shaw, 1981). Physica.l injuries and 

bruising occur in various forms and arises at aIl stages: From 

" pre-harvest thraugh harvest and handlipg operations (Salunkhe 

and Desai, 1984a; Nash, 1978~. Sail' and crop condi.tions, 

temperature, handling care, operation and design of harvesting 
• 1 

an,d han-d-ling equipment aré factors that influe'nce the amount of 

damage. 

Bruising increa~es physiologica! ahd pathologic~! lasses 

(Salunhke and Desal, 1984a; Lelt.is and Gsrrod, 1983; Booth and 

Shaw, 1981; Nash, -1978; Apeland, 1974 r. When the skin of the 

tuber or the root ls broken, the barrier against molsture 10ss 

and entry of fungi and bacteria is greatly redueed. As a result, 

9 
o 

- -tu " 4 ~ • 



o 

" 
F ' 

\ ' 

\ 

\ 

J 
''-:' "''':'~-'i", ',; .':'":iî{. : ~:::r::?': )" 

" ' 

their storage life is shortened. 

2.3.2 Physiologies1 lo~e8 
'\ \. t,' 

vegetable crops are living ... In \ I3torage as during gro~th, 

organisms (Nash, 1978). Thay rssp/i.ra and give_ off 

Q d foia da, wa ter. v a p 0 r and h e' et. P h Y s i 0 log i cel los ses, thus, 

, 

" combine natural losse~ of w~ter from w,ilting or transpJ.ration 

and lasses due ta abnormal disordèrs arising from exposure to 

unfavarable storage Gondit~ons (Salunkhe and Desai, 1984a)~ 

Normal respiratio.fl lasses significently reduce produce weight 

and nutritional value. They account for less than three pérce~ 

of dry matter in putato tubers during a six month st orage peri ad 

(Anonymous, 1983; Rastovski et al., 1981). On the other hand, 

<sprouting can lead ta considerably higher lasses of dry matter. 

The potent ial of physi'ological lasses are more pronounced wi th 
.. • j 

carrots," their rate of respiration !?eing about five times 

greater ,than that of po.tatoes (Nash, 19~8). Moisture losses a~e' 
also likely. ta 

<§ , , 

skinned nature 
, l 

/ 
. . , 

cau ses e ~ i a US" pro b 1 e m s con s ide r i n g \ the th,! n -
. . îÎ~--

of these' roots. In pot a toea, the most obv ious 
.:1 

, 
1 
1 

-/ 

undesirable chemical change is the accumulation of sugar .\ 
. I~ 

(Anonymous, 1983; -lrooth and Sha~, 1981; Restovski et aL,'1981).--{ 

" Suger content grestly influences the color of fried products. 
~ \ 

Finally, the extent 'of phy(iologicaI/losses tand other types, of - . 
_.' -los 8.e 8 a s w e 1·1 ) de pen d 8 0 n the ski il· Îw i t h wh i c h the 

environmental contro1s in storage are handled ~Anonymous, 1983, 

Rastovski et al., 1981; Nash, 1978; Ro~erts et al., 1976). 
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2.2.) Pathologieal losses 
() 

2.2.3.1 General 

, " , 
,; .. 

During sto;age, c~ops are subjected to a\wide range of 
( 

d.i,seases that develop'if conditions are favorablE%' (Salunkhe and . , 
De~ai, 1984a; Nash, 1978, Eckert, 1975). Infect~ns by fungus 

and bacteria may give rise to serious lO,sses b~oth in terms of 

quality ànd quanhty (Salunkhe and Desai, 1984a). In fact, 8 

major portlo~ of the total postharvest lasses 15 attnbuted ta 

diseases (Eckert and So(Omer, 1967). Data available for carrots 

and potatoes produced and stored in Québec support this 

st at ë men t. T h.e ~ dis e a ses th a t th r e a t en ca rr a t s m 0 s tin st 0 r age 

are watery soft rot (Sclerotinia sclerotiorum) and gray mold rot 

(Botrytis cinerea); bacterial soft rot (Erwinia carotovora) and 
'--­.. "-

Fuserium dry "t-ot Uusarium ~.) are the major potato storage 

diseases. 

2.2.3.2 Carrot storage diseases 

Losses lncurred by Québec' s carrot storers have been 
( 

substantiel. From year to year, the percentage of the 

crop wasted is estimated to range From 5 to 30~personal 

communication with p ... Sauriol, Agronomist, Ministètre de 

l'agriculture des pêcheries et de l'alimentation du Québec or 

----M.A.P.A.Q. in St-Rémi, Québec). In 1984 speclfically, a thoroug~ 

survey wa~ carried out on commerciaL holdings in the 

a 9 r i cul t u r a 1 reg ion n' o. 7 (M. A • P • A • Q • reg ion s ) b Y the Pla n t 

Science Department of Macdonald Col1ege. Results revea!}ed that 

lI' 
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average losses were -of th~ order~of 20o~ correspon2ing to a farm 
1 

value of about 2 million dollars (personal communication with 

Dr. R. D. Reeleder, MacdonaLd College of McGill University in 

Ste-Anne-de-Bellevue, Quéôec) • .In the literature, carrots are 

reported to be susceptible ta bacterial soft rot (Erwinia 

'\ carotovo~a), black rot (Stemphylium radicinum), Rhizopus soft 

" rot (Rhizopus tritici, R. stolonlfer, or ~ oryzee), gray mold 

rot (Botrytts cinerea), and watery soft rot (Sclerotinia 

sclerotiorum)(L-ewis and Garrod, 1983; Crête, 1980; Ryall and 

Lipton, 1979). The survey identified the latter two as the main 

carr'bt storage diseases in Québec, the predominant one being~ 

watery soft rot. 

I\cross Canada, Watery soft rot is a188 counted among{ the 

diseases respons..lble for most lasses ta stored carrots (Crête, 
c; 

1 

1980). It lS caused by the fungus Sclerotln18 sc~erahorum which 
{ 

produce a char~cteristic growth of whIte cottony myc~llum on the 

hast' surface. The decaying rOm'ts become soft and watery but 

without s11mIness (Crête, 1980; Agrios, 1978). Durlng storage, 

the disease spreads rapldly From Infected ~ots to adjacent 

hea1thy cnes and creates pockets pf ~ecay. Infections that took 

place in the field before harvest ~re large-ly responsible for 

postharvest infectlons (Ryal! and Lipton, 1'79). Cool and wet 
\ 

harv.est conditions favar the development of the fungus. Control 

measures includes careful sorting, dipping in benomyl, and 

storage at 0 oC and 95 % RH (Ryal! and Liptan, 1979, personal 
, 

12 
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'-oommunication ~tth D'r. RIo D. Reeleder). , 

The carrot ia also quite susceptible to gray mo1d rot 

(Lewis and Garrod, 1983;, Nash, ,1.978). The patl-...Len inv!)1vedîs i ~yl 
l , 

Botrytis cinerea, a' fungus that is introduced into, storage with 

soil and enters the ro~t 

o 

through the crown, 
.." 

the- base, or 

injuries. T~e lesions appear soft and watery at first (Agri'os, 

1978). As the infection progresses they enlarge, change color ta 

b r 0 w n and fin a Il y da r kan d bec 0 mes p ~n 9 yan d cor k l i k e. M Y cel i u m 

grows on the surface of the host. Because the pathogen i8 actlve 

at law temperatures, severe losses From moldlill;r may occur after 

prolonged periods of starage (MacNab et al., 1983; Agrios, 1978; 

Nash, 1978). Rapid cooling after harvest {lnd storage at 0 oC and 

95 % RH reduce losses From the disea~ (Lougheed an't1 Valk, 1985; 

R Y aIl and L i p ton, l 9 7 9 ). 0 i P P'I n 9 the r 0 0 t 8 i n a sol u t Ion 0 f 

benomyl is aIsO"' recommended (Nash, 1978; Crisp, 1974; personal 

communicatIon wIth Dr. R. D. Reeleder). 

2.2.3.3 Patato Qtorage diseases 

Loss attsil:Jt.Jt_able ta diseases is probably the most serious 

gross postharvest losses in potetoes (Boo~h and Shaw, 1981). 

Total wast age has been estimated ta vary From 5 to 20 % or more, 

and even reached 50 % when potatoes are stored in extremely poor 

con dit i o!, S ( N a ah, 19 7 8 ) . 0 a tao n los ses due t 0 dis e a ses 

applicable for the province of Québec fa Il w!t:hin this range. 

The results of a 1976-77 study conducted in several commercial 

storages in Québec indicated that wast~e amounted ta 10-15 % 

\ 
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'(Aaledu, 1979). Dramatic lasses up ta 60 % durin!:) -the first 

three months o~ st orage in sorne warehouses in the province were 

also reported in stock stored for processing. Bacterial 80ft rot 

(Erwinia carotovora) and Fusarium dry rot (fusarium ..§QQ.) W8 f 8 

responsible for the losses although in the literature late 

blight (Phytophthora ~nfestans), , leak (Pythium 1!QQ.), a.n d ri n 9 

rot (Corynebacterium seped?nicum) are also recognized as 

Important patata diseases (Logan, 1983; Ryall and Lipton, 1979; 

Hodgson et al., 1973) . 

... 
8 a ete r laI s 0 f t rat l s the m 0 s t s e rio U s 0 f aIl p 0\ t a t 0 

s t 0 r a g-e dIS e a ses (R i ch, l 9 8 3; R Y aIl and L i P ton , l 9 7 9 ; N a s h , 

1978). It is capable of spreadlng from one tuber to another and • 

of causing extensive decay within 8 few days when conditions are 

favorable (Rastovski et al., 1981; Pérombelon-, and Kelman, 1980; 

Nash, 1978). The pathogen lnvolved is a bacteria, Erwinia 

carotovora (Hodgson, et al, 1973). lt penetrates the tuber , 

u sua Il y t h r ou 9 h the ",1 e n tic e l (p é rom belon and K e 1 man, 1 9 8 0 ) • 'b ut, 

unheale~ cuts, bruises, heat ln jury , or 1esion caused by other 

diseases such as late blight or Fusarium dry rot are also sites 

of Infections (Pérombelon and Kelman, 1980; Ryal! and lipton, 

1979). Rotting tissues are at first wet, cream colored and turn 

brown to black after a short time. In the early stages of deciy, 

they are odorless but invasion by secohdary organisms transf9rm 

theM into a foul-smelling, slimy ffiass of bacteria and decomposed 

flesn (Harrison and Nielsen, 1981; Ryall and Lipton, 1979; 

/' 
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Hodgson et al.; 1973). Wet ~nd werm storage envirort~ent greatly 

encour~ t~e development of bacterial soft rotting (Harrison 

an~Nie18en, 1981 ; N a'8 h, 1978; Rob e r ta etaI., 19 7~). Go 0 d 

ventilation is necessary to prevent massive 10ss once a wet 

pocket of rotting tubers is established. ( 
or 

Fusarium dry rot i s a dis e a s e who s e de ve la) men t i s slow El r 
4 

in storage (Rastovski et al., 1981; Nash, 1978). Nevertheless, 

itris regarded as one of the most ,important storage diseases as 

" i t m a yin duc e g r e a t los ses (R i, ch, 1 9 8 3; H 0 d 9 son e t al., l 97 3 ) . 

Numerous specles of the fungus Fusarium are causal agents of the 

infection, one species being predominant in a given sail or 

locality (Nielsen, 1981; Ryall and Lipton, 1979). They are wound 

para;ites whicQ infect tubers after harvest through mechanical 

injuries caus~ by lmproper handling (Ri'ch, 1983; Rastovski et 

al., 1981; Ryal1 and Lipton, 1979). Fusarium 1esions are prime 

sites of infections for secondary invaders, especial1y Erwinia 
. 

JU!..Q. which cause rapid rooting and thOreaten nearby tubers 

""'-
(Nielsen, 1981). The symp.toms of Fusarium dry rot varies wlth 

\ 

the species involved (Rich, 1983; Ryal1 and Lipton, 1979; Nash, 

1978; 'Busch, 1975; Hodgson et al., 1973). Usually, the surface 

of 'the infectêd tubers is ~rinkled, sunken, and may range from 

light brown to black in color. Affected tubers often develop 

cavities which may be lined with white, yel10w, pink or red 

~f usa r i umm 01 d s .' The p r i ma r y con t roI me a sur es are pre ven t ion of 

tuber damage, establishment of a curing period ta heal 
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inevitable wounds; and storage in cool and dry conditions (Rich, 

1983; Nielsen, 1981; Rastovski et al., 1981; Ryall and lipton, 

1979; Busch,' 1975). 

2.4 5TORAG[ MONITORING M[TH005 

Early detection of storage disease prob1ems is, of course, 

an essential factor in theu control (Varns et aL, 1985; 

Schaper et al., 1984; Waterer and Pritchard, 1984b; Varns and 

Glynn, 1979; Wilson and Boyd, 1945). Corrective measures exist 

and could be applied before important lasses occur (Schaper et 

aL, 1984; Roberts et aL, 1976; Porritt, 1974). At pres~nt, 

however, storage managers have at their disposaI 1ittie mesns of 

effectively monitoring stored crop conditions. The methods that 

are avaiIable operate on different princip1es and vary \n degree 

of sophistication. 

2.4.1 5torage Hanager's Inspections 

Ta monitor crop conditions, most 

as 0 nI y t 00 l s (5 c'h a p e r et a 1 ., 1984; 

1984b; Varns and Glynn, 1979). Through 

\ 

storers use their senses 

WBlsrer Bnd prilChBr~ 
regular inspections they 

recognize the subtle changes in crop aspect and oder that are 

rel a t e d t 0 qua lit y' d ete rio r 8 t ion san des pee i a Il y dis e a 9 e 

infections. Literature on this intuitive method is scaree and 

the information in this section was mO!jtly gathered thro~h 

pe rs anal commun i ca ti ons w i th manage rs ,_ of wa r ehuuses on local 

farms and in the industry (Maurice Ouellette, potato grower and 
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storer st 5 t:'Lé onard d' Astan; Québec-; Ma rtel 'Mi chaud; extension 

engineer, .M.A.P.A.Q. in Rimouski, Québec; Pierre Deutsch, .Humpty 
1 ~ 

Dumpt~ ,Inc. in Montréal, Québec). 

During èeach warehouse visit, storer checks 

physio)ogical hints given in by the stored crop that may revesl 

the presence of diseases. First, as he steps into the warehouse, 

the sense of smell cornes in~o play. The release of unpleasant 

odors' by decaying produce i5 recognized as the earliest warning 

signe Latter, localized condensation on the crop or the ceiling 

will often pinpoint the source of these odors. This is because 

! 
the moisture produced by spoilage and carried awey by the 

ven ti l a ti 0 n a i t'~ (N a s h , l 9 j' B ; Rob e r t 5 e t al., l 9 7 6 ) con den ses 

whe~ the moist air encounters a nearby cooler surface. Excessive , 
moisture also causes seepage on the floor or on the side of 

pallet boxes. ri~ally, when dec?y is weIl advanced, especiàlly 

in bulk storage, the pile collapses cleerly indicating the 

extent of the infection (Rastovski et al., 1981; Wilson and 

Boyd~ 1945). In today's large commercial storage facilities, 
\ 

although these visuel-olfectory signs do lead to the detection 

of dis e a sl pro b lem s, sig nif i c a n t los ses wou l d h a v e 0 c r:: u r r e d 

already (Schaper ~t al., '1984;' Waterer and Prit'Cherd, 1984b; 

Varns and Glynn, 1979). 

2.4.2 Temperature Sensing 

storage ventilation systems are necessary, in partI to 
~ 

Ryall and Lipton, 
-1 

control the cropls temperature (Hall, 1980; 
1 
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1979; Nash, 1978·). The ~xt,ent ta whieh they are suceess'ful 
\ 
depends on the rele vant CO~ ho} equipment and also' faei 1 i ~ies t~ ~ 

measure temperature (Thompson, 1985; Statham, 1983; Rastovski et 

al., 1981). 

l n bu l k pot a t 0 st 0 r !'l 9 e , mu 1 t lp l e - t e m p e rat ure sen sor saI' e 

som e t i mes use d i n s ide the p i let 0 0 b t'a in i t ste m p e rat ure a t 

severai locations (Rastovski et aL, 1981; Hall" 1980; Roberts, 

1976). Statham (198'3) states that the optimum coverage of 

sensing points equate one per 50-100 tonnes of potatoes. As the / 

breakdown of tubers is invariably accompanied by a marked rise 

in temperature (Nash, 1978; WIlson and Boyd, 1945), an 

abnormally "high t~mperature recorded by a sensor cou1d indicate 

the presence of nearby infection 19ci (Hall, 1980; Anonymous, 

1983). However, the readings are maInly used for control 

pur p 0 ses (R a st 0 vs k i et al., 1981; Bis hop and Mau n der, 1980, . ~ 

Roberts et al., 19 '6). The detection capabi1ity is an added 

'" feat/ure of tbe temperature recordlng system but not Ha primary 

function. For disease monitoring, the network needs ta be much 

tighter. 

Higher de of horizontal temperature sensing points is 

al infrared' Bcanning (Hyder et al., 1984). As 

spoilage generates heat and modifies the 

r 
temperature profile ~f the pile (Ouellette, 1985; Nash, 1978; 

1 
W ils 0:1 8 n d Boy d , 1945).' B Y 8 C a n n i n 9 the p i l e w it han i n s t r u'm e n t 

that measures thermal radiation, 10 cal i z ed temperature 
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vari:ati,ona May be indicative or' ~v"~,rheating pl'oblerps. 'T~,s 
" 

technique ia commercialized in the. United States and, provides 

satisractory re8~t8 (persona1 communication with Larry Hyder, 

Northwest Ag Consultant, Oregon). 
, 

In the Red River Valley (United States), infrared scanning 

wes successfully applied ta suger beet storages (Anonymous, 

1978). An imaging thermal equipment was mounted on an eircraft 
) 

which flew over unventilated su gal' beet piles. Sections affected 

by spoilage were spotted and removed by workers on site. 

The practicality of detecting diseages by monitoring 

temperature i9 doubtful when the stored crop i9 weIl ventilated. 

Part of the heat generated by the pathogens deve10ping locally 
, 

in a massive pile of produce is dissipated by the air draught 

forced through the pile (Rastovski et al., 1981; Nash, 1978; 

Roberts et aL, 1976) . The residua1 heat causes smaii 

temperature rise in the imIQediate vicinity of what i9 referred 

to as "hot spot" (Anonymous, 1983;' Hall, 1980). Recording these 

increases in temperature would necessitate a high density ~f 

sensing points (more than one pel' 50-100 tonnes) which is not 

convenient to coyer large warehouses (Hyder et al., 1984; 

persona1 communication with Maurice Oue11ette). In that 

perspective, the use 

attractive alternative 

of infrared 
" li; 

ta tempe rature 

sensors appears as an 

probing (Hyder et al., 

1984). The technique doea outline the entire horizontal 

temperature distribution although large temperature deviations 

19 
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are unlikely <Ouellette; 1985)., further more; benefits' can be ." 

claimed from infrared monitoring on1y ir early detection la 

achieved. In genera1, disease based on slow 
~ 

temperature rise and the 

.;Ietect!on! mthOdS 
appearance of the usual visual-

olfactory signs are considered as equally effective GSchaper et 
, 

al., 1984; Waterer and Pritchard, 1984b; Varns and Glynn, 1979). 

2.5 VOLATILE HONITORJNG 

2.5.1 Concept and Pr8ct~c81 Aspects 

An alternative method of assessing di~ease status of stored 

~ crops i8 the monitoring of headspace volatiles. The concept 

assumes that disease infection upsets both quantitatively and 

q u}a lit a ti v e 1 y equilibrium of the gaseous mixture , in the the 

storage atmosphere (Varns and Glynn, 1979). These alterations 

would result From (a) changes in the normal patterns of 

metabolite production of the infected organisms (Varns and 

Glynn, 1979); (b) the elaboration of metabolites by the 

pathogens involved (Abramson et al., 1980; Lee et al., 1973); or 

(c) the release of volatile by-products of the host-pathogen 

interaction (Waterer and Pritchard, 1984bj Richard-Moulard et 

al., 1976). The ability to register abnormal concentrations of 

these gase,s conveyed in the circul,ating air could possibly 

provide early detection and identification of diseases in 

ventilated st orages (Schaper et al., 1984; Waterer and 

Pritchard, 19B4bj Varna and Glynn, 1979; Abramson et al~1980; 
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Richard-Moulard et al. ~ 1976). ' 

The performance of a storage dis~ase detection system beaed 
. t 

on headapace volatiles ia closely related ta the choiee of the 

volatiles monito.l'ed and the monitoring strategies employed 

(W~terer and Pritchard, 1984b; Varns and Glynn, ~79). Volatiles 

likely to De selected are those thet are (a) as disease-specific 

as possible; (b) produced in sufficient quantities to identify 

disease stresses at the early stages of development; (c) known ( 
,--.. 

" not to arise from unrelated sources (ex.: warehouse construction 

materials, hand1ing equipment, etc)j (d) anaIyzed by methods 

suitab1e for on-ferm use (Varns and Glynn" 1979)k and (e) 

reIiabie under different disease development and stol'age 

con dit ion s (W a ter e r and P l' i t cha rd, l 9 8 4 b ). T 0, 9 et l'OU n d the 

latter criterion, gas concentration ratio~ l'ather then absolute 

values could be measured (Varns et al., 1986; Scheper et al., 

1984; Var n s ~a n d G 1 Y n n, 1979). In 0 the r w 0 l' d s , con c e nt ra ti 0 n s 0 f 

normal volatile metabo1ites would serve as reference levels to 

normalize the influence of extraneous factors. This information 

genereted at regular intervals throughout the storage period\ 

make up the essence of the storage strategy (Schaper et al., 

1984; Waterer and Pritchard, 1984b; Varns and Glynn, 1979). Its 

implementation requ~es numerous gas analyses and extensive data 

processing. 

\. Schaper and co-workers (1984) have developed a 

computerized gas sampling and analysis system fo~ storages. The 
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'8ys,~em ls bon~o-l-led b~ a persona1 co",pùter and ls capable of 

109gin9 and processing information regarding concentrations of 
, 

severai gases as weIl as; other parameters like storage and 

climatological Cb~ditions, fan status, etc. In prtliminary 

tests, su1Jur hexa f loride (SF 6) wes used to simulate a disease­

s pee i fic vol a t i 1 e wh i l e car b.o n d i 0 )( ide ( CO 2) s e r v e d , a 8 the 

primary reference ga8. Four 

~ commercial potato warehouses 

thousand hours of operation in 
) 

confirmed that ratios of "gas ..... 

concentration was a viable approach in the development of 

procedures mainly because of anemometric effects on storage 

atmosphere changes (Varns et al., 1986; Schaper et al., 1984). 

Although this prototype requires further development before it 

r 
becomes commercially availab1e, it provides exciting insights on 

future vegetable storageffacilities. 

Me an w hi 1 e, the pro duc t ion 0 f v 01 a ti lem e t a b 0 li t é 8 em a na tin 9 

" from perishable commodities must be the subject of continuing 
'\ 

research. Key metabolites associated with diseased lots have yet 

t 0 b e oi den tif i e d . The complexity and, therefore, the 

benefit/cost ratio of monitoring operations are closely linked . .. 
ta the nature of these gases and will largely determine the 

success of headspace volatiles monitoring as a technique to 

detect storage diseases. 

2.5.2 Volatile Profiles of Stored Agriculturel Crope 

The volatile profiles of many agri~ultural cropa have been 

examined ta 80me extentt> (Heath, 1981; Charalambous, 1978; 

\ 
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S81un~he and 00,1976;" Self, L9-.6-7). However, these etudies were 

conducted' wi thin the framework of arom~ analysis. few sttemp,~s 

to define the volatile profiles of healthy Elgri~ultural cropa 

during storage has been reported (Abramson et, al., 1980; 

Riche'ret-Moulard et aL, 1976; Dravnicks et aL, 1973; Meigh et 

al., 1973; Hougen et ~, 1971; Rasekh and Kramer, 1971). 

Likewise, limifed ,information on the volatile metabolites 

e1aborated by sorne micr:oorganisms such as bacteria is available 
, 
" "' 

( K ami n s k:L e t al., 19 7 2; He r 1\& set al., 196 6; L El m man a and 

M a Il e tt e, 1959) '. The fi r s f r e p 0 r ton ho s t - pat h 0 9 en· in ter El C ti 0 n s 

was published by Kaminski and co-workers (1973) where odorous 

volatiles produced by varibus fungi growing on stored cereals 

were identified. 
, 

other research work was conducted on cereai grains. 

Richard-Moulard et al., (1976) observed the production patterns 

of sorne volatile compounds associated with fungal grow...th in 
\ 

stored corn. Theil' findil'lgs suggest that sequential production 

could ser-ve as early warning of spo.ilage. Abramson et al., 

(1980) monitored the ainounts of • known fungal ad or corn ponen t 9 

emanating. from small parcels of barley, wheat and oats during 

several weeks of storage. Correlation between the odor formation 

and fungal population levels existed. 

A headspace analysis technique was proposed as a non-

destructive method' to detect contamination by Aspergillus flavus 

and Aspergillus parasiticus in peanut stocks. Lee et al (1973) «:t _ 
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o b 8-e r V .e d con s ide rab le quantitative differenees between' the 

vola~ile ~rofile8 of contaminated and sound stocks. 

2.5.3 Volatile Profilès of,5tored çarrots and Potatoe8~ '. 

~ 
Al though headapac-e analysis techniques have been used ta 

distinguish carrot cuitivars, to determine their' resïdual 
, 

storage life (Rasekh and Kramer, 1971), and in aroma analysis 

( 5 i mon e t al., 19 B 2, 19 BOa, b ; 5 a 1 un k h e and 0 o', 1976; But ter y et 

al., 1968), no experinient.s on stress detection in st,ored carrots 

by means of volatile monitoring have been published to date. 

Ras e k han d Kra mer ( 1 9 li) 0 b t a i n e d pro fil e s f rom 6 car t' 9 t 

cultivars that were· composed of 12 unidentified volati-le 

compounds, 

C '0 n ver sel y , vol a t i 1 e mon i t 0 r i n 9 for dis e a s e de tee t ion in 

st ored pota t oes was extensi vel y inves t iga t ed. In bO:)1 1 abora tory 

and commercial environments, Varns and Glynn (1979) observed 
If~ 

significant qualifative' and quantitative changes in the 

production patterns of healthy and diseased lots. Lbboratory 

tests ,\'evealed that tubers inoculated with soft rot bacteria 
\> 

(Erwinia ,tCarotovora var. atrosceptica) produced several 

compounds at greater rates than healthy tubers. Abnormal 

concentrations of three compounda (acetone, ethanol and 2-

butanone)' were recognized as specifie response of soft "rot 

in feet i on. Hi gher leve 1 s of thes e compounds we re also measU'red 

in commercial storage bins of tubers known to be affected by 1. ' 

carotovora and fusarium ~. It appeared feasible to gathen 
~ 
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useful information. on the Jathogen present and its stage. c;>f 

-aevelopment 
~ 

by, follo..-dng the ch-anges in t4te volatile 

fingerprints (Varns, 1983; Varnt ~nd Glynn, 1979). 

Canadien workers continued work on volatile profiles ,of 

dlseased potatdes. Wetcrer and Pritchard (1984b) flfst repeated 

the experiment on soft rot infected tubers. They fouhd 

'--
dlscrepancles between their results and those reported by Varns 

and G 1 Y n n (1979). W l th the ex cep t Ion 0 f eth 8 no l , the dom Ina n t 

compounds ln the dlsease~lnduced volatIle profIles were entirely 

dlfferent From those observed by Varns and Glynn U979). They 

speculated that d,lssimilarities between tlole two studles were 

related to dlfferences ~n tes~condltlons and experimental 

procedures. Waterer and Prltchàrd (1984a) then compared the 

v91atlle production characteristics of rIng rot (Corynebacterlum 

sepedpnicum) and soft rot Infected potatoes. The volatile 

p.rOfll~s of the two InfectIons had ln common a number of 

metabolltes. However, disease-specific changes ln terms of 

relatlv~ concentratIons were observed and at least one compound 

was unIque to 'each InfectIons. Finally, the same technique was 

uséd ta determine whether infections, caused by two varieties of 

1.. carotovora (carotovora versus atroseptica) could be 

di f fer en t i a t ed on the .-.basis of volatile production 

characterisltics. The attempt was not successful (Waterer and 

Pritchard, 1985). 
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2.5.4 Headspace Analysis Techniques 

The term headspace is defined by Wyllie et al. (1978) as 

the gaseous' mixture surrounding a sample within a closed system 

in equllibrium. For dIverse applications, the headspace contains 
( 

valuab1e lnformation about- the samp1é when its composition is 

revea1ed, usua11y by gas chromatography ( G C ) or gas 

chromatography-mass spectrometry (GC-MS; Barnes et al., 1981; 

Chara1ambous, 1978; Bedsch et aL, 1974; Murray, 1977; Zlatkls 

"' et a!., 1973), 

In most headspace studles, sampllng lS a serious concern 

for two maH) reasons. 
c' 

Flrst, the compounds of interest are ,. 
/ 

present ln relatively smal1 amounts, often be10w detectlon 

levels of GC Instruments. Secondly, these compounds are a1most 

',lJD'~' "( , 
always domlnated by water WhlCh l~~ds to rapld deterioration of 

the GC ana1ytlca1 column. The conventional dlrect InJectlon 

method uSlng a synnge lS therefore Inadequate and rep1aced by 

methods th a t Incorporate pre-concentration and cleanup 

procedur~s (Heath and Reinecclus, 1986; Numez et al., 1984; 

Barns et aL, 1981; Tsuglta et aL, 1979; Wyllie et aL, 1978). 

The use of adsorbents for the trapping of headspace 

volatiles is widespread (Sakaki et al., 1984; Cole, 1980; 

Chara1ambous, 1978; Murray, 1977). With this technique, sBmpling 

and pre-concentration can be achieved in a single step where the 

vol a t i 1 e s are en t r~ i n e don t 0 a nad sor ben t ( N ume z e t a 1 ., 1 9 8 4 ; 

Barnes et aL, 1981; Bertsch et aL, 1974). This adsorbent, 

\ 
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ususlly a synthetic parous polymer, can be readily and 

completely desorbed either simply by heating or elution with an 
IÎ 

appropriate solvent (Barnes et aL, 1981). Becauee porous 

polym~r are hydrophobie, they do' not retain large amounts of 

water (Barnes et al., 1981; Bertsch êt al., 1974). The 

techniques related ta the pre-c~centration of headspace 

vol a t i l e for Gee x ami na t l 0 n h a ve b e e n r e vie w e d b Y \ N uln e z e t a l .- --, 

l( 1984) . , 
The review Includes a compilation of the principle 

physical character18tics of avallable porous p61 ymer. A trapping 
-~ ~ 

medium i8 selected on the basls of adsorpt1Ne capacity and 
. 

selectlvity, thermal stabil\ty, 1 and (.levels of background when 

thermal desorption lS used (Numez et al., 1984; Barnes et al., 

1 9 8 1 ; Mur r a y , l 9 7 7 ). T e n a x Gel s the m a -"t w ide 1 y sel e ete d 
, 

a d sor ben t bec a u 8 e 0 f l' t shi g h the r mal s t a b i lit Y (H e a t han d 

Reineccius, 1986; Numez et aL, 1984). On the other hand, 

adsorbents of the ChramQsorb series have also been favored 

because they best combine the above selection criteria (Waterer 
..../ 

and Pritchard, 1984b; Murray, 1977). The suitable polymerie 

material i9 packed into smali tubes, orten referred ta uS 

"trape", which serve as the vo~atile collection device. 

For examillation by Ge-. of 

tubes, Numez et al. (1984) 

the adeorbed analytes 

f a v 0 r e d - the r mal Jo ver 

in trap 
» 

liquid 

o .d~orption. Several the"rmal desorption techniques have been 

propoeed (Krost et aL, 198,2; Young, 1981; Tsugita et aL, 1979; 
\ ( 
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Pet' ers 0 n , 19 7 ~ ; Will i am set al., 197 8 ; Mu rra y, 197 7; 8 r 0 W n ~ t 

al., 1971).~ one described by.Murray (1977)' involves the 

in t r 0 duc t ion 0 f - t ra p tu 6'e s di r e c t l yin t 0 the Ge in j e c ti 0 n po r t • 
\ 

The desorbed volatiles are momentarily recondensed on a co Id 

pre~column to achieve plug injection onto , the GC column. The 

technique requir~s little modific,stion to the GC unit and is a 

r. -1 d f Inexpensive an ef eetive means of thermal desorption 

(Numez et al., 1984). Sophistieated thermal desorption units 

adaptable to GC instrum,tints are eomrrCereially available (e.g.: 

Tekmar Company, Ohio; Supeleo Canada Ltd, Ontario). 
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IJI- 'MATERIAlS AND METHODS 

3.1 GENERAL 

Adynamie headspace analysis technique (Numez et al., 1984) 

was utilized in order to simulate ventilated storage bins. 
-

Purified ~ir (the purge gas) was continuously swept through 

small lots of car rot roots or potato tubers placed inside sealed 

containers. The emerging gas flow was passed through a suitable . 
polymerie adsorbent and vented to the atmosPhered~ headspace 

vol a t 1 les we r e rem 0 v e d f r' 0 m the 9 a seo use f f lue n t b Y a d flIo r p t ion 

onto the trapping medium and subsequently thermally desorbed for 
, 

examination by gas chromatography (GC). 

GC analysis generated chromatogr~ms. These charts, on which 

volatiles are reproduced as peaks and recognized according .to 

their retention time, were actual graphical displays of volatile 
C-' 

profiles from stored carrots and potatoes. The approach followed 

in th i s st u d y w a s t 0 dis c e r n the c om pou n d s ( 0 r the p e a k s ) th a t 

were unique to diseases of each vegetable. To achieve this, 1 
comparisons of the chromatograms obtained from, for example, 

healthy and diseased carrots were made on the basis of a match 
1 

of corresponding peaks. No quantitative analysis was performed. 

Attempts ta identify aIl volatiles in the profiles were made by 

• gas chromatography-mass spectrometry (GC-MS). 

J.2 EXPERIMENTAL SETUP 

The expèrimental setup was designed to achieve comparative 
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coll e c t ion 0 f he-a d spa c e vol a t i 1 es. T e n a c 1'- y 1 i c cyl i n d rie a 1 

containers having a ~apacity of 7.7 li tej(g' each and dimensions 

as shown in Figure 3.1 were conn~ted to a manifold via 

individual 3.2 mm 0.0. teflon tubings. Purified air originating 

From a pressurized cylinder was passed through a 6m x 3.2 mm 

0.0. co-Iumn oF molecular sieve (type 5A; 60/80 mesh) to improve 

its purity and through a layer of water at the bottom of the 

manIfold for gettlng the air ta saturation levels (FIgure 3.2 

and Photograph 3.1). The manIfold outlets were calibrated to 

supply each container with an equale:> rate of air flow. The air 

was then forced through the produce inside the container and 

vented ta the atmosphere after passage through paraI leI traps of 

pofous polymer adsorbent. Because the setup was not totally 

volatile-free, a blank container was used to distinguish the 

extraneous volatiles from those emanatIng from the stored 

praduce. In additIon to this, a short collection l'un with aIl , 
containers left empty was donê. The containers and the manifold 

were housed in a controlled environment cabine~. This design is 

similar to that of Spence and Tucknott (1983). 
~-

3.3 TRAP CONSTRUCTION AND CONOITIONING ~ 

The traps 10cated on the container 1ids were used ta sample 

and concentrate the volatiles re1eased by the stored produce. 

They were constructed from stainless steel tubes BB mm long by 

3.2 mm 0.0. (Figu~ 3.3). Outside threads were made at one end 
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Figure 3.2: Schematic of the experimental setup. 
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Photograph 3.1: Experimental setup. (Note: column of molecular 
sieve omitted). 
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figure 3.3: Chromosorb 105 trap and insertion rode .. 
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so that they could be screwed into the container lids. The other 

end was tapped to suit the thermal desorption method (see next 

section). The tubes were packed with 80 mg of 60/80 mesh 

Chromosor~ 105 secured between silanized glass waal pads. A bent 

short section of stainless steel wire kept the lower pad From 

moving. 

Conditioning wes eccomplished by heating the porous polymer 

ta an elevated temperature ln a non-oxidizing atmosphere. 

Batches of 20 treps were simultaneously prepared by screwing the , 

tubes onto a manifold block supplied with a stream of oxygen-

free Helium (200 ml/min; 10 ml/min per trap) and placed inside 

an aven. Prior to the beginning of the experiment, the traps 

were conditioned at 200 oC for 24 hrs. After each use, the y were 

recondilioned for 12-16 hrs et 170 oC. 

3.4 THERMAL DESORPTION 

3.4.1 The Technique 

The headspace volatiles .trapped on solid adsorbent in the 

trap tubes were thermally desorbed for subsequent injection into 

a Ge Uni t. For this purpose, the technique described by Murray 

(1977) was selected and adapted ta a Hewletf-Packard Sà90A gas 

chromatograph. Sorne modifications ta the instrument were 

necessary to allow direct 

in je ct or port. The volatiles 

insertion of the trap into ~ 

were unloaded from the traps and 
recondensed onto a cold pre-column for their instant injection 
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without disturbing the carrier g88 flo~. 

3.4~2 Modifications to the CC Unit 

! 

Murray's technique required two main attachments: a trap 

introducer and a pre-column (Figure 3.4). The introducer 

consisting of an equilibrium chamber, a seal 8ssembly, a plllg 

valve, and a purge line was simply screw~d~onto the head· of the 

in je ct or port by the septum retainer nut. The pre-column was a 

5- cu ;\l/'~ 
l' 

s t a i n les s ~s tee l located glass-lined tube inside the 

aven. Midway 810ng the tube was a 15 mm long packing of 5 % OV-

101 nn 60/80 mesh Chromosorb-W held between silanized glass waal 
\ 

pads. 1he pre-column could either be cooled by a hollow probe 

periodically filled with liquid Nitrogen or heBted by a similar 

probe fitted with a resistive coil controlled by the GC 

circuitry (Figu're 3.5)~ Both probes were cylindrical, made of 

brass, and insulated with a 3.2 mm thickness of teflon. A U-

shaped notch was machine.d at one end of each probe to close1.>' 

fi t and surround the pre-column. Access of t'he ,probe to the pre-

column was given by an opening in the oven lid made by the Ge 

1 

manufacturer in provision of an 'additional injection port. 

Details of the attachments and the probes are illustrated in 

Figures 3.4 and 3.5 (see also Photograph 3.2). 

3.4.3 Injection Procedures 

The unloading and injection procedures used in this 

study are described here. The trap 'stored at 1 oC was brought to 

ambient temperature, screwed onto an 'insertion rod (or' plunger; 
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Figure 3 •• : Schematic showing the trap introducer, the injector 
port and the pre-column installèd on the Ge unit. 
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Figure 3.5: Front and profile views of the heating probe. 
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Figure 3.3) and thrust through the seal assembly into the 

equilibrium chamber to<}a point where the vent hales in the 

plunger were still visibl~. The purge line wes apened for 1 

minute to 

about 25 

flusHr out of the trap wi th fielium (10 ml/min) at 

cC. T h e6 r a p w a s pus h e d fur the r i n t 0 the e qui lib r i u m 

cha m ber ta en cJ. ose the ven t ho 1 e san d the pur g'é lin e wa s the n 

closed. The plug valve was opened and the trap lowered against 

the teflon seat ln the heated lnlet llner of the injection port 

(FIgure 3.6). Ta malntain a good seal, a mass (750 g) was placed 

over the plunger handle. The pre-heated carrIer gas Flow of 

HelIum (10 ml/mIn) was thus dl\terted through the plunger venJ 

hales and through the trap ln a backflushlng dIrection. Under 

the effect of heat, desorption took place and the released 

volatiles were recondensed onto the pre-column packing through 

cryogenie cooling. After 6 mInutes, the trap was removed from 

the Inlet lIner b"Ut left lnslde the oxygen-free equilibnum 

chamber to cool down and then the plu!} valve was closed. The 

cooling probe, Inserted through the oven .lid, was then quickly 

replaced by a heating probe to achieve the instant injection of 

the condensed volatiles. Step-by-step injection procedures are 

described in Appendix A. 

3.5 Ge ANAL YSIS f 

on ~ Hewl~tt-Gas chromatographie ana lyses were performed 

Packard 5980A gas chromatograph with\. a flame ionisation 
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detector. Separation of the volatiles was ~tained with a 60 m x 

0.75 mm 1.0. glass co1umn coated with Supe1cowax 10. Conditions 

of ana1ysis are summarized in Table 3.1. A Hewlett-Packard 3390A 

reporting integrator recorded the detector output (i.e. 

chromatograms) • 

",-

3.6 Ge-MS ANAlYSIS 

Analyses cambinln~ gas 

were -carrl\d out spectrometry 

chromatography and mass 

ta identlfy the volatiles 

collected. The GC-MS unit was located in another laboratory 

(AgrIculture Canada Plant Research Center, ottawa) where a 

slmilar volatlle trapping system, also based on thermal 

desorptlon, was already ln operatIon. However, the thermal 

desorptlon unit was designed to accept larger trap tubes than 

those used in thlS study. These traps were made of stainless 

tubes 76.2 mm-long by 6.4 mm 0.0. packed wlth 130 mg of a 

d i f fer e n t pol y mer i c mat e rIa l, 60 / 8 0 mes h T e n a x G-C (F i ~r e 3. 7 ) • 

For GC-MS analysis, the adsorbed samples were transferred fr/m 

the small traps ta the larger ones. 
, 

The transfer was accomplished wi~h minor modifications to 

the original thermal desorption arrangements. The Ge column was 

~isconnected and the pre-column replaced by an identical glass-

lined stainless steel tube containing no packing (Figure 3.7). 

T enax G,C t raps wer e screwed on to a reduc i ng un i on connec ted ta 

the transfer tube. The same unloading procedures explained 
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'Tabie J.l: Gas Chromatographie conditions.~ 

,/ 

." 

Sa.ple introduction (in je ct or port): 

purge g88: 
purge gas rate: 

coolant: 

Gases: 

carrier ga8: 
carrier flow rate: 

make-up ga8: 
• ake-up f!ow rate: 

air Flow rate: 

Temperature progra.: 
JI 

isothermel at 70 C 
isoth'ermel at 160 C 

Detector: 

./type: 

tempRrature: 

for 
for 

160 C 

Helium 
10 ml/min. 

liquid Nitrogen 

HelIum 
10 ml/min. 

Helium 
25 ml/min . 

300 ml/min. 

5 JIlin, 70-160 C at 
4 mIn. 

flame ionization 

220 C 
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~a~ier were foltlowed exoept that neither the ooçding or the 

heating probes were used. The v!llati,les released From the 

Chromosorb traps were re-adsorbed in the Tenax GC traps. During 
~ 

the process, the GC oven fan wes turned on to maintein the 

t ra n s fer and the T en a x. 1 c t ra p )u b es a t r 0 0 m t e m p e rat ure. A f ter 

e d sor p ti 0 n , the T e n a x G C t ra p s we r e w r a pp e d i n a l u min u m f a ~, 

placed in individual glass culture tubes that were capped a~d 
) 

sent ta Ottawa for analysis. 
l 

Identification of the compounds were tentative. Their mess 

spectra were eampared with those present in the Finnigan Librery 

(National Bureau of Standards). The degree of certeinLy in a 

given match wes evaluated considering the index of purity. 

Identical spectre were given an index 

l 000, the maximum value (personal 

of ~urity approaching 

communication with( P. 

Lafontaine, GC-MS aperator, Agriculture Canada Plant Research 

Center, Ottawa). 

The GC-MS unit was in fact a Varlan 3700 gas chromatograph 

connec ted ta a Fi nni gan-Mat 312 m ass spectr ome ter w i..th INCaS 

Data System. Volatile separa,tAon was echieved with a shorter 

column but lined with the seme coating, that i5 a 30 m x 0.75 mm 

glass column coated with Supelcowax 10. Chromatographie 

conditions were different than those re-ported for the Ge runs 
. 

and are 5ummarized in Table 3.2 along wi th those of the mess 
/ 

spectrometer. Details on the GC-MS unit are described elsewhere 

(Ananymous, 1986). 
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Table 3.2: Gas Chromatogràphic and Mass Spectrometry (GC-MS) 
, ponditlons. 

20 

- Gss Chro.stogrsphy: 

Sample introduction (COS 320 concentrator): 

tempersture: 

pur~ gss: 
purcje gas rate: 

Gases: 

carrier gas· . 0 
carrier flow rate: 

Temperature p\ogra.: 

250 C 

Helium 
30 ml/min. 

Helium 
3 ml/min. 

isothermal at 50 C for 5 mln, 50-2000 C at 10 ml/min. 

- Hass Spectrometry: 
~ 

Ion source: 

ion1zlng voltage: 
accelerating voltage: 

ionizing multiplier: 

Ha8's scan: 

Resolution: 

'"" 
Temperature: 

ion source: 
capillary interface: 

:~ 

70 EV 
3 kV 

2 kV 

40 ta 400; 2 sec/scan 

1000 

250 C 
250 C 

) 
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3.7 VOLATILE COLLECTION -.. 
1 

3.7.1 Carrot Experiaent 

J.7.1.l Root inoculation 

.... l "~~ 

... 

, ' " . . ~', .. -

fungal inocula were used to induee diseases in carrot 

roots. They were prepared from sectioned roots that were first 

autoclaved for 30 minutes at 100 kPa and 100 oC. The sterile 

sections were then inoculated with a 5 mm dia. patata dextrose 

8ga1' (PDA) disk of actively growing cultures of ~. sclerotiorum 

Pers. ex. Pers. or .§.. cinerea Pers. ex. Fr. (Dhingra and 

Sinclair, 1985). These cultures were obtained from the Plant 

Science Department of Macdonald College of McGill University. 

Healthy carrots (Daucus carota) of the cultivar Charger, 

stored for 5 to 6 months at l oC were washed in sterile water. 

Nine of the ten containers weye filled with approximately 3 kg 

of carrots each. A root section (about 15 mm long) covered with 

~. sclerotiorum was inserted among the roots in three 

containers • .!!. cinerea inoculum was added in 

to three llther containers. The control treatmen consisted of 

three containers of non-inoculated roots. The t 

was 1eft empty to assess the quality of the purge air 

expe riment. 

3.7.1.2 Collection procedures 

container 

during 'he 

A Il con t a i n ers w e r e t i 9 h t 1 Y c 1 0 fi (d , pla c e d i n s ide the 

controlled environment cabinet maintained at 3 oC, and connected 

ta the manifold. The Flow rate of non-humidified air (i.e. the 
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manifold cOl=ltained no water layer) ta each container ~as 

measured with a baIl flowmeter (Figure 3.8) and arbitrarily set 

to 20 ml/min. 
• 

traps screwe'd lids were 
-. 

the ~ontainer into The 

replaced every 4 days and the flow rates recalibrated ta 20 

ml/min. The traps removed were wrapped in Aluminum foil ta avoid 

cantaminatiDn during handling and stared until analysis at 1°C. 

Sorne tra~ were sealed with teflon and held at -10 oc inside 
) 

cap p e d 9 1\ s s cul t ure tub e s for l on 9 e r P e rio d 

experlment !lasted 32 days and was repeated once. 

of storage. The 

In the second trial, two pieces of inoculum instead of one 

were used in the 8. cinerea trea-tment to encourage more disease 

development. Once the experiment was completed, the degree of 

infectlon was assessed on the basis of a count of roots invaded 

with myce1ium. 

3.7.2 Potato Experiment 

3.7.2.1 Tuber inoculation 

Isolates of I.. carotovora "eT'. carotovora and F. roseum 

var. sambucinum were respectively obtained From the Agriculture 

Canada Research Station of Summerland, Bri~ish-Columbia, and the 

Agricultural Canada P."'~darch Station of Charlottetown, Prince-

E d w a r dIs l a nth-.....-th e bac ter i a, mai n t a i ne don nu tri e n t a 9 ars l an t s 

at 5 oC until then, were streaked on a nu trient agar Petri plate 

and incubated at room temperature for 48 hrs. The plate was then 

flooded with 10 ml of 

50 ml' of nutrient 

sterile ~ter and the suspension added ta 

broth. This d~ suspension w.s.left at 
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room tempe'rature 0'1 an orb'i tal shaker for 72 hrs. The Inoculum ~i:fi 

" . ~ .' 

" 

waB p~epared by diluting 40 ~l of thë bacterial culture in 60 ~l , 
'.=':-~~ ,'\ .. 

of sterile distil1ed water. At that time, the concentration was 

approximately 10 9 bacteria/ml. r .' 
The inoculum of the fungus L. roseum, whieh was kept before 

use at 5 oC on PDA slBnts, was pr~pared by transferring a 

fraction of the originj:ll culture onto a fresh PDA Petri plate 

and held at room temperature for 5 )days. One hundred ml of 

patata dextrose broth WBS Inoculated wlth a 5 mm dia. PDA disk 

of the fungal culture. After 96 hrs on an orbital shaker at room 

temperature, the fungal suspension was filtere~ through two 

layers of cheese cloth and centrifuged for 20 minutes. The 

su~nt was discarded and the spores were re-suspended in 

sterile water to a concentration of 10 6 spores/ml (Dhingra and 

Sinclair, 1985). 

Healthy ,potatoes <Solanum tuberosum) of the cultivar 

Atlantic, stored for 1 ta 3 monthe at 15 oC, were washed and 

rinsed in sterile water. Six kg of the potatoes were inoculated 

with the bacteria1 culture by injecting 1 ml of' the inoculum in 
~ 

e a ch tub e r w i th a s y r i n 9 e, fit te d . w i t h a 38 mm Ion g ne e dIe (22 

gauge; BD no. 5156), at about 25 puncture points (Waterer and 

Pritchard, 1984b). The tubers were then placed in three 

containers (2 kg/container). ~ same procedure was used ta 

prepare three replicates with the fungal inoculum. As controls, 

three containers of tub ers wounded with syringe injections of 

" 
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sterile water we~e used. Aga!n, the~tenth container 

filled for air quality control purposes. 

wes n<?t 

, 
3.7.2.2 collection procedures 

The containers were not immediately sealed. Rather, they 

were le ft open at room temperature in the dark; and misted water 

W8S applied on the tubers every 8 hrs to keep them moist. After 

48 h r s, the lids were put on the containers which were 

transferred into the cabinet maintained at 15 DC and connected 

t'o the man i fol d . l n th i s cas e , the man if 0 1 d wa spa r tl y f ill e d 

with sterile water to humidify the purge .air. The volatile 

collecti'on period and the trap handling were the same as 

described for the carrot experiment. The 16 day long experiment 

was eonducted twiee. 

After each trial, the damage caused by the diseases was 

evalueted on the beais of affected tissues. Each tuber wes 

slieed and the flesh visually inspected. A number From l to 4 

was assigned depending on whether less than 25%, 25% to 50%, 50% 
~~ 

ta 75%, or more than 75% of the area of the transversal eut 
1 

appeared to be affected. 

3.7.2.3 CO 2 .onitoring 

For the patata trials, the air Flow rate ta individual 

containers was adjusted ta avoid excessive carbon dioxide (C0 2 ) 

accumulation in the tuber headspace. Based on a COZ balance at 

steady-sta fe (i. e. CO 2 production rate versus CO 2 removal rate), 
~ 

a flow rate of 35 ml over Z kg of potato tubers would lim~t the 
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concentl'ation of CO 2 below 0.3%. The actual respiration ral:e of 

the tl:lbers in terms of CO 2 'produced wes ~equired in the 
\ 

calculation and wes measured with the elea.tronic sensor 

developed by Forcier et al. (1987). (~~ 

CO 2 levels in one container/treatment were determined after 

4,8, and 16 days. The headspace air, sampled with a 1 ml syringe 

through a septum into the lids, wes analyzed with a Fisher-

Hamilton gas partitioner (model 2A) coupled to a Hewlett-Packard 

reporting integrator (model 3390A). 
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IV - RESULTS AND bISCUSSION 

4.1 INTRODUCTION 

In this study, the headspace above stored carrots 'and 

potatoe~as analy.zed. The purpose of the exercise was to 
/ -:\ 

explore fu~ther the~use of volatile constituents of the storage 
\, 

atmosphere ta detect ~vegetable storage diseases, with a specific 

emphaSlS on Identlfylng those that would be speclfic tu each 

infectlon. Seing the first of its klnd ln the Agrlcultural 

Englneering Department of Macdonald College, the headspace 

volatile sampllng system had ta be developed and the analysls 

techniques implemented for thlS research work. For thlS ressan, 

the chapter begins with a discusslon on the performance of the. 

'. 
volat{le collectIon and analysis technlque used. , 

4.2 EVALUATION Of THE VOLATILE COLLECTION AND ANAlYSIS TECHNIQUE 

4.2.1 Hethod of Collection 

~ 4.2.1.1 Experi.ental setup 

r 

The experimental setup designed for thlS study permitted 

the simul\aneous collection of headspace volatiles from 9 

sa~ples. The samples were small lots of either carrots or 

potatoes and the experiment consisted of three treatments: two 

different diseases and one control; 3 replicates per treatment. 

A continuous Flow of air over the produce simulsted ventilated 

sto-rage bins. This arrangement produced comparative volatile 

profiles From vegetables stored in controlled conditions • 

" 

., 
, : 
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Some r. t· . th var l a' 10 n s ln e 
1 

volatile 

éaused by the experimental setup 

supply of air ta individual container. 

analysis technique utilized, 

by the purge gas and concentrated anto 

c om p 0 S l t ion of the trapped vapors are 

profiles collected were 

~ sul tin 9 f r om une ven 

the dynamic headspace 

vapors were entrained 

ous polymer traps. The 

k\ 0 w n t 0 var y w i t h the 
'\ () 

flow rate of the purge gas and the tlme of collectlon (foyllie et 

aL, 1978). In thlS study, impreclsions ln the flow metering 

system were of the order of 10%. In the potato experiment for 

example, an aIr flow to each container adjusted ta a rate of 35 

ml/mln could result ln differences ln the total volume of alr 

supplled to each contalner of approxlmately 40 llters after the 

96 hI' collection penod. Theoretically, a deficit of 40 liters 

ln sampling volume could keep the concentratlon of certain 

compounds below the detection limit of the analysis in one 

replicate whlle being detectable in others. However, the main 

effects of uneven distribution· of air were variations in the 

general aspect of the chromatograms in terms of the relative 

size of peaks (Figure 4.1). This is because in Ge analysis, the 

area under the peaks can be correlated to the compound 
". 

concentration (Kaiser and Debbrecht, 1977). 

In this study, these spparel"lt quantitative variations had 

no deleterious effect for two reasons. First, the key compounds 

turned out to be present in concentrations high enough to make 

their detection independent of flow rate inaccuracies. Secondly, 

54 

( 
~----~-_.---~~- --' ~---""- ----

.1 



-, 

, 
-.' 
{ 

4"" 

_ ~ --r .... ~~~.-

, . -o ~ 

.. 
% l 

"'-"~ 
fI\ -

ChrOMo. togro..M Al 

C\ 

\JI 
\JI 

! f I~ 
Il 

. 
= . 

: 

..... 

'L:Iot JI jl • :;;~ :;ri~ll\ -1\1!:F-';~~ ~ 1 ~ ," (~ ~:; • • ~ ~ ~ :;; 
.--l-,----.~J(:~ 

.' !rL: J~ L,~ !~J·I. ~; .. 
\ i ~'VI ."RtJil ~\ .::J-( ... ~ .... - lN :: -:. :: ~ , . '.' . = .., , r r-;.---~ 
",..;:, ._. • il ." ., • -. • ..' ' • 

'-.-.- /" 

ChrO~fo. t09ro.~ ~:' ç"-~\ , l' ~.. \ 
..-' ......... ~ 

J r :i ; '" , n' 1 

a 
1 1 

1 1 
: ~I 

.""J>\] .. l 
~1.1i;f\d 

-·"II.~k l, i ;. .. j"I .. JJ :: ~Ir:-t :: ~.=-::. • • ,.~ -::, ~ 1!! ~;$. !~]._ _ ." .. ~ li. .... -- -jI1""I1. ,~ .. _ .. _, )., jo. ,. .. ~ ......... -~ ..... '""w~ J " .. ..... .....,.--....r-- . 1. 'Ni li!!' .1' l , 

> , 

~ 

figure 4.1: Chromatograms obtained From two replicates of the same carrot 
treatment show difference in appearance partly due ta uneven supply of 
air. 
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many volatiles almost certainly rlBched the saturation levels of 

the trap during the ·96 hl' collection period. Therefore, 
., 

a fter 
! 

passage of a given volume of air, the adsorbed amount of these 
... 

volatiles remained unchanged. If a s~milar headspace analysis 

technique were ta be used in quantitative studies, the Flow 
"'" 

metering system should be improved ta ensure an even air 

distribution to ep-:-' sample and the retention capacity of the 

trap respected. 

The materlal of 
( 

whlch' the containers were made, acrylic 

resln, has several advantages. It can be sawed';' holes can be 

drilled and threads tapped in lt with ordinary hand tools; 

separate pieces can be easlly glued together with solvent 

joints. The end product were containers light in weight, , more 

reslstant to impact than lf they were made of glass while being 

transparent..!- a requirement for visual inspection of the stored 

produce throughout the experiments. The main disadvantage of 

acrylic resin was the fact that this material was nat totally 

valatile-free although it is cansidered chemically inert for 

mast ~plications (see next section). 

4..2.1.2 Traps 

The f' und a men t ale am p 0 n e n t S 0 f the he a d spa c e a n a 1 y.s i 9 

technique were the traps. Theil' function was ta sample and pre-

c a n c e n t rat eth e vol a t i 1 e sem a n a t i n~ f rom the l'es p i l'in 9 mat e ria 1 

placed inside the containers. The parous polymer conveniently 

retained the adsorbed volatiles until thermal desorption without 
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any' special handling care. Sorne loaded traps were put away for 

long periods (up to 7 months) without any apptrlrent loss of 

a~~ytes • 

stainless 

The trapping medium being enclosed in a rigid 
."J L-

steel tube, its accidental disturb~ce by pOOl' 

handling wes nearly impossi~le. Repetitive adsorption, 

desorption and reconditioning in prolonged routine use had no 

noticeable effect on the trap performance since the major peaks 

on the chromatograms were reproducible. 

After collection, the content of ~he traps consisted not 

only of volatile metabolites emanating from the sample under 

study. Other compounds released by the material which the 

experimental setup was made of, produced followlng thermal or 

oxidation breakdown of the porous polymer during the analysis 

procedure (Murray, 197ï), or present as impurities in the purge 

gas were also trapped. These compounds from external sources 

were classified as the background of the system. 

In any J1eadspace analysis study, the background must be 

determined in order to separate the extraneous volatile From 

those of interest. figure 4.2 shows typical background pertinent 

to this study. Chromatogram A was the background of a clean trap 

before volatile collection (i.e. after reconditioning). 
o 

Chromatograms Band C were the backgrounds after a 96 hl' 

collection period in the carrot and potato expe~nts 

respectively. The latte-r two chromatograms, obtained from the 

tenth container (Le. the one left slightly 

57 



ott-

VI 
CD 

o o 

ChroMa. togrdM AI Ba.ckground of a. clea.n tra.p· 
1~ ... 
1 

• r 
'! 
• .. 

.. , 
II' 

o 

=. 

ChroMatogruM BI Background for the cnrrot 
li,f 4~' . • experiMent 

1 

, .. ; ~:. ":-= ~ : Il • - , ! f'-" 1 
: -- - . -'~~.,..,.......,..---,,~ ..... t, ,,' l' Il '\.1 ".' A.J __ 

Il! i. t ' •• ~'" 1 1 

Ill";:; r-; , 

ChroM~togra.M CI Ba.ckground for the pota.to 
3'f 6i experiMent 

~ 1 1 

2 ~ 

Ir -
. 

~-:; "': - ~ , _t ~ "'-t -- , 1 :-1 . ~ J4 1 i i li l Jr la 

figure 4.2: Three chromatograms representlng the background of the volatiles 
collection system. 
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'Table 4.lt Tentative identification of ~he majo~ backg~ound 
component~ (as refe~~ed ta in F ig'ure 4.2). 

Chro.atogram No. COlllpound 

A: clean trap 

l acetone 

B: carrot background 

l acetone 

2 dichlaro methane 

3 ethenal 

4 2-methyl-2-propenlc acid, methyl ester 

C: patata background 

l acethaldehyde 

2 acetone 

3 dichloro-methane 

4 ethanal 

5 benzene 

6 2-methyl-2-propenoic acid, methyl ester 

7 toluene' 

J 
'1' 

8 hexanal 
1 

9 ethyl benzene 
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. 
even though they were Ch81'acterized .8S part 'of the seme 

experimental setup. Differences could have been partly due to 

the slow purging and chemical breakdown of the system sinee the 

earrot trials were conducted a few months before the potato 
, 

experiment. The main background components are listed in Table 

4.1. 

High backgrounds are to be avoided or mlnimized in a study 

of this nature. The perception of the actua"l profil"\s of 

volatiles under study could be confused in a background 

dominated chromatogram. This sltuation occurred ln the potato 

experiment where the proflles of healthy tuber(control) were 

eelipsed by the background (Figure 4.3). The opposite prevailed 

in the carrot experiment (Figure 4.4). In addition, compounds 

found in the background might have originated From the produce 

under observation. For example, acetone, reported to be produced 

by stored potato tubers (Waterer and Pritchard, 1985; 1984a, b; 

Varns and Glynn, 1979), was dominant in the background 

chromatogram of this study (Figure 4.2). These findings stress 

the importance of maintaining the background signal to the 

lowest possible leve!. The remedy, besides using a trapping 

medium that gives acceptably low and consistent backgrounds 

(Murray, 1977), would have been ta build the experimental setup 

on11 with materials which are as chemically inert as possible 

(Le. glass, stainless steel, etc) and circulate in it a p~rge 

gas of high purity. Varns and Glynn (1979) found it necessary to 

~ 
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clesn the equipment components they used by placing them in a 

vacuum aven to reduce the background. 
o 

Assumi.ng that a volatile monitoring system was installed in 

\ a commercial storage site, the background should inevitably be 

considered. As opposed to laboratory testing, the unwanted 

compounds could not be eliminated by the selection of 

appropriaté constructIon materials. Rather, the choice of the 

volatiles monitored would be a dcterminant factor. As pOlnted 

out by Varns and Glynn (1979), key volatiles should not be 

common enough to arise from external Influences (e.g. outside 

ventilation, potato handling equipment, etc). As future st orage 

monItoring systems are likely to be controlled by computers 

( R 0 w e e t al., l 9 8 6; 5 cha p e r e t ~!, l 9 8 4; H u n ter and R 0 w e , 

1982), the information could be processed by suitable software 

programming to filter out the background. Such features in data 

processing are routinely used ln mass spectrometry analysis 

(personal communication with P. Lafontaine). 

4.2.2 Methode of Analysis 

4.2.2.1 GC Analysis 

The merits attributed to the technique of thermal 

desorption of the ~aps by their insertion in the GC unit (Numez 

et al., 1984; Murray, 1977) were verified in this study. Similar 

attachments as those described by Murray (1977) were constructed 

from common materials at relatively low costs. Once the GC unit 
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wes adap ted to rece i ve them, the i,:,s t{alla t i o,n of, the in t roducer 

and the pre-column requi~ed no more time than it normal1y ~akes 

to replace a GC .column. This feature came handy when ordinary 

direct injections (i.e. with a syringe) we_re necessary. The 

actuel injection procedures took about Il minutes to complete 

(see Appendix A). In routine operation, some steps were 

som e t i mes i nad ver t e n t l yin ver t'e dIe a 9 i n 9 t 0 ami s car rie d 

injection. As the volatiles From one sample were collected on 

two traps (i.e. two traps per container), these injections were 

repeated with the second trap. If not used, some backup traps 

were stored for ulterior analysis. There was no evidence 

suggesting GC column deterioration as verified with the 

manufacturer column test mix even though weIl over 300 analyses 

were performed with this technique. Commercially available 

thermal desorption units are designed to perform sensibly the 

same injection procedures automatically but their acquisition is 

obviously more expensive. 

Other aspects concerning the injection technique should be 

discussed. The seal assembly (Figure 4.5) wes subjected to 

excessive wear and the perforated septums had to be replaced 

severai times. The rough surface offered by the outside threads 

on the traps were largely responsible for the rep i d 

deterioration of the seal. In addition, as the septums wore 

down, small fragments were introduced with the traps and became 

conteminants (see below). The teflan seat et the battom of the 
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figure .~5: Schematic of the trap introducer. 
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inlet liner ~rigure 4.6) also caused some conc~rn. Although the 

traps were strongly pre8~ed against it during desorp~ion, a 

per'fect seal was not necessarily obtailled. Leakage would ca.use 
< 

residues on the outside surface of the traps ta be drawn along 

with the leaking portion of the caI'I'ieI' gas Flow and ta 

contaminate the analyte. Th'is explained.'why the traps had tb be 

wrapped in aluminu-m foil to avoid direct ha'nd contact or 

contamination From other sources. The·insertio~ of the traps in 
cj 

the carrier 9as Flow had another noticeable effect. Contrary ta 

what Murray (1977) reported, when the traps, were pushed down 
, 

int~ or remaved From the inl.et li,ner, the' carrier gas Flow was 

markedly disturbed. These disturbances being unequal from tr'Sp 
, 

t 0 t r a p cau s e d the Fe t e n t ion t i'ln e 0 f the vol a t i 1 es, w h i è h i s a 

function of the carrier gas Flow rate, ta v~ry From one analysis 

tq another. The sol~tion ta this problem was ta wait until the 

car 'r i erg as fi 0 w ha d r e - est ab 1 i s he d b e for e in je ct,,!!liJ./ the 

analytes onto the column. These minaI' defectSi --Mad little al' no 

,inFluence on the quality of the analysis. 

The technique consumed la~ge quantitles of liquid Nit~ogen. 

For e a chi n j e c t ion, a b,o u t O. 5 1 i ter a f N 2 w a s r e qui r e d t 0 

l'econdense the volatiles unloaded From the 'traps. When supplies 

of N2 must be purchesed, the cast pel' analysis May be high1 The 

teflon' insulation on the c r'y 0 9 en i c a Il y cooled probe :aplJi t , 
severai times. The insulation ~hould have been thicker or 

replaced by a more resistant mate rial. The hot probe, on tRe 
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,other hand; performed well thl'oughout the study. 

4.2.2.2 GC-MS analysis , , 

For examination by GC-MS, the volatiles collected on traps 

of Chromosorb 105 were transferred on similar traps but packed 

instead with Tenax GC. As opp3sed ta Chromo~orb 105 which had no 

'specifie adsorptive properties (Murray, 1977), Tenax GC·was 

known to exhibit selective adsorption of certain classes of 

compounds, especially highly volatile compounds (Numez et aL, 

" l 9 8 4 ;- • Con s e que n t l y, poo r r e c 0 ver y 0 r c 0 m p let e . los S 0 f , s e ver a l 

volatiles occurred in the transfer, making their identification 
oC 

impossible by this method. Ideally, the analytes should have 

been transferred on Chromosorb 105 packing. However, the 

conjuncture at that Ume was such that Tenax GC traps had to be 
\ 

used. 

4.3 DISEASE SPECIfIe RESPONSES .,. 

In this study, special attention has been focused on 

vplatiles which could be eonsidered , as disease indicators 

stored carrots and potatoes. The evolution of these compounds in 

the storage atmosphere could then provide warning of diseaae 

infections and a1ao be useful in identifying the pathogens 

invo1ved in' order ta initiate proper corrective measures. 

Compounds showing greater,potential wer~peCifiCallY 

produced by diaeased roots or tubers and not by heal thy ones. 

They were recognized by comparison of the volatile profiles 
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obta(ned From the inoculated and non-inoculated creatments. 

4.3.1 Disease Indicators in Stored CarFota 

Comparisons of the car rot volatile profiles revealed that 4 

compounds were of, significant importance. Compounds c and d, 

represented as peaks in the chroma tograms shawn in Figure 4.7 

were only detected in the headspace of carrots infected with ~. 

sclerotiorum and ~. cinerea, respectively. Compound . c, 

identified es dlchloro benzene, appeared 16-20 deys after the 

beginning of the experiment and remained detectable until the 
'il-" 

end. CompDund d, 'Whose identity was not determined, was detected 

right From the first analysis but faded away and completely 

disappeared after 24 days in the first trial and after 12 deys 
fi! 

in the s~}ond trial. These production sequences confirmed visuel 
1.0' 

observations indicating that ~. cinerea did nat stay 

metabolically active in the environment provided in the 

experiment, while cpnditions were more favorable to the growth 

of ~. sclerotiorum. The difference in the time appearance (or 

disappearance) of the compounds of interest between the two 

trials were due ta an accidentaI rise in the cabinet temperature 
, 

(up ta 30 oC) that occurred during the first few days of trial 

1. C om pou n d s a and b ( Fig ure 4. 7) we r e fou n d in a II pro file s • 

The former wes part of the background and its identity, 1,3,5-

tris(methylene)-cycliheptane, is anly relevant ta this study. On 

the other hand, the latter represented a volatile identified as 
r 

methyl(l-methyethenyl)-benzene and evolved from inoculated and 
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non-inoculated roots. Both compounds served as reference marks 

on the chromatograms. The responses were consistent in aIl 
"1 

replicates throughout the experiment. 
e 

Here is an example of how a disease monitoring system might 
• \1 

operate,' Compounds a and b wou1d keep the 'same function and act 

as reference gases. The role of compound a would be the one of 

an internaI standard to check for leaks or other defects in the 

vol a t i l e c a Il e c t ion a p par" a tus. C 0 m pou n db, a no r mal met a bol i t e 

of sto~carrots, would be used to normalize changing storage 

conditions re1ated ta, for exemple, management practices end 
--"'. \ 

external climatic influences on the storage atmosphere (Scha~er 

etaI. , 1984). Fina11y, the concentration of the diseJse 

s pee i fic 9 a ses, cam pou n d s c and d, wou 1 d in die a t eth e de 9 r e e of 

disease infectiàn. The data collected would be processed and 

~as c~ncentration ratios presented in terms of 
..... 

(Schaper et al., 

1984; Varns and Glynn, 1979). 

The damage caused by the fungi as assessed after the 

c' Dm pIe t ion 0 f the exp e r i men t i s r e p 0 rte d in T ab l e 4. 2 . l n the 

control treatment, sorne roots showed signs of decay caused by 

~~lternaria dauci and Penicillium ~. Minor secondary invasions 

gy Erwinia ~. were a1so noticed. Carrot dormancy was broken as 

indicated by the growth of adventitious roots and Ieaflets. 

Handling of the carrots at room temperature for severaI hours 

prior to the experiment and their storage at 3 oC (instead of 

the recommended l OC), combined with the fect that the carrots 
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4"0 Table 4..2: Number and percentage of healthy and diseased car rot ,t;. 

roots per treatment a f ter the completion of each 
" ~ 

trial. y~ l' 

'1 
;, 

" 

Nu.ber of roots: J 

~ 
:' 
'~ 

11 

-other l : 
,~ 

-diseased: -healthy: Total: 

Treat.ent: 1 2 2 l 2 1 2 1 2 

control: 

1 3 0 0 35 41 1 0 36 41 
2 0 0 36 32 3 0 39 32 
3 0 0 39 29 2 1 41 30 

tota!: 0 0 110 102 6 1 116 103 
s. d. : 0 0 2.0 6.2 '1.0 0.6 

II' 5 . 0 0 95 99 5 1 100 100 A • 

~. sclerotiorum: 

0 1 35 32 4 3 0 0 39 35 
2 34 29 3 4 0 0 37 33 
3 33 

~ 
33 6 3 0 0 39 36 

total: 102 94 13 10 0 0 115 104 
s.d.: 1.0 2.1 1.5 0.6 0 0 

S: 89 90 11 la 0 0 100 100 

J!. cinerea: 

1 10 9 26 27 0 0 36 36 
2 11 11 28 23 0 0 39 34 
J 10 la 28 25 0 1 36 36 

6 "-

total: 31 30 82 75 0 1 113 106 
a.d.: 0.6 1.0 1.2 2 a 0.6 

1 : 27 28 73 71 a 1 100 - 100 

1 : roots invaded by other microorganisms. 
2 : trial number. 
3 : replicate number. 
4: standard deviation. 
5 : percentage of the tot al number of carro ta in a given 

treatment. ;{ 
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utilized were approaching the end of their ~orage life, may 

have triggered this reaetion. The invasion by unwanted 

microorganisms was limited and did not cause noticeable shifts 

in the volatile profiles. Visual inspections reveo.led that the 

interruption oF the dor'mancy affected aIl nine samples equally. 

Data in Table 4.2 also show that variation in disease 

pro gr e s si 0 li am 0 ri 9 the r ~p 1 i ca tes W l th i n the sam e t r e atm e n t wa s 

minimal. 

4.3.2 Disease Indicators in Sto~ed Potatoes 

4.3.2.1 Volatile .etabolites 

II) the experiment with potatoes, at least three compounds 

revealed themsel ves as patent i a l di sease indi ca to ra. Compound 

labelled with letter c (Figure 4.8) was detected in the 

headspace above tubers infected with Fusarium dry rot and was 

absent f['om any other treatment. It is interesting to note that 

the same compound was also present in the headspace oF diseased 

'carrots (Figure 4.9) but its presence in the carrot proFiles wes 

erratic end sometimes confused with the background. Other minaI' 

compounds produced in lesser quentities were also specifie to 

the Fusarium dry rot treatment. However, compound c clearly 

predaminated and has, thereFore, more potential. It was not 

possible to determine the identity of any of these volatiles. 
, 

Other research warks on the metBbolites elaborated by the fungus 

itself (Greenhalgh et aL, 1986; Okazaki, 1976) might provide 

some indications regard)ng their nature. 
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Figure 4.8~ Complete end truncated chromatograms illustrating disease-specific 
from potato tubers inoculated with I. roseum. 
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figure 4.9: Chromatogram from carrot roots inoculated with ~. Sclerotiorum. Arrow 
points ta ,8 compound also found in the headspace above potato tubera 
infected with L. roseum. 
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The volatile prof i les of tubers inocu la t ed with the 

bacteria t. carotovora showed limited ~pecificity. Dimethyl 

disulfide, 

volatile 

labelled with lettr b 

in the bacterial s{oft 

in Figure A.IO, wes' a major 

rot treatment. l t was no t 

detected in the headspace above non-inoculated tubers but was 

present in trace amounts in the fusarium dry rot treatment 

during the first trial while becoming a major volatile component 

in the second trial, (E,gure 4.11). On the other hand, pentane, 

generating peak a, was consistently dominant in the profiles of 

both diseases. Similar ta ditnethyl disulfide, pentane was not 
'0 

present in the headspace above the control samples. The compound 

responsible for the large peak exhibiting excessive tailing 

(~inted by the arrow in figure 4.10) characterized the bacteril 

induced profiles. Its identity was not determined and its 
t .. 

chromliltographic behavior showed inconsistent retention time. As 

opposed to the carrot experiment, a11 volatiles showing 

,specificity in the potato profiles were detected at a11 

analyses • 

.ho carotovora and I.. roseum may not direetly induee the 

production of dimethyl disulfide. I.. carotovora infections are 

usually odorless at the early stages of decay (Harrison and 

Nielson, 1981). A fouI odor develops as rotting tissues are 

invaded by secondary organisms. The presence of dimethyl 

disulfide, a highly odoriferouà compound, in the headspace above 

potato tubers would be indicative of advanced decomposition. 
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~is .hypothesi s 8eeme to be aupported by the fa~t that the 

greater damage c8used by L. roseum infection in~e second trial . - . \ 

was accompanied by an obvious increase' in dimethyl disulfide 

pro~uction (see Table 4.3 for the disease damage assessment). As 

toint;t out by Waterer and Pritchard (1984b), sinee secondary 

invasion of f. carotovora and L. roseum inÇeeted' tubers normally 

oeeurs under commercial storage conditions (Harrison and 

Nielsen, 1981; Nielsen, 1981), detection of such volatiles may , 

.. be a viable means of detecting soft rot or dry rot infections. 

Table 4.3? shows compiled data on damages caused by each 

disease, Diseese progression was faster in the second trial 'and 

variations among replicates within the same treatment were low. 

There were sorne differences in relative disease damage between 

trials l anJ 2 because the containers in the second trial were 

left at room temperature for a longer period after inoculation. 

Pentane and dimethyl disulfide'were not recognized by other 

workers as an important component in the volatile profiles of 1. 

carotovora infected tubers. Rather, Varns and Glynn (1979) 

identified. scetone, ethenol, al')d 2-butanone as possible 

indicstors of soft rot infections. The former two were part of 

the background in this study and, therefore, the significance of 

their contributions could nat be determined. 2-butanone waB 

detected in the headspace above non ... inoculated and inoculated 

tubera. for this reaso~ it cou1l:~ not be eonaidered as a 
J1. 

specifie response of soft rot infection. Varna and Glynn (1979) 
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, Table Il.3 : Number and p'er<t:enbage of' poJ:ato tubers per tree tm,en t 

in the given damage categoritfs after the 'complet ion 
of, ea-ch triaL 

• l, 

U 
1;1 
" ., 
>1 

Categories of Infected' Area ri 

" 

0-25S 25-501 50-75'" 75-100'" ,~ Total: 
D 

Treat.ent: Il 2 1 2 1 
~, 

2 1 2 1 2 

control: 

1 2 16 13 a a 0 0 0 a 16 13 
2 15 15 0 a 0 .1 0 a 0 15 15 '\ 

3 13 14 0 a 0 0 a a 13 14 

tota!: 44 42 0 a 0 0 0 0 44 42 
s.d_

4
: 1.,5 1.0 a a 0 0 () 0 

S : 100 100 0 a 0 a a a 100 100 

1· carotovora: 

~O 1 0 a 5 a 7 2 3 14 15 16 
2 0 0 2 1 7 1 8 15 17 18 
3 0 a 2 a 5 2 9 15 16- 17 

total: 0 f) 9 1 19 5 29 44 48 50 
s.d.: 0 0 1.7 0.6 1.2 a 3.2 0.6 

w. 
A. a a 19 2 39 la 42 88 100 100 If, 

[. roseum 

1 4 2 8 6 3 5 a 2 15 15 
2 4 0 4 4 3 5 1 4 J.L 13 
J 4 0 8 4 2 5 a 4 14 13 

total: 12 2 20 14 8 15 1 la 41 41 
8. d. : 0 1.2 2.3 2.0 1.0 a 0.6 1.2 

S· ,. 29 5 49 34 20 37 2 24 100 lUO , -
(. 

0 ' l 1-1: trl! • . 
2: rep ieate. " 

J: .t.~ard de_lation. -r- 4: pe centage of the total number af tu boe ra in ~a g1 ven < 

treatment. , '; 
" 
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did, however, detect a series of sulfureous compounds, 

including dimethyl disulfide. Waterer ana Pritchard's results, 

on the other hand, showed no presence of dimethyl disulfide. 

Instead, Waterer and Pritchard (1984a, b) found 2-propanol and 

two minor unidentified compounds to De unique to the samples 

From the tubers InocuLated wlth E. carotovora. 2-propanol was 

not detected ln the current study. These dlscrepancies may have 

orlglnated From dlFFerences between experlmental condltions 

(Waterer and Pritchard, 1984a, b). Each resebrch team adopted 

itS own headspace analysls technIque and even used dlfferent 

varietles of potatoes (Chleftan, Russet Burbank, and Atlantic). 

The choice oF headspace. ana1ysis technIque has been found to 

have a determinant efFect on the results (Ismall et al., 1980; 

Wyllie et aL, 1978) whlle varietal influences on the volable 

pro duc t ion' pat ter n s h a v e b e e n 0 b s e r v e d l n car rot s (S i mon e t al., 

.1982; Rasekh and Kramer, 1971). The disease-specific responses 

From potatoes and carr~ts are summarized in Ta~le 4.4. 

~.J.2.2 CARBON DIOXIDE MONITORING 

The air composition in three containers (one/treatment) 

were monitored to verify the degree of CO 2 accumulation. The air 

Flow rate to each container was calculated on the basis of a 

balance of CO 2 at steady state considering that non-inoculated 

tubers produced 6.1 mg of CO 2 /kg/hr. The aim was to keep the COZ 

l,eval below o. J~. The actual concentrations measured after 4, 8, 

apd 16 days are listed in Table 4.5. 
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Table 4.4: Di~ease-specific metabolic 
potetoes. 

volatiles for carr~ts and 

Disesses: Hetabolic volatile 1 : 

- Carrots: 

~. sclerotiorum: 

c 2 dichloro benzene 

.' 

B. cinerea: 

d unldentlfied 

- Potatoes: 

E. carotovora: 

8
3 pentane 

b dimethyl disulfide 

f. roseum: 

8 pentane 

b dimethyl disulfide 

c unidentified 

". 

1 : Identified by Ge-MS. 
2: As refer red ta in Figure 4.7. 
3 : As refer red ta in Figure 4.8, 4.10, and 4.1l. ( 

) " 
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Table 4.5: Lev~ls' of c~nbon dioxyde 
t.reatment sfter 4; 8, and l~ 
of trial. 

in 
deys 

i • 

0, r­
'}' , " 

(q "ç: 
one container, \ per . ,,; 
after the beginn~n~_ 

.' . 

" 
Percent of COZ 

Treataent: B: , 16: 

-Trial 1 : 

control: 

0.25 0.27 0.22 

h' carotovora: 

1. 83 1. 77 1.43 

[. roseu.: 

1. 30 1. 55 1.29 

-Trial 2 : 

control: 

0.29 0.29 o .38 

[. carotovora: 

2.22 2.64 2.55 

f. ro'"seu. : 

1. 77 1.85 2.41 

1; deys efter the beginning of the ex periment • 

83 

Average: 

0.25 

1.68 

1.38 

0.30 

2.47 

2.01 
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Some' commenta rega~ding differences 
à 

'in CO 2 levels am~n~, 

treatments:. ahould be 'made. 
. 

As expected, the etmoaphere 

s t 0 r age 's t r e s S'e sin cre a set he 

. / 
ri che r i nC C)O 2. --rh i s 

respiration" rate of 

aurrounding diseased tubers weB ia becauae 

the tubera' 

-(Rastovski et aL t 1981; Schaper and Varna, 1978; Smith, 1977) 

and aerobic microorganisms consume oxygene CO 2 levels seem to 

correlate/el! with the relative degree of decay eaused by sof t , 

rot and Fusarium dry trot 'i n f e c t ion s sinee both damage and CO 2 

concentrations were higher in the 'second trial (Table 4.6). 

Th ese da tas u g g est 't ha t CO 2 would be a reliable disease 

i n d i c a t 0 r. H a w e ver, C 0 2 pro duc t ion h a s b e e n lin k e d t 0 0 t h:;-.r " 

patata variables ~ sueh às maturity and bruising (Ra~t.ovski et 

al., 1981; Ryall and Lipton, 1979; Schaper and Varns, 1978; 

Smith, 1977). Vo(atile monitoring for disease detectfon would be 

greatly facilitated if)it relied on the detection of compounds 

known to be present,in ?the" aJ;orage atmosphere only when t'he 

corresponding diseases are spreading. As a matter of (aet, it is 

intiHesting to~ note that Schaper et aL (1984) have made use of 
, 1 

CO 2 as a primary reference gas ta norm-alize storage conditions 

and not as a disease indicator in t,heir attempt ta develop 

storage sampling. procedures for disease detection by volatile 

\..... 
monitoring. 

! 
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Table 4.6: Avera~e levels of carbon dioxydè and perèentage of 
patata tubera ,in the four damage categories 
determined in one container per treafmènt. ' 

Categories of Infected Area 

0-25S 25-50S 50-75S 75-100S 
'J"::"l, .... -... CO2 : 

Treatmen t : .,,1 
AI ~ li: S S2 

-Trial 1: 

control: 

100 0 0 0 0.25 

f· cafotOYOfa: 

0 33 47 20 1. 68 

f. roseu. : 

27 53 20 0 1. 38 

-Trial 2: 

control: 

100 a a a 0.30 

f· carotOYOfa: 

o a 13 87 

f. roseu.: 

, 13 40 33 14 2.01 

1: percentage of the total number of tubers in replicate 1. 
2: average volue for the 16-day long trial. ... 
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4.4 PROPOSED MONITORING SCHEME ' 

4.4.1 The Use ~f Disease'Indicators , . 
The' ability to determine the· 8xac't èrop,~isease statua 

auring storage by volati~e ~onitoririg would be a definite aGset 

to the at~rage manager. 

tng term sLorege would 

after harvest. Advance 

Decisio~s concerning short term ve~aui 

i: bssed on an objective prognnsis don~' 

~ti ce woul d 'allow the' b ins presen t i ng 
\ 

• 1 
the greetest risks to be unloaded first b..alancing the expected 

r; 

lasses with the market opportunities. Data accumulated over the 

years would aid in correctl'y assessing the storage potentiel of 

the crop in the currè"nt year. Theae exemples i'llustrate that 

better information about crop conditions would inevitBbly lead 

\to improved storage management. 
" r; 

~ , 
Cereful selection of thè v'olatiles monitored ia primordial 

if vol a t i 1 e mon i t 0 r in gis t 0'" b e suc ces s f u 1. A n al y s i s __ 0 f the 

headspace above stored carrota and potatoes revealed that sorne 

metabolic volatiles were unique to t dlsease H,fection~ of eact} 

veget~bles. These gases, because they were dj,sease-specific, 

satisfied one of the criteria of an ideal disease indicatot (see 

section 2.5.1). The other criteria rèlata to the actual 
J' 

mon i t 0 r i n g 0 p e rat ion a , i n C 0 m mer c i aIs t 0 r 8 9 e f a cil i t 'j, es. ' 

Consequentl y, 'i t has yet ta be dete rmined whethèr the diseas~:: 

speci'fic gases iQentified in this study would be sui tabl.e for 
\ 

, 1 • 

on-farm surveys. Theil' detection in contl'olled conditions do es 
, .. .f _ 

< 

suggest th'at detecting diseases by volatil,e monitoring ia 
; 

, . 

.'\' ~ , ~' ~ 
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f e'a 8 i b le and that a these volatiles 
~.\ 

should be .'l'egsrd-e-d as 

'Potent la1 -di sesse i ndies tors. 
- , 

,: Oné'e reliatl'le ind~cators of disesse "development have' been 
- ~ 

selected, . tl"leir p'foduction patterns aB the infèctions progresB 

s hou 1 d b est u die d. Wa ter e r and P rit cha l' d- (1 9 B 5 ; l 98 4 a , b ) 

obseryed that the increase of the total concentration' of 

volatiles From diseased potatoes followed the(exponential growth 

àf the pathogen population. ~owever, quarrtitative analyses in 

this case were based on the headspace above l kg of tubers that 
. 

might not' be representative of the atmosphere prevailing in 

commercial storeges. A mess of several tonnes of potatoes 

provide -the opportunity for many infection loci caused. by 

different diseases to develop asynch~onously. The model .... 
des cri b i n 9 ,t h e 0 ver a Il ,~o la t i lep r 0 duc t i on i s li k e 1 y t 0 b e m 0 r e 

co m pIe x • Des pit e in cre a s e d::.Yd i f fic u 1: t i es, fur th e-r l' e s e arc h w 0 l' k 

should be carried out in c6>mmercial-size researeh bine ta, 
\ 

generate data usable by the industry (personal communication 

with Dr. M.. K. Pritchard, Ur'liversity.."of Manitoba in Winnipeg, 

Manitoba) • 

4.4.2 Sa.pling of storage Volatiles 

5ampling procedures for monitoring he~dspace volatiles must 

not be overlooked. Warehouses, as most confinement st ructures, , , , 

aIte not comple tely tight. Ou'tside air penet ra tee in and stQ.rage 
, 

ai,r leaks out .. Air infil trations have been shown to be strongly 

influenced by the wind (Varna et al., 1986; Sc~aper et ai • , . 
, ' 
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1984) • ~ Meaaurements of the P qU8~ti ty 0(7 key voiet i les should be 
,~ . 

corrected tô teke 'into ecc~~~lt th~~dilution eff~ct of the 

storage' atmosphere. The use C)f -concentration 'ratios ({.é. 
\, 

, -diseas.e-speci f ~~ vo la ti res/no~nta~ m~;aboli c vola t il es')" ,appea r~ 
as thJl most practic,al approa~~ to alleviate this prob'lem 

(Schape~ et al., 1984; Varna ~n~ à~'ynn, 1979). 

The number and the loca'tio~ of sampling points in the 

warehouse are determinant design1:>arame-t€rs. The implementation 

of sophisticated gas sampling and analysis systems as the one 

proposed by Schaper an~ co-workers (1984) is unlikely in the J 

near future; Theil' conception requires expensive and independent 

h Ir d w are for e a c h wa l' e hou s e un d'e l' su pel' vis ion and the i r 

acquisition would be justifiable for large operation only. 
o 

Rather, ·a system making use of adsorbent traps, for example, 

analyzed in local government laboratories is probably more , 

adequate for the present needs in Québec. A simller service, 

offered at no éharge, is routinely uaed by farmera interested to 

measure t,o nutrient value of their soils. Because of limited 

resources, a given maximum number of ssmples pel' warehouse would 

be sssigned, (one s~mple per so many tonnes of produce stored). 

The turn-around time of the anal'tsis resuIts would be, of 

course, eritiesl sinee t~mely deeisions would depend on them. In 

this perspective, the 'sampIing pointa need to be carefully 

con s ide r e d. for ad e qua tee 0 ver age 0 f the w are hou a e. l n bu 1 k' 

storage, ventilation systems recirculate the air tha~ waB foreed 

8B 
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through the, pile. A thorough atudy of the air flow .streama in 

. 
the headspace above the pile should provide sorne good ind~~tion 

about- the best. strategie locations. The "' aim should 

concentrated on obtaining the most use fuI information at minimàl 

• cos~s • 

AlI these considerations emphasize the need for on-going 

r'esearch work in this area. Besides sampling equipment and .. 

' . . 
'" 

\ " 

procedures that have yet to be adapted for on-farm ose, storage / 

o 

s t r e s ses 0 the r t han dis e a ses' are no w a t t r a c tin 9 researchers' fi 

, attention. Fcr17 example, the multi-million potato processing 

industry i9 always confronted with the problem of the 

accumulation of reducing sugars. Volatile monitoring is 

contemplated as a technique to predict the optimum time for a 

given stock to be processed (personal communication with L. A. 

Schaper, Agricultural Engineer, USDA). In addition, the storage 

of other perishable commodities might benefit from sueh a 

technique. 

4.5 VOLATILE IDENTIFICATION 

Ge-MS analyses were carried out to identify the volatiles 

collected. It is important ta stress that the identification waB 

based on a match of the observed mess spectra with those 

available- - in the Finnigan Library (NationaL B'ureau of 

, , 

, " 

Standards). In cases where the spectra of 'more than one compound " 

provided a reasonably good fit, a situation occurring espe~ially' ,1. 

:.~ 
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with compounds of complex molecular str~ctures, the one' ';j 

'" , 
9 e n e rat in 9 the hi g,h est 

,/ 

index of ,puriti was selected. In, 

addi tion, Bince the, GC and GC-MS analysis wère performed' under .. . 
, 

different chromatographie the position ~ the conditions, 
c, 

identified volatiles 00 the chromatograms 1'n ,figure 4.12 and 

4.13° are not "absolute. However, although tentative, the 

identities and the' relative positions reported here give useful 

information on the classes. of volatiles to be. expected in the 

headspace of stored carrots and potatoes. 

4.5.1 Carrot Volatiles 

The normal metabolic volatiles detected in the headspace of 

stored carrots are listed in Table 4.7. Of the 20 volatiles 
,... 

identified, none have been reported in aroma stud.ies (Simon et 

aL, 1982, 1980a, b; Salunkhe and Do, 19761 Buttery et aL, 

19~8). However, in these studies, the volatile constituents were 
( , 

obtained by destructive methods (e.g. steam distil'lation­

extraction; Buttery et al., 1968) of freshly harvested. carrots 

and not from intact roots stored in normal atmosphere for 
~ 

severa1 months. 

',..- Here, the ,term "normal met,abo1.ic volatiles" ls perhaps 
\ ,-

misused. As reported before,. the ,dor1l\:ahcy of the cerrot roota 

was broken during the course l nf the experiment. Spro~ting modify 

the me t abc 1 i sm of s to rad produce (SaI unkhe' and Oesel, 19.B4b; \ 

BUfton, 1982) and consequently probably the metaoolic volatile 
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figure •• 12: Tentative position on. the chromatogram of severai 
volatiles of carrot roots (see Table 4.7). 
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Table 4.7: Tentative "identification of several "normal Gletabolic 
volatiles of carrot roots (as ~ferred to \tn Figure 
4.12). 

i9 

N·o. CompQund: 
~ , , ~ 

1 pentane 

~ 2 heptahe 

3 I-heptane 

" 4 Furan 

5 ace t on·e 

6 tetrahydpo-fura~ 

7 2,6,6- tr im-e thy I-bicyc ~ 0 [3 ~_l .1J h'ept -2-ene 
" 

8 trichl~ro-m~thane 
~ 

9 1-propano1 ~ 
~.~, 

10 6,6-dimethyl-2~methylene-bicycl0 [3.1.1] hept'ane 

" Il ( 
4-meDhylene-l-(methylethyl)-cy~lohexene 

-
12 I-butanol 

13 3,7, 7- t r imet hy.l-bi c yolo [4.1.0] heh t-3 - ene 

14 pyridine 

15 4-ethy 1-1, 4-dimethyl-cyclohexene 

16 4-methy ~-l- (.l-,methy lethyl )-bicyclo [3 el.OJ hex-2-ene 
, ' 

17 J, i, 7-trimethyl-bicyclo [4.1.0] hept-J-ene 

• 
18 I-met~yl-~-(l-methylethyl)-benzene 

19 I-methyl-4-(1-methylelidene)-cyclohe~ene 'li 

,~ .... 
20 methyl(l-methylethenyl)-benzene 
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4 profiles. Thus; in this c~se; the metabolic vdlatiles qualified 

p 

as, "Rormsl" t'efer to 
. () 

those metabolites that were not rel~ted to 
.. 

disea~e develop~ept. 
"\ 

4.~.2·Potato Volatiles 

The volatile production pattern of stored potatoes differed 

substantially from the one of stored carr'ots •. The abundance 'of , 

volatiles emanating from patato tubers in terms of number' and 

apparent concentration was modest when compared to the volatile 

pro f ~ 1 e s f rom car rot r 0 0 t s. T1 i s 1 0 w pro duc t ion 0 f vol a t i 1 e 

me"tabolites may~have stemmed partly f,1f"'Om différences in the rate 

of respiorètion, a measure of the produce metaholism (Salunkhe .. 
and Oesai, 1984b; Bl4rton, 1982). Carrot ,roots are charactel'ized 

(.1 , 

o 

by a respiration rate several timea greater than the one of 
, 

potato tubers (Foreier et aL, 1987; Ryall and Lipto'n, 1979; 
, · ~ r 

N'a s h., 1978). Nevertheless, the faet that the background 

overshadowed ~t'le ,volatile profiles from potato ~bers evidenc~d . 
" . 

the in a d e Qua c y Q,f the he a d spa c e ~ n a 1 y sis te ch n i que toc olle c t 

normal metabolites of stored potatoes. Meigh and co-workers ... 

(1973) repo'rted' similar difticulties, in collecting Bufficient 

y'i e Id of metab'olic ma ter ia 1 e,v°o 1 v ing from intac t potato tubers 

~nd destructive methoda 'had ta be used. The technique deserUfed 
" • 1 in the current s-tudy did register elear spec1fï.c responses from 

o • • ' \' 

dJ.s~ased sample's and 'waB therefore sui table' fdr that particul~l 

applicatiog. 
0. 

A typical profile of volatilea from non-inoculated potatoes 

.. 
, . 
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! 1 
ia shown in r igul'e ;.13. 2-butanone wa~ the only volatile not 

" found in the background. However, acethaldehyde, ehtanol, and 

acetone, three background compounds, were detected bo/ Va rns an.d 

Glynn (1979) and Waterer and Pritchard (1985.; 1984a, b) in the 
-t' . 

headspace of stored potatoes. Benzene, and toluene were a1so 

identified as important potJlto volatile metabolites (Meigh .' et 

al., 1973). Bec a use the sec 0 m pou n d'S a p p e are d ln the bac kg r 0 und, 

it was uncertaln whether theY.81so emanated From potato tubers. 

In any case, the metaboiites detected here almost certainly 

represented on1y la portIon of the entire metabolic proflle From 

carrots and potatoes (Waterer and Pritchard, 1985). 
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Tentative position on the chromatogram of several compound~ detected 
in the headspace above rton-inoculated patata tubers (see Table 4.8). 
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fable 4.8,: -Tentattve identific''ation of severa1 compounds 
~det~cted in the headspace above non-inoculatel potato 
tubera (as referred te in figure 4.13). 

5 \. 

.No. 

- 50.e background co.ponents: 

l acethaldehyde 

2 acetone 

4 dichloro methane 

5 ethenol 

6 benezene 

7 
~ 

toluene 

.. - Potato volatile: 
"', 

3 2-butanone 1 

1: present in trace amounts; detectab1e by Ge-MS. 
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v~ SUMMARY ~ND CONCLUSIONS 

5.1 SU'HMARV 

The range of metabolic volatiles produced by healthy lots 

of carrot roots (cuitivar Charger) and potato tubl!rs (cultivar 

Atlantic) were compared to those From samples infected with 

c'ommon storage diseases. The primary objective waa to 

investigate the possible use of headspace volatile profiles in 
a storage disease detection system. 

The experimental setup was designed t~ simulate ventilated 

storage bins and to generate comparative volatile profiles. 

Inoculated and non-inoculated samples (2 infections, l control; 

3 replicates/treatment) were placed inside individual containers 

cantinuously purged with purified air. Traps of polymerie 

.radsorbent were utilized ta collect and pre-coneentrate the 

volatiles that were subsequèntly thermally desorbed for gas 

chromatographie examination. 

The chromatograms obtained were graphical reproductions of 

the headspace volatile profiles collected. Their study revealed 

that eaeh host-pathogen combinations gave off at least one 

metabolite that was not detected in the headspace above the 

,control lots. Theae metabolic volatiles coulp eventually act as 1 
di~ease indicatora in commercial vegetable warehouaes. 

A- t t e m p t a toi den tif Y the dia e a s e - i n duc e dan d no r mal 

metabol i tes were made by gas chroma tography-mass spectrometry. 
, fj 

T he ana l ysea , wh i ch neceas it a t ed the trans fer of the anal yt es 
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'.from one trapping medium to another, allowed th~e provisionsl 

identif.ication of 20 normal metabolic -,volatiles of stored 

carrots. Conversely, apparentl y fewer metaboli tes evol ved from 

stored potatoes sinee extraneous compounds dominated the 

observed profiles. Neve:r:theless, the range of metabolites 

emanating From potatoes and carrots undoubtedly includes many 

more compounds., Other techniques of headspace analysis might 

extend the list of detectable volatiles conside1'auly. 

The monitdring of headspace volatiles as a methpd to detect . 
storage diseases seems feasible. Huch of the research in this 

area is left to be done before it can be used by Québec' s 

vegetable storers. However, even at this early stage of 

development, one can already appreciate the potential of such a 

tool as good knowledge of crop conditions du1'ing storage is 

becoming the key factor for improved 8to1'age management and . 
postharvest loss reduction. 

5.2 CONCLUSIONS 

Bas~ d on the resu lt s obse r v ed du ring the cou r se of thi s 

~tudy, the fo~lowing inferences are spplicable ta the headspace 

analysis of stored carrots and potatoes: 
"" 

1- The technique of headspace analysis d~veloped allowed the 

eo.mparative collebtion of headspaee volatiles emanating from 9 

ventilated sample~ ~imultaneously. 

2- One metabolic volatile WBS unique ta each carrot fungal 
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infection. A compound; identi fied as di chloro benzene; was only 

detected above roots inoculated with .§.. selerotio~um. The 

identity of the compound respoQsible for the specifie reaponse 

of roots inoculated with~. cinerea was not determined. 
1 

J- The volatile profiles in~ced by the two pota'ta pathogens: ,h. 

carotpvora and L. / roseum, featured two cammonly shared 

metabalites: pentane and dimethyl disulfide. These compounds 

were absent from the profiles of non-inoculated tubers. At least 

one additionsl compound (unident1fied) wes unique to the 

fusarium dry rot infection. 

4- AlJthough abo,ut 30 normal carrot volatiles were collected and 

20 tentatively identified, the chosen technique of volatile 

collection was inadequate for the analysis of the headspace 

above non-inoculated potatoes. 
1 
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VI~,RECOH"ENDATIONS fOR fURTHER RESEARCH, 

The followlng reeearch will 8selet towards developing the 

great potentiel of headspace volatile moni torlng 'as a, technique 

ta detect stofage stresses and make it applicable by the 

induatry: 

1- The occurrence of extraneous campounds in the storage 

atmosphere monitored is likely ta be inevitable in commercial 

warehouses. sampling methods and data processing capabilities 

shauld be developed to alleviate their effect on the monitoring 

system performance. 

2- Quantitative analysis should be performed in real-scale 

environments ta determine whether volatile monitoring can 

provide early disease detection. Su ch factual information would 

readily become usable by the industry aQd sparks its interest. 

J- Disease ls a classicaJ p.astharvest stress ta which most frui t 

and vegetable crops are subjected. Other undesirable 

physiologieal changes might cause appreciable shifts in the 

produce normal metabolism. Detecting these shi fts by vola t ile 

monitoring would widen its applicability and contribute for 

justification of the coat of the expected extensive 

installations required. 
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Appendix A: Step~by-step GC injection procedures l • 

step Ti.e elapsed Description 
(.in. ) 

1 

2 

note: 

3 

4 

5 

6 

7 

o 

Trap brought to ambient temperature. 

a) Trap secrewed 
through the seal 
the vent hales 
visible. 

onto the plunger and pushed 
assembly ta a point where 

in the plunger are still 

b) Cooling probe inserted anto the pre­
column. 

From this point, liquid N
1

,2 
the coaling probe ta keep t 

is periodically 
cold. 

poured in ta 

l 

2 

8 

9 

10.5 

Purge line opened. 
\ 

8) Trap pushed into the equilibrium chamber 
ta enclose the vent holes. 

b) Purge line closed. 

c) Plug valve opened. 
\ 

d) Trap lawered ag81nst the teflon seat 
inside the inlet liner. 

, e ) M s.s s (750 g) pla c e d a ver the plu n 9 e r 
handle. 

a) Mass remaved. 

b) Trap withdrswn From the inlet 11ner. 

c) Plug valve c1osed. 

a) Cooling probe quickly replaced by heating 
probe. 

b) GC programmer sequence actuated. 

Heating probe removed. 

1: Please, refer to Figure A-l. 
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~-... '-CD LEGEND , ) 
'1. seo.l o.ssel"1bly , 

~ ~ 2, perfora. tee! septuMs 
~ ~ 3, equlllbrluM choMber 

4, purge llne 

L_ 

5, plug vo.l ve 
(Z) 6. ~lug vo.l ve hendle 
,>&.; 7, InJector por-t 
) 8. Ge oven lId 

(-jî 9. probe Insertion hole 
plO, pre-coluMn 

- 1 11. pre-coluMn pocklng 
"1 12. pre-colul"'ln support 

13. coluMn end flttlng -
14, co.plllo.ry coluMn 

~~~--~ ~~~~~~~~ 

@-

_J 

:::.: .. :.:::::. 

* 

figule A-l: Schematic of the trap introduc~r, the in je ct or port 
and the pre-column. 
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Appendix Ba Chromatograms for the carrot experiment. 

ALI chromatograms in Appendix B are sarted according ta the 

following numbering system: 

v • nI. n2 • t. n3 • 

where v - vegetable: 

C for car rot 

ri 

nI - trial: 

1 or 2. 

n2 - analysis: 

o 1,2.3, •.• or 8. 

t - treatment: 

C for control, or 

5 for Sclerotinia sclerotiorum, or 

8 for ~g!rytis cinerea. 
- ~ 

nJ - replicate: 

1,2, or 3. 

o 
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Appendix Ca Chromatograma for the potato experiment. 

Î 

/ )~~ ~ 
~ f: . ':;')~ 

,; 
',' , 

AlI chromatograms in Appendix C are sorted according ta the , 

fallowing numbering system: 
r 

~ v.nl.n2.t.nJ. 

where v - vegetable 

P for potato 

l or 2. 

n2 - analysis: 

1,2.3, or 4. 

t - treatment: 

C for control, or 

E for Erwinia carotovûra, or 

r for Fusarium roseum. 

n3 - replicate: 

1,2, or 3. 
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