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SUMMARY

Gas  chromatographic  and
speetrometrie analyses methods were
used for ethylene concentreation stud-
ies amd the identifieation of other
volatiles in controlled  atimosphere
(CA)  storage  atinospheres.  Direet
chiromatographing of CA storage at-
mospheres provided a rapid, simple
method for following the othylene con-
centeations in 11 CA apple stor-

nuss

ages, Comparisons of the effeets of
apple variety, fwo types ol earbon

dioxide rewoval equipment, aud  (he
presenee or absence o activated ear-
bon onethylene  concentration were
mitde, Extracts of activated carbon
frawe an air purifieation unit whieh
wias used inoa CA O Melntosh apple
storage for one season were analyzed,
Identification of many of these com-
pounds was achieved by I'ast sean-
ning mass spectral analysis of effluents
from a tewperature progesmmed mas
chironatographic  column,  Saturated
and unsaturated  hydroearbons  pre-
dominated both in mumber and quan-
tities,  Several esters, primary and
secondary aleohols, and a few alde-
hydes were also identified.

INTRODUCTION

The identity ol volatile compounds
produced by apple Froits has received
considernble attention in past deendes
{Thompson, 19515 Thompson ¢t al.,
1951; ueling 19525 and Henze et al.,
1953, 1951).  The literature on the
effeet of volatiles on produet quality
is also quite voluminous and has been
recently veviewed by Smock  (1961),
Meigh (1956, 1957), and  Phillips
(1959). In generaly the conclusions
are that no relationship between vola-
tiles and seald has heen established
and that the number of volatiles ana-
Ivzed, although lengthy, has been laek-
inge especially in the quantitative anal-
ysis of the different components,

Most of the methods and techniques
that have been used for the earliop
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studies of apple volatiles  although
sensifive are cumbersome for complete
analysis of sueh a complex nmixture
of compounds, The methods and re.
sulls of studies on apple stornge vola-
tiles and similnr problems suggest, that
the use of advaneed physienl-chemieal
methods o sampling and  analysis
showdd add significant information to
the apple volatile picture as shown hy
Turk et al. (1951), MacGregar et al.
(196 1) and Meigh (1860, 1061),

This study stresses the appliealion
ol dow-temperature high-vacuum  dis-
tillation, mass spectrometry and gas
cliromatography for qualitative  and
pantitative analysis of apple storage
volatilex. The purpose of this study
wits the gualitative and quantitative
analysis of some controlled atmosphere
apple storage volatiles and how they
ave affected by various stornge con-
ditions,

EXPERIMENTAL PROCEDURE

Direct cthylene concentration anal-
yses. Kthylene concentration in con-
trolled atmosphere storages was ana-
Ivzed direetly with an Acrograph model
A-GO0 THy-Fi chromatograph. A V-in,
X 10T stainlesssteel eolamn pueked
with 0%, Castorwax on Chiromaosorh
W, an oven femperature of 50°C and
ioas sumple size of 10 pl were nsed
For all gas analyses of storage room
atmospheres. A management sununary
ol the 11 storage rooms used in the
study s shown in Table 1.

The desired levels of oxveen and
srhon dioxide were obtained  purely
by the vespiration of the froil with
serubbers to vemove exeess earbon di-
oxide in all storages exeepl room 11,
This storage had an experimental eon-
trolfed  atmosphere generator and g
carbon dioxide serubber to produce
amd maintain the desived  concentra-
tions o oxyzen and earbon dioxide.
The oxyeen wnd earbon dioxide, once
obtained, were maintained at oplitnm
concentrations  for the  varvielios  of
apples present in each storage chamber
according to the State of Michigan
specitications for CA storage of ap-
ples. Inoall cases the Pruit was in very
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good to excellent condition with min.
imal spoilage when it was removed
From storage,

A standard enrve for elhylene con-
centrations in air was prepared hy ob-
taining gas chromatograms ol coneen-
trations of cthylene in aiv ranging from
Ioto 4000 ppm. Peak heights were
plotted against ethylene concentration s
the vesulting enrve (Fig. 1) is within
the Timits of experimental crror a
straight line, This curve was used to
determine the ethylene eoneentrations
ol all storage atmosphere samples. A
cheek on the ealibration of the ehro-
matograph was made with known con-
centrations of ethylene in air each
time storage samples were analyzed for
elhylene concentration,

Samples of the stornge room atmos-
pheres were taken in 4-1, polyethylene
hags from the storage room gns sam-
pling tubes. The gas sampling tubes
were conneeted to the storage atmos-
phere vecivenlating lines hetween the
blowers and the adsorption towers of
the respeetive atmosphere serubbing
systems, The polyethylene bags were
filled with the storage room atmosphere
heing colleeted  and  collapsed  com-
pletely three times to flush out any
residual gas. The open end ol the
polyethylene hag was gathered tightly
around a rubber-vaceine-hottle-stopper
and held in place by a rubber band.
The wax was taken from the poly-
ethylene sample bag with a syringe
and injected  dirvectly into the gas
chromatograph injeetion port.

No change in ethylene concentration
was defected over a period of 6 hr
in samples colleeted and analyzed in
the manner deseribed previously. All
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Fig. 1. Standard curve for cthylene
coneentration in air,
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Table 1. Storage room management summary.

Dresired s concentrations

Temper- - T'ype Activated
Room Dale nture Date serubbing carhon Date
no, Variety sealed E Yo Oz Y 0 abtlained unit used usedd opened
1 MelIntosh m/u;m ug 3 5 10/2R/6G1 Water Yes 1/15/62
2 Melntosh 1/10/61 a7 3 5 11/8/61 Walter Yes 3/4/62
3 Red Delicious 10/21/61 HE) 3 B 11/21/61 Water Yes a3/4/6
4 Jonathnn 10/16/61 e 1 H 11/22/06) Water Yes 2/11/89
F Northern Spy 11/15761 a7 5 8 12/1/61 Water Yes After 5/1/62
6 MeIntosh 10/10/61 37 3 5 11/5/6G1 Water Yes 4/27/62
7 Jonathan and 10/28/61 32 3 3 11/28/61 Water Yes 3/22/062
Golden and
Red Delicious
8 Janathan and 10/30/61 32 3 12/9/61 Water Yes 4/21/62
Galden and
Rted Delicious 3
9 MclIntosh 10/8/61 a7 3 5 11/10/61 Caustic Soadn Yes 1/28/62
10 Melntosh 10/12/61 a7 3 5 11/20/61 Caustic Sodn No 5/18/62
11 Mixture? 10/15/61 32 a 3 10/20/61 Walter No 5/4/62
J— — A ST 0 -0
! Melntosh, Jonathan, Rowme Beauty, and Golden and KRed Delicious,
samples used for ethylene coneentrq-
e —_— //0—‘_‘_ﬂo tl(.ul ) deternunations \\'-eru analyzed {
/> o within 4 hr after collection. ‘
/,/ Cold trap samples. Cold trap sam. 1
- . A ples were collected by passing 10 1 i
- Tl
1000 // of storage chamber atmaosphere throngl ‘
Py a liquid nitrogen cold trap. The sam- ’
; . : |
/) ples  colleeted in this manner  were |
750} Key held at —196°C and evaeunated o i
) 7/ o K3 remove all gases at this temperature

ETHYLENE — ppm

at  room temperature.  The volatile
compounds were colleeted in a liquid
nitrogen trap. The five fractions con-
tained compounds exerting vapor pres-

o#s with a low temperature-high vacuum
sool R 4 (l,’l‘[.!\f) np]m.'n‘:l[.n?: similar to that ‘
/,/ deseribed by Merritt et al. (1959), !
The compounds remaining were selee. 1
// fively fractionaled into five parts by
2501 o colleeting compounds that were volatile
/ at —155, —125, —100, —78°C, and
1
30

1 ! 1
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TIME—DAYS sures creater than 5 g Hg hetween i
Fig. 2. Ethylene coneentration in atmosphere of CA storage rooms 3, 5, and 6 the temperatures —196 and —155°C, ;

—155 and —125°C, —125 apg |

—100°C, —100 and —78°C, —78°C iy

and room temperature and were ang. |

lyzed with a consolidated model 21.

Key 103C mass spectrometer. ,J

Activated carbon extracts. Concep. i#

trates of apple storage volatiles were ;
i e & Wi ahlained I.rmn activated earbon thyt
- 2 \(_ o ST had heen in o eontrolled atmosphere
2 Melntosh apple storage during ope

¢ \\‘ P season  of  approximately 200 days, it

/’ \ /»_,_,_1_0,_,,”— Three methods {or vemoving volatiles

750+ 9 from activated carhon were tried apg Y
Ao / compared, The first method eonsisteq

/ ol placing o 10-g earbon sample iy 5

/ aus bhottle and cooling it to —196°¢, @

’ . Al materials volatile at —196°C werpe J

/ S \/ pumped off using the LTIV syster, 11

) i

i

versus time.

1250 e 49
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Subsequently, the earbon was heateg i
to 180°C and the vemaining eompounds

driven off and condensed in o —196°C
) cold trap under high vaenum,
J oy , N AN DN IS SIS EE oy S Compounds absorbed on the aetivageg
carhon were  also removed by g
solvenl-extraction techniques using g,
cthyl ether and methyl butane (js,.
pentane).  Tdentical  procedures wor,
arrvied oul [or extraction by each go).

250

TIME-DAYS
Tig. 3. Ethylene concentration in atmospheres of CA storage rooms 9, 10, and 11
vs, time.
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SVentSTen g of earbon were extracted
with three 10-ml portions of solvent,
The solvent extract was placed inoa
seas hotte and the solvent was distilled
off at  —78°C under high  vaconun,
leaving hehind the apple storage vola-
tiles that were not volatile at —78°C.

The isopentane extraet of activated
carbon was analyzed by wide range
lemperntare programmed gas ehromi-
lography combined with fast seanning
mass spectrometey. A Vi-ine X 10-11
stainless-steel eolumn packed with H¢7
Carbowax 20M on firchrick was tem-
perature programmed  from =50 to
1507C at 2°C per min. The efiluent
of the column was direeted inta the
jonization source of moditied  Bendix
model 14 time-of-flight  mass  spece-
trometer as deseribed by Merritt ef al,
(1961). Mass speetra of the sample
eompounds separated on the eohnnn
were obfained as the componnds were
cluted Trom the column,

RESULTS AND DISCUSSION

The ethylene concenteation of eleven
CA storage rooms was cheeked at in-

tervalds throughout the 1961-62 storage
san hy sampling mul analyzing the

e

sornge  atmospheres as deseribed
above. The results obtained from six
of the storages are shown in Migs, 2
and 3. Rooms 1 throngh 8 were com-
mereial  storages  remote ta the lah-
oratory and were saunpled  less {re-
quently.

In all eases the ethylene concentra-
tion inereased steadily after sealing the
roomms, When the room remained sealbed
for a long enongh ]f‘q-riml of time, as
wits the ease for vrooms 3, 5, 6, 7, 8,
and 9, the  ethylene  concentration
Jeveled off and varied about an equi-
librium coneentration until the voom
was opened, Room 1 was opened he-
fore the ethylene concentration renched
equilibeinm and rooms 2 and 4 were
spened hefore sufficient data could be
colleeted to establish equilibrinm ethyl-
ene concentrations. The ethylene con-
eentrations in rooms 10 and 11 show
more (luetuations than in other rooms,
The irregularities are due to the faet
that other relatively Eirge atmosphere
sunples were removed  from room 10
for analysis and that the experimental
controlled atmosphere generator used
on rooni 11 was very ereatie in its
aperation,

The results suggest that the equi-
libriin  ethylene  concentration  level
reached ina storage room depends on
the variety of apples stored in the
ron i oxyegen coneentration is main-
tained at a2 constant level. Room 5
eontained  Novthern Spy apples and
reached an equilibrinm ethylene con-
cenfration ol approximately 1250 ppm.
Rooms with Melntosh apples reached

an equilibrinm ethylene concentration
of 1000 ppm, while The room with ed
Delicions apples achieved an eqgiitib-
rima in ethylene concenteation of H00
ppur. Booms containing mixtiares ol
apple varieties produced  equiliheinm
cthylene coneenteation between those
found Tor the rooms containing the
rexpective stugle varieties ol apples,

No o great dilference in equilibriom
cthylene  concentration was  observed
hetween roomss using water or eaustie
soda absorption systems and/ar the
prescuee or hsenee of activaded ear-
hon, Rooms 6, 9 and 10 all contained
Melntash apples and all reached an
equilibrinm ethylene coneentreation of
approximadely 1000 ppm. Roow 6 had
i watter absorption system, and rooms
9 and 10 had caustie soda absorbers,
Romns 6 and 9 contained  activated
carhon air purifiers while room 10 did
nol. Theretore, these two factors did
ot appear to affeet the equibibrinm
cthylene  concenteation  in controlled
atmosphere storage rooms,

Mass speetra of the cold trap con-
densate fractions enabled the identifi-
abion ol ethylene from the - 196 to
— 155" Fraction and acetaldehyde and
ethy! aleohol from the —125 (0 —100°
¢ Treaction, No other positive identi-
fieations eonthd he wmade from the cold
trap  condensates. Nevertheless, mass
speetra o the —78°C to room tem-
perature Fraction shows m/e’s charge-
teristic of  organie compounds along
with 2 large amount of water. The
LTIV distillation  techniques, there-
tore, are effective in separating these

compounds from the more volntile air
eases but not from water sinee water
exerls a signifiennt  vapor  pressure
above —78°C. Water vapor was pres-
ent in Far greater amounts in apple
storage atmospheres than were these
other compounds. This fact was quite
evident when the wass speetrum of
= TNC o room temperature Praction
wis considered,

Cias chromatograms of the headspace
from each of the aetivated earbon
extracts are shown in Fig. 4. The
chromatograms arve corrclated with the
observations made by smelling the sam-
ples. Both solvent extraets hid a sweet,
apple-like odor combined with n musty
starige romn odor, Except for size of
the solvent peak, the first lge peak
in each  chromatogram as compared
with the other peaks; both ehromato-
wrams from solvent extracted samples
are guile similae. A vadieally different
chromatogram and odor were produced
hy samples removed  from  activated
arbon hy heat. 14 is believed that
these differences are due to heat degra-
dation of the eomponents during re-
moval [rom the earbon.  Isopentane
proved a more satisfactory salvent for
thix extraction than dicthyl ether he-
ause it is more volatile and thus easier
to distall off at low temperatures.

Compounds identified from isopen-
tane extracts of activated earbon by
conthined gas chromatography and fast
sennning mass speetrometry are lsted
in Table 2 according to class. These
compounds were identified hy compar-
ing their vespeetive retention times and

TIME-MIN.

Fig. 4. Gas chromatograms of apple storage volatiles removed from activated
carbon by A, heat; B, dicthyl ether extraetion; C, isupentane extraction.  Acrograph
Model A-600 My-IF'1 s ehromatograph; Column: %" X 5 Stainless steel column
packed with 556 SESB0: on acid-washed elromosorh Wi Carrier Gas: Helium at
20 ml/min; Oven Temperature:  Isothermal at 50°C.
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EVALUATING VOLATILES IN CONTROLLED ATMOSPHERE STORAGE concluded

Table 2. Compounds identified from activated carbon extracts,

Hydroearhons Alenhinls

2 ome hutane dopropanal
n-hesane Zomie Fpropanal
2ome-pentane Zame-2-propanaol
exvelohexane Zopentanal

prentanal
we- L butanaol
med hutanol

n
e aetine

e 2 hutanal
me hutanol
Liexanal

e I pentanal

nalveane
Hie none

noundecane

Liepitene
coelene

nonene
deeene
undecene
octyne
monyne
sdecyne

me-henzene
et-benzene
noprop henzene
i prop-henzene
n-hut henzene
tert-hut-benzene
nopent henzene

mass speetri with those ol known come-

pounds using  the same instroment
systent and tdentieal operating param-
clers. Several other componnds could
not he positively ddentificd heeause af
ane or more ol the Following reasons:
insuflicient separation by eas chroma-
torraphy: unavailable matehing mass
speetrag amounts of  compounds oo
smadl to obtain ddentifving  miass
spechra,

IHydrocarhons were Ffound in much
creater abundanee hoth i number aond
thin
classes ol l'ulrl!mlllll]ﬁ.

activated

e monnts any ol the other
Solvent

carbon

ol
nes posed hlanks
vielded the presence of isopentane, -
hexane and Z2-methyl pentane only 1t
wis coneluded, therefore, that the rest
ol the componnds Dlisted o Table 2
were absorhed onto the activated ear-
bon from the apple storage atmosphere.

The origin of  the identified
ponnds could he from several sourees,

coln-

The combined apple-like and mnsty
ador ol the extracts ol the
exposed aetiviled earbon sugeests fwo

solvent

ol the more obvious sonrees: namely,
From the apples and  from microor-
ganisms growing  within  the storuge
clunnher,  Other  sources, some nol
quite so obvious, must also be eon-
sidered. Volatiles may be contributed

to storage atmospheres hy solvents and
impurities in the building  materials
construet the The
confainer used to Fruit
may  contain volatile which
would add to storage atmosphere vola-
The
within the storage chamber wonld he
volatile

i

chamher.
lhiold

resins

= to

Wi mtlr'l]

Liles. refrigeration  equipment

contribute sith-
'rom  lubrieants
refrigerant

l'\]w('lml to
slhanees {ram
leaks af
ventilation

winte present.

Storage  room and ‘o at-

Iistors Aldehydes
n bt fornnte Zome propennl
see but-formate
hut-neetate

oet neefale

el butyrate

bt hutyrate
hex-hutyrate
hex pentanonte

isovaleraldehyde
hoeptanal

octanal

nonamal

decanal

~

of determining  the validity of thic
theory.
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