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g N .+ . - ABSTRACT -
. In Québec; :Xbetable ﬁostharveét \losges attributable te‘
diséases are considerable and need immediate-;ttention. The
storégé systems designed to maintain an optimum environmené
already‘exiét'and are common in modern warehouses. Managing
these systems better with monitoring tools capable of detecting
stresses in the stored crop before signifilant losses occur
might bF the key to loss reduction.

The\p;imary objective of this study was to investigate the

-

possible use of hesdspace volatile profiles of vegetables to

detect storage diseases. The technique was applied. to stored
carrots (cultivér Charger) and potatoes (cultivar Atlantic).

In order to reproduce J%ntilated storage cénditions, a
0 dynamic headspace analysis method was chosen +to collect
metabolic volatjles. Small cgntainers filled with sound and
diéease-inoculated carrot roots or potato tubers were purged

continuously with purified air and the volatiles concentrated on

polymeric adsorbent (Chromosorb 105) located at the container

outlets. Subsequently, the trapped volatiles were tﬁermally
desorbed and analyzed by gas chromatography.

Examination of the normal and disease-induced volatile
profiles indicated differences in the range of metabolites

- «

produced. One compound was unique to each carrot infection

caused by either Sclerotinia gclerotiorum or Botrytis Sioeree.

Pentane and especially dimethyl disulfide dominated the pro?ilea
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of po@atu tubers infected with Erwinia\cagotovoria and‘*F%amum

[ VW

ros'gum, but were noﬂt detgcted in the“headspéce .above non-

v

- inoculated samples. At least one ‘ddditional compound was unigue

to the Fusarium drgy rot infection. The .metabolic volatiles
reSpons\i‘ble for the specific responses might serve as disease
indicators in c_o_mm;eroial storages. ' '

The identity of gevéral normal carrot'metabolites were
. determined by gas chromatography-mass spectrometry. Fewer
m’/etabolic volatiles were detected above sound potato tubersy ¢ !

Vegetable storers, as any other business managers, rely on
b

good information. The exact knowledge of the crop disease status

\during storage would certainly be an asset to them.¢ The

manitoring of headspace volatiles might provide this capability

(gj and has pote tial to become an indispensable management tool. -~
. /
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Au§QuéB;c, les,pertes de légumes en gntrepdt causgés par-la
maladie sont considérables et requidrent une atE?ntion
‘imméﬁiate, Des' systémes congus pour maintenir ”deslscaadiéiohs
dffntréposage optimales existent et sont courant; dans les
entr?pbts modernes. Les pertes po;rraient édtre réduites d{une
fagon cerkaines par une meilleure gestion de ces sysfémes a
l'aide d'outils de surveillance ‘capableé— de 'détecter les
premiers indices de détérioration de la récolte entreposée avant
que la situation ne s'aggrave. '

L'objectif premier de cette étude était d'examiner lq
possibilité d'utiliser la fraction volatile des légumes afin de
détecter la maladie en entrepdt. Pour cette recherche, 1la
technique fut appliquée 3 1l'entreposage de la carotte (cultivar
Charger) et de la pomme de terre (cultivar Atlantic).

Dans le but de reproduire les conditions d'entkeposage
veétilé, une méthode d'analyse dynamique de l'air ambiant fut
choisie Eour l1'échantillonnage des copstituants metaboliques
volatils. Des petits contenants remplis de racines de carotte ou
dq tubercules de pomme de terre sains ou inoculés avec des
pathogtnes communs Furent\purgés d'une fagon continue avec de
l'air purifié. Les composés volatils ainsi entrginées dans
l'efflueﬁt furent concentrées a l'aide d'un bolymére'adsorbqnt

et subséquemment libérés sous l“effet de la chaleur pour analyse.

par chromatographie en phase gaseuse.
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. L‘étud@ desapwéfﬁlévﬂnrmaux ‘Ses substances

ceux induits. par. ‘les pathoq%nes a permis de déceler des g
- 1
dlfférencesm ans la ganme de’ métabolltes prod01ts. Un compos€

‘

) -
était unique'ﬁ chaque infection ~causée aoit par: le Snlerotinia .

o -

'sclerotgﬁmumb sofi t par le Botrytis cinerea. Les composés pentane N
4 | - 3 R

' ) - .
et particulﬁérement disulfure de diméthyle, dominaient .la

i

fraction volﬂtile des tubercules. de pomme de terre infectés par )
il ) o
Erwinia carotovora et Fusarium reseum, mais n'onft pas été

détectés danskl'ai& ambiant des échantidlons non indculés. Au

- .

moins un composé additionnel était unique & la pourriture séche
. -~

fusarienne. Les métabolites volatils responsables des réponses

spécifiques pourraient servir d'indicateurs de maladie dans les

entrepdts commerciaux.

L'identification de plusieurs K métabolites normeux de la

carotte s'est faite par chromatographie en phase gaseuse
combinée & la spectrométrie de masse. Moins de métabolites
¥ volatils ont été détectés dans l'air ambiant des ikbercules

“ sains de pomme de terre.

3

Les gérants d'entrepdts de}légumes 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 volatiles dans
s ‘ l'air ambiant pourrait leur fourpir cette connaissance et a le

potential de devenir un outil indispensable “de gestion.
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I~ INTRODUCTIDN |
1.1 BACKGROUND

Over the years, mLch research effort in postharvest
technology has been devoted in deterqining optimum storage
conditions and how these conditions mayz be mainta%ned
economic@lly. As a result, fruit and especially vegetable crops
are commonly stored in'large commercial structures that dgke use
of ventilation, refrigeration, CA storage, or other systems to
preserve produce quality over longer periods. Yet, despite these
technical innovations, losses due t%/postharvest diseases remain
hibh for certain crops. For example, it is not unusual for
Québec's carrot and potato producers to suffer losses caused by
decay alone exceeding 10%. And since modern warehouses are

larger and often loaded in bulk, the task of detecting disease

outbreeks for rapid Intervention has become much greater and

N &
more crucial.

Existing disease detection methods are obsolete as they did
Qot'?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 to identify disease problems. The

v

option of using multiple sensors or hand-held infrared scanners
to pick wup the slow temperature rises associated with

concentrated microbial activities in the stored crop is

available. In all cases, when infections are dﬁ%ected,

’

significant losses would have occurred already. Prowiding

!
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1

management with better monitoring tools would be an effective
means of, reducing postharvest losses and Qonstflute a8 new

research okallenge.

e

1.2 SCOPE Ne—" | o

o

This study considers the monitoring of headspace voiatiles
above stored vegetables as an alternative disease detection
technique. The concept is really .a technological improvement of
smelling bthe storagé atmosphere. It‘as;umes that the use'of
precise analytical fnstruments to follow chaAges in the volatile
profiles produced by the crop could replace the human nose
advantageously. The ability to monitor headspace Yolatlles may s
(a) allow early disease detection and'identification; (b) give
an objective measure of the level of™infection; (c¢) become a
source of permanent farm records which enable comparigons of
crop per?ormance 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 especially potatoes.

1.3 OBJECTIVES

’
[

In %his research, volatile monitoriqg was applied to the

storage of carrots and potatoes. The primary goal was to further

investigate the.possible use ofﬂthé techniq‘g in a storage -

disease detection system. The specific objectives were tos

+

1
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'
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1) Develop a mdthod of collecting.and adalyzi%g headspace

volatiles emanating from small ventilated lots of carrots and
A4 &

potatoes.

% 7~ t

2) De'termine whether this méthod can detect compéunds that are

specific to two importanE diseases -for each vegetable. Fof

.

carrots, the diseases were Sclerotinia gsclerotiorum and Botrytis

cinerea; where Erwinia carovtovora and Fusarium roseum were
)

selected for the potatp disease trials.

3) Identify some of the volatile metabolites eménating from

healthy carrots and potatoes. \
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2.1 GENERAL ‘ -

T 11- aavx?w OF LITERATURE

In Québec, carrots end potatoes are the main vegetpbde
crops in terms ‘of tonnes produced (Anonymous, 1987). According
to the 1985 figures for example, the potato crop eé&ily ranks
first with 19400 hectzres of land that yielded a total of 460000
tonnes. The carrot crop still comes next even:though only 4115
hectares were cultivated to produced 102065 tonnes. Both
vegetables are stored during the harvest periods aAd marketed
continuously during thegrest of the year to meet the year-round
demands from consumers and processing industries.

In storage, the quality of the vegetables, and consequently
their 1life, are reduced by moisture 1loss, physiological
breakdown and decay (Raghavan and Gariépy, 1985). Holding
temperature, relative humidit; and air circulatign have a strong
influence on these deteriorations. In well designed storage
facilities, these gactors are controlled to provide the micro-
ep@ironments that most. favor the upkeep of the vegetable

quality. Although the environmental conditions required for

carrots differ substantially from those prescribed fo} potatoed,

the building structures as well as the handling systems are

gimilar for both vegetables.
]

2.2 STORAGE REQUIREMENTS

2.2.1 Carrots

7/

A temperature of about 0 °C and a relative humidity (RH) of
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93 to 98 % are best to store carrots for about 6 months

(éalunkhe and Desai, 1984b). Aéfef ha;?esting; répfd eooling of
the roots to Eﬁb desired storage temperature is réquired for
successful storage (k0ughged and Valk, 1985). This is\why colJ
storages where mechanically refrigerated air'is circulated
within the storage room are preferred over less<efficient
storfges that operate with outside cold air. The jacket and/fhe
Filacell types of cold storages have also been recom ded for
storing ca}rots. Their common feature is that very high RH can
be m%intained. 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 @Eprage temperature of potatoes depends on their
intended end use, duration of storage, and sprout inhibition
treatment (Porritt, 1354). Potatoes stored for short periods (up
to 10 weeks) are held at temperatures between 7.2 and 10.0 °C
(Hall, 1980). For longer periods, seed and table stock should be
stored ‘;t temperatures between 3.5 and 4.5 °C if sprout
inhibitors are not used. However, stock for processing into
French fries and potato chips are maintained at 7.5 °C to 10.0

°C during storage (Ryall and Lipton, 1979). At lower

temperatures, the tendency of tubers to accumulate reducing

\
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! 1- stacked pallet boxes
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, ' ' 3. refrigeration system
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Figure 2.1: Refrigerated pallet box storage-
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sugars cause‘ them to fry dark. At all times, high RH (85-90 %)
is recommended (Porritt, 1974). :

Potatoes, as opbosed to carrots, need n& rapid cooling
after harvesting{ On the congrary, it is important to provide a
higher temperature (13.3-15.6 °C) and humidity\ (95 %)
environment during a 10-14 day period before gettfng it to the
storage temperature (Porritt, 1974). During this time, referred
to as the .curing period, suberisation and wound periderm
Fomgation take place. These processes reduce the tubers'
suséeptibility to subsequent storage losses by making their skin
firmer and tougher. Usually, fall temperatures in temperate-zone
areas are such that these temporary, but necessary, conditions

can be obtained without any mechanical refrigeration. Instead,

air-cooled storage that oberates by controlled ventiletion of

v

- cold outside air are widely used for storing potatoes (Ryall and

Lipton, 1979).

For economy of handling, most potatoes are held in bulk
bins although pallet boxes are still used (Porritt, 1974; Fig
2.2). The depth of piles may reach 4.5 m but greater managem
Problems are expebted for deéper beds (Bishop and Maunder,
1980). Conventional forced-air ventilation systems supply air
from ducts placed on or in the floor. The air travels up through
the tuber pile and returns above the pile (Ryall and Lipton,
1979).\}deally, adequate controls and duct?layout distribute ai?

of proper temperature and RH to tubers located at any point in
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the warehouse (Hall, 1980). o o

5 ]

\ ' i
2.3 CAUSES OF POSTHARVEST LOSSES ~ Lo

o

A major function of any slorage systém is to keep Storage .

losses as low as possible (Booth and Shaw, 1981). However, even .-

—— N ) N & .
if the optimum storage environment exists, losses will occur.

s

- Potato losses have been estimated to vary from 5 to 40 " %
, .
(Salunkhe and Desai, 1984b). Such a general estimate ig not

tvailable for carrots. These losses are likely to result from

physical, physiological or pathological causes or combinations
. C
/ of all these (Salunkhe and Desai, 1984b). \

2.3.1 Physiéal (or Mechanical) Causes

Losses due to physical or mechanical injury are often
@ overlooked (Booth and Shaw, 1981). Physical injuries and

bruising occur in various forms and arises at all stages: from
N .
pre-harvest through harvest and handlipg operations (Salunkhe

and Desai, 1984a; Nash, 1978). Soil and crop conditions,

temperature, handling care, operation and design of harvesting

and handling equipment aré factors that influence the amount of

-
~

no damage.

‘ o Bruising increases physi&logical ahd pathological losses
iﬁ‘ (Salunhke and Desai, 1984a; Lewis and Garrod, 1983; Booth and
“E r“ o Shaw, 1981; Nash, -1978; Apeland, 1974). 'When the skin of the
'tubef or the root is broken, the barrier against moisture foss

e ‘ and entry of fungi and bacteria is greatly reduced. As a result,

t




their storage life is shortened. - .

2.3.2 Physiological Losses \ ’>~ | . ' ;

: In' storage as during growth, vegetable crops are living-

N “organisms (Nash, 1978). fhey resqire and give. off carbon

0

-dioxide, water.vapor and heat. Physiological losses, thus,

combine natural losses of water from wilting or transpirétinn

i

and losses due to abnormal disorders arising from exposure to
unfavorable storage QOﬂdit}ons (salunkhe and Desai, 1984a)-
Normal respiration losses gsignificantly reduce produce weight .

and nutritional value. They account for less than three percent

of dry matter in potato tubers during a six month storage period

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

— 0

‘gprouting can lead to considerably higher losses of dry matter.

-

0 The potential of physiological losses are moye pronounced with 7

"

, carrots, ' their rate of respiration being about five times

greater than that of potatoes (Nash, 19§8). Moisture losses are

*

J
also likely to cause serious-problems considering the thin-

@ Ve

skinned ngture of these’ roots. In potatoes, the most obvious |
. @ /

undesirable chemical change is the accumulation of sugar

\ (Anonymous, 1983; Booth and Shaw} 1981; Rastovski et Blu,'l981).%
g Sugar content greatly influences the color of fried products.
Finglly, the extengﬁof phxsjglogicallloases (and other types of

‘- .losses as well) depends on the skill ‘with which the

g environmental controls in storage are handled kAnonymoua, 1983,

Rastovski et al., 1981; Nash, 1978; Roberts et al., 1976).

+
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2.2.3 Pathological Losses o et - o
2.2.3.1 General T ' -

' :
During storage, crops are subjected to a\wide range of
(

diseases that develop 'if conditions are‘ﬂavorablq (Salunkhe and

Y

Desai, 1984a; Nash, 1978, Eckert, 1975). Infectisns by fungus
and bacteria may give rise to serious losses both in terms of
quality &and quantity (Salunkhe and Desai, 1984a). In fact, a
major portloa of the total postharvest losses 1s attributed to

-~

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

and potatoes produced and stored in Québec support this

[y
statement. The- diseases that threaten carrots most in storage

) are watery soft rot (Sclerotinia sclerotiorum) and gray mold rot
P s - (Botrytis cinerea); bacterial soft rot (Erwinia carotovora) and
\_
. . . . .
- ( Fusamum‘dry Yot (fuserium spp.) are the major potato storage

diseases.

2,2.3.2 Carrot storage diseases N

~

Losses 1ncurred by Québec's carrot storers have been

¢ -

substantial. from year to year, the percentage of the storeé
i' crop wasted is estimeted to renge from 5 to SQJépersonal

communication with P, Sauriol, Agronomist, Ministétre de
| l'agriculture des pécheries et de 1l'alimentation du Québec or
M.A.P.A.Q. in St-Rémi, Québec). In 1985/spe01fically, a thorough
survey wags carried out on <commercia)l holdings in the
agricultural region no. 7 (M.A.P.A:Q. regions) by the Plant

Science Department of Macdonald College. Results reveated that

.‘\
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average losses were of the order of 20 % correspongding tﬁ a farm

¢
value of about 2 million dollars (personal communication with

Dr. R. D. Reeleder, Macdonald Collegé of McGill University in

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

reported to be susceptible to bacterial soft rot (Erwinia

carotovora), black rot (Stemphylium radicinum), Rhizopus soft

rot (Rhizopus tritici, R. stolonifer, or R. oryzae), gray mold

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

sclerotiorum)(l'ewis and Garrod, 1983; Crdte, 1980; Ryall and

Lipton, 1979). The survey identified the latter two as the main
carrot storage diseases in Québec, the predominant one being,
watery soft rot.

Across (Canada, Watery soft rot ié als8 counted among[the

diseases responsible for most losses to stored carrots (Créte,

[

19805. [t 1s caused by th fungus Sclerotlnia sclerotiorum which
produce a characteristic¢ growth of white cottony mycelium on the
host surface. The decaying rosts become soft and watery but
without sliminess (Cr&te, 1980; Agrios, 1978). During storage,
the disease spreads rapidly from infected fbogs to edjecen£
healthy ones and creates pockets pf decay. Infections that took
place in the field before harvest are largely responsible for
postharvest infections (Ryall and Lipton, 1979). Coo! and wet

~

{
harvest conditions favor the development of the fungus. Control

measures includes careful sorting, dipping in benomyl, and
storage at 0 °C and 95 % RH (Ryall and Lipton, 1979, personal

\ i ™

12
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The carrot is also quite susceptible to gray mold rot

(Lewis and Garrod, 1983; Nash, 1978). The pagbgﬁén involved is
+

¥ .
Botrytis cinerea, & fungus that is introduced into storage with

soil and enters the root throdgh‘the crown, the- baseg or
injuries: The les;ons appear soft and watery at first (Agribs,
1978). As the infection progresses they enlarge, change color to
brown and finally dark and become spangy and corklike. Mycelium
grows on the surfaée of the host. Because thé pathogen is active
at low temperatures, severe losses from molding may occur after
prolonged periods of storage (MacNab et al., 1983; Agrios, l978ﬁ
Nash, 1978). Rapid cooling after harvest agnd storage at 0 °C and
95 % RH reduce losses from the diseasc’(Lougheed.anU Valk, 1985;
Ryall and Lipton, 1979). Dippang the roots in a solution of
benomyl is alsd™ recommended (Nash, 1978; Crisp, 1974; personal
communication with Dr. R. D. Reeleder).
2.2.3.3 Potato storage diseases

Loss attributable to diseases is probably the most serious
gross postharvest losses in potatoes (Booth and Shaw, 1981).
Total wastage has been estimated to vary from 5 to 20 % or more,
and even reached 50 % when potatoes are stored in ;;tremely poor
conditions (Nagh, 1978). Data on losses due to diseases
aphlicable for the g;ovince of Québec fall within this range.
The results of a 1976-77 ;tudy conducted in several commercial

o

storages in Québec indicated that wast;ge amounted to 10-15 %

13




(Asiedu, 1979). Dramatic losses up to 60 % during -the first
three months of storage in some warehouses in the province were
also reported in stock stored for processing. Bacterial soft rot

(Erwinia carotovora) and Fusarium dry rot (Fusarium spp.) were

responsible for the losses although in the literature late

blight (Phytophthora -infestans), leak (Pythium spp.), and ring

rot (Corynebacterium sepedonicum) are also recognized as

important potato diseases (Logan, 1983; Ryall and Lipton, 1979;
Hodgson et al., 1973).

Bacterial soft rot 1s the most serious of all potato
storage diseases (Rich, 1983; Ryall and Lipton, 1979; Nash,
1978). It is capable of spreading from one tuber to anoﬁher and
of causing extensive decay within a few days when conditions are

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

Nash, 1978). The pathogen 1nvolved is a bacteria, Erwinia

carotovora (Hodgson, et al, 1973). It penetrates the tuber
usually through the,genticel (Pérombelon and Kelman, 1980)°but,
unhealed cuts, bruises, heat 1njury, or lesioa caused by other
diseases such as late blight or Fusarium dry rot are also sites
of 1nfections (Pérombelon and Kelman, 1980; Ryall and Lipton,
1979). Rotting tissues are at first wet, cream\colored and turn
b;own to black after a short time. In the early stages of decdy,
they are odorless but invasion by secohdary organisms transform
them into a foul-smelling, slimy mass of bacteria and decomposed
flesn (Harrison and Nielsen, 1981; Ryall and Lipton, 1979;

/
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Hodgson et al., 1973). Wet and warm storage envirorient greatly'

encourdge, the development of bacterial soft rotting (Harrison
and.Nielsen, 198l; Nash, 1978; Roberts et al., 1976). Good
ventilation is necessary to prevent massive loss once a wet

-

pocket of rotting tubers is established. ( .

Fusarium dry rot is a disease whose develggment is slower
in storage (Rastopskf et al., 1981; Nash, 1978). Nevertheless,
it,is regarded as one of the most Aimportant étorage diseases as
it m;y induce great losses (Rich, 1983; Hodgson et al., 1973).
Numerous species of the fungus Fusarium eredcausal egents of the
infection, one ;pecies being predominant in a given soil or
locality (Nielsen, 1981; Ryall and Lipton, 1979). They are wound
parqgites which infect tubers after harvest through mechanical
injuries caus;a by improper handling (Rfch, 1983; Rastovski et
al., 1981; Ryall and Lipton, }979). Fusarium lesions are prime
sites of infections for secondary invaders, especially Erwinis
spp. which cause rapid rooting and tHreaten Hearby tubers
?}ielsen, 1981) . The symptoms of Fusarium dry rot varies with
the species involved (Rich, 1983; Ryall and Lipton, 1979; Nash,

.o

1978;‘Buscﬁj 1975; Hodgson et al., 1973). Usually, the surfate
of 'the infectéd tubers is'yrinkled, sunken, and may range from
light brown to black in color. Affected tubers often develop
cavities which may be lined with white, yellow, pink or red
*Fusarium molds. The primary control measures are prevention of

v

tube; damage, establishment of a curing period to heal

15
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inevitable wounds, and storage in cool and dry conditions (Rich,

1983; Nielsen, 1981; Rastovski et al., 19813 Ryall and Lipton,

1979; Busch,” 1975).

2.4 STORAGE MONITORING METHODS .

Early detection of storage disease problems }s, of course,
an essential factor in their 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 losses occur (Schaper et
al., 1984; Roberts et al., 1976; Porritt, 1974). At present,
however, storage managers have at their disposal little means of
effectively monitoring stored crop conditions. The methods that
are available operate on different principles and vary &n degree

\

of sophistication.
N 3
2.4.1 Storage Manager's Inspections

To monitor crop conditions, most storers use their senses
as only tools (Sc%aper et al., 1984; Waterer and Pritchard,
1984b; Varns and Glynn, 1979). Through reqular inspections they
recognize the subtle changes in crop aspect and odor that are
related to quality deteriorations and especially disease
infections. Literature on this intuitive method is scarce and
the information in this section was mogtly gathered throygh

personal communications with managers . of warehovuses on local

farms and in the industry (Maurice Ouellette, potato grower and

16
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'storer at ‘Stl-Léc‘mart‘j d;Aaton‘,'j ‘Québecy Marcel ’Mi'ch’ea'ud‘;‘ extension
engineer, M.A.P.A.Q. in Rimouski,/Québec; E%g;fe Deutsch, .Humpty
Du&ptx,;nc. in Montréal, Québec). RN

During ceach warehouse visit, th?x stor%r checks
physiological hints given in by the stored crop that may reveal
the presence of diseases. FirsL, as he steps into the warehouse,
the sense of smell comes in&o play. The release of unpleasant
odors' by decaying produce is recognized as the earliest warning
sign. 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 ca%ried away by the
ventilation aiﬂ (Nash, 1978; Roberts et al., 1976) condenses
wheq the moist air encounters a nearby cooler surface.\Excessive
moisture also causes seepage on the floor or on the side of
pallet boxes. Finally, when decgy is well advdnced, especially
in bulk storage, the pile collapses clearly indicating the
extent of the infection (Rastovski et al., 1981; Wilson and
Boyd&\ 1945). 1In today's 'large commercial storage facilities,
althoséh these visual-olfactory signs do lead to the detection
of disea%F problems, significant losses would have ocrturred
already (Bchaper et al., 1984;‘Waterer and Pritchard, 1984b;
Varns and Glynn, 1979).
2.4.2 Temperature Sensing .

Storage ventilation systehs are necessary, in part, to

’ A
control the c¢rop's temperature (Hall, 1980; Ryall and Lipton,
!
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1979; Nash, 1978). The extent to which £héy are successful
depends on the relevant coptrob'équipment and also facilities to'
measure teméerature (Thompson, 1985; Statham, 1983; Rastovski et
al., 1981).

In bulk potato storage, multiple-temperature sensors are
sometimes used inside the pile to obtain its temperature at
several locations (Rastovski et al., 1981;\HalL, 1980; Roberts,
1976). Statham (1983) states that the optimum coverage of
sensing points equate one per 50-100 tonnes of potatoes. As the
breakdown of tubers is invgriably accompanied by a marked rise
in temperature (Nash, 1978; Wilson and Boyd, 1945), an
abnormally "high temperature recorded by a sensor could indicate
the presence of nearby infection leci (Hall, 1980; Anonymous,
1983). However, ghe readings are mainly used for control
purposes (Rastovski et al., 1981; Bishop and Maunder, 1980,
Roberts et al., 19 °6). The detection‘capability is an ;;ded
feature of the temzerature recording s;stem but not its primary
function. For disease monitoring, the network needs to be much
tighter.

Higher de itl 6f horizontal temperature sensing points is

achieved by thermal infrared' scanning (Hyder et al., 1984). As

mentioned beforg, spoilage generates heat and modifies the

7

‘tempgrature profile of the pile (Quellette, 19853 Nash, 1978;

/ .
Wilson and Boyd, 1945).:By scanning the pile with an instrument

that measures thernmal radiation, localized temperature

s 18
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variations may be indicative of ;;v"érimeating problems. ‘TF‘;LS'
technique is commercialized in thé.U;ited States gndfprovides
satisfactory resb%ts (personal communication with Larry Hyder,
Northwest Ag Consultant, Oregon).

In the Red River Valley (Unitequtates), infrared scanning
was successfully applied to sugar beet storages (Anonymous,
}978). An imaging thermal equipment was mounfed on an aircraft
which flew over unventilated sugar beet piles. Sections affected
by spoilage were spotted and removed by workers on site.

The practicality of detecting diseases by monitoring
temperature is doubtful when the stored crop is well ventilated.
Part of the heat generated by the pathogens developing locally
in a massive pile of p%oduce is dissipated by the air draught
forced through the pile (Rastovski et al., 198l1; Nash, 1978;
Roberts et al., 1976) . The residual heat causes small
temperature rise in the immediate vicinity of what is referred
to as "hot spot" (Anonymous, 1983; Hall, 1980). Recording these
increases in temperature would necessitate a high density ef
sensing points (more than one per 50-100 tonnes) which is not
convenient to cover large warehouses (Hyder et al., 1984;
personal communication with Maurice Ouellette). In that
perspective, the use pf infrared sensors appears as an
attractive alternative tog temperature probing (Hyder et al.,

1984). The technique does outline the entire horizontal

temperature distribution although large temperature deviations

19
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are unlikely (Quellette, 1985). Further more, benefits can be:fz‘

claimed from infrared monitoring only if early detection is
achieved. In general, disease detectionl mgthods based on slow
®

.

temperature rise and the appéarance of\ the usual visual;
olfactory signs are considered asgqually effective (Schaper e£
al., 1984; Waterer and Pritchard, 1984b; Verﬁs and Glynn, 1979).
\
2.5 VOLATILE MONITORI]ING
2.5.1 Concept and Practical Aspects ' -
An alternative method of assessing disease status of stored
crops is the monitoring of headspace volatiles. The concept
assumes that disease infection upsets both gquantitatively and
qualitatively the equilibrium of the gaseous mixture in the
storage atmosphere (Varns and Glynn, 1979). These alterations
would result from (a) changes 1in 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, 1984b; Richard-Moulard et
al., 1976). The ability to registef abnormal concentrations of
these gases cénveyed in the circulating air could possibly
provide early detection and identification of diseases 1in
ventilated storages (Schaper et al., 1984; MWaterer and
Pritchard, 1984b; Varns and Glynn, 1979; Abramson et 81/7/1980;
-~
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" Richard-Moulard et al., 1976).

2

The performance of a storage diseese detection system based
i g

on headspace volatiles is closely related to the’choice>of the

1

¢ volaéiles monitored and the monitoring strategies employed
(Wgterer and Pritchard, 1984b; Varns and Glynn, }§79). Volatiles

likely to be selected are those that are (a) as‘disease-specific

‘ as bossible; (b) produced in sufficient quantities to identify
) disease stresses at the early stages of development; (¢) known (
w

not to arise from unrelated sources (ex.: warehouse construction
materials, handling equipment, etc); (d} analyzed by methods
suitable for on-farm use (Varns and Glynn,.1979); and (e)
reliable wunder different disease development and storage
conditions (Waterer and Pritchard, 1984b). To get round the
( latter criterion, gas concentration ratios rather than absolute
values could be measured (Varns et al., 1986; Schaper et al.,
1984; Varns _and Glynn, 1979). In other words, concentrations of

»

normal volatile metabolites would serve as reference levels to

normalize the influence of extraneous factors. This information

generated 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 requL&gs numerous gas analyses and extensive data

processing.

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

computerized gas sampling and analysis system for storages. The
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“a(ys\tem is &ont‘l‘oJrl'ed b§ a Iperaonal compufer and is cap‘éble‘ of
logg;ng and processing }nform;tion regarding concentrations of
seve?al gases as well asy other parameters like storage and
climatological cb;ditibns, faq status, etc. In prglimingry
testé, sulfu£ hexafloride (SF6) was used to simulate a disease-
specific volatile while carbwon dioxide (COZ) served as the
primary reference gas. Four thousand hours of operation in
commercial potato warehouses confirmed that r;tios of "gas
concentration was a viable approach in the development of
procedures mainly gecause of anemometric effects on storage
atmosphere changes (Varns et al., 1986; Schaper et al., 1984).
Although this prototype requires further development before it
becomes commercially available, it provideé*exciting insights on
future vegetable storageffacilities.

Meanwhile, the production of volatile metabolites emanating
from perishable commodities Rmust be the subje;t of continuing
research. Key metabolites associated with diseased lots have y;t
to be identified. The complexity and, therefore, the
benefit/cost ratio of monitoring operations are closely'linked
to 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 Agricultural Crops

The volatile profiles of many agricultural crops have been
examined to some extent (Heath, 19813 Charalambous, 1978;

\
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Salunkhe and Do, 19765 Self, 1967). However, these studies were

-

conductedvﬁithin the framework of aromp analysis. Few dttempts

"to define the volatile profiles of healthy agritultural crdpa

[3

during storage has been reported'(Abramson ep a{., 1980;
Richara-Moulard et al., 1976; Dravnicks et al., 1973; Meigh et
al., 1973; Hougen et gl., 1971; Rasekh and Kramer, 1971).
Likewise, limiféé*information on the volatile metabolites

elaborated by some microorganisms such as bacteria is available

¥
~ o

(Kaminski et al., 1972; Hernis et al., 1966; Lammana and
Mallette, 1959). The first report on host-pathogen interactions
was published by Kaminski‘and co-workers (1973) where odorous
volatiles produced by vari;us fungi groaowing on stored cereals
were identified. | . | >,

Other research work was conducted on cereal ékains.
Richard-Moulard et al., (1976) observed the production patterns
of some volatile compounds associated with fungal gfowih in
stored corn. Their findimgs suggest that sequential production
could serve as early warning of Spoilager Abramson et al.,
(1980) monitoied,the amounts of known fungal ddor components
emanating.from small parcels of barley, wheét and oats during
several weeks of storage., Correlatidn 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 Asperqillus psrasiticus in peanut stocks. Lee et al (1973)

_—
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?‘observed considerable quantitative dif‘f‘erencee bei:v;eeh' lthle"~

vbla}:ile profiles of contaminated and sound. stocks. ’

2.5.3 Volatile Profiles of Stored Carrots and Potatoes: .
Althdugh headspace ’.analysis techniques hh;ve been used to ‘é

distinguish carrot cultivars, to determine the_n:—res'idual :

storage lif‘é (Resekh and Kramer, 1971), and in aroma analysis

. (Simon et al., 1982, 1980a, b; Salunkhe and Do, 1976; Buttery et

al., 1968), no experiments on stress detection in stored carrots ‘

by means of volatile monitoring have been published to date.’

Rasekh and Kramer (19Y1) obtained profiles fro!n,é carregt

o cultivars that were. composed of 12 wunidentified volatile
compounds, ,

Conversely, volatile monitoring for disease detection in

0 stored potatoes was extensively investigated. In both laboratory

and commercial environments, Varns and Glynn (1979) observed
significa?*nt qualit’ative' and quantitative changes in the

production patterns of healthy and diseased lots. Laboratory

tests revealed that tubers inoculated with soft rot bacteria
. »

(Erwinia \rarotovora var. atrosceptica) produced several

compounds at gr;aater rates than healthy tubgrs. Abnormal
concentrations of thre_e compounde (acetone, ethanol and 2-
butanone) were recognized as specific response of soft"r‘ot
| infection. Higher levels of these compounds were also ;neaerred

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

carotovora and Fusarium spp. It appesred feasible to gathen
E;
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useful information.on the pgathogen present and its stage. of

‘development by, following the changes in tkhe volatile

1 .
fingerprints (Varns, 1983; Varr and Glynn, 1979).

Canadian workers continued work on volatile profiles of
diseased potatdes. Waterer and é}itchard (1984b) first repeated
the expériment on soft rot infected tubers. They fouhd
discrepancies between their results and tthe reported by Varns
and Glynn (1979). With the exception gf ethanol, the dominant
compounds 1n the diseasewinduced volatile profiles were entirely
different from those observed by Varns and Glynn (1979). They
speculated that dissimilarities between the two studies were

™

related to differences :n testljconditions and experimental

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

volatile production characteristics of ring rot (Corynebacterium

sepedpnicum) and soft rot 1nfected potatoes. The volatile

profiles of the two 1nfections had 1n common & number of
metabolites, However, disease-specific changes 1n terms of
relative concentrations were observed and at least one compound
was unique to each 1nfections. Finally, the same technique was

usdd to determine whether infections. caused by two varieties of

'

E. carotovora f(carotovora versus satroseptica) could be

differentiated on the Abasis of volatile production
characteristics. The attempt was not successful (Waterer and

Pritchard, 1985).

25.
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2.5.4 Headspace Analysis Techniqués “

The term headspace is defined by Wyllie et al. (1978) as
the gaseous'mixture surrounding a sample within a closed system
ig equilibrium. For diverse applications, the headspace contains
valuable 1nformation about the sample” when its composition'is
revealed, usually by gas <chromatography (GC) or gas
chromatography-mass spectrometry (GC-MS; Barnes et al., 1981;

Charalambous, 1978; Bertsch et al., 1974; Murray, 1977; Zlatkis

-

et al., 1973),
In most headspace studies, sampling 1s a serious concern
fog)two maln reasons. First, the comaounds of , interest are
present 1n relatively small amounts, often belJ: detection
levels of GC 1nstruments. Secondly, these compounds are almost
always dominated by water which léwds to rapid deterioration of
the GC analytical column. The conventional direct 1njection
method using a syringe 1s therefore 1nadequate and replaced by
met hods that incorporate pre-concentration and cleanup
procedurcs (Heath and Reineccius, 1986; Numez et al., 1984;
Bafns et al., 1981; Tsugita 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;
Charalambous, 1978; Murray, 1977). With this technique, sampling
and pre-concentration can be achieved in a single step where the
volatiles are entrgined onto an adsorbent (Numez et al., 1984;

K

Barnes et al., 1981; Bertsch et al., 1974). This adsorbent,
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usually a synthetic poroué polymer, can be readily and
i M >~

compfetely desorbed either simply by heating or elution with an

[

appropriate solvent (Barnes et al., 198l1). Because porous

polymer are hydrophobic, they do” not retain large amounts of
0‘

water (Barnes et al., 198%; Bertsch et al., 1974). The

techniques related to the pre-cqpcentration of headspace

volatile for GC examination have been reviewed by . Numez et al.-=

(1984) . v -
’

The review 1ncludes a compilation of the principle
physical characteristics of available porous pélymer. A trapping
medium is selected on t;; basis of adsorptiwve capacity and
selectivity, thermal stabilﬁ%y,]and Jevels of background when
thermal desorption 1s used (Numez et al., 1984; Barnes et al.,
1981; Murray, 1977). Tenax GC 1s the most widely selected
adsorbent because of 1ts high thermal stability (Heath and
Reineccius, 1986; Numez et al., 1984). 0On the other hand,
adsorbents of the Chromesorb series have also been favored
because they best combine the above selection criteria (Waterer
and Pritchard, 1984b; Mu;;ay, 1977). The suitable polymeric
material is packed into small tubes, often referred to us
"traps", which serve as the volatile collection device.

for exami®hation by GC- of the adsorbed analytes in trap

tubes, Numez et al. (1984) favored ~thermal /over liquid

dzgorption. Severél thermal desorption techniques have been

proposed (Krost et al., 1982; Young, l9§l; Tsugita et al., 1979;
\

]

. ‘ \
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Petbrson, 197Q; Williams et al., 19783 Murray, 1977; Brown Ef
al., 1971).ﬁJPL one described by .Murray (1977) involves the
introduction of- trap tubes directly into the GC injection port.
The desorbed volatiles are momentarily recondensed on a cold

.

pre=column to achieve plug injection onto the GC column. The
technique requires little modification to the GC wunit and is a
simple, 1nexpeasive gng effective means of thermal desorption
(Numez e{ al., 1984). Sophisticated thermal desorption wunits
adaptable to GC instrumgnts are commercially available (e.g.:

Tekmar Company, Ohio; Supelco Canada Ltd, Ontario).

V]
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TII- 'MATERIALS AND METHODS

3.1 GENERAL

| A dynamic headspace analysis technique (Numez et al., 1984)
was utilized in order to simulate ventilated stérage bins.
Purified dir (the purge gas) was continuously swept through
small lots of carrot roots or potato tubers placed inside sealed
containers. The emerging gas flow was passed throqgh a suitable
polymeric adgorbent and vented to the atmosphereéﬂfﬁﬁ headspace
volatiles were removed from the gaseous effluent Sy adgorption
onto the trapping medium and subsequently thermally desorbed for
examination by gas chromatography (GC).

GC analysis generated chromatogrgms. These charts, on which
volatiles are reproduced as peaks and recognized according +to
their retention time, were actual graphiggl displays of volatile
profiles from stored carrots and potatoes. The approach followed
in this study was to discern the compounds ( or the peaks) that
were unique to diseases of each vegetable. To achieve this,
comparisons of the chromatograms obteined from, Ffor example,
healfhy and diseased carrots were made on the basis of a match
of corresponding peaks. No quantitative analysis was performed:

Attempts to identify all volatiles in the profiles were made by

gas chromatography-mass spectrometry (GC-MS).

3.2 EXPERIMENTAL SETUP

The expérimental setup was designed to achieve comparative
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collection of headspéce volatiles. Ten acrylic cyliﬁdrical
conéainers having a Eapacity of 7.7 lite?; each and dimensions
as shown in Figure 3.1 were conn&gted to a manifold via
individual 3.2 mm 0.D. teflon tubings. Purified air originating
from a pressurized cylinder was passed through a 6m x 3.2 mm
0.D. colum; of molecular sieve (type 5A; 60/80 mesh) to improve
its purity and through a layer sf water at the bottom of the
manifold for getting the air to saturation levels—(Flgure 3.2
and Photograph 3.1). The manifold outlets were calibrated to
supply each container with an equalorate of air flow. The air
was then forced through the produce inside the container and
vented to the atmosphere after passage through parallel traps of

porfous polymer adsorbent. Because the setup was not totally

volatile~-free, a blank container was wused to distinguish the

extraneous volatiles from those emanating from the stored
produce. In addition to this, a short collection run with all
containers left empty was done. The containers and the manifold
were housed in a controlled environment cabinet. This design is

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

3.3 TRAP CONSTRUCTION AND CONDITIONING A,

The traps located on the container lids were used to sample

and concentrate the volatiles released by the stored produce.
They were constructed from stainless steel tubes 88 mm long by

3.2 mm 0.D. (Figﬂ:ﬂ 3.3). Outside threads were made at one end
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2. acrylic cover

3. outlets: locations
of traps

4, cover screws
4

. S, rubber seal

6. teflon lining

7. inlett supply line
fitting
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Figure 3,47 Construction details of one 7.7 liter container.
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2. pressure
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. flow meter
L . manifold
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N

. pair of
odsorbent
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Figure 3.2: Schematic of the experimental setup.




Photograph 3.1: Experimental setup. (Note: column of molecular
sieve omitped).
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Figure 3.3:
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10, 6-32 NC threads
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Chromosorb 105 trap and insertion rod.
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so that they coulg‘be screwed into the container lids. The other
end was tapped to suit the thermal Hesorption method (see next
section). The tubes were packed with 80 mg of 60/80 mesh
Chromosorb 105 gsecured between silanized glass wool pads. A bent
short section of stainless steel wire kept the lower pead from
moving. - , )

Conditioning was accomplishéa b; heating the perous polymer
to an elevated temperature i1n a non-oxidizing atmosphere.
Batches of 20 traps 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 oven. Prior to the beginning of the experiment, the traps

were conditioned at 200 °C for 24 hrs. After each use, they were

reconditioned for 12-16 hrs at 170 °C.

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 GC Unit. For this purpose, the technique described by Murray
(1977) was selected and adapted to a Hewlett-Packard 5890A gas
chromatograph. Some modifications to the instrument were
necessary to allow direct insertion of the trap into e
injector port. The volatiles were unloaded from the traps :Eg

recondensed onto a cold pre-column for their instant injection
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without disturbing the carrier gas flow. -
3.4.2 Modifications to.the GC 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 assembly, a pluyg
valve, and a purge line was simply screwed”onto the head of the
injec'tozj port by the septum retainer nut. The pre-column was a
S-curv){gd glass-lined stainless gsteel tube located inside the
oven. Midway along the tube was a 15 mm long packing of 5 % 0V-
101 on 60/80 mesh Chromosorb-W held between silanized glass wool
pads. The pre-column could either be cooled by a hollot; probe
periodically filled with liquid Nitrogen or heated by a similar
probe fitted with a resistive coil controlled by the GC
circuitry (Figure 3.5):. Both probeé were cylindrical, made of
brass, and insulated with a 3.2 mm thickness of teflon. A U-
shaped notch was machined at one end of each probe to closely
fit and surround the pre-column. Access of the probe to the pre-
column was given by an opening in the oven lid made by the GC
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 °C was brought to
ambient temperature, screwed onto an “insertion rod (or - plunger;

t
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. seal assembly
perforated septums
equilibrium chamber
purge line

plug wvalve

plug valve handte
injector port (Figure 3.6)
GC oven lid

proke insertion hole
@ 10, pre-column
9 11, pre-column packing
| 12, pre-column support

13. column end fitting
14, copitlary column

79 7

-
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Figure 3.4: Schematic showing the trap introducer, the injector
port and the pre-column installed on the GC unit.
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Photograph 3.2:
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0 ‘ Figure 3.3) and thrust through the seal assembly into the
“ * equilibrium chamber tosa point where the vent holes in the
plunger were still visibié. The purge line was opened for 1
minute to flush _eir out of the trap with Helium (10 ml/min) at
about 25 °9C. (Z:?lrap was pushed further into the equilibrium
chamber to encdose the vent holes and the purge line was then
closed. The plug valve was opened and the trap lowered against

the teflon seat 1n the heated inlet liner of the injection port

(Figure 3.6). To maintain a good seal, a mass (750 g) was placed

over the plunger hendle. The pre-heated carrier gas flow of

Helium (10 ml/min) was thus diyerted through the plunger vent
holes and through the trap 1n a backflushing direction. Under

the effect of heat, desorption took place and the released

¥

volatiles were recondensed onto the pre-column packing through

-

E ;R‘Iw.:

cryogenic cooling. After 6 minutes, the trap was removed from
the 1nlet liner but left 1nside the oxygen-free equilibrium
chamber to cool down and then the plug valve was closed. The
cooling probe, 1nserted through the oven ,hlid, was then quickly
/ replaced by a heating probe tohachieve the instant injection of
the condensed volatiles. Step-by-step injection procedures are

described in Appendix A. !

3.5 GC ANALYSIS f '<
Gas chromatographic analyses were performed on a Hewlett-

Packard 5980A gas chromatograph withY a flame ionigation
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Fiqure f.6: Enlargement of the injector port.
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detector. Separation of the volatiles was gbtained with a 60 m x

0.75 mm I.D. glasé column coated with Supelcowax 10. Conditions
of analysis are summarized in Table 3.1. A Hewlett-Packard 3390Ao
reporting integrator recorded the detector output (i.e.
chromatograms).

3.6 GC-MS ANALYSIS

Analyses combinin gas chromatography and mass
spectrometry were -car;T&d out to identify the volatiles
collected. The GC-MS unit ;as located in enother laboratory
(Agraiculture Canada Plant Research Center, Ottawa) where a
similar volatile trapping syst;m, also based on thermal
desorption, was already 1n operation. However, the thermal
desorption unit was designed to accept larger trap tubes than
those used in this study. These traps were made of stainless
tubes 76.2 mm-long by 6.4 mm 0.D., packed with 130 mg of a
different polymeric materisl, 60/80 mesh Tenax GE (Fi;:%e 3.7).
For GC-MS analysis, the sadsorbed samples were transferred frdh
the small graps to the larger ones.

The trénsfer was accomplished with minor modifications to
the original thermal desorption arrangements. The GC column was
disconnected and the pre-column replaced by an identical glass-
lined stainless steel tube containing no packing (Figure 3.7).

Tenax GC traps were screwed onto a reducing union connected to

the transfer tube. The same wunloading procedures explained




YTable 3.1: Gas Chromatographic conditions.” A

Sample introduction (injector port):

temperature: ~ 160 C

purge gas: Helium

purge gas rate: 10 ml/min.

coolant: liquid Nitrogen
Gases:

carrier gas: Helium

carrier flow rate: 10 ml/min.

make-up gas: Helium

make-up flow rate: 25 m1/min. .

air flow rate: 300 ml/min.

4

Temperature program:

&
isothermal at 70 C for 5 pin, 70-160 C at 2.5 C/min, and
isotHermal at 160 C for 4 min.

¥
: .

Detector:
- /({;pe: flame ionization -
temperature: 220 C

43




e e g L ar R e rome T L B AMe PEMFASTN Swd™ gl R0 G
AT T - s " R TR C A R A S O S

K .. - p]
7& ‘
|
oV — —— 6.4 mm \CD @)\
I v
JOX
O
76.2 mm
@\ LEGEND
-
1. transfer line
2. reducing union
3. Tenax GC trop
4, 1/16 in. Swage—-type
threads
S. stainless steel tuke
1 6. silanized glass wool
7. Tenax GC packing
8. stainless steel fritt
'
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\éaglier were foldowed except that neither the cooling or the

heating probes were used. The volatiles released from the
Chfomosorb traps were re-adsorbed in the Tenax GC traps. During

£

the process, the GC oven fan was turned on to maintain the
transggr and the Tenax,%C trap gfbes at room temperature. After
adsorption, the Tenax GC traps were wrapped in aluminum fol},
placed in indiﬁgdual glass culture tubes that were capped ;:L
se?t to Ottawa for analysisi

Identification of the compounds were tentative. Their mass
spectra were compared with those present in the Finnigan Library
(National Bureau of Standards). The degree of certainiy in a
given match was evaluated considering the index of purity.
Identical spectra were given an index of %urity approaching
1000, the maximum value (personal communication with( P.
Lafontaine, GC-MS operator, Agriculture Canada Plant Research
Center, Ottawa).

The GC-MS unit was in fact a Varian 3700 gas chromatograph
connected to a fFinnigan-Mat 312 mass spectrometer with IﬁCDS
Data System. Volatile separa}dﬁn was achieved with a shorter
column but lined with the same coating, that is a 30 m x 0.75 mm
glass column coated with Supelcowax 10. Chromatographic
conditions were different than those reported for the GC runs

and are summarized in Table 3.2 along with those of the mass

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

(Anonymous, 1986).
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Table 3.2: Gas Chromatographic and Mass Spectrometry (GC-MS) .
¢ conditions. g

N

- Gas Chromatography:

Sample introduction (CDS 320 concentrator):

temperature: 250 C

pur gas: Helium

pur gas rate: 30 m1/min.
Gases:
§
carrier gas: -~ Helium §
carrier flow rate: 3 ml/min.
Temperature ;iogram:

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

. |

- Mass Spectrometry: Epi
Ion source: / <

ionizing voltage: - 70 EV

accelerating voltage: 3 kv

ionizing multiplier: 2 kv

-
Mas€s scan: 40 to 4003 2 sec/scan
Resolution: 1000
‘*l‘

Temperature:

ion source: 250 C
capillary interface: 250 C
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3.7 VOLATILE COLLECTION

3.7.1 Carrot Experiment
3.7.i.1 Root inoculation

Fungal inocula were used to induce diseases in carrot
roots. They were prepared from sectioned roots that were first
autoclaved for 30 minutes at 100 kPa and 100 °C. The sterile

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

agar (PDA) disk of actively growing cultures of S. sclerotiorum
Pers. ex. Pers. or B. 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 1 °C were washed in sterile water.
Nine of the ten containers we?e filled with approximately 3 kg

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

S. sclerotiorum was 1inserted among the roots 1in three

containers. B. cinerea inoculum was added in a similar fashion
to three Bther containers. The control treatment/ consisted of
three containers of non-inoculated roots. The tenth container
was left eapty to assess the quality of the purge air during dLe
experiment.
3.7.1.2 Collection procedures

All containers were tightly clos@h, placed inside the
controlled environment cabinet maintained at 3 °C, and connected

to the manifold. The flow rate of non-humidified air (i.e. the
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manifold comntained no water layer) to each container was
measured with a ball flowmeter (Figure 3.8) and arbitrabil} set
to 20 ml/min. The traps scre&éd into the tontainer lids were
replaced every 4 days and the flow rates recalibrated to 20
ml/min. The traps reﬁoved were wrapped in A;uminum foil to avoid
contamination during handling and stored until analysis at 1 °C.
Some trepg were sealed with teflon and held at -10 °C inside
capped glass culture tubes for longe} period of storage. The
experlmen;\lasted 32 days and was repeated once.

In the second trial, two pieces of inoculum instead of one
were used in the B. cinerea trea@ment to encourage more disease
development. Once the experiment was completed, the degree of
infection was assessed on the basis of a count of roots invaded
with mycelium.

3.7.2 Potato Experiment

3.7.2.1 Tuber inoculation

Isolates of E. carotovoraea ver. carotovorsa and F. roseum

var. sambucinum were respectively obtained from the Agriculture

Canada Research Station of Summerland, British-Columbia, and the
Agricultural Canada Reccarch Station of Charlottetown, Prince-
Edward Islanth—JIhe bacteria, maintained on nutrient agar slants
at 5 °C until then, were streaked on a nutrient agar Petri plate
and incubated ;t room temperature for 48 hrs. The plate was then
flooded with 10 ml of sterile wdter and the suspension added to

50 mf* of nutrient broth. This diluted suspension was left at
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Figure 3.8:

l. container lid
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4. tubing
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Measurement of air flow rate to individual containers.
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room temperature on an orbital shaker for 72 hrs. The inoculum

was prepared by diluting 40 ml of the bacterial culture in 60 ml

>,

IS

of sterile distilled water. At that time, the concentration was
approximately 107 bacteria/ml. ' ‘

The inoculum of the fungus E: roseum, whieh was kept before
use at 5 °C on PDA slants, was prepared by transferring a
fraction of the original culture onto a fresh PDA Petri plate
and held at room temperature for S)days. One hundred ml of
potato dextrose broth was 1noculated J1th a 5 mm dia. PDA disk
of the fungal culture. After 96 hrs on an orbital shaker at room
temperature, the fungal suspension was Filterea through two
layers of cheese cloth and centrifuged for 20 minutes. The
sunt was discarded and the spores were re-suspended in
sterile water to a concentration of 10° spores/ml (Dhingra and
Sinclair, 1985).

Healthy potatoes (Solanum tuberosum) of the <cultivar

Atlantic, stored for 1 to 3 months at 15 °C, were washed and
rinsed in sterile water. Six kg of the potatoes were inoculated
with ghe bacterial culture by injecting 1 ml of the inoculum in
eaéi tuber with a syringe, fitted with a 38 mm long needle (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 to
prepare three replicates with the fungal inoculum. As controls,

three containers of tubers wounded with syringe injections of
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sterile wéter were used. Again, thestenth container was not ~;
filled for air quality coptrol purpoées.
3.7.2.2 collection précedures

- The containers were not immediately Ssealed. Rather, they
were left open at room temperature in the dark; and misted water
was applied on the tubers every 8 hrs to keep them moist. After
48 hrs, the 1lids were put on the containers which were
transferred into the cabinet mainteained at 15 °C and connected
to the manifold. In this case, the manifold was partly filled
with sterile water to humidify the purge air. The volatile

collection period and the trap handling were the same as

described for the carrot experiment. The 16 day long experiment

was conducted twice=

After each trial, the damage caused by the diseases was

~

evaluated on the basgis of affected tissues. Each tuber was

sliced and the flesh visually inspected. A number from 1 to 4

was assigned depending on whether less than 25%, 25% to 50%, 50%
5

to 75%, or more than 75% of the area of the transversal cut
* appeared t% be affected.
3.7.2.3 CO, monitoring
For the potato trials, the air flow rate to individual
containers was adjusted to avoid excessive carbon dioxide (002)
accumulation in the tuber headspace. Based on a CO, balance at
f steady-stafe (i.e. C0, production rate versus C0, removal rate),

«
- a flow rate of 35 ml over 2 kg of potato tubers would limit the
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concentration of CO, below 0.3%. The actual respiration rate of

the tubers in’(terms of CO, “produced was required in the

.

calculation and was measured with the electronic sensor

.

developed by Forcier et al. (1987). X

COZ 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, was analyzed with a Fisher-

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

reporting integrator (model 3390A).

A




IV - RESULTS AND DISCUSSION
4.1 INTRODUCTION | \
In this study, the headspace above stored carrots =and
potatoeyﬁ;as anal%zed. The purpose of thgyexercise was to

|
explore further theiuse of volatile constituents ‘of the storage

\

\L
atmosphere to detect vegetable storage diseases, with a specific

emphasis on 1dentifying those that would be specific to each
infection. Being the first of its kind 1n the Agricultural
Engineering Department of Macdonald College, the headspace
volatile sampling system had to be developed and the analysis
techniques implemented for this research work. For this reason,
the chapter begins with a discussion on the performance of the.

volatile collection and analysis technique used.

4.2 EVALUATION OF THE VOLATILE COLLECTION AND ANALYSIS TECHNIQUE
4.2.1 Method of Collection
4.2.1.1 Experimental setup

The expérimental setup designed for this study permitted
the simuftaneous collection of headspace volatiles from 9
samples. The samples were small lots of either carrots or
potatoes an&ﬂthe experiment consisted of three treatments: two
different diseases and one control; 3 replicates per treatment.
A continuous flow of air over the produce simulated ventilated
storage bins. This arrangement produced comparative volatile
profiles from vegetables stored in controlled conditions.

-
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Some vg;idtions in the Jolatile profiles collected were
¢caused by the experimental setup itse l;sulting from uneven
supply of air to individuel conftainers. In the dynamic headspace
analysis technique utilized, the headsgace vapors were entrained
by the purge gas and concentrated onto Od; polymer traps. The
composition of the trapped vapors are éﬁpwn to vary with the
flow rate of the purge gas and the time of collection QWyllie et
al., 1978). In this study, imprecisions 1n the Floq metering
system were of the order of 10%. In the potato experiment for
example, an air flow to each container adjusted to a rate of 35
ml/min could result 1in differe;ces in the total volume of air
supplied to each container of approximately 40 liters after the
96 hr collection period. Theoretically, a deficit of 40 liters
1n sampling volume could keep the concentration of certain
compounds below the detection limit of the analysis in one
replicate while being detectable in others. However, the main
effects of wuneven 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 GC analysis, the
area under the peaks <can be correlated to the compound
o

concentration (Kaiser and Debbrecht, 1977).

In this study, these apparert 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,

)
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Figure 4.1: Chromatograms obtained from two replicates of the same carrot

trestment show difference in appearance partly due to uneven supply of
air.
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many volatiles almost certeinly rgached the saturation levels of
the trap during the 96 hr Pollectien pﬂriod. Therefore, after
passage of a given volume of air, the adsorbed amount of these
. N
volatiles remained unchanged. If a similar headspace analysis
technique were to be used in quantitative jtudies, the flow
metering system-should be improved to ensure an even air
distribution to ea-- gsample and the retention capacity of the
trap respected.

The material of whlchg the containers were made, acrylic
resin, has several advantages. It can be sawed), holes can be
drilled and threads tapped in 1t with ordinary hand tools;
separate pieces can be eassi1ly glued together with solwvent
joints. The end product were containers light in weight, more
resistant to impact than 1f they were made of glass while being
transparent, a requirement for visuel inspection of the stored
produce throughout the experiménts. The main disadvantage of
acrylic resin was the fact that this materiasl was not totally
voletile-free although it is considered chemically inert for

most ifplications (see next section).

. 4.2.1.2 Traps

The fundamentsal components of the headspace analysis
technique were the tréps. Their anction was to sample and pre-
concentrate the volatiles emanatin® from the respiring material
placed inside the containers. The porous polymer conveniently
retained the adsorbed volatiles until thermal desorption without

N
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any ' special handling cat\‘e. Some loaded traps were put away for
long periods (up to 7 months) without any app%rent loss of
aqé}ytes. The trapping medium beiﬁg enclosed in a rigid
stainless gteel tube, its accidental disturb#ﬁie by poo:/
handling was nearly impossible. Repetitive adsorption,

desorption and reconditioning in prolonged\routine use had néﬁ

noticesble effect on the trap performance since the major peaks

on the chromatograms were reproducible.

After collection, the content of the traps consisted not
only of volatile metabolites emanati%g from the sample under
study. Other compounds released by the material which the
experimental setup was made of, produced following thermal or
oxidation breakdown of the porous polymer during the analysis
procedure (Murray, 1977), 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 _headspace 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).
Chromatog:ams B and C were the backgrounds after a 96 hr
collection period in the «carrot and potato experiments
respectively. The latter two chromatograms, obtained from the
tenth container (i.e. the one left empty), differed slightly

5

57



8s

o

Chromatogram A

73
1

J‘R

.
(R IR ]

Background of a clean trap-

»n
L] >
§ s A s
¢ A , , ' —— =&

— 1 T 3 ! !

Chromatogrum BsBackground for the carrot

1] 2

Chromotogrum C: Background For the potato

Figure 4.2:

Three chromatograms
collection system.

\ experiment

. :

experiment

-
=, =
1 | $

representing

T T T U

the background of the volatiles




"Table 4.1: Tentative

identification of the \major background

components (as referred to in Figure 4.2).

Chromatogram No. Compaound
A: clean trap

1 acetone N
B: carrot background

1 acetone

2 dichloro methane

W
3 ethanol
4 2-methyl-2-propenic acid, methyl ester

C: potato background
1

2

1

acethaldehyde

acetone

dichloro-methane

ethanol

benzene

2-methyl-2-propenoic acid, methyl ester
toluene

hexanal

ethyl benzene
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even though they were characterized .as part of the same
experimental setup. Differences could have been partly due to
the slow purging and chemical breakdown of the system since the
carrot trials were conducted a few months before the potato
experlment. The main background components are listed in Table
4.1,

High backgrounds are to be avoided or minimized {n a study
of this neature. The perception of the ectgil profif%s of
volatiles under study could be confused i; a background
dominated chromatogram. This situation occurred 1n the potato
experiment where the ;POFllES of healthy tuber¥K(control) were
eclipsed by the background (Figure 4.3). The opposite prevailed
in the carrot experiment (Figure A.Q).~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 level. The remedy, besides using a trapping
medium that gives acceptably low and consistent backgrounds
(Murray, 1977), would have been to build the experimental setup
only with materials which are as chemically inert as possible
(i.e. glass, stainless steel, etc) and circulate in it a purge
gas of high purity. Varns and Glynn (1979) found it necessary to

k2
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clean the equipment components they used by placing them in a

vacuum oven to reduce the background.

Assuming that a volatile moaitoring system was installed in
a commercial storage site, the backgrdund 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 determinant factor. As pointed
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 storage
monitoring systems are likely to be controlled by computers
(Rowe et al., 1986; Schaper et 'al,, 1984; Hunter and Rowe,
1982), the information could be processed by suitable software
programming to filter out the background. Such features in data
processing are routinely used 1n mass spectrometry analysis

(personal communication with P. Lafontaine).

4.2.2 Methods of Analysis

4.2.2.1 GC Analysis

The merits attributed to the technique of thermal
desorption of the #raps 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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"o was adapted to receive them, the inst{allation of. the introducer
2 G

e and the pre-column required no more time than it normally takes

to replace a GC column. This feature came handy when ordinary
direct injections (i.e. with a syringe) were necessary. The

actual injection procedures took about 11 minutes to complete

(see Appendix A). In routine operation, some steps were
sometimes inadvertently inverted 1leading to a miscarried
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 wulterior analysis. There was no evidence
suggesting GC <column deterioration as verified with the
manufacturer column test mix even though well over 300 analyses
‘jp 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) was subjected to
excessive wear and the perforated septums had to be replaced

several times. The rough surface offered by the outside threads

on the traps were largely responsible for the rapid
deterioration of the seal. In addition, as the septums wore
down, small fragments were introduced with the traps and became

contaminants (see below). The teflon seat at the bottom of the '
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inlet liner (Figure 4.6) also caused some concern. Although the
traps were strongly ﬁresﬁed agéinst it duriné desorp}ién, a
perfect seal was not necessarily obtaiwed. Le;kege would cause
residues ;n the outside surface of the traps to be drawn aloﬁg
with the leaking portion of the carrier gas flow and to
contaminate the analyte. This explained:why the traps had tob be
wrapped in aluminum Foil'to avoid direct hand contact or
contamination fro; other sources. The”insgrtioﬁ of the traps in
the carrier gas flow had another noticeaéﬁe effect. Contfary to
what Murray (1977) reported, when the traps were pushed down
int3 or removed from the inlet l%ner, the  carrier gas flow was
markedly disturbed. These disturbances being unequal from trap

o

to trap caused the retention time of the volatiles, which is a
L

function of the carrier gas flow rate, to vary from one analysis

tq another. The solytion to this problem was to wait until the

carrier gas flow had re-established before injecting~ the

analytes onto the column. These minor defects had little or neo

3

.influence on the quality of the analysis.

The technique consumed large quantities of liquid Nitrogen.
For each injection, about 0.5 }iter of N, was required to
recondense the volatiles unloaded fr;m the ‘traps. When supplies
of Ngy must be purchased, the cost per analysis maf be high. The
teflon’insul;tion on the cryogenlcally cooled‘probefsplﬂt
several times. The 1nsulat1on phould have been thicker or

-

replaced by a more resistant material. The hot probe, on the
' , N
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Figure 4.6:

Schem
1

L GEND

1. septum retainer nut

2. perforated septums

3. (heated) injection”’
port weldment

carrier gas line

carrier gas flow

inlet liner

teflon seat

pre—-column

trap nnser‘tnon rod

10 vent hdles

11. trop shown outside

inlet liner
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ic of the injector port., The teflon seat is

ated near the bottom of the inlet liner.
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,other hand, performed well throughout the s&udy.

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 oppoased to Chromosorb 105 which had no

"specific adsorptive properties (Murray, 1977), Tenax GC . was

known to exhibit selective adsorption of certain classes of

compounds, especially highly volatile compounds (Numez et al.,

~1984). Consequently, poor recovery or complete -loss of several

volatiles occurred in the tramsfer, making their identification
=9

impossible by this method. Ideally, the analytes should have

been transferred on Chromosorb 105 packing. However, the

conjuncture at that time was such that Tenax GC traps had to be
)

6

used.

T

4.3 DISEASE SPECIF{C RESPONSES

In this study, special attention has been focused on
vplatiles which could be considered e&s disease indicators jin
stored carrots and potatoes. The evolution of these compounds in
the storage atmosphere could then provide warning of disease
infections and also be wuseful in identifying the pathogens
involved in 'order to initiate proper corrective measures.
Compounds showing greater potential wers\:iiiﬁ/ﬁpecifically
produced by diseased roots or tubers an? not by healthy ones.

They were recognized by comparison of the volatile profiles
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obtained from the inoculated and non-inoculated treatments.

4.3.1 Digsease Indicators in Stored Car%ots

Comparisons of the carrot volatile profiles revealed that 4
compounds were of significant importance. Compounds ¢ and d,
represented ;s peaks in the ch;omatograms shown in Figure 4.7
were only detected in the headspace of carrots infected with S.

sclerotiorum and B. cineres, respectively. Compound -c,

identified gs dichloro benzene, appeared 16-20 days after the
beginning of the experiment and remained detectablifuntil the
end. Compound d, Whose identity was not determined, was detected
right from the first analysis but faded away and completely
disappeai§d after 24 days in the first trial and after 12 days
in the sé&ond trial. These production sequences confirmed visual
observations indicating that 8. cinerea did not stay
metabolically active in the environment provided in the
experiment, while conditions were more favorable to the growth

of 5. sclerotiorum. The difference in the time appearance (or

disappearance) of the compounds of interest between the two
trials were due to an accidental rise in the cabinet temperature
(up to 30 °C) that occurred during the first few days of trial
1. Compounds a and b (Figure 4.7) were found in all profiles.
The former was part of the background and its identity, 1,3,5-
tris(methylene)-cycliheptane, is only relevant to this study. On
the other hamg, the latter represented a volatile identified as

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

©

on the chrometogra%s. The responses were consistent in all

\ replicates throughout the experiment.

I3

Here is an example of how a disease monitoring systeg might
operate. Compounds a and b would keep the\same function‘and act
as reference gases. The role of compound a would be the one of
an internal standard to check for leaks or other defects in the
volatile collection apparatus. Cémpound b, a normal metabolite
of stored \carrots, would be used to normalize changing storage
conditions related to, for example, management practices and

- \

external climatic influences on the storage atmosphere (Schajar

et al., 1984). Ffinally, the concentration of the disedse

specific gases, compounds ¢ and d, would indicate the degree of
‘:; disease infection. The data collected would be processed and
presented in terms of éas c?%centration ratios (Schap;} et al.,
1984; Varns and Glynn, 1979).
The damage caused by the fungi as assessed after the
completion of the experiment is reported in Table 4.2. In the

control treatment, some roots showed signs of decay caused by

/W\Alternaria dauci and Penicillium spp. Minor secondary invasions

gy Erwinie spp. were also noticed. Carrot dormancy was broken as

indicated by the growth of adventitious roots and leaflets.
Handling of the carrots at room temperature for several hours

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

the recommended 1 °C), combined with the fact that the carrots
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vo Table 4.2: Number and percentage of healthy and diseased carrot

roots per treatment after the completion of each 3
triael. %
Number of roots: ;
-diseased: -heslthy: -otherl: Total: :
Treatment: l2 2 1 2 ) 1 2 1 2
control:
1° Q 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
total: 0 0 110 102 6 1 llé 103 |
s.d.’: 0 0 2.0 6.2 1.0 0.6 - -
%7 0 0 95 99 5 1 100 100
S. sclerotiorum:
- ﬁ 1 35 32 4 3 0 0 39 35
2 34 29 . 3 4 0 0 37 33
3 33 & 33 6 3 0 (8] 39 36
total: 102 94 13 10 0 0 115 104
s.d.: 1.0 2.1 1.5 0.6 0 0 - -
- 89 9 11 10 0 0 100 100
B. cinerea:
p)
1 10 9 26 27 0 0 36 36
2 11 11 28 23 0 0 39 34
. 3 10 10 28 25 0 1 3B 36
total: 31 30 82 75 0 1 113 106
s.d.: 0.6 1.0 1.2 2 0 0.6 - -
%: 27 28 73 71 0 1 100 - 100

roots invaded by other microorganisms.

trial number.

replicate number.

standard deviation.

percentage of the total number of carrots in a given
: treatment.
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utilized were approaching the end of their &torage 1life, may

have triggered this reaction. The invasion by unwanted

"microorganisms was limited and did not cause noticeable shifts

in the volatile profiles. Visual inspections revealed that the
interruption of the dormancy affected all nine samples equally.
Data in Table 4.2 also show that variation 1in disesase
progression among the rgplicates within the same treatment was
minimal. .

-

4.3.2 Disease Indicators in Stoted Potatoes
4.3.2.1 Volatile metabolites

In the experimegt with potatoes, at least three compounds
revealed themselves as potential disease indicators. Compound
labelled with letter ¢ (Figure 4.8) was detected in the
headspace above tubers infected with Fusarium dry rot and was
absent from any other treatment. It is interesting to note that
the same compound was also present in the headspace of diseased
carrots (Fiqure 4.9) but its presence in the carrot profiles was
erratic and sometimes confused with the background. Other minor
compounds produced in lesser quantities were also specific to
the Fusar}um dry rot treatment. However, compound ¢ clearly
predominatéd and has, therefore, more potential. It was not
possible to determin; the identity of any of these volatiles.
Other r;;earch works on the metabolites elaborated by the fungus

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

some indications regarding their nature.
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Figure 4.8: Complete and truncated chromatograms illustrating

from potato tubers inoculsted with F
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Chromatogram: Carrot roots inoculated with
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Figure 4.9: Chromatogram from carrot roots inmoculated with S. Sclerotiorum. Arrow
points to .a compound also found in the headspace above potato tubers
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The volatile profiles of tubers inoculated with the

bacteria E. carotovora showed limited specificity. Dimethyl A

disulfide, labelled with letter b in Figure 4.10, was a major
volatile in the bacterial ;gft rot treatment. It was not
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 (Kigure 4.11). On the other iand, pentane,
generating peak a, Qas consistently dominant in the profiles of
both diseases. Similar EP dimethyl disulfide, pentane was not
present in the headspace above the control samples. The compound
responsible for the large peak exhibiting excessive tailing
(pointed by the arrow in Figure 4.10) characterized the bacterf%
induced profiles. Its identity was not determined and its

chromagtographic behavior showed inconsistent retention time. As

opposed to the carrot experiment, all volatiles showing

rspecificity in the potato profiles were detected at all
analyses.

E. carotovora and f. roseum maey not directly induce the
production of dimethyl disulfide. E. carotovora infections are
usually odorless at the early stages of decay (Harrison and
Nielson, 1981). A foul odor develops as rotting tissues are

_invaded by secondary organisms. The presence of dimethyl

disul?ide, a highly odoriferous compound, in the headspace abave

potato tubers would be indicative of advanced decomposition.
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chromatograms illustraeting dfsease-specific
responses from potato tubers inoculated with E. carotovora.
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Fhis hypothesis . seems to be supported by the fact that the

areater damage_cgqged by F. rogeum infection in'the second trial

was accompanied by an obvious increase 'in dimethyl disulfide
production (see Table 4.3'For the disease damage assessment). As
ggintg! out by Waterer and Pritchard (1984b), since secondary
invasion of E. carotovora and F. roseum infected tubers normally
occurs under commercial sforage conditions (Harrison .and
Nielsen, 1981{ Nielsen, 1981), detection of such volatiles may
be a viable meaﬁs of detecting soft rot or dry rot infections.
Table 4.3 ’shows compiled data on damagesncaused by each
disease. Disease ppogressi;n was faster in the second trial and
variations among replicates within the same treatment were low.
There were some differences in relgtive disease damage between
trials 1 and 2 because the containers in the second trial were
left at room temperature for & longer period after inoculation.
Pentane and dimethyl disulfide were not recognized by other

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

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

identified,6K acetone, ethanol, and 2-butanone‘ as possible
indicators of soft rot infections. The former two were part of
the background in this study and, therefore, the significance of
their contributions could not be determined. 2-butanone was
detected in the headspace above non-«inoculated and _inoculated
tubers. For this reason, it cozld not be considered as a

specific response of soft rot infection. Varns and Glynn (1979)
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.| Table 4.3: Number snd percentage of potato tubers per treatment &
in the given damage categori!% after the completion rﬁ
of. each trial-. !

' Categories of Infected Area

0-25% 25-50% 50-75%  75-100% “Total:
Treatment: 11 2 1 2 1 2 1 2 1 i .
control: s
12 16 13 0 0 4 0 O 0 16 13
2 15 15 0 0 0~ O 0 o ., 15 15
3 13 14 0 U] 0] 0 0 0] 13 '14
total: 44 42 0 0 0 0 0 0 44 42
- s.d.”: 1.5 1.0 0 0 a 0 0 o - -
g4, 100 100 0 0 0 o 0 0 100 100
E. carotovora:
1 0 0 5 0 7 2 3 14 15 16
2 0 0 2 1 7 1 8 15 17 18
3 0 0 2 0 5 2 9 15 l16- 17
total: 0 n 9 1 19 5 20 44 48 50
s.d.: 0 0 1.7 0.6 1.2 0 3.2 0.6 - -
% 0 0 19 2 39 10 42 88 100 100 "
F. roseum
1 4 2 8 6 3 5 0 2 15 15
2 4 0 64 3 5 1 4 12 13
3 4 0 8 4 2 5 0 4 14 13
total: 12 2 20 14 8 15 1 10 41 41
Bod.= . 0 102 2.} 200 1.0 0 0.6 l-2 b -
%: 29 5 49 34 20 37 2 24 100 100 g
T _ .
l1: trial. . - %
2: replicate. ’ ‘
: o 3: stapdard deviation. o
Y 4: pencentage of the totel number of tubers in ‘a given 4
' ~ , breatm?rt. ‘ , ' ' -
— ! - §
0O R ;i
: - “‘ - 3
- : ‘ | 80 A
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did,. however, detect a series of sulfureous compounds,
including dfhethyl disulfide. Waterer and Pritchard's results,
o the other hand, showed no presence of dimethyl disdlfide.
Instead, Waterer and Pritchard (1984a, b) found 2-propanol and
two minor unidentified compounds to be unique to the samples
from the tubers 1noculated with E. carotovors. 2-propanol was
not detected 1n the current study. These discrepancies may have
originated from differences between experimental conditions
(Waterer and Pritchard, 1984a, b). Each research team adopted
1ts own headspace analysis technique and even used different
varieties of potatoes (Chieftan, Russet Burbank, and Atlantic).
The choice of headspaceganalysis technique has been found to
have a determinant effect on the results (Ismail et al., 1980;

Wyllie et al., 1978) while varietal influences on the volatile

production patterns have been observed 1n carrots (Simon et al.,

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

‘from potatoes and carrots are summarized in Table 4.4.
4.3.2.2 CARBON OIOXIDE MONITORING

The air composition in three containers (one/treatment)
were monitored to verify the degree of CO, accumulation. The air
flow rate to each container was calculated on the basis of a
balance of C0, at steady state considering that non-inoculated
tubers produced 6.1 mg of COz/kg/hr. The aim was to keep the €O,
level below 0.3%. The actual concentrations measured after 4, 8,

and 16 days are listed in Table 4.5.
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Table 4.4: Digease-specific metabolic volatiles for carADts and

potatoes.
N 1
-
Diseases: Metabolic volatilel: \ -
- Carrots:
S. sclerotiorum:
02 dichloro benzene .
!
B. cinerea: \
d unidentified
- Potatoes:
E. carotovora: ' -
33 pentane
b dimethyl disulfide /
F. roseum:
’ a pentane
b dimethyl disulfide
c unidentified
* o
1: Identified by GC-MS.
2: As referred to in Figure 4.7.
3: As referred to in Figure 4.8, 4.10, and 4.11. ¢
. 1
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Table 4.5: Levels - of carbon dioxyde in one container , per

treatment after 4, 8, and 1¢ days after the beginning
of trial. ' * e

Percent of 002~

h -3
{

Treatment: al, 82 , lé6: Average:
-Trial 1: . .
control:

0.25 0.27 0.22 0.25
E. carotovora:

1.83 1.77 1.43 1.68
F. roseum: ~

1.30 1.55 1.29 1.38
-Trial 2:
control:

0.29 0.29 0.38 0.30
E. carotovora:

2.22 2.64 " 2.55 2.47

" F. roseum: .

1.77 1.85 2.41 2.01

l: days after the beginning of the experiment. y
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Some' comments rega;ding differences 'in CO, levels aﬁ?ng‘ :
tréatmenta:,should’ be ‘made. As eipected, the atmosphere
;urroundiﬁg diseased tubers was ri;her in/éoz.’This is because
storage ‘stresses increase the respiration® rate of the tubers
*(Rastovski et al.; 1981; Schaper and Varns, 1978; Smith, 1977)
and aerobic microorganisms consume oxygen. 002 levels.seem to
correlate/yell with the relative deqgree of decay caused Qy soft

rot and Fusarium dry :rot ‘infections since both damage and 002

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

These data suggest ‘that (0, would be a reliable disease
indicator. However, €0, production has been linked to other.
: potato varisblesYsuch ds maturity and bruising (Radtovski et

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

v

Smith, 1977). Volatile monitoring for disease detection would be

~

greatly facilitated if /it relied on the detection of compounds

known to be present in hhe sforage atmosphere only when the
\

J

corresponding diseases are spreading. As a matter of fact, it is
interesting to note that Schaper et al. (1984) have made use of
[4 '

CO, as a primary reference gas to normalize storage conditions
and not as a disease indicator in their attempt to develop
storage sampling, procedures for disease detection_ by volatile
monitoring.

1 .
S
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o ) Table 4.6: Averaéﬁ. levels o; carbon dioxyde and péréentage of 3
o . potato tubers  in the four damage categories &
( \ ot determined in one container per treatment.’ %
Categories of Infected Area ) %
\ 0-25%  25-50%  50-75%  75-100% = CO,:
k ol o o 2
Treatment: % ~ b a %
. -Yrial 1:
control: -
| 1040 0 0 0 0.25
E. carotovora:
‘ 0 33 47 20 1.68
. F. roseum: '
0 27 53 20 0 1.38
-Irial 2:
' control: .
100 0 g 0 0.30
E. carotovora:
0 0 13 87 2.47
F. roseum: )
- 13 40 33 14 2.01

percentage of the total number of tubers in replicate 1.
average volue for the 1l6-day long trial. N

“:’ 85
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4.4 PROPOSED HDNI*ORINB SCHEME - ;

4.4.1 The Use of Disease Indicators

The - ability to determine the exact crop Mdisease status )

during storage by volatile monitoring would be a definite asgset
. ' -

to the storage manager. Decisions concerning short term versus

%Lng term storage would be based on an objective prognosis done

3 ) after harvest. Advance ;Eﬁice would allow the bins presenting

|
the greatest risks to be unloaded first balancing the expected

f

{ ) losses with the market opportunities. Data accumuleted over the
years would aid in correctly assessing the storage potential of
. the crop in the currént year. These examples illustrate that

¢ ‘ better information about crop conditions would inevitably lead

- . \to improved storage man%gement.
& ’4' ) ,
G&, Careful selection of thé volatiles monitored is primordial

if volatile monitoring is to’ be successful. Analysis of the
headspace above stored carrots and potatoes revealed that some

’

metabolic volatiles were unique to ‘disease infections of each
i vegetébles. These gases, because th;y were disease-specific,
satisfied one of the criteria of an ideal disease indicator (see
section 2.5.1). The other criteria relate to the aciual
monitoring operations in commercial storage facil;ties.’
Consequently, "it has yet to be determined whether the disease-
o - gpecific gases identified in this study would be guitable for

* ! I3 * . 1 * . > ’
’ ' on-farm sgurveys. Their detection in controlled conditions does
. 5 . . N .

suggest that detecting diseases By volatile monitoring is
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feasible and that> these volatiles should be ‘regarded as
DU ' R

) v )

, potential disease indicators. ) gt

2 1

v " ‘Once reliable indicators of disease ‘development have - been

:

oselected,'their pfoduction patterns as the infections progress
should be studied. Waterer and Pritchard (1985; 1984a, b)

observed that the increase of the total conceéntration of

volatiles from diseased potatoes foliowed the(exponential growfh
X of the pathogen populstion. gpwever, quantitative analyses in .
- this case were based on the headspace above 1 kg of tubers that
might not'be representative of the atmosphere prev;ilinq in

commercial storages. A mass of several tonnes of potatoes

provide -the opportunity for many infection loci caused by .

different diseases. to develop asynchronously. The model

B

0 describing the overall volatile production is likely to be more

complex. Despite increaseds™ifficulties, further research work

should be carried out in cemmercial-size research bins ¢to
\

o generate data wusable ;by the industry (personal communication
<

with Dr. M. K. Pritchara, Ufiversity ,of Manitoba in Winnipeg, .

Manitoba). ) :

\

4.4.2 Sampling of Storage Volatiles
Sdmpling procedures for monitoring headspace volatiles must
not be overlooked. Narehqdaeg, as most confinement structures,

are not completely tight. Outside air penetrates in and storage

air leaks out. Air infiltrations have been shown to be strongly

influenced by the wind (Varns et al., 1986; Schaper et ail.,

——

, . , |
O o7 | |

Ty N ot s N

VoW Vo . . .
Y ¥ Y e R v .

Do o b dep Wl 30 " . B



T 4y T e

.. R . W T ey A P R T PR

B 4«1 ’ * 11 - Cy s 1 + vi " a1

, <y e, . . . y % . ) ot TR

f » . ) . ! . : X
-/ .- ST . . A " A \ cate Y
WA - ¢ ¢ ¢ t N\, ‘ AT
Lo . T a n L s -
- 3
- ~
M +

' * rd
Cd E , . )

corrected to take ‘into acc%u,r%t the dilution effect of the

~ - gtorage atmosphere. Thé use of .concentration .ra)tios ({.€.

199

-

’0diseas_e-specif@c volatil%s/no“;"n'reg{ me'tabolic volatiles) \appe;ara
as theé?¥ most p’ractic‘al appl:ogj’g" to alleviate this prob’lem
(Schaper et al., 1984; Varns andllynnr,_ 1979).

The number and the loca'tio‘? :of sampling points in the
warehouse are determinan‘t design parameters. The implementation

of sophisticated gas sampling and analysis systems as the one

proposed by Schaper ang co-workers (1984) 1is unlikely in the

. ' near future. Their conception requires expensive and independent
hardware for each warehouse wunder supervision and their

(
acquisition would be justifiable for large operation only.

C‘%‘ Rather, -a system making use of adsorbent traps, for example,

analyzed in locel government laboratories is probably more

adequate for the present needs in Québec. A similar service,

of fered at no charge, is routinely used by farmers interested to

measure to nutrient value of their soils. Be’cause of limited

r.esources, a given maximum number of samples per warehouse would

. be assigned. (one sample per so many tonnes of produce stored) .

* \ The furn-around time of the analysis results would be, of

’course, critical since timely decisions would depend on them. In

this perspective, the sampling points need to be caref:uily

- corinsidered.for adequate cov'erage of the warehouse. In bulk

storage, ventilation sysatems recirculate the air that was for)ced

',3« | \ E . ‘
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; o ; ) througt; tﬁe. pile.ﬂA thorc:ugh study of 'the 4airl flow 'a'tre'ama in ‘1
. the headSpece above the pile sﬁoula prdvidé some~good indication ,%
sbout- the best strategic locations. The aim should be “’

concentratea on obtaining tw:lmost useful information at midiméi "é

! -

cos}s. ¢

q
.

All these considerations emphasize the need for on-going
research work in this area. Besides sampling equipment and
procedures that have yet to be adapted for on-farm @se, storage //

~

stresses other than diseases are now attracting researchers'

il
N

~attention. For example, the multi-million potato processing
industry is always <confronted with the problém of the
accumulation of reducing sugars. Volatile mohitoring is
contemplated as a technique to predict the optimum time for &

o
o 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 such a

technique.

4.5 VOLATILE IDENTIFICATION

GC-MS analyses were carried out to identify the volatiiés

‘ collected. It is important to stress that the identification was

based on a match of the observed mass spectra with those
available " in the Finnigan Library (National. Bureau of
Standards). In cases where the spectra of more than one compound

provided a reasonably good fit, a situation occurring espepiallj

o .
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L By ooty Bt L e ‘13%,{1:, 0007 ) ! - N C . « Tt e et
o Sssadden Bl L Tl L ROPATE R L . L s . ;



with coﬁpounds of complex molecular ;trpctdres, th; one’
éenérat;ng the highest i;dex of,purify was selected. In
addition, since the GC ;nd GC-MS analysis were perforgédhunde;
different chromatographic conditions, the positidn of, the
identified volatiles on the chromatograms in Figure 4;12 and
4.13" are not absolute. However, although tentative, thg
identities and the relative positions reported here give usefu{

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

Y 24
G identified, none have been reported in aroma studies (Simon et

al., 1982, 1980a, b; Salunkhe and Do, 1976; Buttery et al.,
1968). However, in these studies, the volatile consgituents were

obtained by destructive methods (e.g. steam distillation-

' . extraction; Buttery et al., 1968) of freshly harvested. carrots

v and not from intact roots stored in normal atmosphere for

L}

*
gseveral months.

‘~ Here, the term "normal metabolic volatiles" is pefhaps

-

o misused. As reported before,.the‘dgr#ahcy of the carrot roots

y

was Eroken during the course'of the experiment. Sprouting modify
" the metabolism of stored produce (Salunkhe: and Desai, 1984b;
: Burton, 1982) and consequently probably the metabolic volatile
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Tentative position on the
volatiles of carrot roots
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Table 4.7: Tentative identification of Several "normal betabolic
volatiles of carfot roots (as wﬁferred to\Qp Figure

v 4,12).
No. Compound: | : : T
) . N . ‘8 “ Q. - ) v
1l _ _ ° - - pentane
. 2 heptahe
. . 3 ‘, - l-heptane ’
4 o fur;n :
5 acetone :
. 6 tetrahydro-furan ' \
A 2,6,6-trimethyl-bicyclo[3.1.1] hept-2-ene
8 tr{chlpro-mgthane - °
7 l-propanol a
@. 10 6,6-dimethy1-2;mef.hy1ene-bicyclo[3.1.l] hept“ane
| 11 ‘ h-m;bhylene—l-(methylefhyl)-cyplohexene o
12 { 1-butanol -
o ) 13 o 3,7,7-trimethyl-bicyclo [4.1.0] heht-3-ene
( " 14 ' pyridine ‘
. | 15 4-ethyl-1, 4-dim?thyl~cyclohexene
B PR 16 4—me£hyl-l-Clﬂﬁethylethyl)-bicyclo[3.l.QIhex-2-ene
17 3,7,7-trimethyl-bicyclo[4.1.0] hept-3-ene |
; : 18 l-methyl-l'o-(f-methylethyl)-benzene
2% N 19 ‘ l-methyl-4- (1 methylelidene) -cyclohexene * ’
20 methyl(l-methylethenyl) benzene -
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“* profiles. Thué; in this case, the metabolic volatiles qualified [E

as, "normal" re?er to those metabolites that were not related to
LY s . & )

diseage developnent. : . )

4.5.2'Potato Volatiles .-

L RN
The volatile production pattern of stored potatoes differed

substantially from the one of stored carrots. .The abundance of

—

volatiles emanating from patato tubers in terms of number and

2

apparent concentration was modest when compared to the volatile
profiles from barrot'roots. {Ris low produhtion of volatile ::

met abolites may’have stemmed partly Trom difféerences in the rate

mend d

of respﬁrétion, a measure of the produce metabolism (Salunkhe

-

and Deséi, 1984b; Byrton, 1282). Carrot .roots are characterized
by a respiration rate several times greater than the one of Tl
potato tubers (Forcier et ai.,'}987; R;all and Lipton, ﬁ9793 -
Nash, 1978). Nevertheless, the Fact‘that the background'

overshadowed ghe.volatile profiles from potato fpubers evidehcgd

the inadeéuécy of the headspace ghalysis technique to collect

normal metabolites of stored potatoes. Meigh and co-workers

”

2 (1973) repdrted similar difticulties. in collecting sufficient
yield of metabolic material evolving from intact potato tubers

and destructive methods had to be used. The technique describfed '

° - ’

i% the curreﬁf study did register clear speci?ﬁc responses from
. . - \ - A
diseased samples and ‘was therefore suitable for that particulgr -

applicatiogp. - .

-

A typical prbfile of volatiles from non-inoculated potatoes .+ .-

Lt
-
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is shown in Figure 4.13. 2-butanone wasg 1the only volatile not
found in the background. However,dacethaldehyde, ehtanol, and
acetone, three béckground compoujnds, were detected by Varns and
Glynn (1979)*gnd Waterer and Pritchard (1985; 1984a, b) in the
headspace of stored potatoes. Benzene, eand toluene were also
identified as important potgto volatile metabolites ('Pjeigh et
al.; 1973). Because these compound$ appeared 1n the background,
it was uncertain whether they also emanated from potato tubers.
In any case, the metabolites detected here almost certainly

represented only;a portion of the entire metabolic profile from

carrots and potatoes (Waterer and Pritchard, 1985).
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Figure 4.13: Tentative position on the <chromatogram of several compounds detected
in the headspace above non-inoculated potato tubers (see Table 4.8).
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Table 4.8: Tentative identification of several compounds :
| *deteécted in the headspace above non-inoculated potato '
tubers (as referred to in Figure 4.13).

Ay
v

No. Compound: Eﬁv

- Some backgqround components:

)

1 acethaldehyde

2 acetone

4 dichloro methane

5 ethanol

8 benezene
- 7 toluene ¢

Y
& - Potato volstile:
C -m

3 2-butanone1

) l: present in trace amounts; detectable by GC-MS.
: f
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V- SUMMARY AND CONCLUSIONS

5.1 SUMMARY . : .-

The range of metabolic volatiles produced by healthy lots
of carrot roots (cultivar Charger) and potato tubérs (cultivar
Atlantic) were compared to those from safiples infected with
common storage diseases. The primery objective was to
investigate the possible use of headspace volatile profiles in
a storage diseaée detection systenm. .

The experimental setup was designed to simulate ventilated
storage b%ns and to generate comparative volatile profiles.
Inoculated and non-inocuiated samples (2 infections, 1 control;
3 replicates/treatment) were placed inside individual coﬁtainers
continuously purged with purified air. Traps of polymeric

~adsorbent were utilized to collect and pre-concentrate the

volatiles that were subsequently thermally desorbed for gas
chromatographic examination.

The chromatograms obtained were graphical reproductions of
the headspace volatile profiles collected. Their study revealed
that each host-pathogen combinations gave off at least one
metabolite that was not detected in the headspace above the
.control lots. These metabolic volatiles could eventually act as \7 f

disease indicators in commercial vegetable warehouses.
»

Attempts to identify the disease-induced and normal
méhabolites were made by gas chromatograph}-maas gspectrometry.

The analyses, which necessitated the transfer of the anafytes




@ *from one trapping medium to anotl;er, ellowed the provisional

R B identirication of 20 normal metabolic .volatiles of stored
carrots.uéonversely, apparently'fewer metabolites evolved from
stored potatoes since extraneous compounds dominated the ,
observed pro?iles._Neverthelesa, the range pf metabolites
emanating from potastoes and carrots undoubtedly includes many
more compounds.. Other techniques of headspace analysis might
extend the list of detectable volatiles considerably.

The monitdring of headspace volatiles as a method to detect
storage diseases seems feasible. Much 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 during storage is

“e-\i—, '

becoming the key factor for improved storage management and

postharvest loss reduction.

' 5.2 CONCLUSIONS
Based on the results observed during the course of this
study, the following inferences are applicable to the headspace
analysis of stored carrots and potatgps:
1- The technique of headspace analysis developed allowed the
comparative collettion of headspace volatiles emanating from 9
ventilated samples éimultaneously. ' . .

2- One metabolic volatile was unique to each carrot fungal

“
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infection. A compound, identified as dichloro benzene, was only

detected above roots inoculated with S. sclerotiorum. The
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identity of the compound respopsible for the specific response
of roots inoculated with B. cinerea was not determined.
3- The volatile profiles iﬁ&gced by the two potéto pathogens: E.

/

carotpovora and F.  roseum, featured two commonly shared

metabolites: pentane and dimethyl digsulfide. These compounds
were absent from the profileé of non-inoculated tubers, At least
one additional compound (unidentified) was unique to the
Fusarium dry rot infection.

4- Although about 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.

/
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VI;,hEBDHHFNDATIONS FOR FURTHER RESEAhbH~ -

i " The following research will assist towards developing the
greatApotehtial of headspace volatile monitoring as a te?hnique
to detect sforege stresses and make ittapplicable By the
industry:
l- The occurrence of extraneous compounds in the storage
" atmosphere monitored is likely to be inevitable in commercial

warehouses. Sampling methods and data processing capabilities

should be developed to alleviate their effect on the monitoring

system performance.

v 2- Quantitative analysis should be performed in real-scale

environments to determine whether volatile monitoring can
i p provide early disease detection. Such factuel information would
i c;f} readily become usable by the industry and sparks its interest.

3- Disease is a classical postharvest stress to which most fruit

and vegetable crops  are subjected. Other undesirable

physiological changes might cause appreciable shifts in the

produce normal metabolism. Detecting these shifts by volatile

P

monitoring would widen its applicability and contribute for

Justification of the cost of the expected extensive

" installations required.

h
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Appendix A: Step-by-step GC injection procedures™.

Step Time elapsed Descriptio
(min.) :

1 - Trap brought to ambient temperature.

2 0 a) Trap secrewed onto the plunger and pushed
through the seal assembly to a point where
the vent holes in the plunger are still
visible.

b) Cooling probe inserted onto the pre-

column.

note: From this point, liquid N, is periodically poured in to
the cooling probe to keep it cold.

3 1 Purge line opened.

4 2 a) Trap pushed into the eguilibrium chamber
to enclose the vent holes.

b) Purge line closed.
c) Plug valve opened.

d) Trap lowered against the teflon seat
inside the inlet 1liner.

‘e) Mass (750 g) placed over the plunger
handle.

5 8 a) Mass removed.
b) Trap withdrawn from the inlet liner.
¢) Plug valve closed.

6 9 a) Cooling probe quickly replaced by heating
probe.

b) GC programmer sequence actuated.

Yy

7 10.5 - Heating probe removed.
l1: Please, refer to Figure A-1l. r\\
110
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1. seal assembly
2. perforated septums
3. equilibrium chamber
4, purge line

d. plug valve
6
7
8
9.

. plug valve handle
. injector port
. GC oven ld

proke insertion hole '
@ 10, pre-column
— 11. pre-column packing
’ 12, pre-column support
13. column end fitting

14, copillory column

7 K8
® @

I

|

b
N @%

PE

Figure A-1: Schematic of the trap introducer, the injector port
) 0 and the pre-column.
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Appendix B: Chromatograms for the carrot experiment;

All chromatograms in Appendix B are sorted according to the

following numbering system:

v.nl.n2.t.n3.

where v

vegetable:

C for carrot

nl - trial:

1 or 2.

n2 - analysis:

1,2.3,...0r 8.

t - treatment:

C for control, or

S for Sclerotinia sclerotiorum, or

B for Botrytis cinerea.

5

n3 - replicate:

- 1,2’ OI‘ 3.
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N

Appendix €C: Chromatograms for the potato experiment.

”} N -

All chromatograms in Appendix C are sorted according to the

following numbering system:

. -t V.nl-nz-t.n3. {?

where v - vegetable

P for potato

nl - trialy?'

1l or 2.

n2 - analysis:

1,2.3, or 4.

t - treatment:
C for control, or

E for Erwinia carotovora, or

’ F for Fusarium roseum.
n3 - replicate:
1,2, or 3.
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