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4the;B;E.T; analygis an attempt was made to calculate thermodynamic

.~ .. ABSTRACT
.’ ' 4,
The water vapor sorption .isotherms of onion were determined for

the temperature Jange 10< T < hS,land the water activity, 0.11 < 3 <

1.00. B.E.T. monolayers, heat .of sorption and surface areas were cal-
L v . \

culated from the isotherms. By using the surface areas obtained from

functions such as molar entropy and‘equilibrium heat d?-sorption

Isosterlc heat of the water. adsorptxon and desorption were obtalned by
applying the Claysius- c‘lapeyron ‘equation. \
Dehydratidn’éxperimehts with onion slices wefe carrfed out in'é
Vibro_F\uiaizgr.with air at‘differenf temperatures gnd f]ow.rétes.
Dryihg-rate curves were construé}ed and used for the‘ca]cJ]ati6n-of heat
and mass transfer coefficienfs, efféctive‘diffusivityjéf moisture through
the.slices, Biot nuﬁber, and~the'parameters'q and'g, wﬁich determ?ne~5bé .
degree of intérnal and external mass or heat tranéfer éontrol: Rehydfa-

tion rates at 25 and QOOC were also determined and found to be independent

of drying cohditions. "To relate the femovél of moisture to the loss of’

volatiles, a.method*of*analys+s whieh—was suitabJé~forfrou£ine»qgali:f
tati&e and quantitative determi&aqﬁohs of the volatiles of fresh and
processed.onién was developed following a comparison. of techﬁiques for
analyzing onion aroma.' Volatile components in headspace were ideﬁtified

and ahalyzed by gas chromatography-mass spectrometry utﬁlizing‘an

“on-column entrainment procedure.

The volatilities of propanethiol, 2 5-dimethylthiophene methy]l

propyl sulflde dlmethyl dlsulflde dipropyl dlsulflde, allyl methyl

sulflde, dlalpg; sul fide, dlallyl disulfide, ethanal, propanal,



RO ' ‘

methanol, ethanol, 1- propanol and 2- propanol 'in,‘dﬁ]utef'water )
: P ' S . .
solutions were also studled experlmentally by gas chromatography The'

’ 3

volatilities of these comp0unds varled apprecnably.“‘They were hlgher

for thuols, thlophenes and‘monOSulfldes than dlsulfldes aldehydes orik

alcohols The results for aldehydes and alcohols confnrmed earlwer therﬂ

- y
retlcal predlctlons by other authors that at 25 ‘C the volat'lnty in. Very*

dilut solution increases as the carbon chain gets Ionger.

[

~ The etehtion of four onion volatiies was,th;n atudied as a U
funotion of drying_rate; Ioeation of the_volatiles in the-onibn,vand aome
physibo-chemieal properties'of the components. _lt-was shown that percent
retention ofvorOpanethiol, methy{ propyl disydfide, dipropyl disulfide
and'prooanol_is'almoet linearly,related to moisture content with a break
in the curve at dffferent.points depending on the compound examined and
dryfng rate. Evidence is also presented that the’qdantity of_arona
~reﬁai"ed by dried onion slices is dependeHE.on theiinitial concentration
of the.yolatile,-solids ;oncentration and properties of the aroma’ com-

. pounds.

Intensification of aroma during rehydration of onion was also in-

v

- vestigated by rehydrating SaTEl?§,Wiﬁh,E§F?f1999m5Y§E§jDE¢EEJ”ﬁi°"5'

~ For this last aspéctwof the study, rehydration temoeratures of 22 and

"hO C, and ieur flavour development tlmes were lnvestugated ‘Samples re-

hydrated wnth cystelne solutlon generally'gave Iesé total volatiles: when
L]

‘the»development perlod'was TS, 30 or 60 m!n, and more after 2 hours than

water rehydrated samples.- Propanal, propano] and propanethiol contents

were always higher in samples rehydratéd with water. The plausible re-

actions responsible for the observed effect of cystefne are discussed.

4
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l.’ GENERAL INTRQDUCT|ON

Onion (AZZiuﬁ cepd L.) has had a long and.iptaresting'history of
use as a yepetable and spice: 't probaply originated in Western Asia
and has been under cultipatIOn-for 5,600 or more years (doné§ & Mann,
1963). .The demand for onions is wor]d-Qide. Thair use is not limfsed
to any climate or associated wfth any natignality, and they are as widely -
grown ad any cultivatedvcrop. Thelleading'onion producﬁng countries
are.the United States, China, India, the_Sovieh‘Union Japan Spaln
Turkey, Egypt, The Ngtherlands and ltaly. WOrld productlon ln 1977
was 17.4 million tonnes with a rather steady trend upward (Table 1).

.Europa produced 5.1 mulllon tonnes; North»Amerlca, 1.7; 50uth America,
1.2;_A5|a,\7.9; Africa, 1.3; and Oceania, 0.15 (F.A.0., 197a)f
N o . )

'Canadian opion production ih 1977 was 117,482 tonnes; the second
largest production ever. Table 2 shows crop data tncludlng acreage,
yield, production tarm price and farm value from 1958 to 1978. iSince
the farm valde was about 30% of'the retail value, in 1977 the retail
value was over $36 milliod Canada s, however, a net importer of
oniops. lmports in 1977 were 57 102 tonnes of fresh .onions, and | 895
tonnes of dehydrated onion; worth p;gr $16.4 million. In 1977, onlqn
exports amounted to 9,692 tonhes,with a value of $2.4 million. The-net
Canadian fgreigd trade deficit, resulting from the opion trade, Wa§
Sl4 mi]lion. Tables 3 and 4 show the quant!ty and ‘value of ,

Canadlan onlon imports and exports from 1973 to 1977. Canada receives ~

onions mainly from the United States, New Zealand, Mexico, Spain and
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/

Table 1. World onion area harvested yield and production (F.A.0.,

. Area _ . Yield Pfoduction
Year (1,000 ha) { (kg/ha) {1,000 mt)
1961-65 1,085 10,791 11,703
1974 1,404 ' _ 11,598 o 16,288
1975 1,412 11,119 15,705
1976 1,463 11,145 : 16,303
1977 , - 1,525 11,408 . 17,399
Table 2. Canada oniori acreage, product|on, farm. prlce and value, ]958

-1978 (Stattsths Canada, 1978a).

. Average Total
. : Yield Production farm price farm value
Year Hectares (kg/ha) (Tonnes) ($/kg) ($1,000)
7 , . -

1958 2,545 ~ 20,017 50,943 0.07 3,7k0
1959 - 2,930 . 21,695 63,568 . 0.06 © 3,533
1960 31,48 25,137 - 79,131 0.05 3,946
1961 3,242 21,613 70,069 0.08 5,755
1962 3,517 29,116 . 102, 401 0.06" 6,185
1963 3,889 29,376 114,248 0.05 5,638
1964 3,760 25,224 94,842 0.06 . 5,409
1965, 3,978 31,675, 125,999 0.04 . h,903
1966 3,hk07 25,058 85,373 0.09 - 7,664
1967 3,561 - 25,098 89,374 0.07 6,578
1968 3,638 31,170 113,401 .0.05 ' 5,573
1969 3,594 25,867 92,966 0.09 8,368
1970 . 3,522. - 27,761 . 100,552 0.05 b, 941
1971 3,505 29,410 - /103,083 0.06 6,590
1972 *3,460 23,123 80,005 0.16 ' 12,756
1973 . 3,634 26,088 94,805 0.12 11,014
1974 3,368 29,356 98,869 0.12 11,616
1975 3,352 29,845 -/ 100,040 0.16 16,036
1976 3,716 . 35,657 .| 95,424 T0.14 13,182
1977 3,649 32,169 117,982 0.09 10,959
1978 3,868 . N/A N/A N/A N/A

A



* Table 3.

Imports of fresh onion into Canada, 1973-1977 (Statistics
~ Canada, ll9_78b). ’ '

*

o Quantity " Value
Year (1,000 kg) \ ~ ($1,000)
1973 S b,7s6 4 0 0 g 772
197k 38,992 . 5,397
1975 43,988 10,531
1976 | 70,978 : 9,830
1977 : 57,102 13,627

“Table 4. Exports of fresh onion out of Canada 1973-1977 (Statistics
Canada, 1978¢c). : ‘ ‘
Domestic Exports S Re-exports .
Quantify ~ BValue Quantity Value
Year (1,000 kg) ($1,000) (1,000 kg) ($1,000)
1973 12,797 3,057 102 - 151
1974 7,909 1,614 114 » 48
1975 13,220 - 2,522 - -
1976 13,073 . 2,983 _ 1,520 403
1977 9,625 2,320 57 - 37
Table 5_;

Per capita dlsappearance of onlons,_not processed 1974~
1977 (Statistics Canada, 1978d).

Fresh equivalent

Year ’ kilos/year « g/day
A

1974 , 5.67 : 15.53

1975 6.11 ' S 16.7h

1976 o 6.27 17.17

1977 619 = 16.97

e R T e s e e

A



Australia;vaﬁd'exports‘to the United Kindom and theﬂCéribbeans
(Statistics Canada, 1978c); Per capita Canadian consumption of onjon
"\has remained relatlve]y stable durlng\recent years (Table 5), but popu-

latlon lncreases in the years ahead will requ:re expanSIOn of the

industry to maintain lmports at current leyels.

Alberta ;s a minor producer of onlons, with 6nly 1.57% of Canada's
_total productlon in 1977. Table 6 shows Alberta onion acreage,lbro-
~duction and farm value FrOm 1965 to 1978. vThere has‘Been inte}est,in

increasing onion'productfon in Alberta; héwever, expﬁqgion has been
limited by the climétic aifficulfies at harvest, the high~]apor require-
ment -and the relatively high pfoductfon cost. ‘If onion p?oduction‘in i
Rlberta is . to expand to its potentialj lnformatlon must be developed
which Will allow the area to become more éompetltlve through |ncreased
yieid, lower labor‘requlrements, lower production costs, and extended
marketfﬁg pefibds. This realization has stvmulated work on genetlcal

-and environmental factors and on methods of storing and processung the

on
e

.crop.

Dehydrafion:is the;most important method for brocessing of onion.
Dehydrated onion enjoys a ready mafket, éan be stored and transported
at relatively low cost ahd, if processed in Alberté, it could easily be
markéted through "existing domestic and internationél distribution and
retailiné channels. This stqu was underpakenvto dgvelop infirmation
on the dehydration process of Alberta-grown onions and to relate the
i vola;ile'losses whﬁch,occur_dbring processing to thé removal of moisture.
Specifica]ly; the aim of the study was to explore the interactions

between solid, water and aroma compounds through the evaluation of:

-



Table 76- “Alberta onion area, average yield, production, average price
and farm value, 1965-1978 (Statistics Canada, 19768a).

Averaée ' L Average . " Total -
. R . yield | Production - farm price farm value
Year Hectares . (kq/ha) (tonnes) _ ($/kg) ($1,000)
1965 . 162 14,988 2,428 0.09 224
1966 |54 12,200 1,979 0.10 196
1967 89 4135 265 0.13 38
1968 129 6,526 ° 842 0.12 . 99
1969 73 6,588 474 0.13 - 60
1970 162 8,736 LM 0.10 142
1971 93 9,759 908 0.10 .92
1972 - 121 11,246 1,361 0.10 215
1973 121 23,707 2,868 0.19 425
1976 89 12,280 847 0.21 - 1ps
1975 20 13,610 . 272 0.5 o
1976 69 28,741 1,983 0.1 224
1977 A9 34214 1,676 0.18 269

1978 - k9 NA N/A " N/A N/A
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Water sorption proberties - essential for the interpretation of

drying data and directly useful in the design of drying equipment,

chemical stability and ‘packaging of dehydrated products.

Dehydration process - studied in terms of evaporation, diffusion

and sorption processes.

vAnalytica! procedure forbanalyzing onion aroma - essential for

routlne qualltatlve determlnatlons of the volatnles of fresh and

processed onlon . ‘ .

§

,Relatuve volatilities of aromatic components - essentla] for the

'anterpretatlon of aroma retentnon data.

Aroma retehtion - studied as a function of drying rate, location
of the volatiles in the onnon, and some physico~chemical propertles f

of the components.

Intensnf:catlon of aroma - by addition of aroma precursors to the

water used for rehydration of the | processed product.



I1. DEHYDRATION OF ONION *

1. - LITERATURE REVIEW

1.1 Dehydration of onion as a commodity
. ‘ . -

Dehydrated onion has become a standard ingredient in nearly every

' . L

processed food product in which raw onfontcan be used. A large part of

the dehydrated onion production is used as: easoning in produetion otv

catsup, chili sauce and meat casseroles, cold cuts, sausages,

mayonnaise, salad dressfngs pickles, potato chlps, crackers and other
~ snack itema. Food service outlets also use dehydrated onion becau;e of
its convenience lniatorage preparation and use. The quantsty of de-
hydrated onion and other dehydrated hortlcultural crops so]d to the

retall market is, however, still very small and this can be attributed,

in part, to the large loss of flavour which occurs during processing.

L]

The oldest commercnal method of onion dehydration lnvolved the use
of tunnel driers, (Van Arsdel and Copley, 1964). Chopped or diced onfons
were spread evenly on wooden'trays; 6.1 kg/mz,Aand hot air betmeen 7t and

e
§8°C was blown on: the onion in the first stage of drying for three ‘to
‘four hoqral Cooler air at 49 C was used at’ the later stage to remove
moisture.from the onions. When the onions were dried to between 5 and
7% moisture they were transferred’to bins and dried in hot ait until the

desired moisture level of 3 to 4% was Obtainedr(Van Arsdel and Copley,

1964 ; Noyes, 1969). = = | ’ .

Drying on wooden trays wae effective and relatively inexpensive
except for one major problem. Partially dehydrated onlons are hlghly
adhe5|ve and they tend to adhere to the wooden trays If not properly

. removed, these adhered particles would char and burn under prolonged



exposure to the constant heat. The only means of removal was 'by scraging,
and washing.,- Sometimessloses due\to,mechanical injury and burning
reached as high as 10%. Furthermore wooden trays had a much shorter

life span than expected due to scrubblngs and washings (Van Arsdel and

Copley, 1964; Noyes, 1969) .

Thehintroduetion of stainlesé steel conveyor belt dehydrators
eliminated most{of the damage‘ caused by‘adhesjon. It -also provided a
© means of continuous processfng. In a oonveyor*beit dehydrator the’onion
slices are automatica]iy spread on a continuous stainless steel perfor-
< |
ated belt. Hot air is blown through-the bed of onions on the belt,
alternately flouing upward in one seotion of the drier and.downward in
One or more following'sections The temperature of #he air is gradually
reduced from about 80°¢C to about 50° C, as the product moves through the.

stages of the drier. The pr&ﬂhct leaves the belt drler at about 6%

moisture in approx1mately 6 h (Stark 1962)

The partially dried slices are then ''finished" in bins, wherebsome
'addltlonal monsture is removed- and lnequalltles, "'wet spots” and "dry |
‘spots'', are mostly evened out. In this finish dry;ng operation, the
product is brought to lesskthan 4% mean moisture content by blowing
‘warm dehumidified air, temperature A9°C and absolute humidity not over
0.003 kg moisture per‘kg of dry air 'through ductwork into the per-

' forated bin bottom and through the product. This operation may take
from 12 to 30 h, depending on the size of the dry pieces, the desired
final mo:sture, the volume, temperature, and humidity of the air forced
vthrough the product, the initial moisture of material going into the blns,"

and the depth of matersal in the bln (VanArsdeland Copley, 1964; Noyes,

1969).



Cpnveyor belt dehy&%ators are-however;.sti]l wasteful of space,
time, manpower and product. To évercome these problems, Van Gelder
(1962) developed and patented a process by which space requirements can
be reduced; The processfis based upon the‘discqvery fhat the rate of
gaseous treatment of materials is enhanced WR;; the material is shbject-
ed}simultaneously to: ‘a) a high velocity'gas flow, passing upwards
thropgh the material, sufficieng té'cau;é flu{dizatibn of the méteriél
within the treating zone, and b) a.vibratory motion of such.a nature &

and extent that the fresh surfaces of the material are exposed to the

flow of the treating gas.

According to this process, treatment (drying, cooling or steriliz-

tion) can be with heated, chilled, dehydrated and/or humidified géses,

//

or any combination of these. As a further variation, treatment may be
accompanied by exposure of the material to radiation‘of the high f[e:»//
quency range (e.g., microwaves or fadiation in.the infrared range), or

. to ultrasonic sound waves, or to a combanatlon of these.

Fleming & Poole (1969) described”a fqdr-stage f]uidized bed drying
systeﬁ for onion dehydration which ghey claimed‘can produce 500 kérof
onions per. hour contalnlng 3.5% monsture from a wet basns of 86% The.
system, accord;ng to the authors, uses standafd fan power mixer units ‘in
a variety of ways to produce optimum conditions of air circulation for
ghe various stages of drying. It is efficient, has guaranteed uniformity

of production and is sanitary.

Rogers Brothers Company -of California, one of the four major pro-
cessors of dehydrated o#on (the other three are: Basic Vegetable

Products Inc., Vacaville, Ca.; Gentry Internatiohal, Inc., Gilroy, Ca.;
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and Gilroy Foods lncﬂ, Gilroy, Ca.l, in l97l, completed the constructlon
of al. 2 milllon dollar expansnon of their plant in lelngSton, Cali-
fornia (Anon; 1971). Thls expanSIon features a 66 m long dehydrator»k~
built by Proctor and Schwartz, lnc. of Philadelphia, Pennsylvania.
This four-stage dryer is believed to be the largest onion dehydrator
ever built. It has a capacnty of over 4, 500 kg/h of raw product and
incorporates most of the desarable features of the, above described

’

driers.

Dehydrated onions are.commercially sold in may size classifica-

tions;/xh;—magarcommon types are sllced, chopped, mlnced granulated

and powdered (Foster, l968) As much as one-third of the final dehy-
drated materialimay end up as onion powder, although much care is

exercised during all the handling to minimize the formation of this

relatively lower-valued product.

For institutional and military trade most dehydrated onions arel
packed in hermetically sealed No. 10 cans; for shipment'toiremanufac-
turers using larger quantitles, 0.022 m3 triple-friCtionitop gans and
0. 118 to 0. 25 m3 flberboard drums WIth polyethylene or aluminum foil
m0|sture barrlers were used. A variety of containers, such as pla&fic

or aluminum bags, jars, and chlpboard boxes, are used for the grow:ng

Sy

retail market.

The increased siie and efficiency of the onion dehydrationvplants
in recent years, has resulted mainly from imoroved technology and pro-
duction methods which have enhanced thelperformance and quality of the
product to such an extent that, at least in California, a’stable indus-
try has developed. ‘lf further growth of the onioh dehydration industry

'is to be expected, improvement of the product quallty through better

understanding of the drying process is. essentlal



~

1.2 Water Sorption Properties

An important characteristic of food products, which influences
several aspects of drying and storage is their equilibrium motstute
‘content There is a well establlshed relationship between water
sorption lsotherms and chemical, physical_and stability character- °
istics of dehydrete& food products (Loncin et ql., Ié68;\Labuza,
1963; Labuza et al., 1970; Karel, .1975). Sorption isotherms of
food products constitute.an(essential part of the theory of
drying (King, 1968) and also b:oyfde }ntormation directly useful
in the design of drying equipment. Knowledge of the equlllbrlum .

moisture content is also important in the~predT”t|on of equr~

P librium conditions after mixing products with varied water

activities (Salwin é{S]awsoﬁ, 1959) and in the study ofvpackaéing
of,dehydratedvvegetables. The eqUI]|br!um values yleld information
concerning the vapor pressure of water whthin the package and are
thus helpful in estimating, from known permeablllty data, the

effectiveness of the packaglng membrane in protectung the dried

material agalnst moisture uptake. The determination of equilibrium -

Ry

moisture contents for dehy&rated foods alse provides valuable infor-
mation on the thermodynamlcs of water sorptvon, since from exnstlng
o theorles'(Young & Crowell, 1962), thermodynamic functions can be
caiculated from the sorption ieotherms. fhermodynamic functfens
allow for the theoretical interpretation of expe?éhental results

in accordance with the statements of the‘theory. For instance,

the variation in entropy can be related t:‘ihgyorder/disorder

—_ i .



concept, which is useful f the interpretation of such processes
as dissolution, crystallization and swelling, which usually occur

dufing water so?ption by food products.(lglesias et al., 1975a;

Karel, 1975).

Procedures for- obtaining water vapor isotherms for foods have
~ been described i% détail by Taylor (1961), Karel & Nickerson (1964),
Labuzé\ét aZ..(l976).and Troller & Christian (1978). Two are more
commonly used. The first is one in wiich the material is placed in
vacuum desiccators containiné-éatﬁrated‘salt solutiéns or sulphuric
—— rh_aciﬁAsojytigg§;whi;h give a certain equilfbrium relative humidity.

.H“__;‘u,ﬂ;mMﬁbgmgpm99§j;i9g/9{_ﬁalxjso%utﬁéﬁg/?gr the varfous humidities
N ‘

necessary for food isotherms Haye been compited by 0'Brien (1948),
Wink & Sears (iBSO), Richardson & Malthus (1955) .and Rockland (1960).
The second method, as used by Mékower'a Meyers (l9h3)vand Taylor
(l9él), the vaporﬂbressure of wafer in equilibrium with a food at
a givenbmoisture content is measured by a sensitive manometric
sy;tém. Relatively high precisibn ( 0.02 aw) has been claimed.for
this technique by Sloan & Labuza (1975) and Labuza et al. (1976).
Unfortunately, instfuments capgble of measuring wide vapor pressure
differences are'cumbersqme and extremely fragilé. Also, absolute

uniform temperatures and a high degree of thermometric accuracy

are required.

To describe the equilibrium moisture céntent, temperature and
relative humidity,rélationships of biological materials, at least
77 equations have been proposed or used (van den Berg & Bruin, 1978).

These models evehtually fall under three types of approaches: a)



kinetic,gb) potential, and c) capillary condensation.
i

The classical kinetic approach to isotherms has been that of
Langmuir (1918). This model describes the adsorption of a mono-
layer of vapour on the surface of the solid material and results

‘

in an isotherm consistiﬁg of two portions: an initial curved
section thch is concave downward, and a straight section. ﬁhe
i‘gtherm hay be derived from either a balance of the vaporiza;ion-
condensation rate or from molecular vibration * residence times and it
may also be derivea thermodynamically. Unfortunately, for most

food méterial, the Langmuir model does not hold for the’Following
reasons: 1) the surface is composed of many differing sites with
.different attractions for water vapour; 2) interaction between
absorbed molecules probably occurs, whereas the model assumes no
interactioh; and 3) the maximum adsorption possible is much larger
than‘just the moné]ayer. An imprévement upon the Langmuir model

was made by Fréundlich (1926). He assumed that the isotherm was
composed of a series of monolayers adsorbing on a surface composed

‘9f heterogeneous sites. In this case, the totql amount adsorbed
is-equal to the sum of the Langmuir isotherms, each with its own

heat of adsorption. As is the case for the Langmuir isotherm, this

is of little relevance to most food materials (Labuza, 1968).

The isotherm model with the greatest popularity.is\the Brunauer-
Emmett-Teller (B.E.T.) isotherm a%ter the work of Brunauer'et al.
(1938). The basic assumptions made are: 1) the heat of sorptign
for the‘first !ayer is constant and equal~to the total heat of

véporization plus a constant heat due to site interaction, 2) the
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heat of sorption for all layers above the mono]ayer is equal to the
-heat of vaporlzatlon, and 3) sorptlon occurs only on specific sites.
Sjnce these assumptions are not entireiy true for most materials,

the B.E.T. model usually holds only between activities from 0.1 to
0.5, but this is enough to calcu]a;e the monolayer coveraée of the

surface by water.

Several isothermﬁtheories have been based on the force field
caused by the surface of the so]:d material, of wh:ch the Polanyi
(1928) and the Harkins- Jura (1944) models are most umportant ‘ Thek
disadvantage of these mode]sis, however, that they cannot success-

fully be used to predict the monolayer value which is of pri%e

importance to the food field (Labuza, 1968) .

Sorption models based on the capil]afy condensatida phenomenon
include among others, the Henderson (1952) | Kuhn (1964) and
Day & Nelson (1965) equations. The;e and other models have been
vreviewe»d by Young & Crowell (1962), Adamson (1567), Labuza (1968),
and recently by Chirife & Inglesias «(1978), who summarized 23
equations for fitting watef‘soﬁptioﬁ isotherms of foods.

t

Extensive measurements of moisturedsorption have been reported
for dehydrated-botatoes'(LeMaguer et aZ;,l976; Strolle & Cording,
1965; Gorling, 1958), wheat flour, starch and gluten (Bushuk § |
Winkler, 1957), sugar beet root ( lglesnas et al., 1975a), corn (Chen
g Clayton, 1971), rice (Zuritz et al., 1979), wheat (Day & Nelson,
1965), garlic powder (Prafhi et aZ.nl959); grapefruit, banana, pine-

apple, peppermint, laurel, cardamon, thyme, chamomile, anise, nutmeg,
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cinnamon, lentil, tapioca, ginger and others (Wolf et al., 1973;
iglesias 3 CHirife, 1976) . - Thermodynamic quanﬁities found from the
temperature dependencelof sorption isotherms have also been repérted
for several commodities including potato starch (Stitt,'f§58), and
sugar beet root andAits'main components (lglesias et al., 1975a, b),

but Tittle published information is available on the water sorption

-prope?ties of dehydrated onion.

Dehydration'of solid foods

In spite of the considerable effort and some progreés madévin
recent years in the understanding of the chemical and biochemical
cha;ges that occur durlng dehydratlon and in some lsolated studies
on the mechanism of food dehydration (Jason, 1958; FISh 1958;
Saravacos & Charm, $962; Roman et al., 1979), drying of solid _

foods remains st|llAlarger an art (Fulford, 1969).

The drying of solid foods, 5uch as'onion, is usually taken to

mean the removal of moisture from the solid by evaporation. The

N
G

- eévaporated moisture is carried away by means of an external drying

medium circulated over the drying solid; often this medium consists
of dry air, which may also be heated to act as the heat transfer

N\

medium. . -

The basic theory of the drying of solids was developed through

the study of inorganic materials, and certain principles of drying

in the chemical industry were adapted to the food industry. In

the drying of clays and qther industrial materials, two periods of

drying were found: the constant-rate period and the falling-rate



period. The moisturg content at the transftion bo?nt (critical
moigture content) is characteristic of each material for a.given
set of dryiag conditions. The mechanism of drying during the
constant-réte period is fairly well understood. - The rate of
drying per unit-surface area depends entirely on parametérs
external to the solid being dried; such as the velocity, tempera-
ture and humidity of the drying air. |If the external conditions

are constant, then the drying rate in this period is constant.

In the constant-rate period it is also known . that if all the
heat for evaporation of water is supplied iﬁ the dryfng.ai:
;(cbnvective drying), the temperature of the solid‘wilf equili-
brate at or close to the'wet-bulbztemperature of the air. Hence, -
the matérial temperature and rate of‘drying éfe'both f§ir|y

easily calculated for this period (Charm, 1971).
. &8

I'n ﬁhe Faliing rate period an additional resistance to
mofsture ttansfer‘ariges inside the materiél being dried, since
there is no longer free moisture on the entire surface. |In
many cases, the internal fesistance to moisture transfer becomes
limiting, so that the various methods which can be used to-
inﬁgnséfy dryihg in fhe constant rate perjoq become of limited
usé. In addition, the material temperature will no Iongér Be
at the wet bulb tempefature.even in the case of convective
drying, so that it becomes necessary to take into account both

|

temperature and moisture content distributions in the‘body

“(Fulford, 1969).



There are many publiehed mathematical models available for esti-
mating simﬂltaneous.heat'and moisture tra;;fer in dehydrated
mareriail(Henry,.I948;_Krischer, 1963; Lykov & MikhailOV, 1965;
WHitney & Porterfield, 1968; King, 1968; Harmathy, 1969; Berger &
,Pef; 1973; Hayakawa & Russen, 1977).  The main drff:culty in des-
Crlblng transport of heat and mass |nsxde porous food materials,
based on microscopic analysis, is that the geometry of the structure
is not easily described quantitatively, while the indiridual trans-

port processes relate to local values of temperature, pressure and

composition.,

The mathehaticai model. provided By Henry (1948) accounts for
the lnteractlon which occurs durrng the simultaneous transfer of
moisture and heat. ACCOFdIng to’ thls model, moisture transport fs
assumed- to occur only |n the vapor phase, and the interaction
between heat and mass transfer is accomp]ished wi:th the assumption
that water Vapor concentration is at all tnmes during the transfer
proceSs a lnnear function of moisture content and tempereture
Capul]arlty within the air space and hysteresis are neglected
Krischer (1963) prov:ded a mode conststlng of differential heat and
‘mass transfer equations thCh accounts for simultaneous trensfer of
water by capillary forces and by vapor diffusion in series, in
parallel, or in more complex series and parallel combinations This
model requires the use of two dxffusnon coeffncuents to account for
the two mechanisms of moisture transfer. Unfortunate[y; both these
quantities depend on the nature of the material, the nature of the
pore §trucfure, the ooisture content and temperature. The lack of

these coeffncnents and the compllcated calculating procedure are

v
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pointéd out by Fulford (1969) as major factors detracting from-tﬁe
use of this model. Another approach to geﬁeralizing'the problem of
internal heat ahd ﬁoispufe transfer during drying has been made Ey
.Lykov & Mikhaflov:(l965). This approach is basedl on the
application of the methods of;the thermodynamics of irreversible
processes to the case of intéfnal heat and moistuée tfansfer during
drying. Essentially, the moisﬁure‘transfer is splitin;o two parts,
one;due to the moistdre transfer driving force, which is séecially '
defined in an attempt to ehco&pasé most of the mechanisms- of

.moisture transfgr and which is'chéracterized by a moisture diffusivity

i

coefffcient, gﬁd oﬁé\dué tolthe temperature gradient, which is
characterized by the;thermo-gradfent cpeffiéient. L?kov & Mikhailov's
analysis: however,'is‘nbt rigorous from pHe noﬁ—equiiibrium the rmo-
dynamic point of‘vieQ (Bomben et al.,1973). fhe sojutions they

give for the set of differential equations ‘all assume constant trans-
port coefficients, making tﬁé solugfons unsuffable fbr description

of drying foods. Whithey & Porterfield (1968) modified Henry's

mathematical model to account for internal heat generation to simu-

late heating of peanuts.

King (1968) provides an interestfﬁg theoretical épa!ysis oé
simul taneous heat ahd mass transfer in déhydrated‘Foods'which is
then successfully used to account for éeeminély anomalous obser-
vafiogs by various workefs related to various moisture diffusivity
values. The author, through the combined use of Fick's First Law

‘for binafy QaSeoué diffusion, Fodrier's‘Law of heat conduction in
solid; and a modified form of tHe Clausfus—Clépeyron Equation,

derives a variable diffusivity equation wherein the effective

.
‘.
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.diffusivity is a function of both temperature and moisture content.
The assumptions made are vapor-phase diffusion only, vapor-<orbed
monsture equilibrium at each point within the body, constant

» sorptlon heat, and negllgible sensible heat.

Harmathy (1969) developed a theory for heat and mass transport
based on ‘the assumption that all movement of moisture in porous -
material takes place in the gaseous phase. This theory seems a good
approximation to drying of materials with low initial moisture
content. At higher moisture contents, however, caplllary transport
and/or surface diffusion will take place in addltion to the trans-
port of water in the gas phase (Klng, ]968) The mathematical mode |
comprlses a set of second order, nonlinear partial differential
“equations and was solved numerically with convective boundary

conditions.

'Berger & Pei (1973) usedia mathematical model similar to
Krischer's to describe drying‘of oapillaryrporous solids.b Their
model differs in.that'they uee the sorption isotherm }n the hygroF
.scopic reoion and fhe’Clausiue-Clapeyron Equafion at greater ‘than

maximum sorptional moisture content.

Hayakawa & Russen (1977) examlned a procedure for estimatlng
stmultaneous heat and mousture ‘transfer in an lnfnnite slab of a
caplllary-porous materlal when the vaiues of the heat transfer Fourier

number were large. For this examination, they used analytical
%‘
formulae obta:ned from the Lykov & Mukhailov model and found that

the transfer potentials could not be estlmated accurately

v
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In summary, despite efferts méee to understand and model
the dryfng process of solid foods, no systematic studies of the
dehydration of ohions have been reported. ft ie, therefore ;‘
the: purpose of thIS work to present the results of a study aimed
at understandlng the dehydratlon of onion. s]lces in terms of
sorption and dlfqulon processes Rehydration rates at 25 and | E;tb
40°C are also preSented and an attempt to relate ;he mechanfém
controlling rehydration to the one controlling moisture femoval

is made.
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VWATER'SORPTION PROPERTIES
éxperimentai . N

Dehydrated chopped onions with an approximately uniform terminal
moisture content of 5.2% and pieces 1.5 x 2.5 x 6.5 o here used.
The onion, Yellow Globe, cv. Improved Autumn Spice, was grown at the
Alberta Horticulturai Research Center, Brooks, A]berta and air
dehydrated ina 0.3 m2 bed area Vibro Fluldlzer (Niro Atomizer,
Copenhagen) . Drying was carried out in two Stages:'_hot air at 90°C
.tor I h, followed by air at M°¢ for 15 h. The volume of air used
was approximately 500 m3/h The moisture content of the dehydrated

onions was measured by drylng the samples for 48 h at 55 C and _

under 48.8‘mm Hg. vacuum.

i

The adsorption'isotherms were determined by placing previously
vacuum oven- dried chopped onions in vacuum deS|ccators containing |
saturated salt solutlons which glve different constant relative
humiditieS'(RockIand, 1960) . The desiccators were kept at constant
vtemperature until equi]ibrium was reached. The time reduired tor
the samples to reach'equilibrium varied with the reiative humidity
and the temperature. Plotting the moisturefcontent of the samples,
. expressed in kg of water per kg dry solids, 'versus water activity,

a the adsorption isotherms were obtained. To obtain desorption,

w’
isotherms, the “samples equilibrated at lOO%-relative humidity until
they reached constant welght were transferred to atmospheres of Iower
relative humldltles and kept there until eqUIlibrlum was reached

The mousture content of the samples, expressed again as kg water

per kg dry solids, was plotted versus water activity.
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Results and Discussion S T

The sorption isotherms at 10, 30 and 45°C of dehydrated
Yellow Globe onion are sh6Wn in Figure 1 and Figure 2. At low
and intermediate watef éctivity, temperature had the normal effect
predicted‘by the theory ofvphysicalvadsorption, i.e., the qﬁantity
of adsorbed water at a éiven relative humidity incréased as the
;emberature was decreased. At highﬁrélative humfdity én}opposite
effett;dfvtemperéturq_was obserQed., Thié is due tO‘fhe dominant

effect of dissolution of sugars (Salwin & Slawson, 1959; Loncin

et al., ]968;.Audu.et al., 1978), which constitute about 80% of thé

dry matter (Table 7). For the ‘three temperatures, the isotherms of

. dehydrated onion are essentially sigmoid in shape and show considera-

ble hysteresis between the adsorption .and the desorption.brahches.
This persists over almost the entire water'activity range in=*

véstigated. B <

is is'more pronounced at low temperatufe and lower

The hystergs
wateri o presence of the hysteresis loop means that

Jues of the water activity for any given value of

the amo‘; fged. The water activity corresponding to a given
sorpiioh’; ;ier aloﬁg the desorption than the adsorption_branch
“and it foé b5, on genéral_tﬁermodynamicbgroundé that,‘if_éﬁangés
in the'solr 'fare 3gnored the chemical potehtial of the adsorbéte
i$ iower f‘;'accordlngly the desorptlon branch IS more ]ukely to

correspond.to a condition’ of true equilibrium (Gregg & Slng, 1967)

Several theories have been proposed- to explain hysteresis: but

they are all based on water condensing in the capillaries, which
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Table 7. Composition of raw and dehydrated onion (Watt & Merrill, 1963)‘

Component Raw Dehydrated
Water - (®) 89.1 k.o
‘Protein ”‘“(9/100 g) 1.5 8.7
Fat (g/100 g) 0.1 1.3
Carbohydrate (g/100 g) 8.7 82.1
Calcium (mg/100 g) 27.0 166.0
Phosphorous (mg/100 g) 36.0 273.0
lron ’ (mg7/100 g) 0.5 2.9
Sodium (mg/]OO g) 10.0 © 88.0
Potassium . . ——(mg/100 g) 157.0 1,383.0
Vitamin A (r.u.) - 40.0 200.0
Thiamine K (mg/100 g) 0.03 0.25
Riboflavin (mg/100 g) 0.04 0.18
Niacin (mg/100 g) 0.20 1.4
Ascorbic acid (mg/100 g) 10.0 35.0
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méans that hysteresis should occur only at water activity greater
than 0.50 - 0.60 (Labuza, 1968). Since this is not_the case for
the isotherms shown in Figures | and 2, it‘is.believed that this
type of loop is due to phase transformation of the suéars (Loncin
et al., 1968; lglesias et al., 1975a; Karel, 1975), occuring

during moisture adsorption and desorption. The sugars in dehy-
drated onion are very likely in a very hygroscopic state and an_
increase in moisture content above thgt’to which they were drié&
results in their crystallization. The extent to which crystal-
]izat%on proceeds4is dependent on-the product moisture cohtent, énd,
during equilibrium moisture content.Aeterminations, is’dependentron

the equilibrium water activity.

Therefore, the shape of the sorption isotherms for dehydrated

i

. onions may be directly dependent on the staté of the sugars. It
has been reported (Karel, 1975) that sucrose may be present in one of
several states: crystalline solid, amorphous solid (bound to other
food componenis) and aqueous solutjbn. When‘onion is dried rapidly,
the sugars probably go into the amorphous form. In tﬁis form they '3

/
are very_ hygroscopic and unstable. However, the very high viscosity

“of the medium and the presence of the nonsugar fraction of the

>

onion act as support and prevent molecular rearrangement. The

sorption of Water imparts mobility to the sugar molecules and this

mobility results in the transﬁbrmatiqh of sugar from the metastable
! A . : ‘
amorphous state to the more stable crystalline state. In this

n
l

process the sugars such as sucrose, glucose and fructose lose water

(lglesias et al., l97§b;‘Varshney & Ojha, 1975). The sorption

\
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charactéristics of amorphous sucrose have been studied by

Iglesias et al. (1975b) and those of crystalline Sucrose, glucose,
fructose and lactose by Loncin et al. (1968) and Audu et al.. (1978).
Iglesias et al. (1975b), have also showed that up to a water
éctivity of 0.375 for 350C and a water activity of 0.245 for 47OC

no crystallization of amorphous sucrose occurs.

From the knowledge of the amorphous and crystafline sucrose
isotherms and from the percentages of suga} and nonsugar frathoné
of the onion (abou£ 80% sugars and 20% nongugar on a dry basis)
the compogite sorption isotherm at 30°C was predicted. The X
results are shown in Figure 3 and compared with the experimental
isotherm , the amorphous and crystalline sucrose isotherms
(Iglesias et al., 1975b; Loncin et al., 1968), énd with the non-
sugar fraction isotherm . %he preaicted isotherm was obtained
from the product of the amount of water adsorbed by amorphous
sucrose at a given water activity and the percentage of sugars and
nonsugars in onion. An examination of the resul ts presented in
Figure 3 (Appendix 3) shows thaf the experimental isotherms,
above a water activity of about 0.24, js below the predicted one.
Thisiimplies that at 30°C the onion sugars . are most likely in
the amorphous state and that érystallization takes place at
intermediate watefkactivities. The same sequence of phenomena
takes\pjacé at IOOC. At hSOC, however, the experimental points:

" obtained at a; = 0.11 and a, = 0.24 (Appendix 1) ‘indicate that

at these water activities the sugars are probably in the crystal-

line state; hence, the comparison of the results at 45°C with
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those at 30 and 10°¢ should be made with the understanding that o

the state of sugars may be different.

The isotherms obtained may be considered a Type Il isotherms

+

according'to the B.E.T. classification (Gregg & Sing, 1967).
The general features of such an isotherm have been discussed
extensively by a number of authors including Young & Crowell (1962),

Gregg & Sing (1967) and Adamson (1967).

To obtain the relevant values of the monolayer capacity and
the heat of sorption, the B.E.T. equation is put in the form of

equation (2.1).

1aw ] C -1
=aJX X ¢ T X ¢ (2.1)
m m
where:
_ , a : L _ % relative humidity

a, = PW/PO = water activity = ‘ T30

C = constant = k expf(AHBET/RT)

X = equilibrium moisture content, kg_adso}bed/kg solid
Xm = . monolayer moisture content (same units as X)

A plot of the left hand side of this equation versus water activity
gives a straight line in thé range of water activity 0.10 - O.MO;
From the slope; S, and intercébt, I, of this line, Xm and C Qere
calculated. |In addition, by assuming the area of a water m$$§iule
fo be 10.6 AZ (Labuza, 1968L the surface area exposed to water, A,

S

was determined from the equation

L 1. . A _ 6 »
A = X — N HZO = 3.5 x 10 xm (2.2)
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%
' .
where:

A = solid surface area, mz/kg solid
Xm = monolayer moisture content, kg HZO/kg solid
M = molecular wt. of H 0 = 18 kg/kmole

H,0 , 2 |
N = Avagadro's number 6.023 x 1026 molecules/kmole
AH o = area of water molecule = 10.6 x 10720 m2

2

Table 8 shows the results from the B.E.T. analysds for adsorption'
data of dehydrated Yé1IOW‘Globe onion. It should be noted that for
" this analysis the-values were taken from the smoothed lines,

though the sorption isotherms, Figures | and 2, shpw the actual

experimental values.
S

l1t'can be seen that all the B.E.T. values decrease with in-
creasing temperature. This efféct has been reported fd& other
food materials by a number of workers, incldding Igles[as &
Chirife (1976) who also stated that ?he decréasé in the-B.E.T.
monolayer with increasing temperature may be'due to a reduction
in the‘total number of active sites for water binding as a result
of physical and/or chemical changes induced by temperature. Also,

as indicated previously, the change in surface area at QSOC,.as

. determined by the B.E.T. theory, reflects the different state of

the sugars in the nonsugar matrix, and from the assumptiqn that
crystalline sucrose is present, one would expect mucH lower ¢
surface values. The surface area value calculated from Loncin et al.,
(1968) data for crystalline sucrose was approx:mately 100 m /g 't
should be noted that the value of the constant C is low, and

because of this, as pointed out by Gregg & Sing (1967), results
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Qresehted in Table 8 should be considered as estimates only.

In Figure 4, a graph of the isosteric heats of sorption as a
function o€ the amount of water vapor adsorbed and desorbed by
the onion is presented. The horizontal line indicates the heat
ofavaporizatign of water at 300C. The isosferic héat was calculated
graphically from the slopes of the isosteres (PQ vs. T at constant

X) using the Clausius-Clapeyron equatjon in the form

dlnaw qgt
(——), = —& (2.3)
d(1/1) X R -

where R equais:O.h6l88ka/kg K and 9gy is - the isosteric heat of
sorption{ié differential quantity which varies with the degree‘of
surface codsrage, hénce with the amount ofvwaterﬂadsorbed by :hé:.
~solid (Young & Cro&éll, 1962). From an examination of Figure 4,

it wou]d_apbear that at 1ow moisture éontgnt the heéfs of Aesorption
are much hfgher than the adsorptfon ones. As water . is sorbed, the
vdifferencg decrea$e§‘and both ad-desorptiqn heats approach the

heat of condensation of water at about 30-35 kg H,0/100 kg DM, _w.hich
Edrresponds to about 5 monolayers. At very [ow moisture content

’

the heats of ad-desorption are nearly one and one-half and twice the
heat of vaporization of pure water. ThiS‘may result from the
swelling of the adsorbent, from chemisorption on polar groups, or

<

from a combination of these two phenomena. . The swelling process is

. : »
highly endothermic and may use as much as 50% of the heat produced
by the adsorption process, hence, this may account for the low

heats of adsorption. . The high.heét of desorption, on the other
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hand, may be due to high energy siteé resulting from

hydrogen-bonds induced in the onion during desorptidn." These
strained hydrogen bonds may be broken with a net evolution of
heat, in addition to the heat evolved fromlthe for@ation of;a

N
stable hydrogen bond between the sorbent and the vapour.

A comparison between the isoéteric heats presented in
Figure 4 and the B.E.T. heats shown in Table 8 indicates that,
at the honolayer levei, the B.E.T. heats are lower than the isos-
teric heats. This is in agreement with results reportéd‘in the

literature (Inglesias & Chirife, 1976).

Table 8. B.E.T. values for sorption data of dehydrated onion.

: Xm | A . :
Temperature - kg/100 kg , '2 : AH-BET ~ AH BET + A
- 9 - (dry basis) = ¢C (m /g) . {kJ/kg) (kd/kg)
Adsorption

10 6.67 3.95 233 180 2,657
30 6.20 3.28 217 - 164 2,597
b - 4.7 - 2.89 164 - 140 2,535

~ Another parameter calculated from the isotherms presented in

—

Figure: 1 and Figure 2 is the'equifibfium heat of sofption,‘AH;
This quantity is anaiogous to the heat of vaporization of a pufé
substance. ABut, while the heaf of vaporization i§ a reversible
quéntity at constant pressure, the equiiibrium heat of sorbtién, by
ana]ogy, refers to constant pressure, P, and constant spreading

pressure, ¢, as obtained from the Gibbs equation.
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Thé equations for the calculation of AH can be derived from
thermodynamic considerations as outlined by Hill (1950) and

Everett (f950),ahd as reviewed by Young &€ Crowell (1962) .

For tHe purpose of this work, AH was calculated using the

equation

W o2 dInPy . dIaPy )
AH = RT (—ET-—Q¢ = .R (HTT7TT)® = T (SG SS) (2.4)
where SS = molar entropy of the adsorbed layer and
SG = entropy of water vapour at T..

From equation (2.4) the molar entropy of the adsorbed layer,
which is a measure of the mobility of the adsorbed water molecules,
was also calculated. To obtain both AH and_Ss from equation (4),

¢ must first be caTgulated.by integration of the equation

: P (P |
% = RT ( I d(I1nP) (T const) = RT-( % 4P (2.5)
. 0 . Jo ,

v where,.F = X/A, kg HZO adsorbed/mz.of solid surface.

- For the calculatiOn_of I the average surface area found from
the B.E.T. analysis was used. The integral shown in equation (E;S)
was evaluated by carefully pldttihg’F/P vs. P and summing the

‘area under the curve. , ' | i

Figure 5 shows the values of the spreading pressuresfor
adsorption and desorption of water vapour by dehydrated'onioﬁs at

'30°C. Similar plots were obtained for 10 and-45°¢.

AH and AS, where AS = 5. - S and SL is the molar entkqpy of
liquid water at T, were calculated from the slope of the lines

obtained by plotting zn P vs. T at.constant ¢ and then equation
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(2.4). Figure 6 shows the molar entropy changeiplotted as a
function of amount of water sorbed at 10, 30 and SQC‘for the

adsorptlon and desorptlon processes.. It can be seen that at any

glvenlmosstq! bt the absolute values of AS at‘ASOC are higher
jbsolute values at 3OOC are higher'than'at‘
“fves for the desorptton show a first section
w-jar entropy lncreases as the moisture content
increa%_ | ; ;ﬁection corresponds_to water actiVityhbelow 0.4

: f;]id surface which is not cempletely covered by
hence no lateral interaction betweeq water
moleculesi Therefore;-as compared to a.eompletely,covered
éne monolayer, a molecule of water has more'freedom

to move tod@;xﬁ the low water end. This would result in the

value of the entropy to occur at the mondlayer,
which it dees. vFellbwing the initial increase, the entropy
functlon decreases up to a moisture content of about 0.25 kg
H O/kg DM and tf . remains practlcally constant. The decrease in
moeolayer is formed means that‘the‘state of
organization of the.water decreases. That is, moti]ity fncreases
because the second- layer of water is interacting with\sehe so]ute

(if in so]Utien) and itself rather than with the surface. At the

higher values of X it is observed that AS tends towards zero

(state of free water), but the effect of sugars is apparent here
wnth strong deviation at hlgher temperatures This -is hecause
the presence of solutes tends to organize the water (i.e., increase

-absolUte value of entropy) and, since sugars are more soluble at

hlgher temperature, the amount of solution will be greater, hence

?
¥
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the entropy higher. A comparison between the AS curves for the
desorption and- those for adéorption show that at the same tempera-

ture the AS curves for_gﬁe desorption are always considerably Tower

that the adsorption ones. This behavior, although expected because

of the water befngAmore tightly bound on the dééorpgion branch of -

— ‘

the isotherm ﬁhan on the adsorption one, also suggests that jthe

/

'final arrange nt'vof‘ﬁhe water molecules on the surface 6f the

solid may'be ifferent depending on Whether equilibrium is reached

from the -'dry state' (adsorption) or from the 'wet state' (de-
PO .

sorption). Also, dufing the desdrptioh;pr0cess some of thé

&

amorphous sugars undergo crystallization and a concentrated
solution appears along Witﬁ,pure sugar, and, therefdre,,the-state
of organization of water is a combination of sblution effect and

desorption effect resulting in greater entfopy.

Figdre77 shows-the‘equilibrium heat of sorption as a functiqn»

* of moisture content calculated from the desorption andAdesorption

isotherms at 10;“30 and QSOC.' In the cése of desorption, AH de-
creases'gréduaily wiih the iécregse of sorbed watef, and at giQen X
decreases Qith tg&pé?atu}e. With_respect'tov;esorption;.ghe equi-
librium heat of sofﬁtion increaseﬁ_uputo the monolayer thén‘de-,

creases, and the three curves are élwaxs above the oneépobtgined.

for adsorption. ' . . , s



39

N
A e
td o . 0
AN o ol
SN AN T o=
| |
5 .
N O
+ N
~ ) . A
! A
5 R
3 ™
0 \\\
FLEN °
NN
«A o ° Qe
N sS.
\ e e
AN TS
+ A /'A\ \‘\\ \\“‘*0\‘\
PR B
"M P o
T Y ’
~ el A
'L; “ . | ‘ ." , N 3 ! Y N
“.. oot on on ‘090 (1] o» o - -
x‘..iat‘,..lllld

i
v

Equilibrium heat of sorption of dehydrated onion as a function

Figure 7.
. - of‘moisture content.
T2

7

B S



.1

Lo
DEHYDRATION-REHYDRATION OF ONION x 4

Experimental

Raw Material

Yellow Globe type onions (cv. Improved Autumn Spice) grown

to maturity in expefimental plots at the Alberta Horticﬁltural
Research Center, Brooks, Alberta were used. The oﬁions were
planted in ea;Iy April  harvested in the middle of September
when the tops were'down, and‘cured and graded indoors before
siorage in bins at 1-2°C. The onions were held in starage for
about 1 week béfore the dehydration experiments were initiated.
At this stage, the meaﬁ dry matter content of the fresh onion, as

estimated by the loss in weight of 10-15 g samples on drying in a

vacuum oven at 70°C and 48.8 mm Hé for 6 h, was 12.8%.

‘Pilot plant scale dehydration

Medium sized bulbs (4.5 -~ 7.5 cm in diameter) were ‘peeled,

sliced (1.5 mm thick) and dehydrated in-a 0.3125 m? bed area Vibro

Fluidizer (Niro Atomizer, CopenHégen). Three temperatures (40,

.50 and 65°C) and three air flow rates (5.5, 8.1 and 10.3 m>/min) ¢

were used. :The dryer consisted of a perforated plate built intol
a{long, narrow, enciosed chamber. The unit was equipped with an -
air filter, an air supply fan of the éentrifugal type, with built-
in démper, an electric air heater, a vibrator, a cyclone, anﬂ
e*hayst fan, also of the centrifugél tfbe with built-ﬂn damper,
ana connecting ducts and control panel. The air velocity was
measured using a pitotftube,connected to Mark 5 Testing Set’

(Airflow Developments Ltd., High Wycombe, England), and it wasg

- changed by adjusting the damper in the air supply and exhaust

fans. The gry-bulb and wet-bulb temperatures (TDB and TWB) were

I3

P)

- a ¢ 2



3.1

3.1

3.1.

.3

4

5

b

measured with thermocouples connected to a Honeywel | Electroqik
l?xtemperature recorder (Honeywel | Ltd., Scarborough, Optario).
The wet-bulb température was obtained by covering the end of a-
thermocouplenwith a wick immersed in a bottle contaiﬁing distilled

water.

Dehydration rate
Drying curves (X vs. time) were obtained by graphical inte-
gration of the thermograms ard/or by periodic weighing of onion

samples during dehydration. The equilibrium moisture content (Xe)

of the onion, required for the drying calculations, was deter-

" mined by the saturated-salt-solution method as described pre-

viously.

Shrinkage measurement
The shrinkage of the onion slices after various times of

drying was determined from specific volume méaéurgments by the

displacement of toluene.

Rehydration rate
Rehydration was measured in distilled water at 25 andkhOOC.
Five érams of dehydrated onion were added to 150 ml of distilled

o

water in a 250 ml beaker, mixed thoroughly, and allowed to re-

: hydrate for yarious lengths of time. At the end of the rehy-

dration period the onion was filtered off using a No. 4 Whatman
filter paber and slight vacuum, and weighed. The extent of re-_

hydration was. expressed as kg water per kg dry material.
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Theoretical
Model '

G

Follow:ng King (1968) the various rate factors :nvolved in
-t
drying processes are shown in Figure 8. I't can be seen that
heat must be transferred from the heat source to the evaporation
zone by way of _the éiece surface. External heat transfer, from
the source to the surface, may occur by any of the three principal
heat transfer mechanisms; which are conduction, convection and

radiation. Internal heat transfer, from the piece surface to the

evaporating zone (within the piece), is generally by condhction,

but can occur by radiation, pértiCularly if a penetrating radiation,

(e.g., microwave) is used. Water vapor generated at the evapor- *
ation zone must first traQe] to thérpiece surface by any of a
variety‘of internal mass transfer mechanisms (e.g., vapor diffu-
sion, surface diffusion, liquid,diffusion, capillary); fhen

water vapor must travel from the piece surface to the outside
environment by external mass transfer processes such. és convective

@

mass transfer or diffusion.

For the various. mechanlsms operatlng in parallel, such as
the three d:fferent mechanisms of external heat transfer the
rate-governing mechanism wull be that whnch affords the fastest
rate of transfer. On the other hand, for the mechanisms in
series, that is, external heat transfer, intérnal heat transfer,
internal ﬁass transfer and external mass transfer, the step with
the greatest effect.on the rate wjll be the one which is inherently
the slowest, or which requires the largest Canentration-difference»

or temperature-difference driving force. Thus the rate-determining
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"step will be that mechanism which is inherently the slowest out

of the assembly of fastest mechanisms for each step.

Equations related to model ‘ .

From the diffusion model of the form

Ix - d Jx
()_e_ = ()_Z (Deff C)—§ ) ( (3-])
N .
\ O ké (Xe ) xs) - Deff g%?s (3.2)
at 8 = 0 X - XO

~ where k; and Deff are parameters related to heat and mass  transfer

coefficients in the external phase and heat and mass transfer
coefficients in the internal- phase respectively. Through equation

'(3.3) h,‘kC and ké can be calculated

=N = b dx .' & .!_ = —h_ 3 ‘ -
N T L .(V e ‘AR (Ts Te)
w o s
k y ' P
= ‘~C . - = B . - . —s-. .
TRT O Pue T Pud Tkt (X)) - (3.3)
v w .
where N,= molar mass flux  expressed in kmole/mzs; dX/do =

kg HZO/kg D.M.5; L = one half of the thickness of the onion slice
in m§ Ps = density of the moisture-free solid in kg/m3; Mw‘=
molecular weight of water = |8 kg)kmole; h = heat transfec
coefficient in J/smzK; AHS = heat of vaporization of water at'the

surface temperaturev(TS) expressed in J/kmole; kc = external mass

‘transfer coeffiéient~in mz/s; Rv'= gas constant = 8.314 J/kmole K

or Pa m2/kmole K; Pwe and Pws = partial pressure of water, at the‘

dry bulb temperature of the air (Te) and at T, respectively,

»
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expressed in Pa; Xe and Xs.= moisture content in equilibrium

. d 3 n . . -
with Pwe an Te and with Pws and Ts,respectlvely, (V/vo)e
final over initial volume of onion piece (Figure 13') and k; =

combined external mass and heat transfer coefficient.

The combined external heat and mass transfer coefficient is

related to kc and h by the following equation (King, 1968)

: [o] .
K= M, (()aw)' o Eyk (3.4)
¢ P, JX T R,T "T+B c . .
where » 3 . ’
o f= H BRI . (3.5)

(AH )2 K a PO = energy out
© S . C ww

' . o
a, = water activity; Pw = vapor pressure of water at T, expressed

\

in Pa; and R = gas constant = 8.314 J/kmole K. The. role of B is
.analogous to that of another parameter, defined as
k R R T3
v

0T (oH )2 pla po - crerey in - (3.6)
S W oW ’ :

which, in turn, is related to rate of change of moisture content

within the food by equation (3.7)

< 1 o - ’
Ps ()x J J0 P, P a Q X '
== . ) = &= (—=X. . c () - (B2 3.7)
M, 5? Jz RT PP (c) X lr T+a’ - d, 0 (

where k = thermal conductivity in W/m K;.and D] = effective vapor
space diffusion coefficient in mz/s. Equation (3.7) has the form

_of equation (3.1) and gives
' 1o

M DpP ‘ a ' ’
- W W . P . W 7 oy .
Defr = p R T P-P (adx )T (1 + oc) (3.8)
‘ S \" w
where the term | 'o .
MP a P ) '
W ()-” = =2 - (3.9)
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which represents the ratio of moisture density in the vapor phase

(FL) to thé moisture density in the condensed phase (ﬂ-).

As‘pointed out by K}ng (1968), the effective diffusiyitya
given by equation (3.85'can be rationalized through- a gfmple
phy;ical concept: equaéion (3.1) describes the removal of water

“from a source by means of a moisture gradient driving force. The
source (left-hand side of the equation) is a condensed~phasé, the
>;sofbate; while the transport (right-hand side) occurs through the
vapor pHase. Af any time there is considerabfy more moisture LA
the condensed phase than in the vapor phase, hencé,aéimoistu e

leaves by diffusion out thfough the vapor it is continuously

4 replaced by evaporation from th\condensed phase.
N .

) .
3§2f3' Mathematical solution of equations

\Mathematical solution of equations (3.1) and (3.2) is
available fo; constént Deff(Crank, 1975) and therefore by mgéns
of the‘Gurney—Lurie charts (Carslaw & Jaeger, 1959) Dg £ ¢ together
with the.equivalentBiot number (BT) and Fourier number (Fd) were
calculated as shown in Appendix (5).( Also, from equation (3.8)
and (3.9) the effective vapor space diffusion (D‘) was then

célculated

l ] .—' * &- - ’ a—] - .
D = D¢ o, (T) = CZD | (3.10)

where'C2 = constant reflecting the geometry of the porous medium
and 'D = binary diffusivity in the free gas, = 0.256 cmz/s at ZSOC

for HZO - alf.
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 Results and Discussion

Dehydration rate

v f
Figures 9 and 10 show typical experimental results in

terms of average moisture content of the onion in the gdrier as

4 .

a function of time for three representative drying air tempera-
tures and three drying air velocities. 1t should be noted that

‘ gt ‘ v
for a very short period, at the beginning of drying, in the drier

there existed a bottom.'dry' layer and an upper 'wet' layer. f

. one neglects this very earlybphase of drying.on the basis that

the ratio of mass of dry air (mDA)>t° the mass of dry mattgr (mDM)
was high and that the bed was vibrated occasidnally, if follows
that the behavior of the individual slices should follow the .
behavior of the bed, hence, the res&lts can be interpreted

using the above-described model.

From the drying rate curves (Figures 11 and 12), the

dry bulb temperaturé of the drying air (Te)’ the surface

~ temperature (TS) and the heat of vaporization of water at Té’

the heat transfer coefficfent'was calculated. The values
obtained for expefiments conducted at three(temperatufesvand
thfge air flow rates are presented in Table 9 tdgethér with
external mass transfef coefficients (kc), external heat and

mass transfer coefficients (k;)_and the parameter £ . It can be

seen that the heat transfer coefficient increases with the rise

in air velocity and remains practically, constant with the rise
¥

in temperature. This implies that external resistances decreased

when air velocity was increased and transfer of water improved.

.
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X :
The values of k. and kc were calculated using equation (3.3),
together with the psychrometric chart, tb obtain the water
activity, hence, the values of P ahd P corresponding to T
we | . WS e

and TS, and the desorption isother*ilfo obtain the values of .

X and X corresponding to P and P Although not as clearly
e 5 we WS G

as the heat transfer coefficients, they ihdicate that external

resistances were indeed important.

The parameter §, which determines the degree of externa’l mass
or heat f}ansfer éontrol, decreases with increasing temperature.
This means that at higher temperature the prbcess 4s more heat
‘transfer contrqlled. That is, the quéntity of energy reaching
the surface is what controls the amount of water removed and” T
it is relatively easy to eliminate that water vapor from,the
surface through the mass transfer mechanism. Also, the %act that
ﬂ decreases>with increa;ing temperéture means tﬁat the rise in
temperature improved more the hea tfansfer.' Hence, the higher
drying rate resultéd from improVed ass transfer. Thié is apparent
from the values of k: (Table 9), yhi h doubled when ‘the tempera-
ture was raised fromndo to‘£5°c, At constant temperaﬁure and
variable air velogity, ﬁ\ decreased with the first rise in air
.velocity but reﬁained unchanged with the second increase. This
‘indicates that with the first rise in air velocity the dehydra-
tion rate underwent a transition from exteghal‘mas; transfer
~controi to external heat transfer control. How;ver, once thfs
transition had taken place; further increase in air velocity did

not effect the controlling mechanism.
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From equation (3.3) one can see that the quantity of energy
transmitteﬂ to the food can be affected either by the heat trans-
fer coefficient (h) or by the driving force AT. B8y increasing
- the air velocity, studies (Charm, 19715 have sﬁown that h in- ‘
creases aéproximately as v0'8. A calculation from the values in
Table 9 for the different velocities shows the expected relation-

e
ships. On the other hand, as shown iq\the same table, an increase
iﬁ air temperature modifies the total energy transferred withouf

pltering significantly the external heat and mass transfer

coefficients,

In Table 10 are prgsented the values of Deff’ BT,'D , C2,
a and T, calculated as indicated ﬁrev{;usTy for experimeﬁt; con-
ducted at constant air vefocity and variable temperature and
c;nstant drying air temperature. Beginning with thé parameter
o, whose role is entirely analogouSvto that of ﬂ, in determining
whether the ‘rate is internaily mass transfer- or heat transfer-
cbntrolled, it can be seen that‘a'is Well above !. Hence, the
internal mechanism was mass transfer controlled, which méans that,
~although enough energy afrived at.the evaporating zone (within
the pie;e), the transfer of the water vapor . from the evaporéting
zone to the surface was limited. At COnstaqt air velocity and

variable temperature a decreased with increasing temperature, which

implies that the dependence on mass transfer decreased.

Effective diffusion coefficient (Deff) increased with air

velocity and with temperature (Table 10). The increase in-Deff
. / ! . ) .
with temperature is  in agreement with the kinetic theory of gases

LY

AT ottt Db tine. i e
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which predicts a significant increase in diffusivity as temperature

increases {loncin & Merson, 1979). At constant pressure, diffusit

1.75

vity in gas systems varies approximately as T *’“ and, as shown in

equation (3.8), Ders is proportional to D' so that when D' 'in-

creased with temperature, so did De Air velocity sheuld not

Ff°

however, as shown in equation

-

have .had a direct effect on D ;
- eff
(3.2), Deff is proportional to kC and to (Xe - XS), so that when

k; improved slightly with air velocity, greater driving force

(Xe - XS) resul ted and Deff increased.

A comparison between the values of Deff obtained for X =
L,0 and X = 0.4 shows that Deff decreased with the decrease in

moisture content. This is consistent with the results reported
by other workers (Loncin & Merson, 1979), and indicates that
diffusional limits to moisture transport within pieces to the

vapor-piece interface become important at the lower moisture

content.

: 1
Water vapor diffusivity for onion slices has not been

reported previously, bﬁt‘it has been determined for other foods,
such as fish muscle (Jason, 1958), pot;toes (Saravacos & Charm,
1562; Fish, 1958), pepperoni (Palumbo et dZ., 1977), and apple
pieces (Roman et al., 1979). The reéults for onion slices are

. comparable to those reported in the literature.

The equivalent Biot humber‘(k; L/Deff), which measures the
relative external over internal resistance, was found to Be_large
(Table 10). This means that internal resistances were control-

ling. Temperature had practically no effect on the Biot number,
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“

implying that with the rise in temperature both external (from

A

the values of k;, Table 9) and internal (from the values of

Deff’ Table 10) resistences were affected to the same degree,
and the net effect was virtually zero. With the decfease in

o

moisture content, the B; decreased, meaning that internal mass

transfer was probably improved as a result of the temperature

rise in the product.

Thé parameters Cz and T, which are related by the expression
CZ = voidage (& )/tortuosity (Tz)fvaried with temperature and air
velocity. In both cases (constant air velocity and constant dry-

9

ing temperature) the maximum.compactness seemed to occur at low

velocity and low temperature,

Shrinkage measurement

The relationship between the volume as a proportion 6f the
original volume and moisture content of the onion slicgs'dehydra*
ted at 50°C and 8.1 m3/min air flow‘rate is shown in Figure 13.
It can be seen that as drying progressed, shrinkagé;f%creased and
at the end of dehydration it was over 89%, At a given moisture
con?ent, differences of less than 1% in shrinkage were found
betweEﬁ samples dehydratéd at different rates. Suzuki et al.s
(1976) who, using a photographic technique, measured shrinkage of
carrot, potato and radish during air-drying, obtained comparable
results. The results presented,in Figure 13 were calculated
from specificAgravity measurements (Appendix 6 ), hence, they
reflect the 'average' shrinkage. However, if this shrinkage in

volume is assumed to correspond to the volume of water removed
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the original.
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during dehydration, the surface area as a proportion of the
initial surface area can be expressed as

The volume of -the fresh onion is equal to tﬁé sum of the
volume of removable water and the volume at equilibrium, so

that equation (3.11) can be comverted to

v+ [(w- we)/PHzoJ 2/3

A o
Ao -
A (3.12)
o W, + [(w -w.)/PH.0] | <
‘But the density of water, F7H20 = 1.00 g/cm3 hence
A Lt WP ! ]2/3 (3.13)
Ao %)+we TT/Ve -l
and if
a=XéU/Pe; 1) +lﬁl ” (3.14)
A (XF 3273 : '
A - Fry | (3.15)
o o .

The parémeter,a, calculated for the experiments conducted at 40,
50 and 65°C, was 0.73, 0.72 and 0.69,respectively. Kilpatrick,

et al., (1955) reported a value of a = 0.80 for potatoes dried in

. a tunnel drier.

Rehydratién rate

A Rafeé of rehxdration‘vs. time at 40 and 25°C for onion
samples dehydrated with air at 50°C are shown in Figure 14 . It
is immediately apparent that at)ho°c the rate of rehydration was

faster than at ZSOCQ' After approximately 1 h the amount of water

1
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Rehydration of Improved Autumn Spice onion slices
dehycurated at 50°C.
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absorbed at the two temperatures was about the same and rehydra—’
tion ceased. No real differences were found, both in rate and
final volume of water absorbed, betweén samples rehydrated at
differeét air temperatures or air’dew rates. The present study
showed small decreases in rehydration volume and rehydration rate
as the dghydration rate increases, but the differences were not
significant. These results agree with those reported by.-Shimazu
et al., (1965) for White globe onion; |
When tﬁe rehydratipn data obtained at 25 and 40°c were
plotted as log (Xm-X) vs. time, straight'ifneé resultedffor the
region of moisture ‘contents of’6.2 X 10-2 kg H20/kg D.M. to about
5.2 kg‘HZO/kg{P;M.\(Figurg 15 ). Ignoring external resistances
to heat and mass\fransfer (i.e., B? = «), the average liquid
diffusivity was calculated thrdugh equation (3.16) wHere~(N‘- Xe)

is a function of DG/LZ.

- 0 e m { '

The diffusivity values are also shown in Figure 15.

When the values of diffusivity of water during dehydration

and rehydratfon are compared, it is found that at the same temp-
. . . -10
erature D Lahygration |5 higher thanD dehydration (2.33 x 10
m2/s v, 411 x Io_ll mz/s). This is not surprising since, during

rehydration, in addition to liquid diffusion, other mechanisms

such as capillary flow, flow caused by gravity and adsorption are

b

operating.
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FI'l.  AROMA RETENTION DURING DEHYDRATION OF ONION

LITERATURE REVIEW
Chemistry and Analysis

The éhafacteris;ic aroma or odor of onions is due to volatiles
consisting mostly of sﬁlfur compounds . Thé volatiies are absent
in intact tissue. However, when the tissue is sliced, reaction
between the enzyme(s) and flavor precursors (methyl,
propyl, and propeny]‘aerivatives of L-cysteine sulfoxide) occurs,
resulting in the formation of-flavour compounds. The odor of

fresh onions is ascribed to thiosulfinates and thiosul fonates,

while mono-, di-, and trisulfides present in tﬁe odor are con-

ﬁidered secondary reaction products (see reviews by Whitaker,
1576, and Abraham et al., 1976). The ]acﬁryﬁatory factor formed
during onion slicing is also an important odor constituent? Its
revised chemical structure aspsyn-propanethial-S-oxide, and a
unifying proposal for its genesis were given by Block et al.,
(1979) . A part of the precursor dufing onion slicing is con-
verted {nto'cyCIoalliin,fwhich is inert to the enzyme(s) and dbes

not contribute to odor development.
. | .
In addition to sulfur compounds, the presence of propanal,

its aldol condensation product, 2-methylpent-2-enal, and other

carbonyl compounds in onion odor was emphasized by Freeman ¢

-Whenham (1974), while their genesis was outlined by Boelens

et al., (1971). An‘updated schematic_of the genesis of-major
compounds responsible for the sensory characteristics of sliced

onions is presented in Figure 16.
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gp Figure 16, Genesis of some compounds responsible for sensory character-
- ‘ istics of Allium cepa L.  (According to Abraham et al. 1976;
Block £g§:z. 1979) .- (1),. 1-alkyl(alkenyl) cysteine sul-

foxide; (I1), Cycloalliin (3-methyl-1,k-thiazane-5-carboxyl ic

- acid-S-oxide); (111), alkyl(alkenyl) sulfenic acid; (1v), .
syn-Propanethial-S-oxide (lachrymatory factor);- (V), Propanal;
(V1), Sulfenic acid; (Vil), Thiosulfinate; (VIII, IX, XI),
Mono-, di-, and tri-sulfides; and (X), Thiosulfonate. R =

CH3-, ¢3H7-, 'or CH3CH=CH-.
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Numerous enzymes are lnvolved in the blOSYntheSlS of the.
aroma, and flavour precursors, in their breakdown to prlmary
products, and perhaps atso ln the.converSIOn of some of the
prlmary products to sensory coostltuents or modlfters of sensory
percept:on HoweVer only two ‘have been investigated to the point
where they can be descrlbed as entnty (Whltaker, 1976) They are
allllnase whlch has speC|f|c1ty for S substltuted L- cystelne sul-
fox:de, and vy glutamy] transpeptldaSe Wthh removes the y- glutamyl

group from Y- L glutamyl trans-(+)- S-(l-propenyl)-L-cysteine sul-

foxide to glve the flavour, ‘odor, end lachrymatory precursor.

Various methods have beep edvocated for measuring onion aroma.-
ﬁpSre & Virtanen (1963) developed a'semi-quantitativetméthod in
which 4 to 6 drops of plant extract adjusted to.pH 6 to 7 were
'placed in a small Weighing vial. 'Five millfgrams of alliinase
powder was added, the suspension stirred fortIO secon;s, and the
.vjal held tightly to the eye. Depending on concentration% the
lachrymatory effect was perceived after 15 to 45 seconds. ‘Currier
(1945) advocated the use of volatile sulfur as a criteriop of

pungency and Kohman (5952)>suggested the use of total volatile

sulfur as an index of pungency and/or flavour.

Saguy et al. (1970) have spggested the ‘use of the Chemital
Oxygen Demand (COD) for estimation of the aroma and fiavour'components

of onions.  The procedure consnsts in oxidizing a dlstlllate of the -

Pl

w pnp%yct with chromic acid and estlmatlng the total volatlle com=-

pzénds colorzmetrlcally They reported a correlation coefficient

of 0.98 between odor threshold and COD va1ues for fresh onion;

correlation was poor for dehydrated onion samples.
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.The o]factory thresho]d and the Pyruvate contentJor dnions“
developed eniymatically have a'good correlation (r =0.97), maklng
this asu:tablelnethOd for both fresh and drced onion samples when
used under carefully controlled condltsons (Schwimmer et al. { 1964)
The pyruvate content is estlmated colorametrlcally after the 12,4~
d:nntrophenylhydrazone dernvatnve has formed Saghir et al. (1964)
did not fvnd 3 correlatnon between the aliphatic disulfide content

.
and pyruvate hewever which is not surprnsnng in terms of the

contlnued reactIVlty of the primary products of "the alllcnaSe re-

actlon.
.

Lukés (1971) has used the reaction of cysteine wuth th:osulfln-
at\s and thiopropanal S-oxide to estlmate these vnltaal products ef
alliinase action in crushed onion. The derivatives are separated%
on thin-layer plaxes.. This method measures directly the primary
products of enzyme action on the pungency, Ffavour, and aroma
precursors. The method, while slow and laborlous, could be quj te’
useful for analysxs of pungency, - flayvour, and odor potentlal

i‘

Freeman & McBreen (1973) have developed a ragld spectrophotometric

'method For determlnlng th:osulfvnates in hexane extracts of fresh

freeze-drled, and oven dried onions. There was i@good correlation

between measured tﬁiqsuffinates and pyruvate conCentration. Tewari
& Bandyopadhyay (1975) introduced a thin-layer chromatography

method for quantitative evaluation of the lachrymatory factor.

~ Gas chromatograbhy'has been used in the‘determination of the

=

' T4

‘relative concentration of various flavour and aroma constituents. in

fresh, pickled, canned; boiled, fried, dehydrafed or freeze-dried

P

©

re
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onion (Bernhard, 1968; Boelens et al., 1971; Tewari & Bandyopadhyay,
I977; Freeman & Whenham, 1974). Major differencesvin the relative
proportions of some constjtuentsyin headspace chromatograms of

fresh and dehydrated white onions were reported by Bernhard (1969) .

However, the conuentional direct sampling method using a syringe is

,undesirable,'since it leads the volatile sample containing a large

amount of water to rapidly deteriorate the GC colugn. Thus,

effectivé techniques to trap the headopate volatiles are required.
Several~investigators (Dravnleks et al., 197 ; Dlrlnck et al.
1977) have reported on porous pol¥mer technlques for the trapping

of headspace volatiles. However, the usual procedures for sample

recovery by solvent extraction or heat desorption from porous

‘polymer'followed by collection in a cold trap are troublesome and:

v ’ *

‘unsuitable for quantitative analysis. » _ .

Relatiwe volatilities of some onion ‘aroma comuonents

‘Onion is about 80% water. Some understending ofwthe,volatiliw
ties of its aroma components might be obtained by cons ideration of
Qolat%Iities“of‘these compounds in dilute aqueous solutions. A

review of the literature revealed very Ilttle |nformat|on in this

area; especaally in relatlon ‘to sulfur-contannlng compounds

. Very significant work, however, was carried out by Butler

et al. (1935), who studled wate( solutions of the homologous Seraes'

»

of alcohols from methanol to octanol, and by Buttery et aZ (1969,
1971), who studied the volatilities in dllute water solutlon of.
some members of the homologous series of alkanals, alkan -2- ohes,

and meehyl alkanoates from C3 to C9 and some alkyl pyrazines and -
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A

Lnsaturated aliphatic'aldghydes. Both groups found that the vola-
tilities in—{hqwdilute water solufions gradually increased Qith
increasing molecular weight. Pierotti et al. (1959) determined
thelactfvity coefficients (y) of a numﬁer of organic compouhds in
water, using a variety of methodg. They also determined the vapor
pressure of some of the pure compounds, P, é;d from the cafcu];tion
of the product y and P were able fo detérmine the yolatilities of

homologous series of paraffins, ethers, alcohols, and acids in

dilute aqueous solution.

Kieckbusch & King (]979) used flame~ionization gasichroma~
tographyzﬁp'determine equilibrium partition coefficients for C]-
C5 acetgées at high dilution between air and water, aqueous
solutions of various carbohydrates, vegetable oils, and mineral oil.
They found that partition; coefficients between air and solutions
of sucrose, maltose, and dextran (M; 90,000) increased sharply
with increasing dissolved-solids content. For the disacshakide
solutions this could be aftribqted qualitatively t6 a loss of free
water dué to hydration of sugar molecules. For so]utioﬁs of
maltode#triﬁ; dextrin, and coffee solids, the acetates were held
into solutipﬁ more at the highef dissolved-solids.contents, and
the partition coeffi;ient for pentyl acetate actually decreased
with incngésing concentration of dissolved solids. Partition
coeffi;ients between air and the oils were much lower and iéaicated
an actiQity coefficient of about 047 for' the acetates in coffee .
and peanut oils. Par;ition coefficients of a numbér qfvorganic
flavour compounds in sqfflower oil‘were reborted by Buttery et al.

o /
(1973).
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1.3 Volatiles retention during drying

flavour components which are liberated when the tissues are

It is primarily food aroma that distinguishes the flavour of
one food from that of another, and.aroma qualit9 often/determineé
the acceptability of a food. When water is removed from‘a food,
the loss or retention of the food aroma is one of the major con-

siderations in the design of the food processing operation (Bomben

et al., 1973).

Changes in aroma can occur during Concentration and drying.
These changes usually lower the quality of the products, but there

are exceptions such as the removal of offensive amine odors from

-
A

fish‘meal and mercaptan odofs from raw milk. To minimize un-
désirable fl;vour changes, the temperature of concentration or
drying is kept low, except for those cases where cookigé produces

a desirable flavour -'for example, fhe development of dimethy!
sulfide in tomato (Guadagni et al., 3968), the pfoduction of maple
syrup from maple sap (Underwood et al:, 1969), and-the’caoking of
poultry ﬁeat (Pippen, 1967). However, in most cases it is important
not to lose the natural aroma of the food product during‘concen-

& X

tration.or drying.

For onion, which is consumed mainly on account of the volatile
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disintegrated, the quality is primarily determined by the con-

centration and composition of its odorous compounds .

’

Loss of éémponehts from onions on heating or dr}ing has been
.Studied by a number of researchers. Titov et al. (1964)
established that onbtermination of freeze-drying of onions,
ascorbic acid content was reduced by 50%; and that during air
"drying, ascorbic’acid destruction was even greater. Copeman
et al. (1947) reportéd that smali losses of nitrogen ahd sul fur
‘occur bécause of volatilization during drying. They came to
this conclusion by measuring the t&tal sulfur and nitrogen .
content of onions before and after dehydration. Differences in
relative propprtions of certain components in headsbige gas-
liquid chromatograms of raw, boiled and fried onion were reported
by Boelens et al. (1971). Similar comparisons between fresh and
dehydrated onion were made by Beﬁnhard‘(l968, 1969) who reported
totai disu]fi&e diffgrences betweén fresh and dehydrated énions,
of greater than 89%.

Model solutions have been extensively used for controlled
studieg of the Factors~aéfecting the loss of volatile aroma sub-
stances (Menting & Hoogstad, 1967a, b; Thijssen & Rulkens, 1968;
Flink & Karel, 1970a, b; Rulkens & Thijssen, 1972 a.b; Flink s/

Karel, 1972; Thijssen, 1971; Kayaert et al., 1975; Massaldi & King,

|
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1974a,b; Lerici, 1976). These model solutions typically contain
saccharides, such as sucrose, fruCtoge; b]ucosg or higher mé]ece .
ular weight dextrins, along with low eoncentfatién of §imple
volatiles aromatics, such as alcohols, ketone; ghdipsters. Menting
SlHoogstad (l§%7é, b) studied the drying of (single droplets of
aqueous solutions of maltodextrin to wh}ch' cétone had beeﬁ

added at low concentrations. ’Théy.found that agetoﬁe was lost

f
only during what is called the constant rate drying perjod. They
also observed a decrease in volatile loss with increasing solid
concentration. The retention was favorably influended by -de-

creasing the relative humidity of the air; A similar effect of

drying conditions on volatile loss was found for slabs (Menting

..

‘et al.,1970).

Thijssen & Rulkens (1968) explained the anomalously high
retention of orgahic yofatiles by tbe‘selective diffusivity of
water in aqueous solutions of organic solids aé low water con-
centrations. ‘They showed that the diffusivity of volatile organic
compounds, if present in low coﬁcentrafioﬁs, decreases much = -
faster Qith decreasing water concentrations than the diffusivity
of water. Beiow a crig}gal water concentration the system be-
come§vcompletely impermeable to organic vblatiles. This crit{cal
ﬁoisfhre conéent is dependent on the molecular size of the

volatile, the nature of the dissolved solids, and the temperature.

+4
3

. Flfnk g Karél (1970a) determined €#® retention values of

: . . ] o .
several volatile compounds with a variety of mono-, di- and poly-

saccharideswhich were freeze-dried under identical conditions.

'

»
I3
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The ability to retain volatiles decreased in the order: disaccha-
ride, monosaccharide, polysaccharide. These same authors (Flink

& Karel, 1970b) also demonstrated that, in model solutions con-

taining glucose and acetone, acetone retention after freezejgrying

decreased as the initial glucose concentration decreased.

Stuuiee on the retention of Z-propanol in aqueous suspen-
sions of cellulose and starch (Chirife ¢ Kﬁ{el 1973) revealed that
starch gave much higher retentlons than cellulose even at identi-
cal solids content and that increasing the amount of suspended
starco and cellulose had a beneficial effect on the retention of
ijropanol, but the‘increase was much more pronounoed with starch.
Rulkens & Thijssen (1972b), who studied the retention of methanol,
" propanol, pentanol and acetone during spray—dryihg of aqueous
solutions Of‘malto-dextrin, demonstrated that retention :ncreased
with lncreased molecular size of the ﬂvlatnle, dissolved §olids
content, and dry:ng rate. These® findings are supported bythe.recenp
work of Smyrl g Le Maguer (1978) who studjed the behavior of

sparingly ioluble volatile compounds of the terpene family durlng

freeze- drylng On a variety of substances, including gums.

Data on volatile retention in actual foods are limrted
‘ -~ {
Sauuageot et al. (1969) reported results on volatnleﬁ?etentlon
studles durvng freeze-drying of. orange Juuce,and found that an
| increase in ;hg dry matter content resulted in increased retentions
for myrcene, llmonene and plnene. However, in tpe_same experiments

ethanol exhibited the opposute behavior. »A higher initial solids

content has also been found to give substantially better retention
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of volatile flavour speciés in apple juice (Chandrasekaran &
King, 1971). In that study ethyl acetate, n-hexanol and n-

hexyl acetate were chosen as representative apple volatiles. .

Ofcarcik & Burns (1974) studied the effect of carbohydrate
type, concertration of binary carbohydrate mixtures and sucrose

v

.hydrolysis on carbonyl retehtion in model systems and Bermuda
onion juice, and reported that an increase i% sucrose, glucoée
and lactose concentratiohs resulted in ipcreased carbonyl |
retention. Bariholohai, et al. (1975) studied the effect of
fnitia] volatile ﬁoncéniration on an hnidentified natural
component in mushroom extract, benzaldehyde and oct-1-en-3-ol,
and théir,resﬁlté indicated than an increase in initial vola-
tile concentration, at constant dissolved solids, results.in aA
decreaseiin percentége volatile retention. Flink & Karel (1974)
ftﬁdrted data on relative retention of coffee volatiles for
various freezing and freeze-drying conditions gnd; onée again,
found that high initial solid§‘§bhtent, high dryind rate, low
initial volatile concentrationiénd a thin layer of sample
resulted in higher fetention.' MaSQaldi & King (197hb) studied |
the retention of d-limonene during freeze-drying of orange

juice and found that the presence of a stable cloud increased

retention. : .

.
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1.4 Aroma intensification _ A .

It is We1] known that cysteine is an important precursor in
the formation cf onicn volatiles. Whitaker (1976), in his review,
discussed the most important cysteine-containing compounds re-
§ponsible for the final flavgur development in onion. fhe enzyme
alliinase acts on trans-(+)-S—(]—propenyl)—L-chteine sglfoxide to

. prodyce thiopropahal-s-oxidg,-pyruvatédand ammonia, (Equation l);~
and on (+)-S-methyl- and (+)-S-propyl~-L-cysteine sulfoxides tb
‘prodycé the corresponding methyl methanethiosu]finate and propyl

pnopanethfbsulfinate (Equation 2).

ajliinase.

CH,CH = CHS(0)CH, CH(NH.,,) COOH— [CH.,CH = CHSH = 0] + CH,COCOOH + NH
37 2 2 +H.0 3" 3" 3
2 | o
S-(1-propenyl)~L-cysteine .  l-<propenyl pyruvic = =
Sulphoxide - sulphenic acid acid
CH3CH2CH =S5=0
thiopropanal S-oxide
: - -alliinase _ , S
2R-S(0) CH.,CH(NH.,) COOH — RSS(O)R + 2CH.COCOOH + 2NH (2)
2 2 o 3 3 .
+H20
S-alkyl-L-cysteine thiolsulphinéte '
.sulphoxide =

The thiosulphinates are rather unstable compounds. They can
) \
interact with cysteine to form stable disulfides (Small et al.,

1947) . ' ' 5 

Freeman & Massadeghi (1971), reported a positive correlation
between sulfate fertilization and flavour strength of onion, which
" they éttributed to increased availability of flavour precursors. The

“synthesis of chteine from sulfides is well dqguménted (Whitake}, (1976) .
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Inorganic sulfate is reduced to sulfide by an enzyme in the

tissue (Equation 3).

! R ’ ; i /
g0 2T F2H, o 20 ¥ 6H 2= “
b S 3 S; ' : (3)
HZO 3H20 o
‘A-sulfite reductase [hydrogen sulfide : (ecceptor) oxidoreductase]

has been purified from Allium odorum by Tamura (1965). The enzyme
reduces sulfite to sulfude Whether a separate enzyme is in-
volved in reduction of SOA?- to 5032- is not known. Cysteine is
then probably syntheeized in the #gllowing way from serine and

sulfide (Equations 4 and 5).

Acetyl-CoA + serine —> 0-acetylserine + CoA ' (4)

0-Acetylserine + HS ~—> L-cysteine + aqgtate _ (5)
The enzymes cataly2|ng these reactions have been isolated in
pure form from- SaZmoneZZa and been shown to exist partly as a

complex of weight 309,000 (Kredich et al., 1969).

Schwimmer and Guadagni (1967) found that using 1 mg/ml
cystéine-HCl:solution to rehydrate .onion powder resulted in a 20-
fold increase in odor intensity and alteration of Qas chromato-
graphic patterns of the volatiles‘ the comp0unds responSIble for

J’the observed effect were not investigated by the authors though
they commented that the reactions did not appear to be enzymatic

in nature

&
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' September 20-23, and the average yield was 37 tonnes/ha. -

‘ . 76
ANALYS IS ’ .
Experimental . ;
Raw Material

The onions (Allium cepa L.) used were loﬁg-day, cooking-
type Yellow Globe hybrid onions of cultivar Improved
Autumn Spice , with an average moisture content of 87.1%.
Théy were gfown on sandy loam soil atnthe‘Alberta Hortigultural

Research Center, Brooks, Alberta.

The cultivar was- sown April 15 at a row spacing of 60 cm.
The seeds were sown by a push-type, cone séeder‘that also intro-
duced granular 5% Diazinon into the seed furrow. Weéd ‘control

was achieved by the use of a pre-emergence herbicide mixture of

Dacthal and CIPC. Furrow and\suppremehtary sprinkler irrigation

L

maintained the soil moisture content close to 50% saturation.
Onions were side-dressed with 27-27-0 at 112 kg/ha, while

p ) S
ammonium nitrate was later broadcast at 30 kg’ha as & top-- -

dress,.folfowed by sprinkler irrigation. Harvesting was donq

/

Commercially dehydrated, granulated white onions (With‘al
declared flavour equivalent of 0.5 to 5 kg of raw onian) ﬁ;r
use in meat products, canned foods, seasonings and soups, and for -

’ -

general institutional.use, had maximum moisture contents.of
’ .

" 4.25%, color (expressed as optical index);of 105, and size distri-

N - ‘ L 3 g
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Laboratory dehydrated Yellow Globé onion slices with 7-9%

moisture content were prepared by drying the slices with hot

-air at 80 C for 1 h followed by 60°C for an additional hour

~and then at 50°C for over 20 h, using a Vibro-Fluidizer (Niro

Atomizer, Copenhagen, Denmark) with a 0.3 me bed area.

Gas Chromatography - Mass Spectrometry'

A Hewlett-Packard M5710A gas cﬁromatOQraph was used,
equfpped with FID detectors and~dual stainless steel columns.
Columns of 2.4 m X 3.2 mm 0.d. were packed with‘Chromosorb 101,

a po]yaromatié§ cross=)inked resin having a uniform rigid a
structure of distinct pore size. Separation by means of a liquid
phase was dongpon!S%‘tarbowax 1500 coated on sifylated (HMDS)

® : ’

Chromosorb W-AW~80/100 mesh and packed in columns of 9.14 m X,

3.2 mm o.d.. The column temperature for most runs was maintained

at 60°C for b-mjn and then programmed at 4%/min to ISOOC Iso-

'thermal runs were at Lo, 50 and 80 C for 4, 8 and ]6 min, with

programmlng at 2 and 4° C/mln to IhO C and holdlng at thls

temperature for 15 min. The carrier gas in all cases was,N2
A\ : ‘ "

at 25 ml/min. The injection port was maintained at 150°¢ aqd”

the detector temperature at 200°C. The area of the peaks was

integrated by a Hewlett-Packard 3380 A electronic module.

N

A Hewlett-Packard M5933A mass spectrometer coupled with

the 5710 A gas chromatobraph was used for GC-MS analys§

Both
retention time and mass spectral data were used for compound

|dentlf|cat|on, in the ]atter case usnng only Chromosorb ]Ol X
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B
packed columns, since column bleeding with Carbowax 1500 made
i the combined GC-MS analysis unreliable. MS parameters were as
- follows: inlet temperature, ZSOOC; ionization potential, 70 eV;

ionization-current, 300 uA; and scan speed, 3 s for a range of

25 ¥o 400 m/e.

Pure sulfur organic compounds used in co-chromatography
‘ and mass -spectra comparisons were provided by Polyscience Co.
(Evahston, IL) and by Supelco, Inc. (Bellefonte, PA).

. .
2.1.3 Headspace Sampllng Procedures‘

aﬁ{ Prolcedure l. The headspace volati lesv were col]ected from a.
“sealed systgm.,ErIenmeyer ﬂlasks of 25 mi w:tb Teflon stoppers ‘
having a cgntfally located rubber sepfum~were used fd jngubéte'
< Athé;onion sample. Ffesh onions were. sliced across the main
a axfs to give 1 -2 mm'éhick cylindrical ;Iiées An 18<g samplef‘
was‘cncubated in the flask at hO C foﬁ 15 min and up to 3h, |
"and 3 or 10 ml headspace vapour was -then wuthdrawn by a gas.

/

syrlnge and analyzed by GC. ‘ ‘ ' .

4 ' Dehydrated samples weré analyzed by the same method. How-.
ever, preboiled distilled water'waé added  to -the samplés'and“-
the contents shaken by a Burrell wrist actlon shaker (Burrell

Corp ,.Plttsburgh PA) wnth the tncubatlon pernod llmlted to |

IS or 30 min.

E) P »*

Procedure’ll."Thé'QOIatiles were collected with a pqrginé

- stream of N,. L ' B

Y
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(a). The sampling apparatus wasva sod-iooo ﬁl Er]enmeyer
flask fitted with a Teflon stopper and two glass tubes,
One tﬁbe extending to Aéar the bottom of £h¢ flask |
was used to continuously flush the onion sample with
Ny, while the other exit tube had a.feflon end-tube
fittednwith a sealed gas syringe!hegdle.. Up to 200 g
of freéh onion slices“énd various ratios eof dehydfated
onions to water (w/v) were used. The flask was in- ..

cubated at 40°¢ ana purged with'N2 at 15 ml/min for

15 min to 1 h prior té 3 or 10 ml of the volatiles

being withdrawn. ' —; " | ; : ; .,

(b) - The injection procedure was simplified bykthjuse of
a six-way gas sampling valve (Varian Aeroérqph,\\f
Walnut Creek, CA).V The gas valve Wa§ fittedwwitﬁ;a
6 ml stainless steel sampling looa keptigt room

BN

temperature during sampling énd heated to 230° du;ing
the injecti6n~period.' The onion was slurried in a ’
300 ml stainlgsg stéel jar quipped with a §iending :
set of blades ahd a two-éoft-5crew-cap which‘Was‘coﬁ-
nected by.3.2 mm o.d. stainless stégl t;bing to the
Nzlsupply and’to the' gas-sampling vava.. In the
sampling posifion‘Nz'at 30 mi/min passed through . the
onioﬁ samp1é and carried the volatiles to the valve
through the sample loop into ;he,atmOSphere."When the
purgé iime wagfcompletedﬁafter‘ls min{tp 3 h fand tﬁe
valve turnéd to the injepgion position, the szcarrier_
gas way Ledirectgd to the loop to flush the trapped

»
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. and_then used for GC- MS analysus

2.2

N
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volatiles into the column, while the purgﬁhg N, was .

redirected sStraight to the atmosphere (Fig. 17 ).

Procedure I11. Initially, the volatiles were concentrated

in a trap of a borous adsorbent. The gas'samp]ing loop in

Procedure Il was replaced by a 12 cm x 3.2.mm o, d. column packed

with Tenax-GC of. 80/]00 mesh particle size. Tenax GC, a porous
P ’\ L “ LN .

polymer of 2,6~diphenyl-p- phenylene oxide was suppiied

by Applied Science Labs., Inc. (State Col]ege, PA). The

'volatiles were continuously flushedofor 15-30 min with purgihg

’2 at 25-50 m1/min from 40 g of sliced or slurrned sample held

"‘at 20, 40 or 70 C to the trap held at 0° C The trap, which

retalned the adsorbed onion vo)atlles but not water, was °
then baék-flushed into the GC column by N2 carrler gas At‘this
tlme the Tenax-GC trap was heated to 230 C ‘and- kept at this-
temperature untllvthe GCaprogrammtng was completed.
.Selvent;Extraction Proceddre”mi

thioh volatiles were extracted.in, a Soxhlet a;paratus
using diehaoromethane as-a sdlventv Fresh onion sluces, 100 g,
or dried onlons, 3 g+ 17. 5 ml dlstalled water were extracted'
for 3 h at 40-42°C wnth 250 ml solvent The extract was con=

centrated to I ml in a vécuum flash evaporator kept at hO C,

ot * . N . ‘ . -
Results and Discussion
- The chromatogram of the volatiles of fresh onion.slices

e&tracted with dichloromethane is shown in ngt-l8./ There were

)

&
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Separation column used:
peak designation see Table 11.

Carbowax 1500. For
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close to"60 resolved constituents, 13 of which were major, with

the rest being intermediate and mlhog constituehfs.; The lowest

retention time waé for oxygen derivatives, mostly carbonyls and
th%ols.' Saturated disulfid;s had a ret¢q£igg time Higﬁer‘than
6 min, while the highest retention time was for ﬁnsatu ated R
\d}ﬁuffides anq &risg]fides. The latter were eluted nearifbe y_
end of:the chromatogramé. The identities. of major ﬁeak;; based

on retention time, co-chromatography and MS data, are listed in

Table 11.

Dehydratedldnions had similar chromatograms: However,
4 L - ‘
relative to other peaks,the 3,4-dimethylthiophene peak area in

dehydrated samples increased while that of propyl propenyl

-

disulfide decreased. - This finding corroborates thoée of ‘ .
« ‘ N
Boelens et al. (1971) that certain disulfides serve,as thiophene
‘ \ ’ ) 4 .

“precursors when onions are processed at higher temperatures: L

R
- .

‘“Fresh onion slfces, dehydrated onions, br onion oils'
obtained by solvent extraction 6? steam distillation contain a
gfeat abunaance of flavour constituents. Dimethyl disulfide,
methy bropyl diSulffde and dipropy]vdisqlfide, as well as
corresponding trisulfides, have been identifi;d in steam diétiiled

oil (Carson & Wong, 1961). Brodnitz et al. (1969) and Brodnitz
K&}Pollock (1970) listed 17 constituents, all di- and trisulfides
éxcept for a single dimethylthiophgne, while BOelens.et al.
(1971) found a total of 45 volatile constituent§; Abraham et al.

(1976) reviewed a total of 74 compounds identified so far in

fresh and processed onions. | \
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Compounds identified in solvent extract of fresh

Table 11,
onion slices.
Peak No.. . 'Cc;?npound1
1 " ﬁethénethiol + ethanal :
2 proﬁanal - ; )
3 'propgqg;bio] +.2-mgthyibutgnal
L . methanol + meethflpentanal
5‘ N ethanoiv+:pr§panol
) - dimethy disu]fide;\
n 15 " 2- methylpent 2- enal
‘19 Nz methy propyl dnsulflde '
20 n/ 3,4~ dsmethylthlophene
Zl (\, methyl cis- propenyl d|sulf|de
22 | methylAFrans-propenyl disulfide
23 dirﬁethy'l";'trisulfidé
2h,_ isopropyl propyl disulfide
25 | dipropy! disulfide
. 28 propyl cig-propenyl disulfide
33 propyl traBSApropenyl disulfide
T dipropyl trisulfide
lIdent@ficatzon was based on retentzon tzmes, co—chromatography
- and MS-data. ‘
in Fig. 19, MS—fréémentation patterné'are presented for

propanol, propanal and 2-methy|pent-24enal. Data for propane-

el - -
thiol and two disulfides are given for ﬁ?mparison purposes.. The

mass spectra of thiols were dbminated by peaks corresponding'to

¥

e

[7 .
. + +
{thydjbcarbon fragment§ anZn-l and an2n+I' Loss of HSH from M

~

s ——
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gave rise to the fanrly abundant hydrocarbon radtcal uon C H2n' .

Allphatnc sulfldes displayed more abyndant molecular ions -and -

sulfur Contalntng fragment loﬁs than the corresponding thIO]S, o ﬁ

- . .

T,

~ but the hydrocarbon peaks were . still predominant |p the spectra.

allphatlc thiols and sulfldes and thelr mechanlsm

= B

ere descrlbed in detall by Levy & Stahl Sl96l)

Mass spectra‘o
of fragmenratlon.
Unique mass spectral fragmentatlon patterns of I prOpenyl-

contalnlng thnols, sulfldes ‘and- dxsulf|des, and thlopropana| g-

oxide were described by'Nishlmura et al. _]973). o - o

Fig. 20 shows typlcal chromatograms from two headSpace
.sampllng procedures applted to- fresh onion sllces |ncubated for

30 min. A 3 ml sample of. headspace volatlles, wuthdrawn from the

o~ . 4

o

dclosed system (Procedure 1) rev aled close to 13 h&uor and

'~vintermediatefconstltuents, the m jor ones belng propanal,

propanethio], 2~methylpenten‘w, propanol 'Z-methylpent-Z—enal,
methyl . propyl disul fide, dlpropyl dlsulflde,(and propy\ cls—
and trens propenyl disulfndes. when 10 ml headspace volatlles

fwere collected from a stream of purglng N (Procedure‘ll) he

.chromatogram‘was made up of essentually the same compounds but

-

much.moreiintenEIfied, and in addition & new peaks were detected

- . o o~ _J

~while 2 previously'found constituents were absent. . . 't

Averages of three replicates of the areas under the peaks

obtalned by Procedure 11 (a Or'b) and tne dependence on incu- - ~ ’
/

y .
batnon time of onnon sllces are shown in Table 12 Most peak

-

areas |ncrea5ed with increasing incubation time, reachnng a

L)

.maximum at about 3 h and then decreaSInF. Prolonglng the

~
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obtained by applying headspace sampling Procedures’ 1 and
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" Table 120, Effect of sampling time ‘on the development of fresh onion

- volatiTes collected by Procedure |l and separated by GC on -~ .
.~y Carbowax 1500 coated columns., T PRI

Peak area in cm? from 10 ml of:vépbur
" injected after incubation for

. icompguﬁdf5ﬂ'.¢i " 30 min . 85 min 3h  bLh 5.5 h 7h"

, e B
pre-propanal ﬁeéks; o Fi 0.791 3.8  5.18 ;3fz7v‘ 21 BOb .
| propanal | L ;16.?7' "18.32 23.33 13.87" 9-“3._,.5?52§.;
. f‘pr‘opane‘t‘:'h‘i o“l'. B ) .  : ]9‘;43.“*2‘6._97 3. L!Aévv_,,_«;Zﬁ.BO . 2.‘60- N
" (+ 2-methylbutanal) S | e .
unknown 0.5, 0.09  :' - ! - s .{i‘
g-nethylpentanal . - 0.10.  0.35 ' 0.80 o8k 0.85 1.2
"(+ methanol) L S | s S
ipropanol R 0,11 0.33 1_6.71 0.79 | vol?r'f 0,801
dimethyl disulf}de | ' - ‘0.35-' 0.21 - o ‘  -
2-methylpent-2-enal . 0.27  0.92 1.52. 1.06 o.sh'o, 0.32.
. méchyl,gropyi qisulf{ée Co3p 213 1.69 0.32  0.19 o.bg 2
* dipropyl 5i;ulfidé 2.29 - 6.3h 5.25\\ 1.7 '0157 0739r .
-propyl cfs-propenYI ’ ~' o . _b, o . |
disulfide ) - - 0200 - - -
propy]l trans-pfopenyl . | o \; ‘ : :
disulfide 0.6 0.25 . -0.37 - -
Total | r7§§T\ 52,00 68.26 25.29 18.05 13.77 ..

e v repriones ard it
All the peak. area figures means of three replicates and were
obtained from 200 g of fresh onion slices/500 mi flask held at 40°C
with Ny purge gas -flow at 20 ml/mn.. The coefficient of variation
was < o%. : ' , E

“



| was applled and the onlon ‘to water ratlo was lncreased from -

89

_lncubatlon from 30 mln to 3 h caused a nonunlform 2. l to 6.1- &f

¥

v fold lncrease in peak areas for propanal ethyl propyl dlsulf|de

4

and d|propyl dlsulflde whlle propanethlol showed the highest
increase (12 5 fold) The sum of all the peak areas was a
maxlmum of 68 3 cm after 3 h lncubatnon tlme By prolonglng
lythls time the Sum decreased rather abruptly An addltlonal hour.
of lnchbatlon brought about a decrease in volatlles oﬁ 2. 7 times,
.Whlle’a ‘5- fold decreaSe\l@ area was obtatned after a fuarther - s
‘4 h |ncubat|on ” These flndlngs proved that, rega:dless of .the .~

,‘procedure (llia'or b) fhe results are dependent on the sampl.ng
o time. *

Dehydrated Yellow Globe onnons had chromatograms as shown

2>

Croo |n élgure Zl _ For laboratory dehydra;ed samples, when Procedure’

';O,ll to l.80 (w/v) the number of constltuents detected

hlncreased from 9 to over 20, whlle the sum of all the peak-

L4

areas rose from less that 5 to 45.6° cmz. The dehydrated onlon
chrOmatograms retained nearly all the major volatlle constutuents.

of fresh onlons HOWever, thelr amounts were less, while the ................... .

» constttuents wnth retentnon times between 12 to 15 min. and |

d|pr0pyl dlsulflde were below their detectlon llmlt at a | |
rehydratton ratio of 0. ", whlle at a rat|o of 1. 80 these peaks,

-and several new ones were readnly revealed Chromatograms of
commercually dehydrated onoons were similar to: those of laboratory BN

dried onlons after a 0. ll ratio dehydratlon Also, when onions

were rehydrated in a ratio of 0. 11, lncubated for 30 min and then

+

é}:



' vFigdre 21.

1

GLjChrbmatograms of dehydrated onion volatiles obtained by
applying headspace sampling Procedures | and 11 for. 30
min. For peak designation see Table 11.
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‘°assayed by Procedure [, the chromatograms were similar to thgseé

-

‘ of'Procéduréil.

e

- Chfomatogfams of fresh and dehydrated onion vé]atileé
) . _ . ‘ £
trapped on Tenax-GC by Procedure [t1 are shown in Fig. 22.° The

yolatiles collected from fresh onion slices during 15 min iﬁ;u-

_bation and then separated om é Carbowax 1500 céétéd column

reveaTédja total of 28 peaks, with major 6nesibeing prppanal,v
_propanethipl, 2-méthylpeﬁt1?fenal,,metth,propyf”Aisquide'and -
dipropyl disulfide. Unsaturé&ed disulfidgs aéd trisulfide§ were
not-present.- Nevertheless, the procedure, though it simulated
the closed system of Procedure I, wqé étfll able to reyéél lSvi

| adaiffonal" con%pitUents.-ZSimi]érly; Pro;e&ure FIl was
5upefior tobProcedure.Jl. Chromatégramstf dehyd?atédvonion in
an'amOUnﬁ équivéfént to‘thé,fresh weight assayed by Proéedure
111 revealed a total of 14 well-defined ;eaks which.toincided
with those of.Procedurévllf(a or B).' HoWévér, the relative

: proportions’ofvpeak areaéldif#éred substant}ally in becédure

[

fhe‘Ténax-GC tr;pping pfocedure was used to studyltﬁe
variation in the‘comp§sition‘of vqla;iles with extent of dis-
integration of the onion tifsue. ?resh onfgn was diced, sliged,
~or sliced d0d blended.  Infaddition onién slices were blended
with and wifhout ﬁaier. ‘The sampfes'were/incubated tn the
.: normal Maﬁnef; and tfapped fpr a period of IS‘miﬁ and _then

‘-separa;ed on a Chromosorb 101 column. The results érevpresgﬂted,~'

, R - _
in Table 13. A comparison of peak areas revealed that with
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onions sliced instead of diced, the release of volatiles was

7

. enhanced by close to 25%. Most of the major volatile constitu-

~

ents increased in amount. Propanal, propanol and propanethiol

9 . -
' .

peak areas increased by 55, 67 and 62%, respectively. On the

Py

other hand, a few constituents decreased in amount, most
" Y -
: A}

. ) ’ | : P

noticeably dipropy! disulfide (49%) and 2-methylpentanal (98%).

The results suggested that as the extent of disintegration of .
. . / .

[

, tissue increased, more volatiles wé;e reléésgd and'les§§proggn-
ethiol was cogver;ed to it§ disﬁ]fide. HSwever, whensdisinte- 1?
- gration was as extensivé as in'the blended'éamples, the additional
rise of total volatlles was only 7.1%. Again, propanethio] was
'enrlched at the expense of the dlpropy] disulfide, and there

was a not|ceable enrlchmént of methyl propy! da5ulf|de

Volatiles collected from a sample blended for 10 ;ec with
the sampling jar open and connected to the TenaxJGC'trap only
aftér)b]ending was»cdmgleted ghowed a total loss of volatiles
amounting to’56.5%.; Two major constituents were pérticularly

affected: ,propanethioi-aqd dipropyl disulfide. Their losses

' | . -
were 51.7 and 94.3%, respectively. There was also a substantial
- loss of 2-methylpent-2-enal and methyl propylzqisulfide. 4

B

Addition of water to&onion slices decreased the amount of

e

volatiles coTlected e Thus, sliced onions in'water released only

‘one third, whlﬂe'slnced and blended samples in water releaseq
N s ‘ . - v 1 /J/ R \. .
slightly more?thébfhalf of the volatiles usually released in

the absence of water.

@

Pt
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The effect of temperature on release of volatiles was also investi-
gated. ’The 6ptimum oﬁion enzyme activity was assumed ;o be at 40°C.
Temperatures of 20 and 7b°C were also assayed since they are often en-
cbuntered in household and institutional markets. The feleased Sélatiles

.incubated at these temperathnes were COntin;ously flushed to the fenax-
B - .

GC trap (with an Ny stream) and then analyzed on Chromosorb 101 columns.

At all temperatures the number of volatile constituents was the‘saﬁe,

however, the amount of volatiles greatly increased with temperature.

.

The beak'aréa for.propanethiol increased by 52% for'a‘rise from 20 to QQOC

. - <
and by 84% for a rise from 40 to 70°C. Dipropy! disulfide, as wellgas
ssme otth péak areas, had close to a 90% inc;ease in the range ofﬁZO to
4o°c and sliahtly’less than 60% with an additional rise from 40 to 7d°C. 
When the difference between the total and control.pyrqvate va]ues of fresh .
onioﬁ slices heated a% 70°C for 15 minutes were determined according to |
Freéman and Mossadeghi (1971), the pyru?ate data oLtained’correspbnded to
an 80% loss of onion enzyme acfivity. Hence, a rise iﬁ flavor constituents .
of onions at higher temperatures ganﬁot be ascribed to enzyme~éctivity but
rather to the{r'solubility decrease in water and to an overall increase

»

in-vapor pressure of the constituents.

The sampling procedures for headspace volatiles, when compared to
solvent extraction procedures, do not reliably quantify thé higher bailing
coﬁstitﬂenis'of onions. However, since ghe vplatiles found in the heaé-
space are probably those e;perienced by the consumer, and because of its
sihﬁlicity and ability to avoid artifacts, ﬁﬁg}ysis of tHe headspace was
preferr:d in this study. |

A médified version ofrsampling‘Préﬁedu}e 1, as applied in this study,

was used by Bernhard d1968), Boeieng et al. (1971) and Freeman and Whenham

N
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(1974). However, as obsérved by the latter auﬁhors, some of the GC find-
ingé related to fresh and dehydrated onions were difficult to reconcile.
A tinear relationship befweén tofal GC peak area and onionu;émple wéight
' held on]y‘yp to 2 g. As'shownAin th; pregent study, the GC method ‘is.
sensitive, but for reproducibility-of results, standardization of‘the
sampling procedure is a ﬁferequisite. The extént~of disintegration by a
Waring b]en@or in a sealed}gystem, incubation temperature of QO?E, and a
15 or 30 minute saﬁp]ing tigé\were preferred. Also; a standardized dehyd-
rated onion rehydration ratio ;f'l;B w/v waé.fpund to be satisfactory.
PreliminarY‘éoncentration of headspace volatiles by trapping in Teqax-GC
provided a simple procedure for following tbe changes of both major ana
intermediate constituents. All these findfngs stress the heed for a
specified common sampling procedure_by‘headspace GC methpds for ohion
Aflavor_assessment to cﬁmpare data on the‘effects of processing, storage,

A

variety, fertilization and irrigation on onion flavor quality.

\“1



RELATIVE VOLATILITIES
Ekperimental B -
The organid'compounds used were obtained from reliable com=
mercial sources (Aldrich Chemical Co., Milwaukee, Wl., and ICNvK & K
. : .
Labsllnc., Plainview, N Y ) and checked for their purity by gas
chromatograph; (GC) before use. Thegﬁatar was distilled and thaﬁ
bofled to remove volatile impurities and air. The GC apparatus_
wa; a Hewlett Packard Model 5710A with  dual flame ionization
detection. The dual columns were 2.44 m x 3.175 mm‘o d. stainless
steel packed with Chromosorb 101, 80/]00 mesh and operated at
temperatures ranging: from 80°¢ fér ethanal to 180° C for dlpropy]
and diallyl disylfides. Nitrogen was used as the carrier gas and;
the flow rare(has 30-ml/min. Hydrogen f]ow rate was‘25 ml/min‘andr
cair flow rate.275 ml/mia. Hamilton gas-tfght and conventional glass

: N ' . . . -
cylinder and barrel type syringes were used to inject the vapor

and liquid phases into the GC ud}t.

For the determination of the partitioﬁ’coefficiént,'a volume
of the chemical undef\\aft which would glve a conceJtratlon of *
5 - 500 ppm T‘?ﬂ{fwas added to 135 ml of - bouled d:sttlled water at
room temperature in a 270 ml Teflon bottle. The bottle was clog?d |
immediately, shaken vigorously and placed in a ZSOC aonstant
temperature water bath for]é min or more to equiiibrate.A The needle
'pf a 2.5 ml gas-tight syringe was then pushed through the'rubber

cap of the bottle and the headspace gas forced into the syringe by -

squeezing the bottle.v The vapor phase sample, 2.0 - 2.5 ml, was
then injectgd directly into the GC apparatus through the silicon
rubber séptum injector. Soldtion samples, 2.5 - 10.0 ul, were

taken out of the bottle, used for the vapor samples, and injected
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* of aroma component and water in the vapor in‘eqUElierum with the 1i=

98

i [
|

immediate]y ingo the GC unit. Solution-and vapor éamples were
injected alternateiy 50 Ehat a cHange in the concenftatiqn of the’
solution due to vaﬁor removal would be compensated for. The [njector:
temperature was ma;ntéined at 200°C to ensure ranid vaporization

of the sOlufidn, and the detector'temperature was ZSOOC. The air/
” g

water partjtioﬁNE\ffflc1ents were determined as k = (weight of @f.

solute per ml of air)/(weight of solute per ml of solution) at ZSOC

~
.

—

and 1.0133 x 10° Pa.

inar

The GC . peaks area oﬁAthg solutlon and  vapor peaks were measured
with a Hewlett Packard 3380/ electronic integrator.,‘The injection
of both solution and vapor allows the cancelling out of the GC peak

N

area to weight conversion factors -and simp]ify'the calculation to

Peak area (vapor)/vapor sample volume . .k6)
~Peak: areaAT1lqu1d)/||qu1d sample volume

k_
For each compound, k was calculated as the average of at least

four determinations. From the values of k the relative volatility«
N i e v " . ‘ . . .
of each compound, i.e., the ratic of the volatility of that compound

and the volatility of water at the same temperature, was calculated

directly as: L . ~v~\\\"

% R P, . Py . U
o T yTR =kt ) =k Top =k b3 x 10 ()
o "o _Mwa ‘ p . Lo

where y, and y _ are, respectively, the concentrations in mole fraction

N

: . : S . .
quid phase in which their concentrations are X, and x; Pw' saturation

pressure of pure water at 25° = 3.169 x IO3 Pa; T = 298.16 K;PL} E
density of liquid H20 = 997.11 kg/m3;'R gas constant = 8. 3143 X
l.O3 J/K k mole; Mw, molecular welght of water, = 18; and PW’ den5|ty ~

of water vapor at 25°C = 2.3062 x 10'&jyg/m3,

4
Vi

N
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Results and Discussion

Table 14 lists the felative-vo}ati&ities found for the
eompounds\examined together With.the partition coefficients, beilingv
points and molecular weights. The air/Qater‘partition coefficients
are given’te al]ow'for:the rapid caleuJation,of an unknown concen- |

tration in one medium when the concentratlon is known in the other

. medium. The bonllng ponnts and molecular WEIthS have been taken

obvious that the volatility of the compounSs examined varied

‘due to the‘partial shifting of the lelectron pair and, hence, -to ‘the

"from the Handbook. of Chemistry and Phyglcs (1973).

- LA S S
“Upon examining the results in Table 14, it is immediately

. ‘\‘
as about fifteen thOUSand

appreCtably PrOpénethiol for instance,
times more volatile than methano] and over one hundred tlmes more o
volatile $han,pnopanal. Also, dlprepyl d|sulf|de was four tlmes
less vplafile than methyl hropyl disulfide and over two and one- 'Y
half times less vdlatife than diallyl sulfide. Less obvious is the
fact that, wh||e the volatllnty of aldehydes'and alcohols increased

gradually with the molecular weught and boiling’ ponnt/ the vola-

tl]ity of the sulfur contannlng compounds’fol]owed éﬂe opp051te ‘

T

‘~trend v This may be due to their dnfference in solublllty in water,

1

as well as to ‘the unlque‘propertles of the sulfur atom. fThe lntro-

duction of two double bonds, dipropyl disulfide vs. diallyl disulfide,

increased the volatility by two and| one-half times.‘ This may be

7

E

.v/lack of hydrogen bond between watef and sulfur.

. s
e

There are no published volatjlity data of sulfur-cdntaining’

-
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" . . N N ' ‘.
Table ‘4-}V Relative volatilities, air/water partition coefficients,
' molecular weights and bonllng points of fourteen onion

volatlles
Boiling Air/water partltlon_, Relativé
-  Molecular . pointb coefficient ‘volatility
Compound . weighta (°c) (k) ’ ‘(aio)
W@m@mm,'_’s "762}3615 AméoifXJd* 19,413
-z,s-oimethylfhiobhéne 12,2 136.7 1.08  0.20 x 107 4,680
'Méthyi propyl”suffide»_\‘ 90.2  95.5 9.37°% 0.75 x 1072 4,040
\_/pimethyi disulfide 94.2  109.0  4.69 £0.02 x 1072 2,032
Dipropyl disulfide i§o.3 193.3 2.25 i.o;20 x 1072 g7
CAllyl meﬁﬁ?i\iulfidi AT 88;2 i 92,b »@ﬁa.os * 0:65 x 102 '3;488_k
iallyl sulfide 1.2 139.0 5.66 £ 0.34 x 1072 2,453
'vD|allyl dlsulfpde o 146.0 . == 5.38 £ 0.50 x 1072 ."2.351
Ethanal . : .- b 20.8 . 2¥h8 0,25 x IO-3 107
'Propanal - <. 50.1 L'48.8 m}3,h3 #/Q'ZS, x 1073 ., 149
'Mg:hanbl | ;j . 320, 6hy9. 3;02_t;oﬂéo x 107 1.3
EtHénoll.x'?’b e ;7&L§;§t;§.52)£ .00 X [o*s z,éi
1-Propanol R 60.1  97.4 "10.81 *.0.87 x 107 RN
2- Propanol | “»'; : 60.1 _#82'4 i9”§l t1.60 x 10~ 8.5
a Handbook of Chemstry and Physws (1973). . ~

Standard devzatwn
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compounds Wi th which to compere the figure cobtained in this

work;" but a comparnson of the volatlltty f|gqres for ethano]

and propanal with those of Buttery et al. (1969) ‘was made | and

N, : . .
the difference was found to be within the expenlmentaj error,

[ . . 7~

’ ,The'hfgh relative‘VOlatility values ebtained for soﬁe-ef the
"lﬁ‘v'mbst importantvenien flevour%ng components‘(e;gt,-propanethiel,
dlpropyl dlsulflde) indicates that these cempounds wi1lareach the
olfactory sensors more abundantly when fresh onion is cut and that
the potentlal loss durnng dehydratnon is very hlgh Thls us.becausei

flavour compOnents ln lqutd foods, or foods with low: dry matter

. e
W,

COntent, undergqing drying have the tendency to evaporate miuch

" A

faster than water; After partial evaporetion of water, if the

vapor removed is |n eQU|l|br|um with the liquid and |f there is no
concentratlon graduent in the solution, the retentton of a flavour-

N\
ing component; i, can be- expressed by the following expression

(Mentingv“et al. 1970):

' "M, : M ‘ : . :

o o
‘»:‘where Mio and‘ﬁwo are=théAe@onnt§ 6f'f]av?urjng compenent end water
A ufnitially present in’Ehe,eolution'andei ;nd MQ are the amounts !eft
/ after‘partielzevaporationl Acedrdingttd this equation, with %o
- values of the magnitudevshown_in.Tab]e 14 , drying of onion will
hresuit.in a very répid~depletien,of,the flavan.lyThis can be i1lus-.
trated by the fellowing exemblet:'The‘retention_ot.dfpropyl»di-
euitide, a'compound’With‘rather intermediete velatility willtbe

5.6 x 10-3%,whennonly 1% of water is'evaporated,iand i.h/x 10753Z
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when 10% of Jhe water is evaporated. The retentTBn of l-propandl‘

‘a’compound with low volatllnty, wull be much hlgher than‘dlprOpyl

‘ dnsulflde, 95% and 61% for l% and 0% of the water evaporated
reSpectyvely Fortunately, equatlon(S) holds only nf the evapor-”
atlon at the surface is not llmlted by the mass transport lnbthe

liquid phase. ln the dehydrat;ontof onion thlS condltlon can only
;vtrations-the diffusion coefficients in the liguid and solid_phases
‘ are.very low (Thijssen, 1971)"and1 thus the'resistance.to mass
transfer in these phases becomes much greater than that in the\

gas phase, hence even after over 95% of the water has. been removed

e

‘From onlon sllces there IS stlll suff|c1ent flavour to nge de-

hydrated'onlons thetr_well-knpwn»fiavour.

be TUifil]ed'at"the,Vefy Pégih"ing.cf dryfng; At Tow water ‘concen- S
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li;  MOVEMENT OF SELECTED VOLATILE COMPONENTS
4,1 ,Experfmental X P .

AN

L

‘? white G'dbe“type (cv;.Jmproved_ﬁouth'Port*White‘Globe). The dry matter.

3 The onions'were those used for the dehydration study and of the

content of the whlte onlon was 21,11%, as compared to 12, 87% for the

Yellow Globe type. ~: b A R

,.\"':’\ o

—

'Volatiles preSent'in Fresh and dehydrated onion were measUred using

the gas entrapment, on- column trappung technique described prevuously.

The drved onion was crushed and screened before analys&s, and only the

\\

fractlon greater than 1.7 mm and aller than h.O mm in length was used.

The location of volatiles in ohions-was determined with a simple

N : b} . B
~ optical microscopic technique and by a sensory panel. For the micro=

scopic technique, bulbs of onionvwere'cut’}nto blocks to.tit a}hand micro=

. ’ : L .
tome equipped with a razor blade (Scientifice Supply, Madfson, Wl). Ten
to 15 sections of about 200 wm thickness were then cpt and transferred to
microscope slides.( Thehslices were spotted with 1% aaueous si1ver:nitrate
solution and photographic images of different>fields were'recorded at SOX‘
magnification._ Enlarged photomlcrographs of 150X magnnflcatlon were then
developed. The images were taken.with an Olympus ‘Model BHA mlcroscope
equipped wnth an Olympus camera (Olympus Optlcal Co Ltd. -Tokyo,-Japan).
For the sensory evaluation, dlfferent portions of the onion scale were ..,

Ny

removed (narrdw portion containing the vascular bundle region, section = ?

L4

without vascular bundle, outer epidermis) and evaluated for typical onion

v flavor by two individuals who had experience ih_judging on?on.
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Results and DISCUSSLQQV// o l?. ' o .
. \ :
A typical gas T‘qu:d chromatographuc 'scan of fresh 50uth‘fﬁrt

Whlte Globe onlon/|s shown |n Flgure 23 The ldentlfned compounds
~__/

are presented in Table 15 "with their reteption times (peak oumbers)

of Figure 23. The tabulatlon notes the c'rtalnty of. ldenti ication.

A positive identlflcatlon‘represents agreemen mass

spectra data and.with retention time ofipore compo‘noslon:rh
Chromosorb rOl column. Figure 15 shows a chroﬁatogram‘of‘;he
compOunds present in dehydrated Inproved Autunn Spfce %pion. 'Thia

,Chromatogram was ootained from a mixture‘of‘B.l g of onion with 29.1%

moisture content, and 40.9 ml HZO' This mixture is equivarentbto 50 g

|

of: fresh onion. - The qualitative composition of the compounds in

fresh'white'globe and fresh»yellow globe type onion was essentially

the same as that of the dehydrated product.
N . /—/

;

For theAretention of volatiie' compounds during drying’of liquid_

foods and model systems two basnc mechanlsms have been pr0posed ;The
select|ve dnffus:on concept (Thlesen & Rulkens, 1968 Mentung et aZ ,

I970),and the microstructure concept (Flink & Karel; 1970a,b; 1972).

According to the selective dlfoSlOn c0ncept,the transport of both

. water and volatlle compounds in a drylng l|qu1d food is governed by

f molecu]ar d|ffu5|on The diffusion coefficients of water. and of

volat:les decrease strongly w1th decreasing water concentratton the

s

;decrease of the diffusion»coefficlent of volatlles, ls, however, much_

* . sharper sean that of the dlffu510n coeffucuent of water. Some time

A.after the beglnnlng of the drying process the |nterfac1al water

~

concentratlon in the liquid food drops to such a low value that a

"dry skin' is formed.

.

o

\
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Gaa chromat&grams
Globe onions.
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Compounds identified in headspace of sllced onion .
with a Chromosorb 101 column.
4

v ¥ ldentification
Retention : —~ ‘
-~ time Compound Ly Positive . . Tentative
vl3.73 Propanal _ : +
15.26 Propanol | T
19.94 Propanethiol o +
30.79, 2-methyl-2-pentenal - » +
35.68 Methyl propyl disulfide +
42.23 Dipropy! disulfide S

5
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Figure '2‘0;; Gas chromatogram of vapour of partially dehydrated
S Improved Autumn Spice onion. ' '
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At this low water concentration the diffusion coefficients of the
aroma components are so much lower than that of water, that the
dry skin is virtually impermeable to aroma components. The

mucrostructure concept has been used for the description of aroma .

ﬁl“'i_ ggetentlon in freeze drying. |t postulates that, during freezing

The relationship between moisture content and -'total' onion

L g

xicelatile retention is shown in Fidgure 25. This shows that

during the initial drying phase the volatiles escape rapidly.

Once a moisture cbntent of-70-752 has been reéched,the rate de-
creases, and from a”mpisture content of 35-40% onward hardl§ any
more/volatiles are lost. Total volati}g’retentien is, however,
musleadlng, since it reflects the behaviour of the components
present in hngher concentration, and it is the concentration and/or
'the odor threshold of the individual volat|les as'well as the-

-proportions of the‘mixture components that determine the quality

of “the food product.

3

_Figure 26 illustrates the percent retention of propanol,
dipropyl disulfide, methyl propyl disulfide and propanethiol as
a funcsiOﬁ of moistdré cqntent. A comparison betwee- hese four
curves shows that each volatile behaves differentlyféuring drying.
To be noted jn the figure is rhe different'moisture confent at
wHiqhvthese four ccmpounds were locked in. Propanethiol retention
leveled off at about 70% moisture content, methyl propyl disulfide

at about 50% moisture content, dipropyl disulfide at about 25%

\
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Total Velatiies Reteniieon (%)
]
~

Mejsture Contontin

Figure 25- 'Retention of 'total' dnion volatiles in percent of the
: initial amount in drying onion slices as a function of
the moisture content. Drying conditions: 50°C. and
8.1 m3/min air flow rate.
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Figure 26. Propanol, dipropyl disulfide, methyl propy]l disulfide and
propanethlol content in percent of the initial amount in
drying onion, as a function og moisture content of the
onion slices dehydrated at 25 C. : .
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moisture content and propqnol at even lower moisture content.
This behavior was observed under many different drying conditions,
and seems to imply that the loss of each compound ceases at a

moisture content which is specific to that compound and, perhaps,

to ofon only.
e

The relative éoncentratidn of these four compounds in the
fresh onion, as estimated froﬁ the peak areas, was approximately
100 for propanethiol, 25 for dipropyl disulffde,'about 5 for
methyl pkopyl disulfide and 1 for propanol. From an_analysi; of
the published results (Chirife et al.,1973; Bartholomai, et aZ;,
1575) on volatile retentioﬁ vs.‘initial volatile cpncentration,
it appears that the fihal retention-of compounds having sfmilar
properties can be approxnmately predicted by assuming that the‘

final retention varies llnearly with the logarithm, of tHe initial

concentration.

.If we take propanol as a base and apply this approximate

, proportfonality*to thé results presented in Figuré 26 we fi;d

that the calculated final retention for propanethiol is about 4%
as compared to the observed retention gf 5%. The calculated
rétehtiOn for diprdpyl disulfide is"abéut 17%, as compared to the.
obserQed retention of 8Z,and thg calculated retention for methyl
propyl disuffidé is 33%, as compared xé the observed retention of
abqyt'l6%. From the.basicxb?cpefties of these compounds (Table
16),it can be seen that p;opanethiolvis more similar to propanolf

than are dlpropyl dlsulflde or methyl propyl dlsulflde This

likely results inthe relatlve agreement of retentlon, L% and 5%,

4
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Table 16. Physical constants of some onion volatiles.

112

Molecular Bofling

. Molecular tength point Solubility
- Compound . weight (A) .(°c) in water
Propanal 58.08 - 3.08 48.8  soluble
Propanol . 60.11 | 3.08 §7.h | Miscible
Propanéthiol 76.1 4.89 67:8 Slightly soluble
Methy]l p.»ro‘pyiA disulfide 122 8. 74 -- lnso_TubIe
Dipropyl disulfide 156;31: 11.82 193.5 Insoluble
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and indicates that ‘the difference in final retention betweenr
. propanol. and propanethlol is mostly due to the dnfference in
initial volatlle concentratlon On the other hand, the losses of ,l
dlpropyl dlsulflde akd methy 1 propyl dlsulflde are hlgher than
expected on.the baS|s of concentratlonralone. These compounds
’are very dlfferent from the others -as ‘Table 16 reveals. Part|CU-
'larly sngn;flc;nt would be thelr molecular size and llmtted ‘

solublllty in watery which has been shown to be a crltrcal factor;

(Massaldl & King, 197ka, b Smyrl & Le Maguer l978)

Also to be'noted'ln Figure.26, is the-differenCeain‘fate of
lloss of these four particular compounds before they were locked

in. Propanethlol was lost very rapldly, methyl propyl dlsulfnde‘
‘and dlpropyl dlsulflde were lost at lower rates, and propanol was
lost at an eyen louer rate. These dlfferences in. rates of loss
.can‘be attributed to differences.ln lnltnal concentrat:ons,

, di?ferences in relative volatillt? of the four conp0unds-and‘to
their differences inﬂaffinity %or water, solids and other chemicals,

including volatile compounds.

lhe relative volatilities of‘propanethlol; dlbropyl disbltlde
:~and 1- propanol varied appreCIably (Table lh) Propanethiol, o
for instance, was about four thousand times more. volatlle :

than propanol and about 20 times more volatile than:dipropyl
disulfide. As discussed previously, accordlng to the equation
developed by Mentlng et al. (l970) with d.é values of the _.

magnitude shown in table 14, drying of onion will- result in
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a very rapid depletlon of some ofathe flavour co@ponentshbut,not"
necessarily ot others.;hThls can be illustrated.by the;followlng'l
’ example The retentlon of propanethnol a'coopound'with very'hlghdd

: relat:ve volat|l|ty, would be 1.8 x- 10~ 3% when 1% of the water |s L
evaporated : However the retention. of propanol, a compound wnth |
. low volatlluty, would be‘SS% and Gl% for 1% and 10% of . the water -

v evaporated respectlvely. The Mentlng ‘et al. (1970) equatron,l‘
however, holds 0nly if the evaporatlon ‘at the surface is not.
limited by mass transport and in dehydratlon of onion'this con- :Wu
dltlon can be fulfllled at the beglnnlng Of drY'“Q ‘_Hence, at N
least durlng thlS phase of drylng, the dnfferences ln;ratesfofA'
loss between onion volatlles\can be partiallY attrlbuted‘to the

»

differences in relatlve'VOIatilifies of the compounds.

The lower rate of loss of propanol at hlgher monsture contents.

’
than at the . lntermedlate ones appears to be due to some: synthesns

a

of thns compound’WIthln the onions 'after the |n|t|at|on of drylng;'
Thls |mpl|es that although the rate»of loss of thns compound is
'probably snmllar tovthat of the other compounds |nvest|gated lts’:h
sumultaneous synthesns and loss result nn,the.unexpected overall

effect. Further work to elucidate this lnteractlon is necessary.’

e Flgure'27. shows:dlpropyl disulflde content in per-

cent of the initial amount |n drylng Yellow ulobe and Whlte Globe;
onlon as.a functlon of drylng tlme fAs stated prevnOusly, the
|n|t|al soluds content of the two types of onlon was 21.11% for

white_and 12.87% for yellow type. The ratio between the»dnpropyll
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"O  YELLOW GLOBE
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Figure 27

‘-

-|n drying 'Yell

8.1 m3/min_air Flow rate.

R 3. e s 6
N DRYING TIME (hr)»
N
Dlpropyl dnsulflde content in percent of the lnltial amount'.g
Globe and White Globe type onlons as a S,

~ function of dsiing time. Drylng,condltnons 50 °c and




,LtTle retentlon |s llnear in this range, an

-treatment, retarned a 'greyish and;reddlsh tlnt,»respectlvely.
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" .disulfide concentration, as determined from the peak area present

in the fresh white to the dlpropyl disulfide concentratlon present

in the fresh yeliow onions, was 3;38. If one aSSumes, ‘based on data

‘available for SPaFlﬁgly soluble compounds (Smyrl & Le Maguer, l978)

: that the effect of Inltlal solidgiconcentratlon onvthe flnal vola-

that the'effect.of
|n|t|al volatiles concentration can be predlc d from the previous

argument, a correctlon for 1n|tlal sollds "and lnit'al concentration

'w0uld lead to a calculated value for the final retentlon of 23%

'whlch compares qulte favorably with the 22% observed

1

A

The results of the microscopic analysis are’ShbwndaS.rgpre-i”

sentative photOgraphs ln Figure 28 Flgure 28(a) and 28(b) ‘show

-~

typlcal longltudlnal and tangentlal views of vascular bundle and

surroundlng parenchyma cellS»(Appendlx 9) The dark'area ln the

»
&

photographs |ndlcates the locatlon of the sulphur contalnlng vola-

tiles which reacted with splver nltrate (Becker & Schuphan, l975$
' L

“This reactlon is speclflc to sulfur contalnlng .components of .onion,

and it reSultS in a black sulver sul fide whlch is. pract.cany inm

l%l‘:

‘soluble. ‘}hls was demonstrated by treatlng the starned onion tlSSuer

4

wnth'concentrated pOt3$Slum cyanide solutlon. lt was found that

\ »l

there was an immediate dlsappearance cf the black color in- the’ cells

.|mmed|ately adJacent to the vascular bundles (bundle sheaths) whrle

)

the outer epldermts -and the parenchyma tlssue, even after 6 h: of

-

The results @f the taste panel evaluation confirmed the

%

<



Cross section of - ripe onion scale tissue stained with
1% aqueous silver nitrate (magnification 150X).. (a)
Longitudinal section ‘through vascular bundle; (b) Tan-
gential section of the same bundle.
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microscopic observations by showlng that the onion flavour was
most pronounced in thetseCtionﬂCOntaining the vascular bund]e.lf

- The- sectlon wnthout the vascular bundle was desngnated as sweet ,.

and the outer ep:deré’% was found to be bntter-p

Upon examining theiphotographs:presented'in Ftéure 28, from
~ the standpoint of existfng theories on'volatite retention,'it.fs
apoarent that the;onfontvoiatiles are‘located~within natural
microstructdres;:anddit'is probable that:as,drytng‘proeeeds local
high sotute»eoncentration zones.wodld form;V.So that one would
"most llkely have a mechanlsm of volatole retentlon compatlble
wn%h-the mlcroreoion conCept On the other hand ‘sunce the cel]s
of the bundle sheath where the vo]atlles are located are»
adJaceht to the exylem and- phloem whlch are adapted to the move;hn
ment of Qater and other plant~nutr|ents, it is concelvable that
once drylng has begun and the selectlve tellular transport has
,. been dlsrupted, the volatlies may well tend to escape through
these conductiye trssqes. The fact that the volatiles are not
llost-eoﬁnteteiy wtth drying |nd|cates.that selecttve transport-
aerossvce]]ular_eiewents ddays a najor\role. |
Figure 29'showsta:schematielrepresentation_of a partiallyu

‘dried onion sliee With representatine aromarcontatning cells.
’Transport ot=nater todthe surtaee as pointed out previously |
occurs in the gas phase, 'and it.is caused by the negatlve‘
concentratfon gradient ln'the»dlrectlon of the 5urface. When the{
“drying front reaches a cell contafning'aroma,‘it can be expected

that water and aroma migrate;through the cellular membrane as

i
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Figure 29. Schematic representatlon of a drynng onion slice wuth
representatlve aroma- contannlng cells.
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’liouids, at a.rate correspondlno.tovthe cellular permeation flux,
and then evaporate. From membrane permeabllxty studles (Roman

et al. 1979 Rotsteln & CornISh 1978), it is known that the cel-v .
lular water permeatlon flux |s higher by several orders of magnn-

tude than the water vapor fluxes observed in this study. Thus,
_ . .

there is strong lndlcatlon that the. drylng process is controlled
b,lby res&stance? external to the cell . Aroma, however, ls“probably

retauned mostly w:thln the cell. ThlS is because,as water leaves

- the drying cell _the solute concentratnon wuthln the cell

increases, thus restrlctlng ‘the. flow of the aroma compounds out

h of the cell.l The quantltyof aroma locked in the cell is thus
dependent on the lnltlal concentratlon of the volatlles, SOlldS

concentratlon,'temperature properties of the aroma components ‘
a4y S . .
and propertves of the cellular membrane Small quantltles of \ .

= aroma may be" adsorbed on the already dry layer as it mlgrates to

the surface (Flgure 29 ) however, the contrlbutlon of adsorptlon,

as compared to that of entrapment to the total amopnt of volatile

retentlon is probably small

dther workers dealihg.with food models (Bomben et'al;;l§73l
have observed that the ratlo_of the liquid diffusionécOefflcient
of an orgahlc-component (D ) if-present at low concentratlon; to
that of water (D) tends to decrease very sharply with decreasxng
water content. Thns lmplles that at low water concentratlon the
‘rati0»Di/D becomes so smallvthat the system can, in fact, be
\ consndered as being permeable to water only. Thlesen (19771)

reports that this selective dlffu5|vuty for water at low water

concentrat& /g property that all noncyrstallme hydrophlllc'
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organlc systems have in cdmmon and. has’ called the ratio D /D the

selectlve dlffu51v1ty“ ' Accordlng to Thlesen, th- "ctxyez
'}dlf usrvtty-ls strongly’ dependent on temperaturet' ) '

"FigureiIBO‘shOWS results for diprOpyl'dESUlflde etenti

n at

four dehydratlon temperatures as a functlon of m0|sture co kent.

x.”The results obtalned for other volatlles w:th respect to temperae“
. ¢

ture were . s:mllar although not as strlk\ng - Flgurep31m:sh0ws a

bflplot oF crltlcal monsture content (the mplsture content at whlch

the aroma i is locked ln) as a functlon'of)temperatUre*fbr dlpropyl

:dlsulfide retentlon. lt can be seen that flnal retentlon lncreased

. ewith'lncreasingldehydratlon temperatureq ThlS Can be explanned

| by the'lncreased solubility of.the volatlle wnthflncreasrng '

temperature;whichfresults in thqynaintainlng of the volatlle.tn

‘thevwater'phase, hence, lncreasih§‘retention. Also, b;ilncreaslno”.

- the.temperature,the‘drylng rate inerg Ses.“Thls leads zo‘a'n%(er ‘ :"17 . »;;
',rapld formatlon of;the dry layer, anSa:o'a lowerlndlof,the,:,f‘r c »h;};

'dxfqu|on of the flavour component at the evaporatlng Surfaceszl '
It |s also possnble that due to the high rate of drylng and the B ‘
cellular nature of the material, local high.solute,concéntration o j- .

_zoheslwould form.:“lherefore one would most llkely heveﬂa drylng‘

'process in whlchvthe selectlve dlfquIoh concept and ‘the mlcro-'

. reglOn'concept would 'both applyr i |

0

N
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Figure 30.
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5. AROMA INTENSIFICATION

5.1 Experimental
Dehydrated, chopped onions with approximately uniform final moisture
contents of 9.0% and dimensions of 1.5 x 2.5 x 6.5 mm were used for this

aspect of the study. The onions, cv.South Port White Globe, were grown

*,

at the Alberta Horticultural Research Center, Brooks, and dehydra;ed as

described previously.

Gas chromatograms were made For the volafiles trapped on Tenax-GC '
in 15 minutes at 40°C and i6'30, 60 and 120 minutes at 22°C.  Samples
~were prepared by mixing 11.6 g of onion with either 38.4 ml of freshly
boiled distilled Hy0 or an equa[ volume of cysteine solutioh (1 g/L):
using the method describéd previously. Nitrogen, at 40 ml/miH, was used
to continuously flush the volatiles from the sample to the Tenax trap;
GC retention time data and comparison of mass spectra with standard
spectra were used for the identification of some of the compourids. A
Hewlett-Packard model 5710A gas chromatograph was used for the GC-MS-
analysis. Stainless steel colUﬁns, were used to separate the volatiles. ~
' The columns were temperature programmed for all runs. The oven was held
at 60°C for 4 minutes after injecition, then programmed at 4°C/min to 190°C
with a'fina] period\of 24 minuteb at 190°C. The flame ionization detecfor
temperature was ZSOOC. Nitrogen was used as the carrier gas and the flow
ratevwas 30 mi/min. The area of the peaks was measured with a Hewlgtt-

Packard 3380A electronic integrator.
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Results and Discussion 0

The-chromatogréms of the heédspace voiatiles from rehydrated
onion and water, andhonion and cyspeine séfution mixtures held at
40°¢c and traéped on Tenax-GC‘in the first 15 ﬁin of mixing are
shéwn in Figure 32. The area under these peaks is giVen in TaSle
17.  together Qith the A area“and the identity of some of the

bempounds. 'The'nymberé shown near the peak apex in Figure 32-A,

which refer to the retention time in minutes, are used in Table

17 as the peak designations. In the first 15 min at 40°C the

effect of cysteine was to decrease most peaks; with the exception
of diprobyl disulfide and two unknowns. Hosfprondunced wés the
decréase.in' propanetﬁiol and propanal, which gobfromka peak area
of 125.0 cm2 f9‘35.5 cmz, and from 56.21 to 10.06 cmz, respectively.
This corresponds to Aecreaées of 71.6 and 82.1%. Dipropyl disulfide "’
on tbe other hand, increased by 23.8% in the sample rehydrated with

1 g/L cysteine solution.

‘The diffeéence:in volatiles developed at 22% f}om onion re-
hyd;ated with water and with cysteine solution s illustrated in
Figurg 33.  The chromatograms show a varying number of peaks, llk
for the.onion sample rehydrated with water fof 30_min, to a maximum
of 14 peaks for the sample rehydrated with cysteine solution for

120 min. The means of three replicates of the areas under these

peaks are shown in Table 18 together with the percentage change
in areas and the identities of the corresponding compounds. The
retention times given previously in Table 17 are also used in

[

Table 18 for peak designation.
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Figﬁre 32. Gas chromatograms of headspace volatiles developed from

onion at 40OC and trapped on Tenax-GC for 15 min: (A)
sample rehydrated with water; (B) sample rehydrated with
cysteine solution. '
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~Table 17. GC headspace peak areas and area percent of onion rehydrated '
' with water or cysteine solution for.|5.min at 40°C.

- Peak,w!th ‘ Peak area1‘(cm2) ' ‘ Area (%)
retention - = : :
~time (min) Compound Water Cysteine Area’ Water ~ Cysteine -
13.53  Propanal ' 56.21 10.06  + 46.15 22.92'  8.89
) 15.)7 Propanol 5.82  2.86° + 2.96  2.37 2.53
§0.72 - Propanethiol 125,00 35.50 +89.50 50.97 31.38
3.30 Unknown C3h h.92 - 458 0.k 435
/ o - :
26.80 Unknown 3.57  2.76 - + 8] 1.45  2.h4
© 30,45 2- Methyl pent- ‘ : . |
2-enal | 491  3.28 + 1.63  2.00  2.90
3244 Unknown 15.92  11.72  + 420 6,49  10.35
35.38  Methyl propyl S - - :
disulfide 5.69 470+ .99 - 2.32 L35
36.43  Unknown  3.32  5.24 - 1.92  1.35 k.60
42.23 Dipropyl : o~ _ ’
. disulfide 24,49 32.16 - 7.67  9.98  2h.4i

The peak area figures are means of three replicates and the coefficzent
of variation was < 6%.

24 sign = water suerior in volatile development
- stgn = cysteine superior in volatile development.

v o - _ o~

i

-

I
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_ M
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Figure 33. Gas chromatograms of headspace volatiles developed from .
onion at 220C and trapped on Tenax-GC for different times.



129

buyjdwes ujw Qf

(z

wd)

I

eale )ead

»
et

*quswdojsagp 2713v700 UL Jdojdadng suraisho = ubie -
. . - *jusudojsasp 27130700 UL J0ADdN8 d23DM = ub1E + ¢
‘001 saury (" og) Aq poprazp (PP mag - T Moy fo pean sv pervnormy 4
*s8a9v017daa saay3 fo swvau sav gaanbif vauv ypad ayj 1
'8 62°SS0L 2L°896  Z'EL +  9S'LLy  95°6HS  S'@y +  EM69L  L1°6ZE leloy
%°0¢ Le 16y _w.omm. 2°8f - 88°HZT  89°791  h'1T + ww.om £6°1L ptdnsip -
| . . | tAdoadip €277y
€09 Thlg En ey 9°LS§ - 10°0% L6791 e - 9811 HE'6 umouwyun £ 9¢
Ll 0€ "4 89719 €91 + 85°91 19781 9°6¢ + 59°'8 EE vl Ppiinsip
: - : . - 1Adoud [Ayraw © 9g-G¢
£°0 4’30 4d! mm.:__ 6°€ + 0€ Ly wZ 64 6767 + 9042 £€ " 4¢ umowun 76°2¢
hy 98°6Z  €LMz  z'T + - 60°HL . ThHl  nHE 4+ 19°9- . [o°Ol [leua-z-3uad
_ ‘ lAyrsw-z  Gn-of
£°g¢t mmwmm "§2TLt 09791 - 1s-01° /g8 L oy '+ 1z°¢ 9¢°S - umoudun 0892
0°86 GT°ESL wo'g 7°6 - HL' €S 1% ¢6°25 - 72791 n9'L umouyun  E°€7
2°99 0l°98 0£°99C 6°€L + 11°69 78'927 © g°hl + Wl he | 86°LEL |otyisuedosd  2L*0T
9°1s 15°2t UL T 8 09 + 9°g AR 6°55 + T £S°S |ouedosd /|-Gl
07zl th*ll 08 0% 2+ 88°S 20°SE  chHg +  80'S 09°Z€ leuedoid  £geg]
abueyy g su191sAy  u93eM sbueyy-g . 9U 91549 Lmumz z3bueyy g wcwoum>u J97eM - punodwoy (uiw) a2wi3
— YA : uojjualau
Buijdues uiw gz Buy|dwes uiw pg | Yi1m eay

*UOiIN|0S BUIAISAD pue i3leMm
Yaim 3 zz 3e uojiespAyas burunp pado|aAdp SI[11B(OA UOIUO paIRIPAYIP 4O seale xnwa soedspeay )9y

‘g1 @1qeL




130

. ’As with.the §amp1es rehydrated'at hOOC-de 15 min, the effect

‘u;of cystelne on volati]es deve]oped For 30 min at 22 C was to - reduce

.,the'area under most peaks.‘ The'exceptvons'were‘two of the unndentu-
,f»ed peaks,.whlch lncd;ddéd MaJorﬂdecreaSes occurred in propanal
propanethlol and propanol :°9|prod;l dnsulf:de} whlch has been used
to- assess the pungency of onion fTewarl‘s Bandyopadhyay, 1977)

also decreased in the samp]e rehydrated wa%h cysteine solutlon

Whed sampling tnme was lncreaded to 60 min, cysteine stlll
reduced the ‘total peak area by 13. 2% but the decrease was less
‘than for the 30 mln sampllng Prdpanal, propanol and propanethlol
;decreased by 83 2, 50.8 and 73 9% réspectively ‘2-methyl pent-2-
enal ,methyl propyl dlSu]flde and an unidentified peak decreased |
'b; 2.2, 16.2fénd 3.9%. ﬁbs{ importantly, dipropyl disulfide and
two unk;owns increased by 38.2, 92;2vand 15.6%. After 2 h of
sémpling the‘effddt of cysteine was nearly reversed. Instead of
suppressing most of the peak areas, it increased them. Thds,
thé total area of the ten major peaks increased by 8.2%, and a new
peak having d rétentioh time of 48,97 mid appeared. Its area was
4.91 x 102 cm? as c;@pared to 3.98 cm2 for tﬁe same peak in the
sample rehydrated wifh water (see Figure 33).

Table 18 also shows that, for the lower boiling point vola-
tiles, such as propanal. and propanol; fhe peak area géndrally does
not double with doubling of the sampling time. In the samples
rehydrated with water, for instance; the péak area for propanal

2

increased from 32.60 cm® after 30 min to only 40.80 cm2 after 2 h.

<,

The peak area for the higher boiling point volatiles, on the other
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hand, more than doubled when the sampling time was dou;led; The
areé of the propyl di;ulfide peak‘in tHe sample réhydrated with
:waier increased fromJ7l.93 cmz'after 30 min sémplfng, to 162.68 cm2
aftér 60 6Tn,‘and to‘390.31 cm2 after 120 min'sahéli;g; In the
samplé rehydrated with cystgine solutjoh,‘dipfobyf di5ulfidevpégk,
area rose from 56.56 cm2 after 30 min, to 224.88 sz aftér_60 min,
and to 491.27 cm2 after 120 min,samp]ing. Similar results were
obtained when Qoiatfles of fresh oniéo samples were trapbéd fqr
different lengths of time. Ddub}ing.o%,the sizé of the trap did |
not_alteé‘the results significant]y. !

NA contparison befﬁeen the réﬁults»presenped‘in Table 17 and 18
shows that volatile development was genera}ly enhanced by :empefa—
tufé. The peak area for prbpénal, for fnstance, was higher for
the samplés held 15 min at 40°¢C than at 229C for 30 min. At these
two times and témperathres,lthe pfopanethiol peak had nearly the
same area, whfle diprobyl disul fide was much higher in the samples-
rehydrated for 30 min. - o -

. “ : .
ter the findings of

All these results do not, by any|means,

Schwimmer & Guadagni (1967) that adding cystéine to food preducts

prepared from onion increaséd thefr odor intensity. Thepresent re

-

with cysteine solution instead of water'for a 30 min peRiod will

have an undesirable effect on odor intensity, as assessed by percent

change in peak areav[calculated as‘IOO.x‘(Pea‘kwater-PeakCys eine)

dly{dgd bY Peakwatér]' - ‘After 2 h of onion rehydration,
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propanal, whlch h§% been suggested as an index of the lachrymatory

propertres.of onion (Tewarn ¢ Bandyopadhyay, 1977) Was_72% lower

in cystelne than in water. Based on these results, it seems that

the 20 fold in¢rease in odor |nten51ty obtalned by’ subJectlve test_

'_panel Judgement (Schwnmmer & Guadagni, 1967) seems to correspond

‘to our 20. h% area |ncrease for dipropyl dusulflde

</

The questlon can be raased whether the observed cyste:ne

effect is the result oF durect lnf1uence on the enzymatlc alliinase

' reactlon,whlch converts non- volatlle cysteine sulfoxude flavour

precursors to volatlles, or is the result of a snmple lnterchange'

_ between cystelne and the lntermedlate products of the enzymatic

Al

breakdown of precursors Flgure Bh shows the scheme proposed by

v

JBoelens et aZ (]971) for formatloﬁ of propanaL along with some

other volatlles,follow1ng allllnase action on trans (+)-5- (]-

d-propenyl) -L- cystelne sulfoxlde Thelr scheme also |nvolves con—

versnon of pyruvate to aldehydes It is not known whether enzymes
G‘A,,~ B

are - lnvolved in some or all of these steps, but the addltlon of

°cyste|ne may very well alter these reactlons and may result inp
‘the observed decreaSe in propanal peak area. Whntaker (1976)

'suggests that alcohols in onion may arise from the actuon of

alcohol dehydrogenase (Alcohol: NAD OX|doreductase) on the cor-

‘responding aldehydes. |f this is true, then the decrease in pro-

panol with the addition of cysteine must be less than the dec?ease

in propanal As seen from Table 18 this is the case. Schwimmer
QhGuadagnt (1967) attrlbuted the increase in odor intensity, at

least |n part ‘to partlcnpatlon d?scystelne r9/ss SH type inter-

’_changes involving di- and mixed methyl, propyl and propeny |
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CHycH=GTsH oF GIERH,CHID + CH3COCOOH + NHy
CH3CHO + CO,
 CHyCHm=CHCHO
CH3CHCHaCHO
CHyCH,CHmCCHO CHyCH=CCHO
CHs
' c'nsmzmzcl:uém
“%':
’.,*',: ‘
T.

_Figure 34. Formation of carbony! compounds in onion, as proposed by
’ Boelens et al. (1971).
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detivétivés of disulfide§;itri5u]fides, aéd thiosulfinates, as
well as thioaldehydes ‘and H,0. - The.mechaniéﬁs by whjch sulfur- E
" containing volatiles arise from ﬁhe thiosulfinates and from
'thioprqganalfS-OXide are not weli elucidaﬁed, Héncej it would be = 1,
rather di%ficu[trto speculate onjwhy, fo;_fhstance,'pfopanethiél
’décreasgd and dipropyllaisulfidé increased with'thé éddjtfon_of
uchteihé.l ’ T |

+



135

IV; CONCLUS1ONS AND RECOVMVMENDATIO’NS N | .
Cdncluaions o : h ' ; IR o f
Alr drying,‘rehydratlon charactervstlcs, and mousture sorptlon
propertles of lmproved Autumn §p|ce onlon sllces were xnvestlgated
From the nsotherms at IO 30 and hS c, monolayer sorptlon values,i-
isosteric’heat of‘sorption;;spreading pressure, mdlar entropy and {
>,edhilibrium heat ofushrhtfonnwerebeatculated,1and an attempt td |

»

relate the values of these functions to the way water is bound to

Mg

" the solid matrlx was made. This informatidn has provided an,.under- .
Lne a ,

standlng of the limiting values for the dehydratlon process

better ‘idea of the state of water in onnon.

From the drying-rate curves, at different'temperatures and air
ne. . , . ; i
flow rates, effective diffusion coefficient, heat and mass transfer

coétficients Biotnumber, tortuosity,and theparameterS(iandF which

determlne the degree of internal and external ‘mass or heat transfer -

control , were determmed. |t was found that the removal of water vapor

from onior slices cannot be explained in terms.of-a single mechanism.

The reason js that there are changes in béhavior depending on the rate

ofdrying. As a result, While‘atfhigh dryfngvair temperature and‘fiow

‘rate the process is internal mass transfer controlled, atltwrdryingraté

it shows the‘influence=6f externai heat and mass transfer.resistances.

Specific gravity measurement,of onign'dried ta di fferent

2
moisture contents lndlcated that shrlnkage lncreased as drylng pro- ;
Qressed and ah the end of dehydratnon it was over 89% Rehydration o

- rated at 25 and HO C were aISO determined and found,to be inde-

pendent df drying conditions.
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A method of analysis suitable for routine qualitative and quantita- .

o

!

tive determinations of the volatiles of fresh and processed onion was
v . ) . - » -‘ .
developed following a comparison of techniques for analyzing onion aroma.

The retention of four onion volatiles was then studied as a function of

¢

drying rate, lodation of the volatiles on the onion and several physical-
¢ :

chemical pr ties of the aroma componerits.

The results of the study on afoma retention during dehydration re-

‘vealed that aroma components are almost c0mp]etely lost before the onion

reaches a critfcal moisture cortent, a£ which point thg volatiles are

locked iﬁ. Accelerating the. drying rate by inéreasingthe air temperature

enhéﬁced perée;t volatile reteétion. This is consistent with‘both the

microregion and selective diffusion concepts. On the bésis of existing

data obtained in Wéle'liquid'foods, it was possible to explalﬁﬁ?easonably
we)l the behavior of similar volatile compounds as related go the\r iaiijil//*
" solids and wvolatile concentfations. Evidence has also been pres:ntbé/;hat

at. the bégihning of drying compounds with higher relative volatility are

lost more rapidly than compounds with lower values.
- A rise in pungency of dehydrated onion with addition of cysteine was .
obtained, and it was time and‘temperature dependent. However, the com-
plexity of the feactfons involved in the release of volatiles in the pre-

y . .
sence of cysteine warrants further study.

4

In ggnerai, it has been fdund that Alberta-grdwn Qnions ére“capable
of producing accgﬁtable thydrated products; However;v;he lower dry J
matter content of the Yellow Globe onion as compared to the White Globe
puts the~déhydrator of Alberta 'Yellow' onion at a distinct e%@homic gis-
Sﬂéantage. “AISO,~thezwell known short hérvesting season and{;he need for

<
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curing and storing Alberta-grown onions make onion dehydration in

Alberta a distant possibility.

4

2.  Recommendations
The amount of information developed to date and ghé relative

success achieved indicates that this work should be continued.
N ‘ A
Further work might include:

1%

I. Investigation of methods .(infrared radiation, surface

(i agent, laser, 'etc.) to speed'up the formation of a selec-

tive membrane for higher ‘retention.

2. Studies of the mechanisms of aroma transport and re-

’

tention in other actual food systems and at practical

~

[}

conditions.

*3,  Measurement of diffusivity, activity coefficients, vapor

/ pressures, and diffusion coefficients of onion and other ‘
/ , | ’

food aroma components.

‘

<

4. Investigation of methods to intensify the aroma of

concentrated foods.
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Appendix 1.

~ Adsorption isotherms of dehydrated onion at 10, 30 and 459C.

10°¢c - . 30%¢ | 1 145°%¢

Xj-3 - -Xieé . R
%W (kg H,0/100 g DM) % (kg H,0/100 g DM) w (kg H,0/100 g DM)

.11 0.61/0.64/0.63
.23 1.66/1.63/1.67
.31 4.20/4.08/3.99
.51 6.40/6.41/5.89
.75 26.2/26.5/26.7
.82. 48.3/48.6/48.5

0.14 3.03/3.13/3.10  0.11 ~ 1.61/1.60/1.84
0.24  4.80/4.99/5.00 . 0.32 5.64/5.73/5.84
0.33  7.00/6.90/6.93  0.52  8.99/9.14/9.15
- 0.53 12.0/12.0/11.9 ~ 0.75  29.3/28.9/29.2
0.68 ° 22.5/22.1/22.3  0.86  5k.1/53.9/55.1
0.75 30.3/30.8/29.7 . |

0.89  50.3/49.4/51.8 o .

o O O © O ©




149

,w//i; L\ L
N ,
o o SU°9 ‘HT19 ‘LT19 6870 .
. - S | 5 " 7egE ‘€e€E 17" LU0

€05 ‘5705 ‘€705 2870 - LSS ‘NS5 ‘L'SS-  98°0  9'Sh ‘§'Sh ‘S'Sy  §8°0  €°SZ ‘1°SZ ‘4'SZT 890
-9z ‘6Lz ‘L-lz  SL'O . 9°1E ‘9°I€ ‘L°1€  SL°0  0°8Z ‘1'8Z ‘L'§Z  SL0 - T'LL ‘L'LL ‘€Ll €570

2

8L'9 f90°9 ‘8L°9 1§70 L'ZL ‘gzl ‘LM 2570 6°LL ‘6Ll ‘L'zl 260 0576 ‘09°8 ‘92'6 £€°0
89°H ‘nh'h ‘i €0 8L°S ‘61°9 ‘6L°9 Z€°0  [2°9 ‘'92°9 ‘S1'9  €€°0 1£°g ‘On°g ‘0£°8 ;wmo

AR ATRRE T L0 107 ‘9L fOL7E 1170 007§ ‘6L°h .;w,: " zi'o 0s°g ‘ol'g ‘8l'g. w1'0

(Wa 6 001/0% Bd) M, (Wa 6 001/0%H 6%) zm (Wa 6 001/0% B%) " ‘(M0 6 001/0%H %) My
X 4 : N X_ , . X . X -
35N - o - 08 — 3502 ¥ h D01
,.u.Om: ‘pue 0of ‘gz ‘0l 3e ,.:o_co paiespAyap mo, suaiaylos| uoyidiosag °
. . | ’ | | | +7 xypusddy



- . | 150

Appendix 3. ' o 3

.Sorption of water vapour byfdehydrated onion (1), amorphous sucrose (2),
crystalline sucrose (3), sugar fraction (4) and nonsugar fraction of
onion (5) at 30°C. ”

X; X . X X
(kg H,0/ (kg H,0/ (kg H,0/ (kg 520/ (kg H,0/
% kg DM) kg DM) . kg DM) kg Aq) kg DM)
0.255 0.043 0.051% 0.008" 0.0M 0.010
0.375 0.065 0.090 0.013. 6:072 0.018
1 0.540 0.095. 0.164 0.015 0.131 02033

? Iglesias et al. (1975).
Loncin et al. (1968); Audu et al. (1978).

. .
. a -,
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Appendix 4. .
Sorption of water vapour by dehydrated onion (1), amorphous sucrose (2),
- _crystalline sucrose (3), sugar fraction (4) and nonsugar fraction of

" onion (5) at. liSOC.‘- '

. X ‘
O X(2) - 3) X (1) X(5)

- (kg HZO/ (kg H,0/ (kg H20/ - (kg HZO/ (kg H20/
” kg DM) kg DM) kg DM) kg DM) kg DM).
0.110 0.0063  .0.017° 0.003° 0.0136 0.0034
0.245 0.018 0.052 0.008 - 0.0416 7 0.0104
0.315° 0.041: 0.059 0.012 0.0472 0.0118:
3 Iylesias et al. (1975). V J . &

5 Loncin et al. (1968); Audu et al. (1975).

|
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Apﬁendii 5..

Evaluation of Def;’ Biot number and Fourier number

\

In order to evaluate D it is necessary to proceediésyfollows:
e o

ff

1. ‘From the drying curve (X vs. 8) select an experimental vajde for
X and the\corresponding value for 6

2. Employing the Gurney-Lurie chart coﬁpaining the parameter kZL/
Déff = B? as a function of'kz 8/L f Fo and (X - Xe)/(XO - Xe)'=
y (Figure A.1 inset), obtain the values of B? and Fo for the
correspon&ing Y.

3. Plot Fo vs. Bi for any given value of y (See Fig;re Ai‘)

L, Calculate the value of kz + B/L = Fo for the experiment in
question, and plot this value in COrrgspondence.of l/B?. The
intercept of the two ]ines provides the solution. - |
Example:

X =l kg H)0 kg D.M.; 6 = 14405 ; kz = 4.0 x 107 m/s;
X, = 0.012§ kg H,0/kg D.M.; X = 6.77 kg H,0/kg D.M.

Therefore

_ k- 0.0125
Y = %77 - 0.0125

From the Gurney-Lurie chart for y = 0.59

=0.59 kg H,0/kg D.M.

* .
Bi = 0.05, 0.10, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, <
. |
. Fo = 10.3, 5.1, 2.6, 1,22, 0.67, 0.41, 0.25, 0.20, 0.13

N . -
Plot Fo vs. B, on 3 x 3 cycles log graph (Figure A.3.1)

-6 .
Fo = cl: 6 . 5%' (4.0 x 10 xflgho) - 7.68 _‘J;
. i 0.75 x 10 B

* . .
That is, when Fo = 7.68 Bi = | and when Fo = 0.77 Bi = 10. The

* *
two lines intercept at Bi = 56 and Fo = 0.14. But Bi = kcL/Deff’

’
- »
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. o '6 _~3 _
therefore Deff = 4 x 10 52'75 x 10 = 5.36 x 10‘]] mz/sf

IS

il
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IS

Figure A.1. Graphical method for the evaluation of Dgff» B. and Fo.
’ The inset was reproduced from Carslaw & Jaeger (1959).
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Effect of moistyre content on the specific gravity of onion stices
dried at three temperatures.

4

Specific gravity (g/cc)

o

kg H,0/kg D.M. 40% 50°C 65°C
6.77 .095 * 0.014% .095 * 0.014  1.095 * 0,014
4.00 110 £ 0.012 21 ¢ 0.017 1.130 * 0.011
3.00 115 £ 0,011 B0 £ 0,011 1160  0.012
1.86 171 % 0.010 185 % 0.020  1.230 * 0.007
.22 .185 * 0.020 .220 £ 0,008 1,260 * 0.009
0.82 .250 £ 0.010 .260 * 0.013 1.300 * 0.020
0.54 .290 * 0.015 .296 * 0.011 1.370 * 0.011
0.33 1333 £ 0.017 .331 * 0.015 1.390 * 0.019
0.18 .340 £ 0.015 .370 * 0.020 1.h21 * 0.010
0.05 .360 * 0.020 .390 * 0,016  1.4h0 * 0.025

3 Standard deviation.
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! . Appendix 7.
Calculation of shrinkage from specific gravity measurements.

[

0 + kg solid x-l—

1.  Volume of fresh onion (VO) =6.77 kg H,
. ' o)
N 90 ka/m> = 7096 m3
= 7.77 kg x 1/1.090 kg/m” = 7.096 m
s
2. Volume of onion at 8 (V) = Xp: !
. V—VOD
3. Shrinkage (S) = ?V
)

)

o L= (/3. L,
o |

For experiment at hOOC and 8.1 m3/hin air flow rate

= 7.096 3, V_ = 1/P_ = 1/1.360 = 0.375 m;

<
i

- (7.086 - 0.735) . -
S = 7096 100 = 89.6%

(35, = 0.735/7.096 =.0.10k m’.
(o] : .
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Appendix 8. ~ i

Derivatiép of quation (7)
Approach 1

By definition,y, the mole‘fractionvin the gas phase, equals the
product of x, the mole fractidn in the liquid phase, and a éoefficiént,
k. :lf Y; is the mole f;action of a v9latile, i, in the gas ph#se, and
s, the mole fraction of i fh the liquid phase, and if Yo and X5 denote
the moje fractions of water in the\gés and liquid phase, respectively,

the relative volatility, a, , is defined by o, = k./k .
: . 10 [Xeo) | [o]

If the tofal volume of;the'héadspace System'used in this Work is
dedoted by VT and the volume of the sp5Ce'occupied by gﬁe gas and liquid
phases by VG and VL’ respectiyely, and ifviﬁ’is assUmgdvthat the total
preésure, Pf, equals the sum of the atmospherfc pressure, Po, and the
sakdration pressure of pure water, Pa, it F0110wsrthat'VT = VG + VL and PT

)

= . - i i r = + .
PO +'Pw. As-half of Fhe system was liquid and half;vapon VL VG %VT

The injection of known volumes of liquid, Vi and‘vapor, Va? phases
in the GC unit results in érpeak area, AL’ for i in the liquid phase,

and a peak area, AG’ for 1 in thé'gas5phase. The mass of i in the gas

phase, mé, is équal to kAG, and the mass of i in the liquid phase, hi,
L From this it follows that the concentration of i in
the gas phase, C(';, is equal to kAG/VG and the c0ncentrati6n in the lid

is equal to kA

phase—Ci, is equal to,kAL/i/L kg/mB. Cohéeqdent1y, thé mass of i in the

'_gas phase equals the product of Cé and VG and the mass of i in the liquid

phase equals the product of Ci and VL' The number of moles of i in Vg;
i )

i i Y : N .
nG,‘equaIs mG/Mi’ and that in VL, n equals mL/Mi where Mi is the molecular

weight of i. ' o “
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The concentration of the volatile, i, in the solutions was very

small (5 - 500 ppm),'hehce, if it is neglected, the number of moles of

\ . o o » .
water |nvthe solution, n°, equals V PN/HW, where Pw and Mw arg the

L,

density and molecular weight of water, respectively, . The total number

of moles of i and o in the gas phase, ng, equals P Vv /Rf/,;here PT is in

,Pa,-Vsln m3, R = 8.314 x 103 J/K kmole, and T is in K.
The mole fraction of volatile i in the gas phase, yi,equals né/nG and
’ the mole fraction of i in the liquid phase, X: equals ni/mf. Also,

(o]
oM (A_G : "_1:_) . RT Py N
o 6 ’AL MwPT 1)
L \
(A.2)
ok A v RT
a, = P = (;—' * K—J * 3 (A'3)
o ) G L Mwa

But if it is assumed that the water vapor follows the gas law,® the density
o PG S s’
of water vapor at T, Pw, equals MN _(Pw/RT), the term RT‘F'N/MVPw

gb/?g and»:?t 25°¢ ai°'= ‘k « 4,333 x .IOh.
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Approach 2
if the vapor concentrations of a volatile, i, when dissolved in
water; are denoted by [i]v an&'[HZOjv,and if [i]L and [HZO]LYdenote the
corresponding liquid c0n;entrations,and Mi and Mw denéfes the molecular
“weight of | and water; respectively, the mole fraction of i in thebi
vapor phase equalg ( [i]v/Mi)/([i]v/Mi) +v([H OJV/MW) and the mole |
fraction of i‘in the liquid phase equals (Eijf/Mi)/([i]L/M}) + ([HZOJL/MW.
The ratio of mole fractions (fiquid/vapor) equals ([i]v/Mi) .V(Mi/[i]L) .
{-[([i_]/mi) * ([HZOJL/18)]/[([i]vmi)V_+ ([Hzo]v/IS)]}

The‘conéehtration of the vo[gtile,-[i]L, in the solﬁtion was very
_smal],'comparéd to the concentration of water [Hzo]L hence if it is
~neglected, the conceptratién ofjwater [HZO]L equals 1000 g/L. The[gfggg?nw’
if the ratio is denoted by . s

o = i, [H0] /18 e ) 1000
© T, WI/WY +TR0I7T8 = TPl 18

] l -
(Lil M)+ ([H,0] /18 (A.4)
if [i]v is small compared [H20]v | »
) Gl 1000 - j S
“ao‘-m: "OTHOT, | ' (a.5)

and, as at ZSOC ] liter of air saturated with H20 contains 2.305 x IO-Z'g

¥ "

of H)0,a, = k‘- hi333 x 10
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Appendix §.

t

Morphotogy and Histology of Onion
. Y

’\Ihe‘qnion bulb consists of several white, fleshy,‘modified leaf
bases or scales.surroundinghby pigmented membfanous scales. All the
scales form complete layers, appearing as concentric rings in croés
sections (FigureA. 2-B). The outer scales are dry anéﬂpapery, conse-
quently, inedible; the inner stal;s, thick and fleshy. There are white,

yellow and red varieties, the color being chiefly in the dry scales and

outer fleshy scales.

<

The scales are made up of an outer epidermis, several layers of

mesophyll parenchyma cells, vascular tissue with spiral vessels, and

an inner epidermis. In the subepidermal cells of the dry scales, single
prismatic crystals of calcium oxalate; reaching 50_u in length 6céQr
(Parry, 1969).. These crystals are a metabolic end-product and are

seldom found in the fleshy scales of mature onion. The latex tubes or

.

ducts (Figure A. 2-C) containing a milky fluid occur at intervals

between the subepidermis and thenmeSOphyll. Strictly speaking, they are

not tubes but Iargé sacs arranged end to end. They are forms of excre-
tory or secretory cells, the latex being the extruded material. The

tubes aré single and distributed at regular distances usually separated
3

by 2 to 4 parenchyma ;el]é. The mesophyll, Jﬁich, with the ekcéptidn of
the vascular bundles, includes all the cells between the outer and inner

epidermis, is composed of thin-walled cells with living protoplasm and
a nucleus.' The fibro-vascular, bundies occur in the inner part of the

mesophyll, and have conduction and- support functions. They are composed

of two kinds of tissue of fundament{l importance, xylem and phloem. The



xylem and phloem are composed of elongated cells (Figure A.2-G).

adapted to the mevement of materlals throughout the plant. The four
prihcipal types of cells in xylem are fibres, tracheids, vessels and
parenehyma. Tracheies ahd vessels conduct water and also contrihute to

the mechanical strength of the xylem (Cutter, 1969). Fibres are in-

volved in.mechanical support only. Parenchyma cells functlon in storage

and lateral transport. ln_onion the vessels.are largely spiral with

vaciable bands. Annular and Eetlculated vessels are also present. The

most lmportant conductlng cells of the phloem are the sieve- tube elements,

so called because of the presence of sieve- llke openings in the end and ‘\‘
frequently on the side walls. The vascular bUndles'are surrounded by a

tlght sheath of parenchyma cells, the bundle sheath (Figure A. 2- D and A. 2- G) §
The cells of the sheath in onion are elongated parallel to the veins and

have living protoplasm and thin walls. Inter- cellular spaces are lacking
between the cells of the sheath and between these and the enclosed

vascular bundle. The sheath cells are in lntlmate\cohtact with the

mesophyl cells, and all the materials moving from or into the vascular

bundles must' pass through this. sheath (Wilson & Loomis, 1967).

There are indications that the onion volatiles precursors, trans-

(+)-S-(l?propenyl):L-cysteiﬁe sulfoxide, (+)-S-methyl-L-cystein sulfoxide

A

and (+) S propyl L~ cysteine sulfoxnde, are located in the latex tubes

)

(Rendle, l889) However, according to Helm (1956) the oil.is present in

A e e e

-
i

theégpldermnc Gells and vascular bundle cells.'

8

Tl i o b P e, A e e e
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P
) Figufe A.2. Onion bulb sections with zones of tissue designatidn
i pertinent to the present study. (A) Longitudinal section
_ ' of bulb.. (B) Cross section of bulb. (C) Cross section
- of scale. (D) Cross section through a scale vascular

78 bundle.  (E) Surface view of outer epidermis. (F)

"+ section of vascular bundle.

surface view of inner epidermis. (G) Longitudinal ————
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Personal /

_Research and: WOrknng Experienc&s

Perlod Institutlon/Companx
Jan., l§75- "Alberta Horticultural
- Research Centery |
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,5§g . Position

.ldentificatton,

_ inditia-
tion, supervision & -
coordination of food

“processing.related pro-
. jects with the end.’

result being to provide

assistance to Alberta's

~_.food processing industry

_.in_helping to maintain &
‘expand its domestic §

export market share.. ‘ 'y ’

Name: G, (Joe) Mazza. .
Address: Alberta Hortlcultural Research Center,vBag ‘Service 200, Brooks,)
Alberta, TOJ OJO Canada
Telephone: (h03) '362-3391 (office); 362- 5709 (resndence)
Date of Birth: December 9, 1946
Place of Birth: Pietrapertosa, . ltaly .
Marital Status:v,Married <
- Number of Children: Two
Present Status; Canadtan Citizen
Academic : Year'i
Degree Subject Institution 0 ‘Started ~Finjshed
Ph.D. ‘ gpod ‘ Univefsity of Alberta, 1976 o 1980
Processing . Edmonton, Alberta
M.Sc. Food Science University of Manitoba, 1972 1973
. Minnipeg, Manitoba " o
, B
B.Sc.A.  Food Science  University of Manitoba; D‘f 1968 1972
, ‘ Winnipeg, Manitoba o
Dip. Agr.  General " Technical Institute for. 1962 ° 1967
Agriculture Agrlculture, Lavello, 7

Scientist
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Y

Sept., 1976  The University of A study of dehydration Graduate

June, 1980 Alberta, Edmonton . and aroma refentNon i Student
onion
K] . : :
Sept., 1973  Burns Foods Ltd., Production control of Management
Jan., 1975 Winnipeg & Calgary meat & fruit & vegetable Trainee -
‘ products’ . #ssistant
: Provision.
‘ Manager
Apr., 1972-  The University of Treatability study of Graduate

Sept., 1973 Manitoba, Winnipeg waste water from fresh Student
. water fish processing
plants.

a

' : p - ,
Apt., 1972-° The University of  Collect published infor- Summer

Sept., 1972  Manitoba, Winnipeg, mation on water use in’ Student
o E.P.A. Corvallis, “the food processing
Oregon; National industry

\

. Canners Assn.,
Berkeley, Cal.

Apr., 1971-  Manitoba Dept. of  Analyze milk and milk Summer
Sept., 1971 Agriculture Pesti- products for pesticides. Student
cide Residues Unit T

— FE

' Awards/Disfihctionj v -

1. Dean's honor list for outstandnng grade ponnt average in flrst year
‘ Agrsculture, Unuver5|ty of Manitoba, W|nnnpeg ‘ :

2. Gold'ﬂedal for standing first in ordeﬂ of merit in Dip. Agr. final

examipation in 1967, Istituto Tecnico Agrario Statale Lavelilo,
Italy , ,

Membership in Societies/COmmittees‘

1. _Member of the Canadian Instltute of Food SC|ence and Technology -
- 1973 - to date.

2.  Member bf the American Institute of Food Technologists - 1976* - to
- date. ‘ _ 5

€

3. Member of the Potato Association of America - 1976 - to date.

© . b, Member of the Alberta Food Processcng Industry Advisory Council -

1975 - to date.

e

5. Member of N:A.I.T. lndustrial Food Technology Advisory Committee -
1975 - to date. ,

6. ‘“Member of the Alberta Institute of. Agrologists -'197§'- to date.

“
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Languages . b

Language , Speaking ' Reading . Writing
English  ° Good | ~ Good' Good
Italian . Good - : Good Good ’
French ” Some Fair Some
Spanish - Some | Some --

List of Coufses Taken at Universities

Ph.D. Introduction to Food Enginéering 383, Food Enggneering Lab

5874 Chemical Engineering 502 (Proc. Dsgn Poll. Cont) (Audit),
Food Science Seminar 600, Topics in Food Science 601, Chemical
Kinetics 573 (Audit). )

M.Sc.  Food Research 424, Food Additives 708, Water and Waste 706,
Grad Seminar 702, Waste Management 705, Agric. Marketing 204,
Food Plant Mechanigs 401.

B.S.A. - Organic Chem 122, Math, Calculus 136, Math, Linear Algebra
” 137, Economics 120, Agriculture 105, Biology 125, Microbiology

220, Psychology 120, Physical Chemistry 120, Animal Science
202, Crop Science 207, Soil Science 202, Genetics 202, Food
Science 314, Food Processing 315, Computer Science 120, Food
and Nutrition 203, Anatomy and Physiology of Insects 312,
Macroeconomi cs Theory 230, Geography 120, Food Science 412,
Food Problems 414, Food Microbiology 415, Food Analysis 416,
Quality Control 420, Food Chemistry 421, Food Chemistry 422,
Statistics 221.

.Research and Extension Publications arnd Presentations

) . ;

Mazza, G., M.le Maguer and D. Hadziyev. 1980. Headspace Sampling
Procedures for Onion (Allium cepa L.) Aroma Assessment. Cam.
Inst. Food Sci, Technol. J:, 13, 87.

Mazza, G. 1980. .Thermodynamic Considerations of Water Vapor Sorption
by Horseradish. Lebensm.-Wiss. u-Technol. 12, 13.

Mazza, G. and M. Le Maguer. 1979. Flavour Retention During Dehydration
of Onion (Allium cepa L.). Proceedings of 2nd International
-Congress on Eng. and Food. Helsinki, Finland.

Mazza, G. 1980. Relative Volatilities of Some Onion Flavor Components.
J. Food.Technol. 15, 35, '

Mazza, G. and M.»Le Maguer. 1980. Dehydration of Onion: Some Theore;ical
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and Practical Considerations. J. Food Technoi.,IS, 181.

Mazza, G. 1980. Water Vapor Equnilbrlum Relationships of Potato Slices.
Am. Potato J., 57, 91. ‘

¢

Mazza, G. 1979. . Equilibrium Moisture Contents of Horseradish. Pre-
sented at the 22nd Annual Conference of the Can. Inst. of Food
Sci. and Technol., Quebec City, paper #uk. ’

Mazza, G. 1979. Aromatic Components of Saskatoon (dmelanchier
* alnifolia) - Separation and Effect of Processing. J. HortSci.
HSMS 3556. y; '

Mazza, G. and M. Le Maguer. 1979. Volatiles retention during the de-
hydration of onion (Alliwum cepa L.). Lebensm. -Wiss. u. Technol.,
12, 333. o

Mazza, G. 1979. Development and Consumer Evaluation of a Native Fruit
Product. Can. Inst. Food Sci. Technol. J., 12, 166.

Mazza, G. and M. Mohyuddin. 1979. Potato Protein ->Shouid we be con-
cerned about:them? Proceedings of the Annual Meeting of the
Prairie Potato Council, 105. '

Mazza, G. 1979. Effect of Processing on the Aromatic Componéﬁfs of
Saskatoons. Presented at the 35th Annual Meeting of the W.C.S.H.,
Lethbridge.

A

Mazza, G. and M. Le Maguer. 1978. Water Sorption Properties of ;
Yellow Globe Onion (4277um cepa L.). Can. Inst. Food Sci. Technol.
J., 11, 189. .

Mazza, G., M. Le Maguer and D. Hadziyev. 1978. Effect of Cysteine on
Volatiies Development in Dehydrated Onions Can. Inst. Food Sci.
Technol. J., 12 216.

™~

Mohyuddin, M. and G. Mazza. 1978 Evaluation of Proteln Quality in
Breakfast Foods, Using Aspergillus flavus. Qualitas Plantarum,
P1. Fds. Hum Nutri., 18, 251.

Mohyuddin, M. and G. Mazza. 1978. Determinations of Potato Protein by
Alkali-phenol, Dye Binding and other Methods. Am. Potato J., 55,

621.

‘Mazza, G:, W. Lau and F. H. Wolfe. 1978. A Disintegration-Diffusion
Technique for Producing a Saskatoon Berry Extract. Can. Inst.
Food Sci. and Technol. J., , 216.

Mazza, G. 1978. Development and Consumer Acceptance of Alberta Native
Fruit Products. Presented at the 58th Annual Conference of the
Agricultural Institute of Canada, Regina. :

—
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Mazza, G. 1978. Alberta Native Fruit Utiljzation: Development and
Consumer Acceptance of New Products. Presented at the Annual
Meeting of the Peace Country Small Fruit Growers' Society,
Mannung,.Alberta June 29.

Mazza, G. and Co- WOrkers Food Processing and Quallty Evaluation Program
at the Alberta Horticultural Research Center. (Reports on several
activities) 1979, 1978, 1977, 1976 and 1975 A.H.R.C. Annual Reports.

Mazza, G. ''Food for Thought''. Agriculture and Forestry Bulletun The
UnlverSlty of Alberta, Spring, 1977.

Mazza, G. 1976. Effect of Various Treatments on Yield and éharacter-
istics of Saskatoon Juice. Presented at the 19th Annual Conference
of the C.ﬂ.F.S.T., Ottawa, Ontario.

Mazia, G. 1976. Greenhouse Tomatoes - Quality Evaluation of Selected
Cultivars. Presented at the 19th Annual Conference of the
C.1.F.S.T., Ottawa, Ontario.

-



