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- SUMMARY

The aim of the research programme. was to 1nvest1gate factors i :
1nf1uenc1ng the product1on of extracts from blackcurrant buds. The
results 1nd1cate that a small, but viable: productlon unit could be
establlshed within the framework of a broader essential 0115 1ndustry
in Tasmanla., | |

Various agronomicvfactors which -influence the-growth of black-ﬂ

currant crops were examined in a systematic fan design. Investigations

for a source of bud material revealed that blackcurrant.plants pruned -

'each w1nter to groumd level, prov1de the maximum bud ylelds. 'In,thisf

system the blackcurrant bush w111 remain vegetat1ve. The importance

. of maintaining a healthy balance between plant vigour and bﬁd yield;

" ‘needs to be appreciated, as the annual pruning regimen can potentially -

‘subject. the plant to thSiological'stress and reduce bud yields in.

' subsequent years.

The form of the bud y1e1d-p1ant density response is asymptotlc as
determlned by non- 11near regre551on analys1s. Further, 1nvest1gat1on

- of the relatlonshlp of total cane fresh welght and shoot numbers per-

' plant to plantlng dens1ty revealed that plant size is decreased at h1gh

den51t1es Growth depre551on is observed w1th respect to shoot length

~at both high and low plantingbdensities. This is d;scussed in terms

'of competition for resources, in particular light. Basal cane girth is

shown to be related to yield parameters and is suggested as being a



‘reliable estimator of plant productivity.

%wo canopy types are distinguished over the range of planting
densities examined. The continuous, ﬁnifofm éanopy af high densities
intercepts light more efficiently than the discontinuous, clumped
canopy observed at low planting densities. The continﬁous canopy
meets criteria laid down for an ideal canopy.. In particular, it
reaches maximum size quickly, before ihcident radiation reaches its
summer peék, as well as being easy to maintain at maturity.

The compdsitiohal and organoleptic methods used on a number of
varieties in this assesément reveal White Bud as the preferred variety.
" This analysis confirms the relationships established by Todd in his
identification key, based on phenotypic"features.

Scanning electron microscopy identified, léte November - early
December, as the period of mbst rapid increase in oil glahd size. Gas
chromatograbhic methods feveal that the rafe of oil synthesis incfeases
in early to mid January, corresponding to a period of increased photo-
synthate availability as leaf growth slowed.

Investigation of oil quality during bud burst, under bothiglass¥
house and field conditions, showed that the strength of the.cétty note
increases.as the bﬁds break from dormancy. This raises questions con-
cerning the complexity of biosynthetic changes that are occurring,
particﬁlarlyvthe relationship Between terpene synthesis aﬁd'abscisic
acid. |

Components in blackcurrant bud oil were_analysed.by liquid chroma-
tography on silica gel or florisil columns using a series of different
polarity solvents. The catty note was not eluted usiﬁg these.techniques,
howevef a reversed phase procedure employing High-éérfbrﬁance Liquid
Chromatography was successful in sepafating this éompdund. Compositional

data and identification were obtained by gas chromatographic and mass

- WAL



spectrometry methods. - One hundred and twehty-three components were
detected, of which sixty-six were positively identified,»énd good
quality méss spectra presented for fifty-seven unknowns. Some twenty- o
three components reported have not been previously identified in black-
currant bud or fruit oils.

Gas chromatographic‘effluent odours were associated with the
corresponding peaks to determine their individual contribution to the
overall aroma éomplex. Five regions_of the aroma profile were shown
to be important to the blackcurrant bud afoma, but the individual
COmponents were nét identified.

Various extraction solvents were invesfigated, and petroleum
ether was shown to produce an extract resembiing the French product.
fhe superiority of liquid carbon dioxide extracts was demonstrated,
and these hold much promise for future commercial operations.

Both.harvesting techniques'examined.were effective in removing
bﬁds. However, the mechanical harvester is better adépted for commercial
operation due to lower labour inputs. This prototype consisted of a ;
set of rotating brush rolleis which act to 1ift the bud and break the
petiole. Other rollers control the speed at which the cane passes these
brushes. In contrast, the chemical methqd utilizes sprays of ethephon
to cause abscission layéf formation in the bud petiole. |

An economic analysis was undertaken, examining the effect of price,
planting density and harvesting method on the internal rate of return of
capital inve#ted. A mechanical harvesting operation is preferable,
réturning a higher ﬁrofit margin than manual harvesting, since the latter
requifeé high labour inputs. Lower planting densities, than those con-
sidered desirable for agronomic Teasons, are more profitable.due to

reduced establishment costs.
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CHAPTER |

INTRODUCTION




Many plant materials are known to contain natural mixtures of
terpené oils; these_oils are distinguished by their volatility and -
' odour.or "essence'. '-Suéh oils are often givén the general term
~essential oils in practise, but a more strict definition of the
term essential'oil is "the odoriferous products obtained by steam .
'distillafionlof plant mattef of aefined botanical origin or by
expression from the pericarp of citrus fruits.and separated from
" the aqueous phase by physicél methods; by extension, other products
. obtained by othef methods of fractional distillation, or yielded ’
during their preparation under subsidiéry tfeatments such és filtrgt-
ion, centrifugation, :éctification or tfeatmént by absorbants for -
the,seiective concentratioh or elimination of_tértain.constituents"
(International Organisation'for-Standardization).

Tasmania, at present, has a demonstrated advantége for the pro-.
duction of flavour_and fragrance prodﬁcts e#fracted by sugh methods,
as shown by the excellence of its lavender, hop,'pérsley.and pepper-
mint products. The islaﬂd appears to be ideally suitéd to the pro-
duction of essential 0ils having a temperate climate, high latitude,"
- cheap productivé land and available irrigation wéter.

 Essential oils have a wide variety of uses in the flavour and
frggrgnce indus;ry;'they are blended with foods to enhance flavéurs,

added to soaps and other household items to improve fragrant qualities
T ——

of jealously guarded, as pérfumes, to excite and stimulate our senses. ,/><
Blackcurrant bud 0il has a variety of uses; it is especially suited
for scenting lipsticks, and is also highly prized for the excellent

nuances it provides in high grade perfume creations. The classic use



o

of the oil is to reinforce énd modify natural or artificial black-
currant flavour. o

At present, the bud material is obtained from prunings aé a
by-product of the blackcurrant fruit induétry in France and England.
Blackcurrants are an important crop‘in Tasmania with a reputatibn’for
‘fiuit with excellent flavour and colour. High labour costs led to
a contraction of the industry during the 1960s and early 1970s.
'However; the advent of mechaﬁical harﬁesting'techniQUes has brdught
about ah increase in production areas, which now exceed 300 hectares.
By developing a ready market for blackcurrant fruit, in the long-term; .
the industry had the potential to develop major sm&ll'fruit exports.

In 1982/83 marketing problems have been caused by several-factbrs;

a failure of processors to effectively market to the consumer;.reliancé

on traditional products and traditional overseas markets; and a failure

“to deal adequately with subsidized European and New Zealand fruit

-+ dumped on Australian markets; all of which have led to depreésed prices
~'and uncertainty amongst growers. The ability of the induétry to

recover will depend on aggressive and new marketiﬁg strategies.

While Tasmania has the potential to develop a smallfruit export
indﬁstry, it.is hoped with proper research and development, the pro-
duction of.essential oils from the Eiackcurrant can also be considered
. a profitable enterprise. The o0il i§ currently in short supply and‘ |
has the advantage of being a low volume; highly priced product which
offsets Tasmania's major trade disadvantagg - its distance from world
markéts{

This research project - the deVelopment of a commercial quality

"

: \
-~ N :
blackcurrant concrete - has the following objectives: : //X<\-
(1) Assessment of oil yield per hectare in relation to
cultivars, cane maturity and cultural techniques -

including planting density énd:special pruning systems.



(i1)

(iii)

(iv)

‘Mechanical and/or chemical harvesting of buds.

Examination of extraction procedures and identific-
ation of quality components - involving sensory
evaluation carried out in conjunction with fragrance

and flavour houses.

" Morphological and'physiological aspects of oil

accumulation, with particular emphasis on yield and

quality of oil.
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1. INTRODUCTION

1.1 The Blackcurrant Plant (Ribes nigrum L.)

The Blackcurrant is a deciduous shrub, growing up to two metres
in height; the fruit occurring as a racemose inflorescence, with
small pulpy berries about 5 mm in diameter. Blackcurrants bear best
on one-year-old wood with spurs developiﬁg on older wood, but these
usually become non-produétive after only two or three seasons. A
vigorous plant, composed of wood no more than three-years-old, is
desirable and all older wood should be pruned out at ground level.

On average, approximately one third of the bush would be pruned out
each year.

Most of the blackcurrants being grown in Tasmania have been
bred in England. The present standard variety, White Bud, appears
to be a local selection of Baldwin, the main_English variety. White
Bud is reported to be less damaged by frost than.other varieties, with
well positioned fruit to aid sunlight penetration and harvesting
(Tas. Dept. Agric. 1978).

Esséntial oils have been prepared from various parts of the
blackcurrant plant. The buds appear to be the mosf lucrative source
ﬁontaining about 0.2-0.4% oil (Latrgsse and Lantin 1977), as compared
to the leaves - 0.017% oil (Anderson et al. 1963), and the fruit -

0.0009% o0il (Anderson and von Sydow 1964).



1.2 Cultural Characteristics

The blackcurrant thrives on a wide range of soil types from
river silts to medium clays; poorly drained soils should be avoided.
Although often grown in reasonably acid soils (pH 5-6), the plant
prefers a soil near neutral (pH_7). It is shallow-rooted and needs
to be well-watered during the summer months; especially on sands and
light silty soils (Tas. Dept. Agric. 1978).

Propagation is best achieved by using wood cuttings taken in
April-May before leaf fall; however, cuttings taken throughout the
winter grow well. During the winter, pruning, application of fertilizer
and weed control need fo be carried out; and in addition, the interrow
sod mowed.

Bud burst occurs in mid-September with rapid extension growth.

By the third week of October all the flowers are pollinated and con-
siderable top growth has occurred. The flowers are suéceptible to
frost damage, from the early 'grape' stage until fhe last flower on

the fruiting truss has set and the fruit has begun.to swell, thus frost
at flowering or fruit set can cause complete crop failure. Black-
currant busﬁes also need to be well protected from the wind; hot
northerly winds can shrivel a crop in one day while constant exposure
to the prevailing cool westerlies, as in Tasmania,'will stunt plant
growth and result in'pdér crops. At the end of October the first signs
of fruit drop occur. It is estimated some 50% of flowers produced do
not set fruit due to wind and frost (Wilson pers. comm.*). |

Irrigation is essential from October up to harvesting in late
December. After fruit harvest, an appiiéation of ammonium nitrate
and supplementary irrigation are also recommended as if has been shown

(Wilsdn and Jones 1980) post harvest moisture stress can reduce yields

* .
S.J. Wilson, Plant Research Officer, Department of Agriculture,
New Town, Tasmania. '



by up to 50% in the following year.

1.3 Botanical Relétionships

The blackcurrant is a member_of the order Rosales and the family
~ Grossulariaceae, which consists of a single genus Ribes, with some
one hundred and thirty species inAtempérate and alpine regions (Porter

1967). Those repreSented in Tasmania are:

Ribes nigrum - blackcurrant

Ribes grossularia gooseberry

Ribes sativum )'
' Jwhite and red currants
Ribes rubrum ) '

Ribes sanguineum flowering currant.

An authorative key to established blackcurrant'varieties was
conStiucted by Todd (1962), containing somg thirty-three des;ribed
varieties; ﬁhese_are all Ribes nigrﬁm subspecies europaeum (Kﬁight
pers._comm.*)s . Table 1.3.1 contains a listing of some importaht'
cultivars of eurépaéum and their origin. ' |

The.majority of blackcurrant varieties bred and grbwn in Russia
are derived from R. nigrum sibiricum,.eithei seélections from wild
forms‘of sibiricum or from crosses with R. nigrum europaeum. ‘Thére.
are also.several Russian cultivars derived from R. dikuscha; for .
Aexample Primorskie, Chempion, Golubka, Cascade; and cultngfé w;th
europaeum, sibiricum and dikuscha ancestors (Knight pers. comm.).

Related'speciés have been used in breeding blackcurrants in
Europe -and elseﬁhere,:but only relatively recentiy. Consort? Coronet'
and Crusader, which were bred in Canada are R. nigrﬁm x R.-ussuriense
F, hybrids (Knight_pers. comm.). The Ben meond and Ben Nevis cul-.

1

tivars have Consort, and consequently R. ussuriense, in their ancestry:

- , .
V. Knight, East Malling Research Station, Kent, England.



cultivars

TABLE 1.3.1 Origin of some Ribes nigrum europaeum

Cultivar Parentage Year Raised " Year Introduced Country Reference

Baldwin unknown before 1820 - unknown 1

Blacksmith  Baldwin x Victoria ' - 1916 Britain 1

Boskoop Giant unknown c. 1885 1895 Holland 1

Carters unknown before 1882 1882 Britain 2
‘Champion - :

French Black  unknown ‘before 1850 - unknown 1

Goliath Victoria o.p. before 1920 - Britain 1

Grahams No. 1 White Bud o.p. . 1950 - Australia 3

Hatton Biack Boskoop Giant x 1912 - Britain 1

: ? Carters Champion

Kerry ex. Black Naples - - Canada 1

. Lees Prolific unknown ' 1860 - Britain 1

Magnus ex. Black Naples - - Canada 1

Seabrooks French Black o.p. before 1885 1913 ﬁritain 1
Black _ _

Super C - White Bud 0.p. before 1950 - Australia 3

Victoria unknown - - Britain

White Bud ex.. Baldwin - - Australia = . . 4

o.p. = open pollinated

References:

Knight, V.H. (pers. comm.) 2.

"Hatton (1919)

Wilson, S.J. and_Jones, K.M. (1983)

3. Wilson, S.J.* (pers. comm.)

S.J. Wilsqﬁ,'Department of Agriculture, New Town, Tasmania.



both are (Consort-x Magnus) x (Brodtorp_x Janslunda) (Anderson and
Jennings 1966). | |

Malling Jet is a first backcross from R. bracteosum, and is the -.
only named cultivar with this species in its ancestry (Keep et al.
1976). Much of the material ourrently under selection at East Malling
Research Station, England is derived from R. bracteosum, R. dzskuscha
and/or R. grossularia (Knight 1983). An extensive breed1ng program |
'at the Scottish Crop Research Institute is also cdncéntrating on
developing hybrids derived from the frost and cold tolerant Nordic,
Canadian and Russian wild ecotypes .(Anderson pers. comn.*). In'Sootland
soeoies related to R. nigrum ooing used in breeding are R. dikuscna,
R. ussuriense and R. bracteosum and, less commonly,vmore distant spec-
ies such as R. grossularia, R.'diverisatum, R. sanguineum and R. niveun

(Anderson pers. comm.).

1.4 Secretory'Structures

Glandular secrotory systems, despite'their structural,diversity,_
.are-broadly classified-on the basis of their function into either
lv'lioophilio or'hydrophilio types. Lipophilic glands, which are poorly
understood, include glands unich secrete terpenesg(essential oils and
resins), waxes and fats: (Schnepf 1974) The simplest cases of soc-
retion are carr1ed on by ordinary unspec1a11zed epidermal cells to
produce the so-called glandular‘surfacos. Modification of ep1derma1
cells can occur to produce sharply defined socretOry areas called
A glandular spots (Haberlandt 1928) |

Glandular tr1chomes are diverse in form and structure. .A
glandular hair consists of a basal cell, a un15er1ate stalk one or

gseveral cellsllong, and a head of one or severalusecretory cells.

Y MM, Anderson, Scottish Crop Research Institute, Ivergowrie,
Dundee, Scotland.



The cell wall around the>secretory cells is differentiated into a
cuticle, cuticle layer, é petic layer and a cellulotic layer (Fahn
1974). |
The secretory glands which occur in the blackcurraqt Ribes -

nigrum are known as glandular scales. These glan&ular scales possess
more or less well developed stalks; but are characterised by the fact
that the secreting eleménts are arranged in the form of a flattened
scale, or in some cases, of an almost basin-shaped cell plate.(Figure.
.1.4.1).. Other examples of the glandular'scalé are the well-known
lupulin glands of hops Humulus 1upu1ﬁs (Menary and Doe 1983), the
glanduiar trichomes of the genus Thymus (Figure 1.4.2), Cannabis

sativa L. (Hammond andeahlberg 1973, Dayanandan and Kagfman 1976)

and peppermint Mentha piperita L. (Clark and Menary 1982).

FIGURE 1.4.1 (from Haberlandt 1928)
Young (a) and adult (b) glandular scales from a leaf
of Ribes nigrum; z - secretory cells; v - glandular
cavity formed by distension of the cuticle

7

FIGURE 1.4.2 (from Fahn 1974)
Cross-section of the leaf of Thymus capitatus show1ng
a secretory gland

| cut_icle ' gland



2. ESSENTIAL OILS FROM THE BLACKCURRANT

2.1 Harvesting

Harvesting the buds by hand-is a laborious and tlme consumlng
task; for example Thomas (1979) states that it takes 4 hours labour
to pick a kilogram of bud material. The odd shapes and sizes of

prunings from fruit plantations will inhibit the speed of picking.

. Peter et al. (1980) state that the relatively high price of the black-

currant absolute is readily explained by,the.high labour_intensity,'
requifed'for'éhe harvest of buds. They note, as.it takes a skilled
worker about five hours to cut budé propefly off the canes, a kilogfam
of'absqlute requires 200 hours cutting time. There is a need to 
develop.abmechanical or chemical method of harvesting the buds dﬁé '

to the high cost of labour and a low return, $20 Australian, per

kilogram of bud material.

The use of chemical growth regulators has become increasingly .

10

important for many horticultural crops due to the development of once .

~over mechanical harvesting with its associated requirements for even-

hess of maturity and ease of fruit removal. Ethephon, an example pf
such a chemical, at. present is widely.used for éccelerating tomato
ripening, initiation of flowering in pineapples and for advancement of
pééch and apple maturity.

thephon (tradename Ethrel) is the compound 2-chloroethylphos-

phonic acid, which decomposes spontaneously in aqueous solution and in

tissues to yield ethylene, a natural plantAhormone fMoore 1979). The
nature of the chemicalvchanges that occur to release ethylene are |

depicted in Figure 2.1.1. Ethylene is known to regulate cell differ-
entiation, in particular.to trigger formation of ah.ébcission zone in-

leaf or fruit petioles.:
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FIGURE 2.1.1 Ethephon décomposition (from Moore 1979)

O

C1-CHy-CHy~P-0~ + H,0 (or OH')
N
o

: _ .
© CI+CH,=CH, + H,PO4 (orHPOg )
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Hedberg and Goodwin (1980) noted that the natural ease of greﬁe-";
berry removal varied between cultlvars, and seemed to be related to .
the ratlo of berry welght to berry/pedicel contact area. Ethephon»f“
aided grapeberry removal and was most effective in the evenings.

These researchers demonstrated that absorption is mainly cuticularfei"

rather than stomatal. This less important role for stomatal entry? -

by Ethephon is in agreement with Schonherr and Bukovac (19725, wﬁo]

~ doubt that much foliar applied chemical enters'threugh the stomateiﬁ

pores under commercial conditions.

Further, Nir and Lavee (1981) reported that uptake of C 14
labelled Ethephon was only 19-26% of that applied to grépevine culrivars,
and suggeeted that the preSence of complete layers of cuticle and}Qe;ee
on mature tissues may play an iqportant role in restricting the rare ef _
penetration of Ethephon into these tissues. Gentle pee;ing of the
cuticle, from the stem of young[%%éééjbrasiliensis seediinge,'has been'*.
shewn to inerease the uptake of Ethephon ten-fold (Audley et al. 197§)‘;
Nir and Lavee (1981) also demonsfrated.that most of the lebelle& |
Ethepﬁon they applied remained at the application site for'many houre.
Similarly; only slight tranelocatioh of Ethephon hes been“reported in .

'other species i.e.; - apple and cherries (Edgerton and Hatch 1972)

- walnut (Martin et al. 1972) |
- peach (Abdel-Gawad andiMartin 1973; Lavee aﬁd.
Martin 1974). |

The rate of Ethephon decomposition has been reported to increase
with 1ncrea51né vapour pressure at a constant temperature and pH up-
to an optimum. The optimum vapour pressure for decompos1t10n approx-
imately doubles for each 10°C rise in temperature (Klein et al. 1979).
From these studies it was concluded that. failure to induce olive;

Olea europea L., fruit abcission under certain environmental conditions .



can bé“readily attributed tovrapid breakdown of Ethephon at elevafédi~'

temperétures and low relative humidities. .
Olien and Bukovac (1978) also demonstrated that temperature._f

had a pronounced effect on ethylene evolution, both from Ethephon‘irgated

leaves of sbgf ;herry*and Ethephon in buffered solution. These wquérs

noted that the-temperature dependence of Ethephon degradation was ;n-,

affected by pH over the range pH 3 to 7. A slbw rate of decpmpositidn

' for Ethephon, a dibasic acid, was reported by Biddle et a1.>(1978) ﬁ?

' t0»é pH value of 4.5, where Ethephon is almost completeiy in the méﬁo-
.aﬁion forﬁ. At higher pH values the decompésitioﬁ proceeds.at an:appfec-
iabié réte, particularly as the pH incréases from 6 to 8 - the_fegion in

: which the acid is converted from the monoanion to_the dianion forﬁ.' |

The.additipn of urea or potassium iodide to'a solution of Ethephoh
is known to cause leaf abcission to occur more rapidly in spfayed déCid-
uous trees (De Wildu1971). Biddle et al. (1978) showed that this _
reported biological effect is not due fo an increase in ethylene»pfé;
dﬁction, as the addition of urea or pbtassium_iodide to a buffered'if
Ethephon solution did not affect thé rate of acid decomposition.

[Poovaiah and Leopold (1976) demonstrated conclusively that NH

yiah 4*_ and,

- to a lesser degree, K increased the permeability of root and leaf

tissues thus suggesting that the addition of urea or potassium iodide

acts to increase the rate of uptake of Ethephon by tissues. Further-

more,[Ppovai;E7(1979) prevented the effects of Ethephon on membrane
leakage without altering the rate of ethylene evolution by the addition
of divalent (Ca++, Mg++) and trivalent (La+++) cationms. - The monovalent

cations, k" and Na+, reduced leakage somewhat, but NH fuwas without

_ 4
effect in relieving the Ethephon effect.
A number of workers have successfully used Ethephon to aid the

harvest of blackcurrant berries (Zandke 1977; Pankova et al. 1979 and

Sandke 1980), but there are rno reports in'the literature investigating



the use of abcission chemicals on fruit bud attachment. From the ;{
discussion above it can be séen that for commercial operations hand -
harvesting of bud material is becoming uneconomic. The use of Ethephon
is widespread in the harvesting of many crops and its developmentitoﬂ

. 'harvest buds or the design of a mechanical picker will be necessary fd
ensure an adequate supply of cassis concrete in the market place‘at:j

reasonable cost.

2.2 Extraction Procedures

2.2.1 Blackcurrant Buds

.The buds were extracted by Glichitch and Igolen (1937) withlcoid.

benzene to yield 2.4 - 3.0%, by weight, of a semicrystalline dark greén'

14

" concrete possessing a very strong aroma. An essential oil, 0.4 - 0.5%

yield, was obtained by passing steam over the concrete. By similar
methods Chiris (1937), reported obtaining a 6% yield of an almost}
colourless oil. |

Latrasse (1968 and 1969) macerated the blackcurrant buds for six
days in benzene.v The solution was then'conéehtrated on a.rotary'évap-
oration at 40°C under reduced pressure. Latrasse gathered two fractions
at -78°C using ethanol-dry ice traps. The light fraction was obtained
by heating the residue at 100°C at 3 mmHg and the heavy fraction by
heating with a naked flame at 3 mmHg; thé total yieid of oil was 0.07%
by Qeight.
. Pentane has also been used to extract'bil from blackcurrant buds
.as réported by fucknott and\Williams (1970) énd Fridman | - (1971).

The former provided no further details, but the latter workers prepared

water infusions of the buds and berries, which were subsequently extracted

with pentane to obtain the aromatic fraction.
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In an examination of the autoxidation of the monotérpene'fracﬁiqn'
of the blackcurrant bud essential o0il, Latrasse and Demaizierés (1951),
prepared samples by steam distillation of bud material to obtain a D
lemon yellow.oil Qith an intense odour (yield 0.5%). They noted oﬁ:
exposure to air, there was a slow polymefisation to give an odourleés
:esin. Separation of this'pil into monoterpene hydrocarbon ahdbheévy

fractions was carried out by fractional distillation under vacuum.

s

A later report byﬂﬁlliémS'ghawTﬁcknéfp.(lbng),'statéd that blaékéﬁ?rant ‘
buds were homogenised under approximately three times their,wéighttdf
" methanol and steepéd in this solvent to reduce enzyme action. The ”
methanolic solution was extracted with pentane tobyield extracts organo-
leptically superior to those obtained using pentane alone.

| inva more detailed contribution Williams (1972) extraéted bu&;,
from:a mixture of blackcurrant cultivars, with pentane, éther or meth-
anol in a specially designed extractor. Cold water was circulated"'n
around th¢ buds to keep them at a low temperatuie during e*traction énd1‘7 
heat éupplied t6 the side afm returning the solvent to the.flask, fathei |
than the fiask itself. In this way prolonged heating of the bud material
during extraction was prevented. Williams concentrated, extfactvsolutél
ions prepared by this method and that of@ﬁiiiﬁ@S$éﬁaiiﬁékﬁgiigiféiggg
reéorded above, on frgctionating columns packed With'Fenski helicies.
The extracts produced were-dark green in colouri.waxy and possessed_a
strong blackcurrant aroma. Some of the waxes were removed by cold
extraction with ether at -20°C, followed by centrifugation. The yolat-
ile portion of the oil was then obtained by high vacuum distillation

-3

(10 © mmHg) with cold traps cooled by liquid nitrogen.

The French researchers, Latrasse and Lantin (1974), in an examinat-
ion of compositional differences between varieties, extracted the

essential o0il by macerating 5 or 10 g of buds in 100 mf of a 70% water



ethanol mixtﬁre (70% w/v). The water vapour is removed leaving a
clear ethanol distillate. Later these ééme workers (Latrasse and
.Lantin 1976 and 1977), macerated 0.5 g of bud material iﬁ pure carﬁqn'
tetrachloride.. This suspension was refluxed for ten minutes, then"
cooled and the bud material filtered out; the remaining solution was.'

then used for gas chromatographic analysis.

» 2.2.2 Blackcurrant Fruit and Leaves

Andergson,,Bosvik and von Sydow (1963) extrac;ed the oil of
blackcurrant leaves by homogenising the leaf material with water énd
distilling the Solution at atmosphéric pressure. Dis;illates ffom 27.'
sucﬁessive runs were pooled and re-extracted with two portioﬁs of
" diethyl ether. The ether fraction was dried over anhydroué;sodiﬁm |
sulphate, filtered and concentrated to yield 0.017% of oil.

In their examination of blackcu;rant fruit aromas Andersson and
von Sydow (1964) mashed the fruit and then extracted this.fruit ﬁhlp o
with redistilled pentane. Tﬁe solvent Qas evaporéted énd the resi&ue
washed with sodium bicarbonate to remove acidic cdmpounds; The residue
was then steam distilled at atmospheric pressure and the resulting dis- .
tillate extracted with diethyl ether, dried, filtefed and concentrated
to yield 0.0009% by weight of oil.

The fruit aroma has aiso been inyestigated by Spanyar et al.
t1964 and 1965) who subjected 1500 mf& of fruit juice or the equivalent
+ in fresh fruit pulp to steam distillation to obtain 300 m% of distillate

in two cold traps. The aqueous distillate was saturated with sodium

chloride, then extracted four times with 30 m% of ether-pentane (2:1}). .

The solvent fraction was dried over anhydrous sodium sulphate then
reduced in volume by distillation under vacuum.

To investigate the lower boiling point compounds in blackcurrant

16
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-fruit, Andersson and von Sydow (1966a) mashed a fruit sample withjn;
sodium fluoride to supress fermentation and treated the mixture with
depectinizinglenzyme for 24 hours. The juice was extracted by a"
hydraulic press and separated from the bulk of the water and non-
volatiles by a flash stripper distillation unit. The distillaté wgs
collected in thiee cold traps, recombined and coﬁcentrated further
using a glass column packed with helices. The distillaté was collééted
in a similar series of cold traps, then re-extracted with ethyl cﬁiofi&e,
in a liquid liquid extractor, before concentration by evapbration(df
excess solvent. | | R
In Finland Kussi et al. (1966) also analysed the lower boiling
pbint components of blackcurrant§ using a fruit mash. The aroma Qa§ :'
collected by funning a slow stream of nitrogen tﬁrough the mash at; |
room temperéture and trapping the volatiles on two cold ;japs.' Tb
analyse the higher boiling point compounds-the mash was sﬁbjécted fé-
high vacuum distillation, with the condensate, coilected in a ;oldjﬁtap,‘r
re-extracted using efhyl ether in a liquid liquid extractor. | Thisi |
distillate was then concentrated using a rotary vacuum evéporafor; _
The British workers, Nﬁrsten and Williams (1969a and b; Willigms
1966) examined both a commercial steam distillate énd.fresh Baldwin
blackcurrants. >Thé commercial blackcurrant distillate was extracted
with peroxide-free ether, dried over anhydrous sodium sulphate and
concentrated in a microdistillation apparatus. The fresh fruit were
.crushed, pressed through muslin, the juice diluted with distilled water _
and filtered again.before distiliation. The distillate colleéted in the
cold traps was purified by extraction with ether, dried and the solvent
evaporated to obtain an oil.
‘To investigate the effect of heat on thé aroma of blackcurrants

von Sydow and Karlsson (1971a and b; Karlsson-Ekstrom and von Sydow
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1973), prepared a mash by homogenization of.a fruit Sample with tﬁe
same volume of distilled water. Sodium fluoride was addéd to supress
- fermentation and fectinolytic enzymes used to avoid gelatination.'.The
mash was then heated to different temperature regimes and the headépace
-volatiles concentrated in a cold trap prior to iﬂjeption onto a gés
chromatoéraphip column. E o
Recently Latrasse, kigaud and Sarris (1982) inveétigated the |
principalvaroma of blackcurrant fruit. A juice was prepared by boiling
the ffuit to obtain a puree which was cooled and pressed. The juiée
was distilled under'reduced»bressure at 40°C and the éondeﬁsate cbliected
in a series of three traps, the first cooléd’by water, the second by.
an ethanol/dry ice mixturé and the third liquid nitrogén. The coﬁdénséte,
from the_fifst two traps, was extracted wi;h dichlofometﬁane. 'The
sblvent.fractions were ‘combined, sodium sulphate added-and the mixture
concentrated before re-extraction with 2 m& of hexane. These French
.wofkeré also prepared hydroalcoholic infusions by macerating the fruit
in an ethanol/water (50% w/v) mixture aﬁd leaving them in sealed jais
for three months. Each 400 m? infusion was then diluted with 950 ml-.
of Qater, before extraction with 100 mf¢ of Freon iI in a liquid 1liquid
extractor. Sodium sulphate was then ddded to the Freon fraction and

‘the solution reduced to a 1 m% volume by distillation.

2.3 Identification

2.3.1 Blackcurrant Buds

The early workers Glichtich and Igolen (1937) used classical
techniques of fractionation and chemical derivatisation to examine the
blackcurrant bud o0il. They record the buds as having a rather weak

but agreeable odour that could not be attributed to any particular
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chemiqal consituents. The essential o0il was subjected to chemical
tests which indicated that it was free from nitfogenous substances;_
aldehydes and ketones; as well the following physical and chemical

consituents were determined (Table 2.3.1).

TABLE 2.3.1 Physical and chemical constants of blackcurrant

bud oil
" Glichitch & Igolen Chiris - Schimmel §& Co.
(1937) - (1937) |
Density - p!®>  0.879 0.8994 10.8741
.Optical.Rotétion p*°  41°35 iDZO +3°20'- p?0 +2°30' _
Refractive Index  n°0 ' 1.4870 o 1.4930 1.48585
Acid Index I.A.  1.12 1.96 ) o
Ester Index . I.E. 7 1.2 5.6

Glichitch and Igolen, by fractionation and derivatisation idenfifé

LT e s e m ey

iedlyfﬁﬁiééqué, sabinene, d-caryophyllene and cadinene as being aﬁoﬁgf:
the compdnents of the oil. Approximately 85% of tﬂé oil was coméosed..
of terpene hydrocarbons; other'componénté were 6% terpeﬂic alcoholé
(including sabinol and terpineols), 0.25% of é mixture of phendlé
(comprising phenol and beta-napthol), 0.7% of acetic acid and'O.S% ofi
combined highervacids.

"Chiris (1937) extracted an almost colourless oil, having a black-
currant afoma with aﬁg£};giriii;1note. Chiris.also'méntipns that the
House of Schimmel and Comﬁany‘reported obtainiﬁg an oil (yield 0.75%)
from blaékcurrant buds; this essence was judged to contain p-cymene by
its odour. The physical and chemical constants of both oilsvare recofded
in Table 2.3.1 for comparison. |

. Modern analytical techniques were used by Latrasse (1968 and 1969)
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to examine a rich terpenic essenti;l 0oil extracted frém‘the buds.'i.
Analyses were carried out isothermaily on two gas chromafographic‘ '_}
columns, the apolar Silicone SE52 and the polar Reoplex 400. The :
»coﬁpounds appearing on the chromatograms were characterized by their

- KOVATS indices and are listed in Table 2.3.2. By similar methods, |
vfridman ? .. -(1971) examined a water/pentane extract of»blackcuﬁ:gnt'
:-budé and reported (Table 2.3.2) a composition different to fhat of
Lafrasse. These researchers reported limonene (23;91%), as the moSf
abundant monoterpehej Wheréas in Latrasse's investigafions myrcene
(34%) and caryophyllene (21.2%) were present in larger amouhfé thén

limonene (10.9%).

'TABLE 2.3.2 Composition of blackcurrant bud oil

Percentage Composition -

- Component .

Latrasse (1968 § 1969) Fridman =~ (1971)

[vetapinens | 6.66

myrcene = ' - 34.0 ; 3.08
delta-3-carene _ _ 2.5 . 2.81

limonene ' 10.9 . 23,91
p;cymene.ahd phellandrene R 4.2 -

linalool ' . 2.0 DU 1,78’

geraniol .' 1.3 _ | 6;51
caryophyllene | ' 21.2 . 6.32
alpha-terpineol g - ' 3.4

The French continued investigations into blackcurrant bud oil
- when Latrasse and Demaizieres (1971) examined the auto-oxidation of '

the monoterpene fraction. They report that this fraction is less stable
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than the heavy fraction and note that fiQe compounds in particular;
aipha-phellandfene, delta-3-carene, beta-phellandrene, beta myrcene
and an unidentified component, are readil& oxidised. These workers
reported avcoﬁpositien (Table 2.3.3) based on identification by infra-

red spectroscopy and KOVATS retention indices.

TABLE 2.3.3 Composition of blackcurrant bud oil

Percentage Composition

Component ,
(LatraSse § Demaizieres 1971)

alpha-pinene | | 4.0

styrene | _ 1.0

__cambhene 0.3

beta—ﬁyrcene' | | 0.3
delta-S;carene ' , 35

' alpha;pﬁellahdrene o - 0.1

limonene o | 10.0

beta-phellandrene - | 11.6

V'p;cymene . : | 1.4

e e N

on'a pentane extract of buds from mixed blackcurrant cultivars and a
sing1e>eultiva£ (Baldwin) have revealed over seventy>components
Ev1dence, based largely on mass spectral information, " has 1nd1cated the
presence of 23 hydrocarbons, 5 alcohols and 4 esters, as llsted in
‘Table 2.3.4. vThese workers observed that beta pinene was»the major
cqmponent in the eﬁtracts'obtained from mixed cultivars, unlike a com-
mercialvextract or that obtained from the single cultivar, where'delta;
' 3-cerene was the major component. They also detefmined that estimates

of limonene were found to vary with the degree of oxidation that occurred
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during the extraction procedure.

TABLE 2.3.4 Compdnentsridentified in blackcurrant bud oil
(fromWilliams and Tucknott (1973b)

Hydrocarbons | _ ' Hydrocarbons
a methylbutene _ o alpha—terpinene
‘cyclohexene ' o 1 gamma- terpinene
benzene terpinolene
toluene delta-cadinene
ethyl benzene caryophyllene
camphene - . | beta-elemene
. car-3-ene
- Alcohols
p-Cymene
~ limonene- E | citronellol
-p—méthylisopropeﬁyl benzene linalool
:EYféene - N - : "4,6-m¢nthddien584ol»
cis-ocimene B ; 'vaipha-ierpinéoi |

alpha-phellandrene

_ _ Esters
betafphellandrene
-alpha-pinene } : : _citronellylvacetate
beta-pinéne o bornyl acetate |
~sabinéne" | : ' ethyl oleéte'

methyl palmitate

-An important contribution was made by Williams (1972) in a more
detailed report of that noted above byﬂﬁziiiéi;j;ﬁ&:@ﬂ;ké§{£;(i§}3$5a
Iﬁ‘extragté from mixed cultivars, delta-3—carenev(15%j, beta-pinene (24%)
and ferﬁinoline (9%) were majqr components and limonene (0.8%) was of

secondary'importance only. Williams (1972)'notéd the wide differencesv

'_ih quantitative percentages_of’compounds reported by Latrasse (1969, Fridman
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27(1971) and his own work; he suggested they may well be oariotol
“in origin.
| Latrasse and'Léntin in renewed investigations (1974, 1976 and
- 1977) domonstratod that the composition of the essential oil is a disf
criminative feoture>characteristic,of each cultivar. These researchers
identifiéd six monoterpene phenotypes based on the percentage composition
of five common monoterpeno hydrocarbons; sabinene, delta-S-Careoe,A
iimonene, beta-phellandrene and{}étéigélépé} SeteniSesquiterpene_phono-
: tYpes.were also determined, based on beta—caryoph&llene, alpha-humulene,
alpha;elemene andffour unidentified comoonenté. | |
‘Lewis et al.(1980) identified pulegone and an unnamed compohnd;'
of molecular welght 186 to be present in blackcurrant oil for the f1rst
~ time. The unnamed compound was noted to have mass spectral and gas .
'chromatograph1c characteristics 51m11ar to those ofLg,mg;g;;{;:;:;;;E;“§:;;§
whlch is respon51b1e for a catty note in Buchu oil.
More recently at the 8th International CongreSs of Essential Oils,
Petér et al. (1980) attempted to complete the characterisation of ‘the
tolatile portion of the concrete by cochromatographic technlquos.- ThlS
offored 2 methyl 2 mercaoto n-butyl pentan'—4—on: as a~possioility for
cauéing the catty note of blackcurraﬁts; this However waé not confirmed
"by any other,technioue. These workers examined both the‘noh-saponifable
A fractioo; Qﬁerevthey reported a number ofysterols (Table 2;3.5), and the
ocid fréction (principaliy Hardwiokic and O acids). Peter and'his‘co—
| workers noted that the monoterpene group comprised 50-60% of the volatile
:fractlon, this group was completely identified (Table 2.3.5), conf1rm1ng
'the results of Latrasse and Lantin (1977). The heavier fraction was
. dominated by beta—oaryophyllene and terpinene—4—oi aslreportéd by

Williams (1972).

—

of verbal presentatlon.

S -
{_~ this chemlcal not mentioned in manuscrlpt but presented as part
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TABLE 2.3.5 Consituents of blackcurrant bud absolute /

(from Peter et al. (1980))

Sterdls % Monoterpenes : Sesquiterpenés
cémﬁeSterol 1.9 alpha-pinene octene-3-ol
‘stigmasfefol a 2.1 beta-pihene' . alpha-copaene
Bgta sitosterol 88.4  sabinene Beta-elemene
’delta-S-avenasterol 1.0 delta-3-carene caryophyllene
» delta-7-$tigmasterol 0.5 myrcene - unknown X
-delta¥7-avenasterol 6f1 alpha-térpinene terpinene-4-ol
limonene alpha humu}ene‘
beta-phellandrene citronellyl acetéte ‘
cis-ocimene | unknown 'Y |
gamma—terpinene unknown Z
' trans-ocimene unknown-V

octanone-3
p-cymene
" - terpinolene

unknown

2.3.2 Blackcurrant Fruit and Leaves

 The composition of the essential oil of blackcur?ant'leéyes was
examined by Andersson et al. (1963). They used gas chromatography,

infra-red spectrometry and mass spectrometry to identify the follqwing

components (Table 2.3.6). It is interesting to compare these results

with those of Latrasse (1969).

Ten common components have been identified. Latrasse proposes

. the high levels of myrcene 34%, limonene 10.9%, and caryophyllene 21.2%

observed in the bud ésSence as compared with the leaf oil (0.6, 3f3 and

-16.8% respectively), are due to different stages of metabolism.
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TABLE 2.3.6 Composition of oil from blackcurrant leaves

(from Andersson, Bosvik and von Sydow (1963)).

~ Component Cg;rcent | Comfonent Percent :
ponent Component

51pha-pinene _ *1.5 l-methyl-4-isopropyl 1.3
myrcene | *0.6 benzene
oct-1-en-3-ol 6.3 linalool 3.6
delfa-S-carene *19.2' terpinen-4-ol , . | 0.6»
p-cymene | *1.5 ~ methyl salicylate | 1.6
m;cymene" " ‘ 1.5 geraniol : *6.0

'=iimon¢ne ' %33 citfonellyl acetate *0.9

. beta-ocimene 1.6 caryophyllene  *16.8
:beta-pheilandrene *2.4 . humulene ' 2.0-,

Components'common with Latrasse (1969) refer: Table 2.3.2

'AndefSSQn énd'vonVSydow (1964 and 1966a) in Sweden investigated 4

the fruit of Brodtorp blackcurrants and used retention data on two gas

'chromatography coldmns, a 10% DC 200 silicone column and a 10% SAIB + 5%

Quadrol column, together with infra-red spectroscopy and mass spectrometry

~ data for identification. A list of components identified and their

‘relative abundance are contained in Tables 2.3.7 and '2.3.8:

Spanyar et al. (1964 and 1965) investigated the headspace of

blackcufrant fruit pulp and reported the presence of ethanol, butyl

‘alcohol, amyi alcohol, ethyl acetate, butyl acetate and ethyl caprylate.

The British researchers, Nursten and Williams, ‘examined both a commercial

. steém distillate (1969a) and fresh Baldwin blackcurrants (1969b), rely-

ing on retention data on three gas chrématography columns and infra-red

spectroscopy for identification. Investigation of the_cbmmercial dis- _

‘tillate revealed over 150 components. The twenty components listed in

Table 2.3.9 were positively identified; and the thirty-four in Table.2;3.10



TABLE 2 3.7 ngher boiling point compounds in blackcurrant fru1t
(from Andersson and von Sydow (1964))

" Benzaldehyde

0.

' Percentage Alcohols . Percentage
. Hydrocarbons - .. ' SNSae
. Composition Composition
m-Cymene 0.4 Citronéllol 1.4

p-Cymene 0.9 alpha-Terpineol 0.5
Myrcene 1.4 Terpinen-4-ol 3.3

_cis-beta-Ocimene 2.6 p-cymen-8-o0l 2.9
trans-beta-Ocimene 2.9 cis-hex-3-en-1-01 0.1 -
-gamma-Terpinene - 0.7 oct-1-en-3-o0l 0.3
beta-Phellandrene 5.3
Terpinolene 4.9 Esters
Limonene 3.8 : .
Car-3-ene - 25.9 Citronellyl acetate 2.5
alpha-Pinene 7.0 Methyl benzoate . 0.1
Camphene 0.6 Ethyl benzoate 0.2
Caryophyllene 11.6 Methyl salicylate 0.5
Humulene 0.2 i
Carbonyls

1

TABLE 2.3.8

Lower boiling point compounds in blackcurrant fruit
(from Andersson and von Sydow (1966a))

Alcohols

methanol

ethanol

propanol.

2-methyl propanol
butanol

3-methyl butanol-
pentanol

" hexanol

2-butanol -

2-pentanol ,
2-methyl-3-buten-2-0l
- 3-methyl-2-buten-1-o0l
~ 1-penten-3-o0l
2-methyl butanol

Carbonyls

acetaldehyde
hexanal
acetone
2-butanone

2,3 butandione.

Esters

methyl acetate
ethyl acetate

"~ butyl acetate

ethyl butyrate
pentanal

Hydrocarbons

Styrene

Miscellaneous

1,8 Cineole
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tentatively identified. Examination of an essence prepared frqmih:
:fresh éaldwin fruit revealed the presence of 24 components (Table ;

©2.3.11). |

The resilts of Nursten and Williams, from fresh blackcurranee;
.(19695) and>a commercial distillate (1969a), differ.ffmn‘those of.
_.Andersson et 31; (1964, 1966a and b). For example, Andersson andie
von;Sydow (1964), found that car-3-ene and’caryophyllene constitdfedff'.
'.é large pfoportion of the less volatile’eomponents whereas-Nursteneédd
'WilliahS'found these to be present in minor quantities only. On fhe
ether hand alpha terpinene was not detected by the Swedieh workers:f

Differencee between the Swedish and British work could be eipiéined
dby Varietal:differences, differences in soil andvcliﬁatekin whichdthe

. bushes were grown, time of harvest and method of storage. prevef,’

o Nursten'and,Williams (1969b) consider method of extraction is the -most

'probable cause partlcularly in the case of the terpenes.

| Andersson and. von Sydow (1964) showed terpenes to be bresent 1ﬁ
fhe high b0111ng point fraction prepared u51ng n-pentane extractlon':v
followed:by steam distiilation. In their ﬁore recent paper (1966a)
_fhe_Swedes used an extraction process similar fo_thét of Nursten and
: Williams (1969b) but no mention is made of terpene hydrocarbons.
Nursten and Williams (1969b) found difficulty in exp1a1n1ng why
- certain terpene hydrocarbons were detected 1n their work. - They suggested_
that since compounds ‘they identified, such as phellandrenes and cymenes,
'could'be easily formed by rearrangement and car-3-ene and caryophyllene'
ltideﬁtified as major components by thdé@Edeg), could not, the Swedish
methodé of extraction caused,fewer unwanted chemical reactieﬁs.

Ldtrasse (1969) also examined an essence of fresh blackcurrant

fruit and reported the presence-of a number ef aldehydes, esters and :

.alcohols (Table 2.3.12). More recently Latrasse, Rigaud and Sarris
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" TABLE 2.3.9 Components positively identified in a commerc1a1 black-li
currant distillate
- (from Nursten and Williams (1969a))

.Hydrocarbons Alcohols

~alpha-terpinene methanol 2 methyl but-3-en- 2- ol
‘beta-phellandrene ethanol n-hexanol
gamma-terpinene - n-propanol cis-hex-2-en-1-o0l
"-p-methyliso-propenylbenzene n-butanol trans-hex-2-en-1-o0l
' ? o isobutanol terpinen-4-ol
Carbonyls ' _ » isopentanol
" 2-hexenal Esters -
Miscellaneous ' ethyl n-butyrate
: ' ' , methyl n-hexanoate
1,8 cineole methyl benzoate

.TABLE 2.3.10" Components tentatively identified in a commerc1al black-
. : currant distillate
{(from Nursten and Williams (1969a))

"+ Hydrocarbons © Carbonyls : Alcohols
* alpha-pinene ether ' . pent-1-en-3-o0l
~ camphene _ v acetaldehyde : 2-pentanol
. myrcene 2-butanone linalool
. sabinene - ' 3-methylbutan-2-one 2 ethyl butanol
alpha-phellandrene benzaldehyde o [ 2-hexenal .
limonene ' . butanal . oct-l-en-3-o0l
p-cymene ' , citronellol
‘beta-ocimene 4-octanol
: ' : _ geraniol
" Esters’ p-cymen-8-o0l

, T pent-4-en-ol ~
. methyl acetate

- isopropyl acetate

methyl n-butyrate

' - isobutyl acetate

_isopentyl acetate
‘n-butyl acetate
n-pentyl acetate
- methyl salicylate

' ethyl-n-hexanoate




'TABLE 2.3.11 Components identified in fresh Baldwin blackcurrantS».

(from Nursten and Williams (1969b))

Hydrocarbons Carbonyls
toluene - trans-2-hexenal
myrcene . 2-hexanone
alpha-phellandrene
. gamma-terpinene o : Alcohols
caryophyllene
o . . ethanol
Esters - ' o ~ n-butanol
’ ’ - iso-butanol
methyl acetate n-hexanol . :
ethyl acetate B trans-hex-2-en-1-ol
isopentyl acetate ’ o 2-ethylhexan-1-o0l
ethyl n-butyrate ' terpinen-4-ol
‘methyl n-butyrate , alpha-terpineol
methyl-n-hexanoate N
- ethyl n-hexanoate ‘Other

methyl n-benzoate . :
' ' 1,8 cineole

TABLE 2 3. 12 Components identified in blackcurrant fruit
: ‘(from Latrasse (1969))

Esters . Aldehydes

~ butyl formate ‘ ethanal
" ethyl formate : pentanal
ethyl acetate _
ethyl valeriante Alcohols
. isoamyl butyrate : ' S _
: : ’ methanol terpinene-4-ol
ethanol =  alpha-terpineol

isobutanol citronellol
p—cymgn-s-ol

29
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TABLE 2.3.13 Components recently identified in blackcurrant fruit
(from Latrasse, R1gaud and Sarris (1982))

~ Alcohols

-fenchyl alcohol

. limonene-4-o0l

cis and trans piperitol
ledol .
oct-2-ene-1-o0l

- isopropyl-4-cyclohexanol
hexan-3-o01

3 methyl hexan- 2 ol
heptanol

~nonanol

cumin alcohol
cyclohexanol

. phenyl ethanol
- furfuryl alcohol

- Esters

neryl acetate
geranyl acetate

‘015 methyl Jasmonate
“Various

|methoxybenzyl pyraz1ne

anhydride of 2,3 d1methy1ma111c
acid

* ‘carvacrol -

o-cresol

phenol

allyl phenol

vanilline

Carbonyl Compounds

alpha-ionone
cumin aldehyde
' 1-dimethyl- 4—cyc10hexen-3-y1
methyl ketone
3-cyclocitral
benzaldehyde
oct-l-ene-3-one
hept-2-ene-1-al
t2-octena1

| 2-nonenal

F2- decenal
heptadien-2-4-al

" nonadienal

camphor
damascenone
tiglaldehyde .
umbellulone’
carvone
piperitone

Lactones

gamma-nonalactone

(1982) reported on the aroma of the berries.

They prepared an.

extensive list of compounds previously reported in blackcurrants as '

well as identifying new compounds (Table 2.3.13) by retention indices

on gas chromatography columns or mass spectral data.
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2.4 Organoleptic Evaluation

1In spite of modern analytical instruments the Fragrance and
Flavour industry depends upon the perfumer and his assessment of

odour quality as the final arbiter of fragrance value.

2.4.1 Blackcurrant Buds

- In an_important cdntribﬁfibn Williams (1972) uﬁdértook»thé'first .
répofted ofganoleptic‘aSsessment of blackcurrant Bud»oii. The majdfity
_pf 6dour éomments were charapteristic of what oné ﬁould éxpect from

- terpenes, being musty, pinelike or reminiscent of turpentine iﬁ the
~ lower boiling point region, and sp}cy aromatic in the higher boiling
.pointvregion.' In this study, ﬁsing a Carbowax 20 m cqlumn, Wiljiams
~ stated that no particular fegion could be assdéiated wifh‘the ‘cétty" :
_blackcurrapt'aroma, although %ome peaks in.thelterpene hydrbcarb&n
" . region did have a minty’chéracter. Other,peak5~had green énd.cucumber
aromas, both of which Wiliiéms considered could confribute to thé
'catty! note»of the buds. One of the latter high boiling point regioﬁ;f
could bé aSsociated with the heavy, sweet smell of commeréial black-
cgrrant‘flavours. Hsing-é non-pqlar SESb'packgd column, WilliaﬁS'
(1972) was ablé to_detéct the 'catty"blackcurrantvéroma and associate
it with reiatively low Boiling components, mainly monoterpene,hydro-'
carbons. Since the aroma qould not be detected at-all on the CarboWéx
20 m column Williams suggested that the odour méy,be'due-to a cpmpéund
With a low threshold level which is absorbed oﬁ thé column ét low con-
jcentrétions. | ‘
Various sulphur containing compounds with similar.odours.have- -

been suggested as possibilities for the 'catty' constituent. - These

~include compounds reported from Buchu oil'byggﬁ_Sundt_et_alll9fi§énd

Kaiser et al. (1975). A catty note from Buchu was identified by\VQHTSBBEEf
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et al. (1971) and associated with the compound (+) menth-on-8-thiol
(Figure 274'1)' They also reported a synthesis of menth-on-8-thiol 2
based on pulegone. - Kaiser et al. (1975) recorded the full fruity
character of typical of blackcurrants and associated it with the same
compound. In addition, Lewis et al. (1980) identified pulegone and

a compound of molecular weight 186 with mass spectral and chromato-
graphic characteristics similar to those of p-menth-on-8-thiol in black-
currant bud oil. However, these workers made no mention of any aroma

associated with this compound.

eSS

FIGURE 2.4.1 p-menth-on-8-thiol

Peter et al. (1980) state that the monoterpenes present in the
volatile portion of the cassis absolute cannot account for the typical
and potent aroma of blackcurrants. Further, these researchers found
that the monoterpene fraction, when isolated by liquid chromatography
lacked the characteristic odour completeiy. They detected this note
clearly in the more poiar and extremely complex mixture eluted after

beta-caryophyllene.

2.4.2 Blackcurrant Fruit

The fruit aroma has undergone a more extensive assessment than

that obtained from blackcurrant buds. Andersson and von Sydow (1966a)
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noted that a concentrate of low bpiling volatiles from blackcurrant
juice had a very strong odour without any resemblance to that of the
fresh fruit. A powerful 'green' odour note was observed, possibly
due to the presence of cis-3-hexen-1-o0l. In earlier work, Andersson
"and von Sydow (1964) reported'that the odour of an oil containing only
high boiling point components (greater than .150°C) was reminiscent of
fresh blackcurrant fruit, although some of the odour 'top notes' were
apparently missing.

Nursten and Williams (1969b)vrepdrted'that when 98 compounds
they identified_in blackcurrants were recombined their odour seemed to
be overwhelmed by the 'green' note of thé hexenols and octenol. How-
ever, the addition of these compounds to évcommercial blackcurrant
essence gave a fresher blackcurrant note.

In.the ea;ly seventies, von Sydow and Karlsson (1971b) developed
an odour quality assessment technique to examine the effect of heating
on blackcuffantlfruit aroma. Odour qualities reported to increase on
héating were those that contributed undesirable odours to fresh fruit;
for example 'cooked aromaf, *sharp', 'sickly' and 'burnt'. Odouré
reported to decrease on heating are genefally those more desirable in
fresh fruit; for example 'florél', 'gfeen' and 'fruity’'. No mention
was made of a fcatty! aroma. Later work (Karlsson-Ekstrom and von
Sydow 1973) attempted to associate the observed aroma changes with
.particular components. Data presented in this study showed that the
unpleasant odour qualities are positively correlated with compounds
observed to increase on heafing (dimethyl sulphide and some aliphatic
aldehydes: ethanal, propanal, 2 methyl propanal; and 2-methyl butanal);
and hegativély correlated.with compounds observed to decrease oﬁ heat-
ing (mainly terpenes: delta;S—carene, caryophyllene, beta-phellandrene,

beta-pinene, sabinene, cis-beta-ocimene, trans-beta-ocimene-and terpinolene).
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More recently Latrasse et al. (1982) have reported an extensive

analysis of the main and secondary aromas qfvblackcurrant berries.
"They report detecting the twenty elementary odours listed in Table
2.4.1,:thch are chéracterised into two groups. - The first, located
in the light fraction, cdntainé the six compounds which are necessary
to obtain the characteristié blackcurrgnt aroma. If any one of fhese
is omitted, the aroma hixtufe is incomplete,land one is unable to
recreate the blackcurrént aroma. The second group contains many

floral notes which affect overall aromatic quality.

TABLE 2.4.1 Principal and secondary odour notes of blackcurrant
fruit '
(from'Latrasse et al. (1982)

Principal Odour : . Secondary Odour

1. butter (diacetyl) 7. shells of green peas (methoxy iso-
‘ : propyl pyrazine)
2. fruit (ethyl butyrate) A ’
. 8. floral (linalool)
3. Cats urine (not identified) :
. 9. Wine cork
4. Mushroom
" '10. Faint odour (terpine-4-01)
5. Mushroom
. 11. floral (methyl acetophenone)
6. Balsam (eucalyptol) .
' 12. faint odour (alpha terpineol)

13, Roots (limonen-4-01)

14. dung (phenolic compound)
15. floral (citronellol)
*16. floral (geraniol)

17. jam- (damascenone)

18. lactone odour

19. jam

20. conifer odour (warm vapour)
(composed of MW220)
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2.5 Varietal Differences

Andersson and von Sydow (1966b) presented data on the essential
oil extraéted from the fruif of six botanical varieties of blackcurrants.
The varieties were: Brodtbrp, Silvergieters Zwarte; Wellington XXX,
Cotsﬁold Cross, and two hj?rids, Wellington XXX x Brodtorp and Cotswold
Cross x Brodtorp. . |

vDifferencés in 0il content were found to occur, Cotswold Cross
having roughly three times as much essential oil as the other varieties
(Table 2.5.1). Silvergieters Zwarte and Wellington XXX which are of
similar botanicgl origin were found to possess monoterpene fractions
of almost identiéal composition (Table 2.5.1). In comparison.both
Bfodtorp and Cotswold Cross contain much mdre caryophyllene. Brodtorp-
is characterisedkby low concentrations of gamma-terpinene and terpineh-
4—01. ‘Cotswold Cross has rélatively high concentrations of these
- compounds and a low concentration of delta-3-carene (Andersson and von
Sydow 1966b) .

These workers also noted that these characteristic features can
be easily traced in the hybrids investigated. For example; Wellington
XXX x Brodtorp has a high content of gamma-terpinene and terpinen-4-ol
from Wellington XXX and of ¢aryophy11ene from'Brodtoip.

Latrasse and Lantin (1974) examined eighteen varieties of black-
currénts and classified them into three distinct families based on
their'monotefpene hydrocarbon composition. Sabinene, delta-3-carene,
beta-phellandrene‘and terpinolene were found to be the discriminatory
components, Phenotype A is defined by a high sabinene content only
. (75%). Phenotype B'ﬁas sabinene (58%) and two other major compoﬂents,
delta-3—carene (20.7%) and terpinolene (10.1%); Phenotype C has delta-
3-carene (35.9%) as the principal component with other components

beta-phellandrene‘(20.6%) and terpinolene (15.6%). The classification



TABLE 2.5.1 Quantitative data for some major componénts in the essential o0il of six varieties of
blackcurrants _ ' '
(from Andersson and von Sydow 1966)

ppm . .
Vériet essential _ K terpgnes<1n oil o .
y 0il in  delta-3- gamma- terpino- terpinen- . ¢citronellyl s caryo-
fruit = carene terpinene - lene . 4-o0l |"acetate phyllene
Brodtorp - | 13 18 0.6 . 5.7 1.1 1.5 12
Wellington XXX 10 14.5 3.5 5.0 12 1.2 4.9
' Silvergieters Zwarte 11.5 12.5 2.9 4.3 10 1.2 - 5.1
Cotswold Cross 3t <2.0 7.4 1.5 26 1.3 10.5
Wellington XXX x Brodtorp 10.5 8.6 3.7 3.4 14 © 1.9 12
Cotswold Cross x Brodtorp 12 <1.5 3.5 0.6 _ 13 1.0 13

9¢



of varietiesvis shown in Table 2.5.2. 'Phéno-type C, which includes

the traditional Fpench'vafieties Noir de Bourgogne and Royal de Naples,
was considerediqrganoleptically superior to either phenotype B (includes
Baldwin) or phenotype'A.

A further examination of the following varieties; Black Reward,
Brodtorp, Gplubké,_Noir>de Bourgogne, P9-8-38 (Consort x Consort),
Rosenthal, Silvergieter‘gnd their hybrids was undertaken.by Latrasse
and Lantin_(1976 aﬁd 1977). These workers identified tﬁree new mono-
terpené phenotypes as Qell:as six'prinéipaIVSquuiterpene phénotypes._
Théy tabuiated the'composition.of six monqtefpene phenoiypes, including
three previously.identifiéd in the earlier paper (1974). This data is
reproduced as Table 2.5.3. |

TABLE 2.5.2 Classification of varieties by phenotypes
(from Latrasse and Lantin (1974)) '

Phenotype A _ . Phenotype B Phenotype B

sabinene (75%) - sabinene (58%) ’ 'delta-S-cérene (35.9%)
. terpinolene (10.1%) : - beta-phellandrene (20.6%)

delta-3-carene (20.7%) terpinolene (15.6%)

Mendip Cross - Silvergieter o Noir de Bourgogne
Gbiuﬁka ,j Rosenthal i Royal de Naples
Tor Cross Baldwin o fﬁrodtorp |
Cotswold Cross _ Wellington XXX
Malverh'Cross , : Goliath
M 59-3 . Victoria

| Consort -

..TenahAS

Davidson's 8 ,




TABLE 2.5.3 . Composition of monoterpene phenotypes
(from Latrasse and Lantin 1976 and 1977)

Major constituents (%)

. delta- | . beta- .
sabinene 3_carene limonene phellandrene terpinolene
A 100
B . 60.8 27.5 - 7.6
Cw .
g C ~57.5° 8.1 25.2 14.0
P
gD | 72.5 | 19.7
2 ‘
E ' 25.0 71.5
F ' 73.6 - 7.4 ' 18.9

Latrasse and Lantin (1976 and 1977) identified seven major
sesquiterpene peaks by their retention volume relative to beta-
caryophyllene, a common o0il eomponent. The composition of the six
sesquiterpene phenotypes is contained in Table 2.5.4. These workers

proposed an hypothesis whereby three major genes are accepted as con-

trolling monoterpene synthesis. These genes are:
T1 - sabinene
T2 - delta-3-carene and terpindene
T3 - beta-pinene, limonene and beta-phellandrene.

Under this ﬁypothesis, monoterpene phenotype A for example would have
the genotype: T1T1t2t2t3t3. They further proposed that the synthesis
of the sesquiterpene, beta-caryophyilene, is uﬂder independent genetic
control, whereas the components 2,4 and 3,4 linked with 7 could be
"dependent on a siqgle'alleie pair. |

Recently Latrasse et al. (1982) in an extensive examination of

the principal aroma of blackcurrant fruit, reported that extracts of
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TABLE 2.5.4 ‘Composition of sesquiterpene phenotypes
(from Latrasse and Lantin 1976 and 1977)

Major Constituents (%)

39

component® 1 2 3 4 5 6 7
retention 0 1.14 1.20 1.25 _ 1.37 1.78  1.91
time . : '
I . 23.8  76.2
II, - 59.2 41.7
‘112' 39.4 60.6
. ' .
()] . .
g III;  53.7 10.7 33.5 2.0 .
= . .
0 .
g III, 31.0 - 10.5 2.0
K= ' .
&1V 60.6  15.1 15.1 9.0
v 42.1 3.6 . 23.1  28.4 2.7
VI 57.9  18.1 9.4 10.1 4.3

Note 1 - retention times are relative to befa—caryophyllene
Note 2 - 1: beta-caryophyllene, 3: alpha-Humulene,

6: alpha-Elemene, 2,4,5,7, not identified.

Noir de Béurgogne'and Royal de Naples are ricﬁer in aroma than other
varieties studied. ATheAcomponents and odour; associated with them
are reborted in Table 2.5.5. There is an abundance of terpinen-4-ol

in the extracts from Cotswold Cross, MélVern Cross and Davidson's Eight.
These varieties are'offspring from crossesvwith Baldwin as a common
parent, suggesting that abundance of terpinen-4-ol is an hereditary
character (Latra;se et al. 1932). Noir de Bourgogne and Royal de

Naples are rich in-diacétyl, ethyl butyréte and eucalyptol, components

important to blackcurrant aroma.



TABLE 2.5.5 Amounts of some components in hydroalcoholic infusions prepared from various blackcurrant varieties
(from Latrasse et al. 1982) .

_ Variety
Principal Noir de Royal de Tenah Cotswold Giant Malvern Wellington David-
Odour Compound Bourgogne Naples 4 Cross Boskoop Cross Tasm? Golubka XXX son's
Light
butter diacetyl 3.7 1.5 1.1 0.3 0.9 - 0.0 0.0 0.0 0.0 tr
- fruit ethyl buty- . _ . :

. rate 8.6 8.7 5.2 4.6 7.3 0.6 0.4 0.8 - 7.1 0.2
cats urine not identified tr tr ©otr. . tr tr - tr . tr tr tr tr
Balsam eucalyptol 2.4 3.0 1.0 0.2 0.3 0.3 0.2 0.0 0.4 0.2
Secondary

© 'Odour - ,
green pea methoxyiso- : : :

. propyl pyrazine tr tr tr tr tr tr tr tr tr tr
floral " linalool 0.6 0.6 1.0 0.3 0.3 0.4 0.2 0.2 0.0 0.2
floral -'methylaceto- :

phenone ., 1.2~ nd nd . nd nd nd nd nd nd nd
roots limonen-4-o0l 1.0 0.07 1.0 0.04 0.4 - 0.07 0.7 0.3 0.5 0.4
salicylic = methyl sali- ' _ : - ' :
ester cylate ' tr tr tr tr- tr tr tr tr tr tr
" rose geraniol tr tr tr tr tr tr - otr tr tr tr
jam -damascenone tr tr tr S tr tr tr tr tr tr tr
conifer - not identified 17.0 12.0 1.7 0.4 1.8 2.8 0.0 0.0 0.0 0.0
terpinen-4-o0l 3.5 18.0 3.5 87.5 21.0 €4.0 7.3 17.5 37.7 67.0
alpha terpineol 2.2 5.2 0.7 2.8 0.3 1.8 1.9 0.8 0.7 2.8

n ,
Limonen-4-ol and alpha terpineol levels were by GC on CW20M.
The compounds underlined appear to be varietal characterlstlcs
n.d. no amount

oy
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. 2.6 Commercial Significance of Blackcurrant 0il

Thomas (1979) estimates the annual world production.of Cassis
Absolute (the blackcurrant Bud 0il), is estimated to be in the order
of 200-600 kilos, and is currently priced at $1000 Australian per
kilo c.i.f. Europe and U.S.A.

The principal production source of the Absolute is Grasse
(France), and the principle sources of bud material are,the black-
currant fruit plantatibns of France and England.

The world's leading producer, accounting for perhaps 80% of
production, is Cammili Albert and Laloue (CAL) of Grasse, a subsidiary
of Pfizer. CAL Cassis Absolute sets the industry standard for quality
(Thomas 1979) . |

- No réliable informéfion,is available on the main markets for
Cassis Absolute according to Thomas (1979}, but it is likely thét it
foliows the geographic distribution of the Fragrance ahd Flavour (F/F)
industry but_skewed more to American and Western European markets.

Cassis Absolute seems to be rarely, if ever, traded by déaleré
as it seems mbst of the business has been developed directly between
CAL and other F/F houses through the Pfizer selliﬁg network (Thomas
1979).

Cassis Absolute has been on the market for about 20 years and
for most of that time it has geﬂerally been in short supply. Thomas
(1979) quotes CAL as saying that demand is growing strongly and can
be maintained at about 20% per annum if the price can be kept at present
levels in'real,terﬁs.

CAL (1979) report the classic use of Cassis Absolute is to
reinforce and modify natural or artificial Blackcurrént flavour, but

more recently it has found applications in fragrances where remarkable



42

. results are observed.
Dumont (1§41) reférs to the rarer essential oils and their uses
in perfumery, noting that the oil of the blackcurrant buds is specially
‘suited for scehting'of lipsticks. Dumont also records the oil as
giving excellent nuances in Chypre,-Fougere,:Ambre,'Lierre aﬁd‘perfumes
with an orientai'scent aftér the manner.of.Crepe de Chine and Goya. |
AAIOCgl retailer,_St. Cloud Perfumery,Aquotes Crepe de Chine at $8.50
per 1/8 fluid ounce and considefs the perfume to be in the medium té[
high pfice bracket (pers. comm.j.i | |
Dumont (1941) states, ''where price plays_no part, the extract
lbﬁd oilkié aiso.to_be récé@mended for éqap perfume oils, as'truely
- réﬁarkéble effects can be secufed with it."
o .Jﬂ.ahd'E. szié, ; Frénch qupany, éstimatés in 1983 the market
| to:be 500-1000 kg'of'ébéolﬁte'per year. in the pgrfuméry indﬁstry,gwith
use invflavburing being several orders of ﬁagnitudé larger (pers. comm.).
PernodeicardeurcNéSe Buds fréﬁ farmefs in.Ftance and extract
”directly.wifh éthaﬁol. ‘-Thié.alcoholic extract is incorporated difectiy

into the French LiQuer "Cassis de Dijdn" (pers. comm.). -

3. ENVIRONMENTAL EFFECTS ON CROP GROWTH

'3.1 Planting Density

In étudying the effect of plaht density on the yield of economic-
élly ihpoftént.pérts of plants, it is essential to differentiate between
the effeﬁts'of increasihg'the number of plants per ﬁnit areé; with plants
arranged in a rectangular and even manner, and the effect of changing

the pattern in which a given mumber of plants pér unit area are arranged

.
(Bleasdale pers. comm.).

*'J.K.A,'Bleaédale, National Vegetable Research Station, Wellesbqurne,
Warwickshire, England. ‘ ’



The most impoftant ahd_obvious effect of increasing the plant
density whilst~rétaihing, say, a square éattern ofbplant arrangement,
is initially ;0'increase the yield per unit area. ThiS~increésé is,
at first, directly prqportiohal to the increase in popul#tion, but.as
the plants increasingly havé to share the résourcés available, the
yield increases at a slower rate than the plaﬁt density, until a point
- is ;eached at which there is iittle or no further increase in yield
(Bleasdale pers. cdmm:j'A

There are many reports-ln the literature descr1b1ng these[Vasymptotlc
relationships (Figure 3.1.1) for plant-parts of commercial interest;
Bieaédalev(1967a) for carrots and radishes; Nichols et al. (1973) for
tomatoes and Frappell (1973) for onions. vWith some crops the yield
rises to a maximumiwith increasing plant density and then declines at
highér‘densitiesv(Frappell,1979). Thié'form of relationship-is known
as parabolic (Figure 3.1.2) and is also well reported in the iiteraﬁure;
Bieasdaie andvThompson (1966) usiﬁg pérsnips; Frappell (1968) using red

beet and Nichols (1974) using sweetcorn.v'

YIELD o1
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DENSITY (piants /m2 }

. FIGURE 3.1.1 -Yield-density rclationship for total y1e1d and root
' yield of carrots :
(from Frappell 1979)
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FIGURE 3.1.2 Yield—density‘relationship for total yield and root

yield of red beet
(from Frappell 1979)

At the outﬁef; it is clear that the density—dépendant effects §n '
yield are due to‘competitioﬁ between adjacent plants for the necessary
natural resources. The Basic assumption is that a plant located at a
Agiven site is constrained to draw nutrients only from its immediate_
vicinity. This 'influence zone' may be larger than the size of the
actual plaﬁt and would have an irregular shape both onvthg surface and
into the groumd.. It is not a hypothetical region and can be mapped

" by tracer experiments (Pant 1979).

44

While it is generally accepted that the yield-density relatidnship

f§f total biologicalvyield'is asymptotic, it should be recognized that
the relationship for a plant part may be asymptotic or parabolic, and
thatvthe latter form may range from near asymptotic to steeply parabolic
(Frappell 1979). When using a yield-density relationship to modi fy

a production system for a particular objective, then it is important.
-that the»form of the felationship be established for‘the‘crop in
§qestion. In practical terms, if the objective is to achieve maximum
yields of the desired qqality per unit area, then there is an optimum

spacing for a crop which will'provide sufficient plants to cover the



45

- ground surface as quickly as possible with leaves, yet few enough
plants .to permit each to develop the required ouality characteristics
(Frappell 1979). | o

The mathematicalvfunction that has been most commonly used for
the ana1y51s of plant den51ty experiments is the rec1proca1 equation

proposed by Bleasdale (1966)
16
(1) Wv = a + Bp

where W is the weight}per plant, p is fhe'plant deﬁsity and o, B and 6
are pafameters of tho modéi.A When 6=1, an ésymptOtic relationship.
is descrlbed and when 6<1, the relat10nsh1p is parabol1c.

Equatlon (1) is a 51mp11f1ed ver51on of the equatlon proposed

ear11er by Bleasdale and Nelder (1960)

(2) 9 = o+ g

==

‘which is very similar except that it introduceS’another parameter .,
A further equatlon proposed at the same time is that of H0111day '

(1960a and b)
_' Lo g s yo2
(3§ = a+Bo+yp
whéfe the éymbols have a similar meaning, with the exception of y
replacing 6 as the third parameter of this mooel. "~ With this equation
the form of the relationship is asymptotic when y=0 and parabolic when
. y>0.
When the y1e1d denslty relat1onsh1p 1s asymptotlc then a11 of

‘ these relatlonshlps become 1dent1ca1
RORE ™
wv .

" Such an equation is based on a linear relationship between the reciprocal

of;the yield per plant, and density‘(Figure 3.1.3). These equations
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FIGURE 3.1.3 Relationship between the reciprocal of total dry
~ " weight per plant and density
(from Frappell 1979)

have been comprehensively reviewed by Willey and Heath (1969) who
ﬁonclude to describe yield-density re1ationship$ realistically it is
desirablg ﬁo use those equations, such as (1), which héve:a better
biological foundation and have proved the most satiéfactory in practice.

Gillis énd Rafkowsky (1978) éompared models (1) and (3)-concluding
that, although both models described the yield-density relationship
equaily well in practice, equation (3) had better statistical properties
than equation (1) when fitted using least squares. For exémple, the
estimators of the parameter of equation (3) were less biased and closer
to"being normally distributed thaﬁ those of equation (1). Further dis-
cussion of ;he statistical properties of least squareé estimators, with
Vreference to yie1d-d¢nsity models appears iﬁ Ratkowsky (1983).

When using the aéymptotic relationship it is possible.to.give'a '
simple biologiéal interpretation to‘the parameters a and B. As éénsity
Afends towards zero,:fhe value of weight per plant tends to %} which is .
considered to be a measure df the genetic potentiél of a crop in a

particular environment. On the other hand, as density tends towards

1

infinity, the yield per unif area approaches the asymptotic value of g
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ﬁhich is considered to be a measure of the potential Qf the environment.
For the parabolic relationship it is more difficult to give a biological
interprgtétion tp these two parametérs (Fréppeli 1979).

| - In ordef to obtain the data required to establish the form of
Vthe yield-density relationship it is necessary. to stﬁdy the effect on
yield of a large rénge of plant densities. Conventional randomized
block designs involve carrying out experiments of eﬂormous size, in~
whicﬁ'more thaﬁ'half the plénts would be guards. Such large experiments .
-are not statisticaily desirable and oftenlnof practical with the resourcéS’
available; particularly with numbers of perenﬁial plants required
(Bleasdale 1967b).. | |

Crops planted in rows which radiate from a point, with the distance

between plants along a radiuslapproximately equal to the distance between
radii at:th;t pqint, énable a large range of plant'densities to be grown
. in a smallrarea.: Further, guard plants Qould only be néeded around the‘.‘
outer edgé of a gtéﬁb of plants‘arrangéd iﬁ this systematic maﬁner
~ (Bleasdale 1967b).  Nelder (1962) developed a seriesvbf designs fof
‘spacing exﬁeriments based on these principles, using grids which could
3e'defined by the intersection of sets of parallel or concurrent straight
liﬁes and arcs of conéentric circles. Bleasdale (1967b) provides an
expanded discussion and presentation of all steps necessary for calculat-
ing the dimensions of these designs. The fan design described‘by Nelder
- (1962) and Bleasdale (1967b) has been used to study yield-density relation-
ships of intercropped sorgﬁum and soybeans (Wahua and Miller 1978) as well

as the effect of spacing on blackcurrant fruit yields (Nes 1979).

3.2 Light Interception and Utilization

Studies of light interception provide the scientific basis for
 the practical_managemént of orchard canopies, i.e. for the choice of

- tree size, number per hectare and arrangement and pruning, so as to
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opt1m1ze the production of assimilate and its conversion into economic
yield (Jackson 1980a). Two distinct obJectlves are involved: the first
is to find ways of méximizing light interception by the trees, as light
éﬁergy falling on the grass in the alleyways_is obvibﬁsly not producing
fruits;vtﬁé Sebbnd is toioptimize light distribution within the canOpy_
“and interception of 11ght by different parts of the canopy, so as to-
" maximize the eff1c1ency of light utilization in photosynthesis, fru1t
-bud formation and development (Jackson 19803).
| 'jThe.dry marter'yields of mahy crops'appear.tq be directly pro-
portional_tovthéirlinterception of?radiant energ}; e.g. maize (Duncan.'.'
‘et al. 19?3), cereais'(Céllagher and Biscoe 1978) and sugar beef' ,
(Ménteith'1977) Recent studies (Palmer and Jackson 1977; Jackson
1978) 1nd1cate that the same holds true for both dry matter and fru1t
(economlc) y1e1d of apple orchards at least when comparlng youmg orchards
.of the same rootstock/sc1on comblnatlon managed in a con51stent way but
grow1ng at a range of den51t1es. |
In annual crops, the greatest loss of llght 1ntercept10n occﬁrs '
at the beg1nn1ng and end of the season. ~ Such crops frequently intercept
virtually all available light at full canopy (Sceicz 1974). They.may,
hoﬁever,7bé slow to atrainfthis'bécause of delayed leaf emergence and
slowllgaf'groﬁth in spring (Sibma 1977); whiie in the autumn senesence
of léévés may redpce intércéption while conditions are still suitable
" for growth (JaéksonL19805). |
_:Orchard cropé on the other hand tend to attain their maximum leaf
aréa by mid-Summer but intercept only a reiatively low proportion of
arailable radiant eﬁergy over their 1ifetime.(Jackspn 1980b). The trees
in a five year old orchard may intercept only 30% df avaiiable‘lightvat
lfull leaf, wh11e the correspondlng figure for mature orchards seldom
Aexceeds 70 (Jackson 1975) This obv1ously puts a low upper 11m1t to'

‘dry matter productibn:(Monteith’1977).
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Spacing trials have shown fruit yield of apples to be a linear
function of 6rchard_iight interceptidn, up to a value of at least 60%
}(Jackson 1978),'but if spacing is close enough for efficient light
interception'sooﬁ aftér planting the orchard may subsequently become
too dense at maturity (Verheij 1972). . This poses a problem as fruit
bud production, fruit rétention, growth and colour development are all
_reducéd by shade to a greater extent than is vegetative growth as shown
by smaller increases in shoot length and girth increments under shade
conditions (Jackson 1980b; Jackson and Palmer'1977). The latter is
closely related to the increment in dry weight of vegetative parts of an
apple tree (Moore 1978). o -‘ |

In studying thé photo;ynfhetic efficiency of apple trees Avery
(1975) éoncluded.that 80% 6f full photosynfﬁesis could be obtained at
between 10 and 40% of fullvsunlight. The data of Sirois and Cooper
(1964;'cited inEL§$E§]and'See1ey 1978) indicated that the rate of photo-
synthesis of apﬁle trees is reduced to only 70% of its maximum bright
light value when irradiénce is 25% of full sunlight.  Barden (1977)
Qhowed the net photosynthetic rate of shade leaves wa§ 70% of sun leaves
at saturation under 80% shade. The density ofléahopy whicﬁ might be
ideal for dry matter production is thus well in excess of that which
can produce good quality fruits (Jackson 1980b).

The ideal is,clearly a canbpy which is shallow or open enough to
produce good quality fruits throughout, without excess depth needing
expensive management, such as pruning. And one that is arranged so
nearly all the light'i§ infercepted and does not provide energy to grow -
grass in alleyways. Such a canopy should reach its maximum size soon
after planting and be easy to maintain at maturity (Jackson 1980b).
Light interception by such a canopy is determined by the amount and
arrangemént of-fhe leaves, fruits and branches within the tree crown,

‘the tree shape and size, spacing, row orientation and the angular
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distribution of light from the sun and sky (Palmer 1981). Comparative
field evaluation of all possible canopy shapes and arrangements would
be inordinately slow and expensive: a modelling approach to prévide
even a preliminary sieve is needed (Jﬁckson 1980b).

In annﬁal crops muchvinformation about the size of the photosyn-
thetic system has been thaihed.by meésuring leaf area index (LAi)
(Montieth 1977). LAI data have been.used in conjunction with light
interception records to analyse the basis of canopy productivity (Loomis
et al. 1971; Montieth 197?). - A general equation (1) for the penetration

of light down the canopy has been developed:

1 =& = K
. 1. ’
| o | S
where I, = light penetrating canopy,
onf =:'incident light energy o
= LAI of canopy
K = the extinction coefficient. for visible radiation.

Light intensity, therefore;'deélines.logafithmically with:LAI froﬁ the
top of the canopy and.totai intergeption,is consequéntly-a logarithmiq
function of LAI (Jackson 1980a). |

These ciassical light interception mode;s, where_transmission of
light by the canopy is experimentally rélated to LAI, are clearly inapprob-
riate because of the non-random distribution of leaves in orchards
(Monsi et al. 1973). The Qay in which the foliage is clumped in terms
of tree height, treevthickness, and between tree spacing, determines the
‘ pattern of cast shadows (Jackson 1980b) . The dimensions and arrangement
6f continuous hedgerbws would'gffect light interception if they were
opaque, and so éffeéfively establish limits to the light intercéption

by hedgerow orchards of any'given'geometry (Jackson and Palmer 1972).
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Two models have_begnvdeveloped-(Charles-Edwards and Thorpe 1976;
Palmer 1977) to calculate the trénsmission-of direct-beam radiation
through hedgerows, taking into éccount their leaf area densities and,
in the latter case, the distribution of fruits‘and branches as well.A
These computer models reqﬁire the ove;all canopy geometry to be defined
in relativeiy simple mathematical terms. |

More recently Jackson and Palmer (1979) described a simple general

equation (2) for ‘light interception by any discontinuous canopy:

' 1
1 ' -KL
(2) T = TF + (1 - TF)e
o
where-%— ‘is the average fraction of the incident light
o] ' :

" reaching -the orchard floor
T. 1is the tfansmission due to the overall form of the
canopy (i.e. the fraction of light which would ieach'
the ground if the'trées were solid)
K is the measured within tree light extinction
.coefficient
and L' is LAI/(1 - Tp).

For simple shapes T, is calculated directly from the data; for example,

F
it is one minus the fractional interception as calculéted by Jackson
and Palmer (1972). For more complex shapes Te is calculated from
measurements -of intercéption made on nothransmitting scale models as
outlined by Jackson (1980b). |

This equation has been found (Jackson and Palmer 1579) to give
a good estimate of light interception_by hedgerow orcﬁards if K was
. assumed to be 0.6, which has been shown by Jackson (1978j‘to be an
. average value foi apple. For otﬁer tree érbps or, indeed, for apple

orchards of differeht-types, it would be more desirable to determine K

directly using actual orchard measurements of-%— and LAI in conjunction
o
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Qith.a physical scale model of the orchard and equation (2) (Jackson
1980b) . |
The model represented by equation (2) (Jackson and Palmer 1979)
has been further developed in order to Be able to calculate the way in
_which-changing canopy characteristics will change the total volume of
'cahépy in which the irfadiance is at, or above, any specified levél;
and'to:calculate the érea of lgaves within such.a volume (Jackson and
Palmerllgélj. The following equations (3) and (4) are those used to
calculéte’leaf area (Ll) and canopy volume (CVI) in zones_exfernal fo

any chosen contour of mean irradiance:

(w4
!

3 L, = [a)/eola-ty

. -3
(4) cv Ll/(leaf area density m?m )

1 .

- The transmission equafions (1.t0‘4) so far defined can be expressed'
in.intergeption.fbrm so as to link with theawidely‘used_concept of
Fractional Interceptidn'(F); " The term (l-Tf) can be redefined as
Fmax ife. the fractional interception.by non-transmitting 'tfees' or

'hedgerows' of the same shape and arrangement as real ones (Jackson

1981; Palmer 1981). In which case equation (1) becomes:

) F = F__-F_ X
max max

The‘computér modelling of light interception by hedgerow trees
has produced the following conclusions. If the leaf area index is low
(<1) then within quite wide limits, tree size and spacing have an effect
on_iigﬁt intéfception; At higher leaf area'indices, tree size and
arrangement become significant factors if thére are conventional wide
'alleyways. Thé closer an orchard approximates to a continuous canopy
bf leaves the less impoffant fhe tree size and arfangement become

(Palmer 1981).
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" 3.3 Photosynthate Resources

3.3.1. Reserve Carbohydrate

" In temperafe frﬁit trees and bushes carbohydrates, which make
‘ up the major_part of the food reserves, are stored throughout the
leafless period and are distributed through all the living cells of
the plant. The perennial tissues include living parenchymétous.tissues
among the non-living lignifiéd elements so the whéle structure serves
'for‘storage (Priestly 1981). Reserves are needing auring renewed
growth in spring, but not all those accumulated by the previous leaf
fali remain until then. Losses may appear to be larger from roots
" because they have a higher proportion of living cells than other tissues.
Normally, in apple, stems lose the same proportion.of their reserve as’
roots; in blackcurrant, roofs lose a greéter proportion of their»reser&eé
than other regions (Priestly 1981).

In blackcurrants winter dormancy is_brokenvby exposure of buds
‘to low temperature during autumn and winter, and normal development then.
ensures when minimal environmental. conditions for growth‘occur in the
spring (Wright 1975). Apple buds have been shown to have similaf
requirements (Thompson et al. 1975). Carbohydrate losses during winfer
&ormancy would  be expected to increase with increases in temperature.
Priestly (1981) showed this effect with apple rootstock cultivars by
. achieving gréater losses in dry weight after, as well as during, a
raisedvtemperature treatment in the dormancy périod. Total residue
weight in the stem region remained constant; cqnsistent with it represent-
ing structural material, However, total amounts both of carbohydrate
and residue were less at the end of the dormancy peribd compared to the
beginning. This is interpie;ed as a loss of structure from root

extremities which behave as sacrificial organs supplying the truely
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_perennial parts (Pfiestiy 1981}.

Late summer water stress in blackcurrants has been shown (Wilson

" and Jones 1980) to'reduce fruit set and resérvé carbohydrates, which;is

‘consiStent ﬁith'the view exprésseq by'Priestly (1971) that early spring

growth i§ dependent on accumulatea reserves, Hardy (1981) demonstrated

1osse§ up to 30% of potential yield through unseen damage caused by

~ blackcurrant borer moth. ~The pith ié rich in starch (Wilson énd-JénéS'
1980), and fhe»larvée feed on the pith, especially in autumn and spfiﬁg -
(Miller 1981). Hardy (1981) atfribufe&.reduced fruit set to remo?al |
of fhe pitﬁ.by tﬁe borer'mofh larvae,vwhich causés depletion of avail-
able carbohydrates at crucial times; during the initiation and deveibpéi-
'ﬁent of flower primordia.

Sfarch is'rapidly éhanged to sugafs and is a highly mobile and
.éccessiblé storage reserve. Wilson (pers. comm.*) reports that QUAIit-
ative assessment_of iodinefstained stem sections indicates solubilization
of :stem étarch in early dofmancy,<possib1y_és a freeze protection mech-
anism. Shoot starch levels thén‘stay low and fairly constant until the
~flowering period when similar 6bservations suggest fecommencémentIOf stem
A_starch_deposition shortly after ffuit set.

Wilson anvaoﬂes (1980) recorded impaired_starch.aécumulation;
and earlier but reduced total spring bud burst following imposed summer/
-~ autumn water stress. - Wilsonm (pers. comm.) advises that the stressed
(loﬁ reserve).plénts, although they developed leaves earlier, appeared
to have reduced leaf area ét each bud compared with the untreated éontrbls;
indicafihg that initial leaf expansion is dependent'on carbohydrate

reserves.

3.3.2 Photosynthate Effect on 0il Composition

In the photosynthate model proposed by Burbott and Loomis (1967)

and revised by Clark and Menary (1980a), the balance between production

* . ) -
S.J. Wilson, Department of Agriculture, New Town, Tasmania
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and utilization of photosynthate is an importént determinant of pepper-
mint 0oil composition. Within this model, the balance between daytime
accumulation of photosynthate and night-time utilization of bhotosynthéte
_ determines monoterpene cdmposition. Factors favouring the maintenance
of high levels of phétosynthate (i.e. long days, high photon flux
vdensity, low night temperatures), favoured high concentrétions of cineole
and menthone (desiréble peppermint oil components), and low concentrations
of pulegone_and mentho furan (ﬁndésirable:components),(Clark and Menary
11980a). | -
| Assumingbfhét increased carbon dioxide fixation and increased
carbon dioxide evolution by the plant reflect increased production ahd
increased utilization of photosynthate by the plént, respectivély, then
factors contributing to chénges in 'apparent' photosynthesis are_important
determinants of 611 composition .(Clark and Menary 1980b). 'Apparent'
photo§Ynthesis.can be considered to héve three cdﬁponents: "true' photo-
synthesis, photoresPiration and dark respiration. It is apparent an
ihérease in night temperature would increase dark'resﬁiration,vshifting
the balénéé Qf photosynthate towards utilization, resulting in increased
menthofuran (Burbott and Loomis 1967; Clark and Menary 1980b). Increas-
iing the daytime ;emperature to that required for maximal rates of 'appar-
ent! photosynthesis will shift the balance towafds production-qf photo-
'synthate. On the other hand; increasihg.day temperatures above the
. threshold requifed for maximal fappérent' photosynthesis will lead to
én increase in dark respiration anq an even.greater increase in photo-

respiration, once again shifting the balance to utilization (Clark and

~ Menary 1980b).

Catabolism of essential oil compohents during times of photo-
synthate deficiency does not seem unreasonable, as such compounds rep-

resent a considerable amount of potential metabolic energy (Lbomis and
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Croteau 1973). . During maturation of mint oil grown in the Yakima
Valley, there is a large loss of menthone which accompanies metabolic
maturation of the oil} - This loss in menthone cannot be accounted for
by the increase in menthol or other oil constituents, nor can it:be
rationalized'as.due to evaporation; thus, a catabolic process 'is implied

(Croteau and Martinkus 1979).

3.3.3 carbon 14 Tracer Studies

Carbon compounds within a plant may be conveniently labelled with
»radioactive,14carbon if single leaves.or groups of leaves are allowed

to photosynthesize metered doses of 14

CO2 (Priestly 1973).  This method
leads to a better understanding of the partitioning of carbohydrates
into the various regioﬂs of.consumption in the plant and has been widely
~used: for examplé, the turnover of carbohydrates in appie (Kandiah 1979a
and b); the effect of sﬁpplementary doses of nitrogeﬁ,on,apple (Pfiestly
et al. 1976a and b);.and the distribution of photosynthetic assihilates
.in orange (Guy et al. 1981). | | |

The most striking finding to emergé ffom'the numerous in vivo
tracer studies on monoterpene biosynthesis is the almost universally
- poor incorporation of exogenous labelled substrates.  Such low incor-
porations have been attributed to poor uptake of precursor, to competition
. for precursor by other biosynthetic or degradative pathways and, most
significantly, to comparmentation of monoterpene biosynthesis at sites
~ that are isolated and energy deficienf (Loomis and Croteau 1973 and
1980; Charlwood and Banthorpe 1978). A nuﬁber of important Observatibns
have come from thése studies, however, not the least of which is evidence
for rapid métabolic.turnover of monoterﬁenes inAplants. Another curious
finding is the preferential iabelling of the monoterpene portion derived

4

from isopeﬁtényl pyrophosphate even with 1 CO2 as the precursor (Loomis

and Croteau 1980).
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-3.4 Dormancy

From studles of endogenous growth 1nh1b1tors, it has been proposed
that the natural onset of w1nter dormancy in buds of woody species is
‘induced.by an inhibitor synthesized in the leaves ~and translocated to’

, mer1stemat1c reglons (Ph1111ps and Wareing 1958). The synthesis of
'thls 1nh1b1tor, later 1dent1f1ed as absc151c acid, is thought to be
, under photoperlodlc control although this has been quest1oned (Lenton’
et a1. 1972). | |
—EiQAntably'et a1.>(1967)'demonstreted that absoisic acid from
leaves of Betula pubescens plahts, grown under short day conditions,
caused’blackcurrant seedlings, grown under long day conditions, to cease
'.growth; elso,restihgbbuds complete with scales set as if they were caused
to go dormant by photoperiodic induction. Wareing}(1969) put forward
.the concept that the annual cycle of bud growth ahd'dormancy is regﬁ;atéd
"'by e belance between endogenouS‘growth inhibitors and gibberellic acid.
Moo‘re (1979) states it is probabie that induction of dormancy, in at
A least some cases, is brought about by high:abscisic'acid and low gibber-
ellic ecid.levels, whereas the converse is true for theAemergence from
dormancy. | H
| Tinklin.and Schwabe (1970) have determined the seasonal fluctoations
.of free inhibitor content of blackcurrant buds. They have shown there
. is a maximal aotivity in late autumn, followed by a continuing declihe
| during winter, with a mihimum reached in early spring. These authors
found that bud break eould,be.induced hy the removal of bud scales during
:~the period when the shoots had attained complete winter dormancy. Thus
" concluding -that wihter dormancy was due to»the formation of an inhibitor
produced by the leaveshend accumulated in the bud scales. Kuzina (1970)
' u51ng relat1ve1y crude extracts of blackcurrant buds, reported a growth

ﬂi1nh1b1tor which increases w1th the approach of autumn 1rrespect1ve of
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day length, and declines on breaking dormancy.

Wright (1975) showed that high levels of f?ee abscisic acid were
found in blackcurrant buds during early winter dormancy. Free abscisic
acid then falls rapidly and bound abscisic acid increases throughout
;he dormantperiod_- suggesting a change from the free to the bound form.
After bud burst free abscisic acid levels increase (Figure 3.4.1). By
dissectihg a bud during wintér dormancy. Wright demonstrated that some
62% of the free abscisic acid was found to reside in the inner part of
the bud (leaf and flower primofdia), and only'lz% in the bracts. Free
- abscisic acid (ABA) levels in vigorously growing shoots were found to
B average 2418.9 ug equivalents of ABA per kg fresh weight of tissue
(Wright 1975). Further, the level of free ABA was found to be highér
during the mid-winter period (80 ug), althdugh this figure is relativgly
low when compared to the Autumﬁ peak (580 ug), but nonetheless sufficiently
high to maintain dormancy, particularly if allowance is made for the
distribution of abscisic acid within the bud.

In blackcurrants winter dormancy is broken py eprsure to low
température during autumn and winter; normal development then ensues
when minimal-enQironmental conditions for growth occur in the spriﬁg.
'Hoyle (1960) reports blaékcurrants have a chilling requirement of>12-15
weeks at 2-7°C. He found little effect of daylength when the chilling
requirement was satisfied; however, when the plant was not cOmpletely
chilled more buds were observed to burst in.long day than short day
conditions. These observations ha&e been confirmed by Thomas and
Wilkinson (1964), who found a chilling requirement of 12-15 weeks at
or below 7°C. El-Antably (1965), however, demonstrated a shortér chilling
requirement, 10-12 weeks chilling at 2°C, by showing 70% bud break after
transfer to warm (20°C) loﬁg day conditions.-

During growth bud swell is probably under the control of gibberellin$

and cytokinins, with some help from the'gradual fall in free abscisic
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acid.level up to the time of bud burst (Wright-1975). The high level
of bound’abscisic acidvinvswelling buds méy lead to a feedback reaction
slowing down the conversion of free absciSic.acid to,the bound form.

In this way, abscisic acid may act as a brake preventing the young bud

.growing too vigorously until the external environmment is favourable.

4 .MODERN ANALYTICAL TECHNIQUES IN THE FLAVOUR FIELD |

4.1 Liquid Solid ColumnVChromatogzgghx

: The}separatién of flgvour volatiles into fractions consisting of
broad chemical classes by means of liquid solid chromatography on silica
gel is a very useful meéns of.aqhieving préliminary.fractionation of
flavour isolates.
The most common method df fractionation used is the separation
of hydrocarbons from oxygenated teipenpids as described by Kirchner
-and Miller (1952). Hydrdcarbons are separated from the total oil by
column éﬁrohatography on silica gel by elution with hexaﬁe; however, .
~ due to large variations in‘theirelative percenfages of differeﬁt com;
pounds present inAsuch mixtures, problems arise in their gas chroma-
tographic separation and idéntification. Scheffer et al. t1975)
developed a pre—fracfidnation technique to overcome these problems.
" They eluted the‘monoterpené HYdrocafbdn fraction from a silica gel
column with pentane, and collécted it as a number of small fractions
'fpr gés chromatogréphic'analysis. To prevent possible acid catélysed
reactions (Scheffer et al. 1976a) tﬁe silica gel was acid washed,
’neutr#lised and Qetted to a.Specific water content. for improvedi
Sepafation of terpenes. A later development for separation of .
naturally occufring oxygen containing monoterpenes (Scheffer et al.

1977) used a gradient elution series of ethyl ether in pentane.
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Isomerization processes_could be avoided by using purified and
.deactivated silica gel. These.methods have been used successfully
to examine the essential oils of Abies alba (Scheffer et al. 1976b)>”u
and Alpina galanga (Scheffer et al. 1981).
| Murray. and Stanley (1968) developed a 51mple dry column technlque.
for fractlonatlon of complex flavour mixtures by 11qu1d chromatography» _
‘on silica gel using low b0111ng solvents at 1°C. ThlS method: was f |
later scaled down to a mlcrofractlonatlon technlque (Murray et al.:
1972)  The 5111ca~ge1 absorbent is placed in a flex1b1e polytetraev'
5 fluroethylene (PTFE)'columnvand sample’is appliedvat the bottom of the‘
'column, this sample is then developed vertlcally upwards with d1chlo- :
romethane until the solvent Jjust reaches the top. D1fferent fract1ons>
are then recovered by slicing the column into sections and elut1ng the
volatiles with a small volume of diethyl ether d1rect1y into transfer _:'”
traps which conta1n column pack1ngs for GC-MS ana1y51s. This method
- concentrates-the minor components of sensory importance found in the"..
-orlginal sample;' | | . o

| Another absorbent, Florisil, has been investigated and confirmed:v
as a suitable absorbent for the column chromatography of_labile |
terpenoidsvthat undergo.chemical'changes on other absorbents, i.e.
-silica or alumina (Ayling 1976). Ayling demonstrated that when - .
~activated for at least 5 hours at 130°C Florisil could.be most effect-
ivelv used to separate hydrocarbons from oxygenated components. Its
efficiency is not impeded when compounds. that are difficult to separate

are present, i.e. cineole.

4.2 Gas Liquid Chromatography

A pr1nc1ple concern of the flavour chem1st is the choice of

column to be used for a part1cular separatlon and the operational
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pafameters which will allow optimal column performance (Merritt and
Bobertson 1982). It is now clearly established that in terms of
separation effiéiencies, speed of analysis, sensitivity and cost open
tubular or capiliaryAcolumns are vastly superibr to their packed column
counterparts (Jennings 1980a and b).  Open tubular columns, whilé'A
of smaller bore than packed columns, are usually of greater length

- with ibw.dead-VOIUme resulting iﬁvhighér resolution. (Merritt and _
Robertson 1982). In addition, the recent developments of thick film,
bdnded-phase, open tubUlar.columns_have eroded tﬁe single advantage
remaiﬁihg to the paéke& column - large sample capacities (Jennings
IQéla). The increased inertness and supefior resolution of siliceous
glass capillary columns has attaiped wide attentidn (Jennings 1981b).-

The columns incrééSed resolving power is of considerablé beﬂefit
partiéularly fof compdunds of Sensory importance; notablyAthése cohtain—
ing nitrogen or sulphuf, which in the past had suffered alterationAor
~ simply failed t@ pass fhrough packéd colﬁmns. However, éapillary_
_colﬁmhs~did suffer from differences in fheir upper temperature limits,
bleed ratéé and'tailing or abstraction.6f Selécfed test combounds.
(Jenhings 1981b). ~ Most authoritiés-now agree that both Lewis acid.
sites.and}silanql groups at,the surface of the glass contribute to
' perfbrmance défectsvof a column (Jennings 1981b);

These defects may take the form 6f catalytic effects (evidenced
by total or partiél compdhent abstraction), or by ab§orptive inter-l
actions (leading to abstfaction or'tailing),'of,suscepfible solutes.
The former usually variés directly, and.the latter inversély with
column temperéture (Grob 1980).

" The advent of qued:silica(opeh.tubular coiumns_ﬁbéﬁ&éaﬁ{ and
Zerenner 1979):hés féyblutionized capillary gas chromatography. Non-
| polar columns>were originally prepAred by:undefcoating with a polarn

phase such as Carbowax 20 m. While this is effective in deactivating
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the glass surface, it causes ofher endes%rable consequences such

as distortion of retention indices (Lipsky et ai. 1980). New deaetiv-
ation treatments (for exaﬁple Grob et al. 1978 and 1979) resulted in.
preparation of a range of non-polar fused silica columns, inert and
thermally stable to 300°C without Carbowax 20 m undercoating (Lipsky
et a1.‘1980). ’ |

A Fused silica glass, in general, prevides better cepiliary coiumns
than those made from natural quartz (Lipsky et al. 1980). The_..
ehemicaily pere fueed silica glass, when coated externally with a
‘euitable polymei; provides a degree of flexibility and handling preef
’ieusly unknewn. It is possible to have -a fused silica glass system
;extending from ihjection port to the base of the jet in the flame .
ionization detector. This avoids unnecessary connections, unswept.
"dead volumes", metal or glase-lined tubing surfaces, and imprbvese
oyerall chromatographic peifbrmance by efbleast'io-zs% (Lipsky et:ai.

1980).

4.3 Combined Gas Chromatography - Mass Spectrometry

_‘C'ombined gas chromatograpﬁy/mass s'pectro:metr); (GC/MS) has beeome
the ﬁajor instrumental’technique of compohent identification in flavour
researeh. It makes possible studies of'complek mixtures of organic
components which would otherwise be impossible, at least within a
fealistic time frame (Flath 1981). _For example,.Davies and Menary

(1982) identified 64 components in six varieties of hops; Murray et al.

'~ (1972) found 81 components in passionfruit apd‘iéiéii“éi'az. (1981a and b)

identified 73 components of Victoria plums}using GC/MS techniques.

In order to be useful in combination with a GC, a mass spectrometer:

 needs fast scan capabilities (approximately 1 sec scan from 15-300 amu),

"with sufficient sensitivity to yield a mass spectrum with 1 to 10 ng
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of material when operated in the eléctron impact (EI) mode (Flath
1981). In this modé a beam of energetic electrons is employed to
ionize sample moleéuies.

The biggest instruﬁent changes in recent yeafs have been in thé
area of sample ioﬁization.modes. The most common combleméntary tecb;
nique to EIVis chemical ionization (CI), which is.now a standard
feature of commercial GC-MS units (Flath 1981). (I involves the pre-
iiminary ionization of a re?gent gas (usually isobutané) followed By
' ion-moleculevreactions-in the ion source region. The energy transfer'
 is much lower in suéﬁ ion molecule reactions than is the case withi
‘electron impact ioniiation, so‘fiagméntations observed in Ci varx:.
considerably from those obsérved iﬁ EI (Flath 1981)."Butane or iso-
butane,reagent gas yields‘a réther simﬁle CI mass spectrum of a sémple
with a pseudomolecuiar ion MH' or (M—H)+} This is especially usefﬁi“

if conventional EI does not yield a molecular ion.

4.4_'High Performance.Liquid Chromatography

High performaﬁcelliquid chromatography (HPLCj has become the.ﬁdst
importaﬁt énaiytical techniqueAin'the last decade for separéting highl&
polar and thermallyAunétable compounds in thé molecular range 200-2000.
Since analyses are generally performed at ambient, tﬁe destructive
temperatures néeded.in-gas chromatography are avoided and thermal
degradation'products are nof encountered'(Kubeczka 1981).

Héwever, many volatile 0il constituents cannot be analyged by
| high performance liquid chromatography ﬁith ﬁ;traviolet (UV) detected
due to the lack of chromophoric gfoups in compounds such as the mono-
'f terpene hydrocanbons-and alcohols (Ross 1978). Ross congiders thdt
HPLC cannot ﬁormally be considered for the total analysis of volatile

. 0ils but réther for Qualify control where acceptability may be determined
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by reference to certain compounds with good chromophoric proberties.

Jones et al.‘(1979) consider that while the resolution afforded
by gas liquid'chrométog;aphy for the separation of volatile flavour
constituéntsremains unsurpassed, HPLC will considerably speed up ény
necessary prefractionation required for optimal semipreparative GLC
separétions of complex mixtures having varied functionality.

| Separation of the>c0nstituentsof.Lindera umbellate and L. sericea
have been desﬁribed by the reverse phase method on é Bondapak C18
column using methanol/water (1:1) with UV (254 nm) and refractive index
(RI) monitoring; It is noteﬁorthy that more peaks weré detected by
.UV which would-seémAto indicate that RI detection will not be parti¢-
ularly useful in analysis of these types of compounds (Komae and
Hayashi 1975). |

The alternatiﬁé detection with UV_light limits the selection of .
solvent systems, of which most (e.g. the widely applied methanol) show
high absérptions at.lower wévelengths. | This is a.common problem if
-giadiént'elution is ngcés#ary to resolve highly complex mixtures (Stfack
et al. 1980). Most communications report on HPLC of.compdﬁn&s'ﬁhich
are U detectable above 240 nm.

The HPLC analysis of cinnamon and cassia oils (Ross 1976) and
léter of eugenol, isoeugenol, methyl salicylate and thymol (Roﬁs 1978).
kith UV detection at 260 nm was achieved with methanol/water (1:1).
Various 1,2-unsatufated enones (carvone, citral and neral) were'separ-
_ated with acetonitrile/heptane (1:99) on 5 u Partisil by UV detection
at 242 nm (Ross 1978). Affording a simple andvrapid method for
determination of carvone in spearmint and dill oils.

Tyman (1983) considers it necessary for quantitafive work to
.defermine response factors (effectively extinction coefficients), as
in gas chromatography, since a minor But.strongly chromophoric specie;

' can otherwise be oyerestimated. The method of detection in HPLC is
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selecfive forithe UV absorbing species and thus the chromatogram
vm;yfbe simpler than the CC trace (Tyman 1983). In order to.attain
 reprdducibi1ity sufficienf time for re-equilibration between analysi§‘

- runs is important, the influence of the.solvént.(if any) used forbthe
injected sample and the quality of the mobile phgse are factors that
must be given careful cpnsidération (Tymaﬁ 1983).

| It seems to'have.beeﬁ taken fdr granted_that the'minimﬁm require-
ment for UV detectién is cénjugation (Tyman 1983), but recent work
has been Carriedlout with essential oils rich in sesquiterpenes having
isolated double bonds and low intensity UV absorption 200-220 nm

(Strack et al. 1980). : |

" To $qme”extent the availability of HPLC solvents with improved',l
transparency has enhanced the'range of”UV detection tTyman 1983).
From results on a mixture of éleven sésquiterpenes.on.Li ChroSorb ;¥
RP—18.usingiacetoﬁitfile/water (85:15) all were resolved by the aia _,..
of UV detection at 200 and 220 nm (Strack et al. 1980)31 These wéikefs
applied the method to3fh¢ eSseﬁtial oil from Cistus -ladanifer and
6btained results éomparablé to GC analysis. - |

 SchQanbeck'and Kubeczka (1979) demonstrafed'an excellent separation
of terpene hYdro;arbons USihg’n—pentane on avsiliéa'éel'cOIUmn with'UV
detection af 220 nm, at which no applied_compound escaped detection.._

:Howéver, this.procedure makes it necessary to operate at very low temp;
efatures (-15°C). |

Kubeczka (1981) considers there»is'a second .serious limitation,
other than detection; to the HPLC separation of flévour volatiles.

" The restricted peak capacity and relatively small range of K1 values

of a liquid ¢ﬁromatographic system do notllend thémselves to the effect-

ive separation of multicompoﬁent mixtures in one operation. Kubeczka

(1981) COnsidetsvit necessary to carry out a prefractionation procedure
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to produce several lessvcomplex fractions for further HPLC analysis..

This pre-separation procedure can.also be applied to fraetionate
natnral flavours and essential oils into groups of components in order
to:simplify GC analysis, since even highly effective capillary columns
are not usually able toiseparate natural flavoor mixtures fully in a
single-run (Kubeczka 1981). _A-methoddfoerPLC fractionation of mixtures
of heterocylic compounds}such as fdrans,.thiophenes;_pyrroies, thia;
zoles, oxanzoles, pyfaiineé and imidazoles has been.deserioed byv-.

: Yamaguehi and co-workers'(i979).

Kubeczka.(1981)_describes a method,onerating the HPLC on a:semi-
nreparative scaleiwith-fesolution much superior to ordinary column
eilica gei chfomatography. 'Using‘a mobile phase consisting of.methanOI/A
" water (82.5:17. 5) W1th stepwlse elut1on to pure methanol it was p0551b1e
to separate up to 0 5 mz of a terpene mixture on a L1Chroprep R18-
A;column. The mob11e phase allowed low UV mon1tor1ng at 220 nm and
the elution order of the 1nvest1gated compounds was accordlng to decreas-
‘ 1ng polar1ty and within the hydrocarbons to 1ncreas1ng molecular we1ght.

_ Fraction 1 con51sted of oxygenated terpenes, fraction 2 monoterpene |
hydrocarbons and. after changlng the mob11e phase fraction 3 contalned
sesqulterpene hydxocarbons, Flgures 4.4.1 and 4.4.2 display the pre-

separation achieved at a flow of 8 m&/min. and 4 ml/minvrespectively;

,24.5 Isolation and,Concentration;of,Flavour Volatiles

'4.5.1 Concentration of Flavour Volatiles

Although outstanding advances in analytical methodology have
taken place in recent years, and are continuing to occur, a flavour
chemist embarklng on a detailed study of volatile aroma con51tuents

is still faced w1th a task of con51derab1e complexlty.
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n ) ' 1 = oxygenated terpenes
monoterpene hydrocarbons

sesquiterpene hydrocarbons

——
N
i n

i CONDITIONS

, column: : 240 x 10. mm i.d.-
‘ _ : LiChroprep RP 18 (40pum)
i mobile phase: A) methanol : water
(82.5 :17.5 ; v/v)
) B) pure methanol
flow rate: 8 ml/min
detector: Uv, 220 nm

¢ 5 10 13 ain

——

solvent & ° ' soivent 8

FIGURE 4.4.1 HPLC pre-separation of a terpene mixture
(from Kubeczka 1981)

fraction 2
fraction 3

fraction 1

o] 4 8 12 16 20 24 28 22 min

FIGURE 4.4.2 HPLC pre-separation of a terpene mixture at_a lower .
flow rate (4 m#min; other conditions see Figure 4.4.1)

" (from Kubeczka 1981)
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Early methods for flavour isolation generally used steam
distillation, followed by solvent extraction of the distillate and
then concentratiqh of this extract. This method yields an isolate
that'preferentially selects flavours with the greatést volatility
~ and solubility in the extracting solvents (Reineccius and Anandaraman
1981). While this method is used Only,occasionaliy today, the Nick-
~erson and Likens extractor (Likens and Nickerson 1964), or a modificat-
ion thereof, is commonly used for flavour isolation: this procedure
utilizes simultgneohé steam distillatién/solvent>extraction of fhe
sample.  After their isolation ardma‘volatiles nust be obtained in
 :a sditably coﬁcentrated form fbf,analysis. The solvent may be remoféd
by a low témperature procedure, invplving_gas en;rainment at réducéd
pressure (MacLeod ahd C'_ave 1975). or ‘by use of a fotary vacuum evapor-
afor; the last traces of solvent being rémoved-undef a.slow stream
of_nitrogeh (Ayling 1976). It dis important to nofe that some losses
of the mofe volétile flavour components will normally occur during
the removal df low;boiling solvents (Cronin.1982).

if steam diétillation is not used in the isolation of volatiles
,-énlf small amounts of water will be preéent and the volatiles‘may bé
readily recovered in a small volume of solvent (Cronin 1982). In
many éases aroma"vqlafiles from distillative isolations will be recov-
ered in large volumes as very dilute aqueous solutions. Rather large .
amounts of organic.solvents are theﬂ required to extract‘these, using
either separating funnels of a suitable iiquid/liquid extractor, such
as thaf describedvfy Williahs and Tucknott (1973).

The main criterion which governs the chéicelof thé low-boiling
_splvent, usedlto exfragt fiavour volatiles, is the degree of'selectivity
- tequired. Among the'common éolvents used in flavour work, diethyl
,etﬁer (b.p. 35°C) éhéws'the‘lowest selectivity and ié the solvent of

‘choice when’optiméi récovery of all components. is desired'(Cronin 1982).
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Pentane demonstrates a preferential removal of esters from ethanolic

solutions of esters and alcohols; while {trichlorofiuromethanéf(Freon

11) is less selective than pentane, but more selective than ether
(Williams and Tucknott 1973). | Aroma distillates often contain high
‘levels of low-boiling alcohols, especially ethanol, which have little
flavour significance but which may mark important minor components, or
limit the extent to which volatiles may be concentrated. Ethanol may
be largely excluded from these samples by using pentane (b;p. 35°C),
[2-methyl butane (b.p. 28°C) or [trichlorofluromethane (b.p. 23°C) as
the solvent of choice (Cronin 1982). Other low-boiling alcohols, for
example hexanol, isobutanol or 3-methyl-butanol, may be discriminated
against to varying degrées, depending on the solvent and the extraction
conditions used (Williams and Tucknott 1973).

While solvent extraction can be very useful in sample preparation
it introduces another serious problem: dilution of the saﬁple with
large volumes of solvent. A number of methods have been suggested to
restrict the amount of solvent required, but eventually the extract
still fequires concentration by removal of excess solvent (Jennings
1981b). Lower boiling sample components are also lost during this step,
in direct proportion to their partial pressures and concentrations,

relative to those of the solvent. By using a pressurized chamber
(Figure 4.5.1), it isApossible to use lower boiling solvents such as
‘Freon 12 (dichlorodiffluromethane , b.p. -30°C STP) or liquid carbon
dioxide (b.p. -78°C) (Jennings 1979, 1981b). A major advantage is
that this extractioﬁ method provides a flavour isolate that is free
from solvent, with reduced loss of low-boiling components, and yet can
be directly injected into a gas chromatograph (Reineccius and Anandara-
man 1981).

The solvent power of liquid carbon dioxide is not high compared

with ordinary liquid solvents. For these ordinary non-polar solvents



ICk WATER

o -

\ L
(% & -
‘ -*\%f
-0 -
\,"\
i‘ by
STARRLESS
GAUGE
0 P9
- . STABNLESS STERL ORADE 8.8 STANESS .
NEEDLS VALVE T STERL MAGNG SCRES
“0r-ANG [T comoensm
“ .
—
0. varon 0. varor

'FIGURE 4.5.1 ngh pressure Soxhlet Extractor
(from Jennings 1981b)

an increase in temperature’usually leads to an’increase in solvent
'power. This rule is not,always valid;for.COZ,even if at higher temper—'
atures the pressure is also increased to guarantee a liquid phase |
’(Brogle.1982). In general, solubility of organic compounds in liquid

CO, is determined by'polarity and/or molecular weight. Low molecular '

2
weight oxygenated compounds and hydrocarbons, for example esters, ethers
and terpenes, are soluble whereas high molecular weight compounds,

for example a1ka101ds, chlorophyll and carbohydrates, are insoluble
(Clarke 1983).

| .v_ Some discussion has ensued in the literature concerning the
relatirefmerits of nsing 1iquid CQ2 for ertraction as against using
supercri;ical COZ' Figure 4.5.2 shows a phase diagranm for carbon
dioxide; above the triple point (-56.6°C, 416 kPa) and below the
_criticalipoinr (31.1°C,,7280 kPa) carbon dioxide may exist as a colour-

less mobile liquid: above the critical point it exists as a critical
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fluid. Liquid CO2 is non-polar but the polarity and hencé the dissolv-
- ing power of the solvent for polar compounds increases with ‘increasing
temperature and pressure in the Su@eréritical region (Clarke 1983). -

The principal advantage for the use of supercritical CO2 over liquid.

'COZ appears to be a more rapid and efficient but less-selective extract;‘

'1on (Clarke 1983). Supercritical extractions éan be made in 5 wide
vré;ge of available condltlons, thereby permlttlng the preparatlon of
d1fferent extracts from the same start;ng'materlal (Calame and Steiner
1982).‘

The selectiyiﬁy of liquid CO2 (as a non-polar sdlvent), ité oper-
ation at low temperature (sub-ambient) and its relatively low pressure 
of operation (compared to supercritical COZ) limits any possibility ofv
chemical change of the constituentsbeing extracted. (Clarke 1983).
One_muSt be cautioqs that the purity of the.carbon-dioxide'used to

charge the extractor is evaluated as it may contain substantial amounts

of low-boiling contaminants (Reineccius and Anandaraman 1981).
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4.5.2 Isolation of Flavour Volatiles
(a) Trapping Techniques

A large number of procedures.havé been. described. for trapping
components-éluted fiom GC éolumhs.  Trapping techniques may be very
simple; for example, the collection of components. in cooled glass
_ capillary_meltinéApoint ﬁubes inserted into the GC column outlet;
these .tubes can then be sealed for stbrage (Cronin 1982). Another
. common frocedure, which is particularly useful if infrared spectra
are to ﬁe recorded,.is to bubble.eluted.componenés into a small quantity
of chilled carbqﬁ tetrachléride contained in a tapered capillary tube
(Cronin 1982). |
Considerable interést is centered on the uSe of simple miniature
- systems, most’of which use glaés or metal tubing containing a suitable
absorbénf material, which may be cooled. if necessary. These traps may
contain ordinary. gas éhromatographic.packings, such .as ChromdsofbviOS.
(Murray 1977)‘and Porapak Q (Ismail et al. 1980), or other absorbantS'
such as chércoal (Clark ahd Cronin 1975b; Sugisawa and Hirose 1981).
An important feature.of #ll'these arrangements is the high surface to
volume ratio that facilitates collision of aerosol droplets at the
: surface, thereby permitting high trapping efficiency (Cronin 1982).
Short'éobled lengths of giass porous layer open. tubular (PLOT) capil-
laries containing a Iayef of alumina or.Celite 545 are an alternative
and yersatiie‘méans for handling émall quantities of GC elutes. The
" trapped compouﬁds‘may be subsequentlyrreleasedaand‘their'aromaé eval-
. uated by grinding up the traps in a small. quantity of water (Clark.and_

Cronin 1975a). -
(b) Choice of Absorbant

The suitability of various polymers for aroma. adsorption has been



examined by a number of workers. Murray (1977) preferred Chromosorb
105 because of its low background and high specific surface area wﬁile
Chromosorb 102 was rejectea due to unacceptably high backgrounds. |
Tenax GC showed lower absorptive capacity than either Chromosorb 105

or 106 (an acceptéble aiternative,to.IOS) and demonstrated breakthrough
'of some componenfs of medium volatility.  Wi11iéms et al. (1978)
showed Tehéx.GC gave more éonsistent results than Porapak Q for non- .
polaf éompounds with boiling points greater tﬁén that .of hexyl acefate,
~ but shqwed greater‘losseé"of low-boiling alcohols. Schaefer (1981)
in study concerning the suitability of féur solid absorbents for head-
_:épace saﬁpling determinéd-thaf, while Porapék'Q has a greater retentioﬁ
VOlume than Tenax GC, the aétual choice of'ébsorbent depends on the.
"spécific problem involved. It is’ also nééessary to be aware of'artef
fécts pioduéed by heating the absorbents above their normal operating-
temperatures} Those produced from Porabak Q and'Tenax.GC (Leﬁis andﬂ

~ Williams 1980) may interfere with the_analysis of aroma components.
(c) Chemical-Methods

AVWide~variéty~of'§imp1e qualitati#e tests are available which

depend on a colour change or precipitation to characterise different
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types of-functional.grOups. Many of these can be adapted to the analysis

of GC eluates and may be of use in the characteriéation of food aroma
volatiles (Cronin 1982). Usiﬁg a three-way column’effluent splitting
device,'Cronin and Gilbert (1972) trapped compbnent§ as very éharp,
narrOW‘bands ohAshortllengths of glass PLOT capillafies containing a
relatively thick'layer of activated alumina. | Colour reactions were
'vthen developed in situ by the application.of appropriate reagents to

the trapped bands. For fiavour analysis the ability to_detect less than

one ‘microgram of many compdnents is a most attractive feature of this
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technique (Cronin 1982). In the identification of insect sex
attractants, Beroza (1975) has also used microchemical tests on
active fractions.a§ a préliminary probe for structural information.
Boelené et al. (1974) used the reaction products of organic sulphur
compounds to study their ;ontribution to the overall aroma.

More recently reaction gas chromatography using inline éétalysts
‘to cause a range of chemi cal reactions has become important. Stanley
and Murray (1971)‘rep6rted méthods for hydrogenation and hydroéénplysis

of submicrogram amounts of flavour materials obtained from GC eluates.

4,6 Headspace. Analysis

- Headspace concentration is probably the most common fechnique
.used for flavour isolation. The volatiles are initially stripped 5y
pufging the ﬁaterial to be sampled with an inert gas such as helium
or‘nitrogen. The stripped volatiles are,passed\thrqughvan absorbing
column-ﬁacked.with a polymer of choice . (Tenax GC,.Porapak Q, étc.).
When an adequage»quantity of yolatiles has been concentrated on the
trap, they may be desorbed, by using either heat (backvflushiﬂg with
an inert gas while héating to 200-250°C). or solvent extraction (Reine-
ccius and Anandaraman 1981).

Several important fiavour components of passiénfruit - Edulan

I and Edulan II (Murray et al. 1972; Whitfield and Stanley 1977);
dih?dro,edulans (Prestwich et al. 1976); and 6-(but-2-enylidene) -1,5,5
trimethylcyclohex-l-enes(Whitfield and Sugowdz 1979), have been iden-
tified uﬁing the headspaqe concentration methods described by Murray
(1977). Murray included the sampling trapé within the maiﬂ flask to
allow headspace>c011ection close to the volatilé'éource and so eliminate
any risk of'contamination.. This also provides for isothermal conditions

between the liquid and collecting traps, thereby avoiding the risk»of
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condensation of water. in the trap from the saturated gas stream.x
Volatiie$ are extracted from aqueous sdlutions,Asuch as steam dis-
tillaies and aqueousvcondénsates, ﬁy.passing the solﬁtion through
’ChrémOSOrb 105 tréps connected to a syrinée.pumﬁ: puréing with a
nitrogén-stream effectively removes all water from the traps'ﬂwurray
1977). |

The volatiiés are unloaded frbm theAfrab and injected on to a
cabiiléry column by flushing thém with a stream ofnnitrogen,.from fhe
Chromo;brb 105 onto a‘précolumn.of glass-lined steei tubing containing
a short plug of 10% oV 101 GC.packing Murray 1977). 'Ih'an examination
_of wine volatiles, Williams énd:Stfauésw(1977) used a similar syStem',f
of headspéce.traps and GC introduction. |

In a comparison of various methods . for COllécting aroma component§
of-plﬁms, Ismail et al. (1980) showed fhat.extracts were more représeﬁ;
’ tativé if.frﬁit was loosely packed in thé collecting vessel; high gas
 f1ows were used'forvpurging; and!the entrained.volatiles'were adsorbe&
- onto gram qﬁahtities éf Porapak Q, kept agitated during collectiqn; and
then desorbed with ether. ‘These broceduresﬂavoided two difficult?es
often éncountered in this type of colle;tion: firsily; a buildup of
moisture in the veséel and deterioration of fruit quality due to low
‘gas flows; secondly, héat regéneration of the trap raises doubté with
reéard'to'recoVery of.high bdiling‘components,.degradation andvoxidat-
ion of heat SensitiVeAéompohenfs and artefact production (Lewis and
Williéms 1980). - This method has ehabled a-qualitative and quantitative.
examinatioﬂ ofvthe aromas above four cultivars of plumé ihdicating
that beﬁzaldehyde, ethyl nonanoate, linalodl;Agémmaoctalactone, gamma-
‘decalactone, 2-phenethanol and methyl cinﬁémate are important components
of plum aroma (Ismail et al. 1981a).

If a solvent-free isolate is required, the use of a carbon dioxide
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extractor (Jennings 1979) to remove adsorbéd volatiles from the

various adsorbant materials is very effective. (Reineccius and Anandara-
~man 1981). AiternatiVely, thermal desorption followed by on column
cold trapping can be used.

Automated purge and trap systems, such as the Philips PU4750
Headspace Anélyser, provide reasonable sensitivity and reproducibility.-
However, Jennings (1981b) outlines a systei which eliminates the inlet
Splitter and iﬁproves resolution of.flaQour.cbmponents.with short
retention times. The sample accuﬁulatés in a first trap, cobled
by liquid nitrogen, during analysis of the first sample. The contents
of the first trap are then transferred to the second trap, and Held
while the first re-cools to a point where it agéin removes entrained
volatileslfrom the carrier gas, and .begins accumulatioh of the next
sample: the contents of the second trap are then delivered to the GC

for analysis: (Jennings 1981b).

4.7 Sensory Evaluation

4.7.1 Olfactory Mechanism

In.spite of modern analytical instruments the Flavour and»Fragrance'.
industry depends_updn the perfﬁmer'ahd hié assessment. of odour quality
-as the final arbiter of fragrance value. IﬁstrumenfationAused in thé
industry is rapid, sensitive and precise when used correctly.. .Howr
, évér, it cannot substitute for_human judgement; the human ﬁose with
its oifactory system.is,ﬁuéh more sensitive than:the'finest gas chroma-
: togfaphy.yet devised (Dorland and Rogers 1977). = The human perception
of-qdour is often coloured by subjectivity, and fhere can bé physio-
logical defects in éVen thé most'highly trained olfactory system

(Dorland and Rogers 1977).
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' The mechanism of olfaction involves vaporization of the odourant
to form a mixture of air and aroma components} this mixture enters
the nose and stimulates the olfactory cells of the nasal mucosa to
send electrical impulses to a region of the brain, termed the 'olfactory
bulb', where the ihptlses are decoded. to give an odour sensation .
(Nimbalkar 1977). While the actual mode of stimulation of the.olfactory
cells 1is ag yet.ﬁnknown"there are, at present, five important hypo- |

theses which attempt to explain the olfactory mechanism (Brud 1980):

1. The adsorption/desdrption.hypothesis:' Odourants sfay fixed on-
the olfactory membrane for only a short time, during which some
of théir molecules.penetrafe the membrane.. The chéracteristic
odour is directly related to the intensity of this reaction and
thus, molecular size.[brévnigksjet al. (1979) téke the view that
‘the odohrant triggers electrical phenomena (adsorption hypothesiS).
Steiner,'on the other hand, holds that the molécules of odburants»
are electrically attracted. by the membrane, arranging themselves
on the receptor cell in aécordance.with the. distribution of

electrical.chargesvin ;he molecule. (Sturm 1978).

2.  Enzyme hypothesis of Baume and Davis: Olfactory stimuli result
from a blocking reaction between odourants and enzymes of the
olfactory receptors. It is quite true that numerous metabolic
processes involving specific proteins take place in cells, but
only in the pfesence of certain chemical compounds. Addition-
ally, the proteins and enzymes of the olfactory membrane have ¢

been shown to behave in this way (Brud 1980).

3. Oscillation hypothesis: Characteristic molecular vibrations are
responsible for interaction with receptors. In support of this,

Wright (1957) quotes the IR spectra of musk aroma molecules, but



confinés himself to thevmoét intensive out—of—blane oscillations
Which show a certain kinship in these compounds on account of
the similar geometry of their molecules. Other work ha§ shown
that the entire spectrum of molecular vibrations penetrates the

membrane, while the molecules themsélves>do not.

Stereochemical hypothesis: Since. contact between the odourant

and the olfactory membrane is a.pre-requisite for perception,

molecular shape is likely to be a.factor. Amoore (1970) adopted

a classification of odours in seven main groups, founding his

hypothesis on the close relationship between the external shape

of the molecules and the olfactory impressions to which they

gave rise. He postulated hollows on the olfactory membrane into

'which molecules of aroma chemicals:fitted like a kef in a lock.

Functional group profile hypothesis: The spatial position of the

funétional groups and their charge determine the dipole moment

79

of a molecule. Fixation of aroma. chemicals molecules on the surface

of the receptors is achieved, it is argued, by the function of

groups, whereas the stimulant effect is brpﬁght about by the

profile of the molecule and its.oriéntation.on'the receptor (Beets

'1978). Thus, molecules of similar structure should have similar

smells (Figure 4.7.1).

A1l these hypotheses have several points in common: (i) an olfactory

impression is. caused only by molecules that come into direct contact with

the olfactory membrane; (ii) there is a relationship between molecular

shape and sensory impression; (iii) different substances may give rise

to differing odours, or on the other hand to. similar or identical ones

(Figure 4.7.2). By cbntrast, similar chemical compounds maybgive rise

to different olfactory impressions; (iv) the contact between the odour-
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FIGURE 4.7.1 Functional group profile concept
(from Brud 1980)
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FIGURE 4.7.2 Substances with an odour of bitter almonds
(from Brud 1980)
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end molecules and ‘the protein molecules of the»olfactory receptorS"—
*1s of a phy51ca1 nature (Brud 1980).

The sense.of smell is highly subjective since it is considerably
influenced by the environment under which the observer receives an
odour senSation. The senSe of smell also depends'on the-physicaliand
psychological cqnditions as well as the frame of'mdnd of_an'individual.i
It is further condifioned»by the asseeiaeion of the odounant with
cerfain recdllectiqns (Nimbalkar 1977). A person who is going to
~ smell products unknown tovhim'fof the first time, must realise that
~such impressions are irreplaeeable for bis.olfactory‘memory (RondnitSka-

1980).

~4.7.2 Sensory Assessment

There are. complex 1nterre1at1onsh1ps between.flavour and
»'analyt1cal d1fferences observed between cultivars. of vegetables and
frults.n The key to unravelllng these is precise sensory "obJectlve":
description (William5'197831. .Lists of compounds identified in cultiv-
ars are of little value unless they can be related to some aspect of
flavour:endvquality'enabling.the information to be.used to assist in
both quality control. and product imprpvement,(Williams 1978a).

The sensory assessment of.compenents as they are being separated
by gas or liquidlchrematographic techniques is a valuabie and relatiﬁely
simple means of obﬁainingdanvindicetion.of the -aromas of components or
fractione. One advéntagevbeing fhat it can often be used to trece the
nregion where a particular flavdur,characfer.resides before valnable |
time is.spent in identification.(Williams 1978a). Once thevorgenoé
lleptically imbontant compounds are known, the influence of the manu-

facturing process on flavour changes can be elucidated in terms of



reaction kinetics and mass transfer conditions. This permits process-

-ing cond;tions.to-be-optimized_for flayoﬁr retention, having due
regafd for oﬁhér fequiremenfs such as destfuction of microorganisﬁs
(Casmir gnd Wﬁitfield 1978). In most flavour laboratories odour
evaluafipn oflthe.gas chromatographic effluent is now fairly‘cOmmén
B practise; participants being asked to describe fhe odour of components
>;as.;hey elute, either in theif own terms or using predetermined édject-:
Aiveg,.the descriptions in some cases.aISO'béingvgiven an intensity-
score. The.descripiions are,usually.written.alonéside the peak with
which they are associated (Williams 1978a).
| Simple assessmeﬁt of the gas chromatographic effluent is unlikely
to give very much information if. the particular odo@r nofe_being ;ooked
__'for.is due.to a qombiﬁatidn of compounds;.unless these cbmﬁounds co-.
'eiuté together'they,may wéll.bé'missed.(Williams and Leﬁis 1978). A
sehsory\aséeSsment.scheme has,beén proposed (Pér1iment and-Scarpellino
Vi977)'td overcome this problem. A crudeiéeparatién.is theh ﬁerfdfmed
and the various fréctions combined.with one .another; those making é
contribution to the aroma‘nofe in‘quéstion are fe-separated éndvtﬁe
: brocesé-is coﬁtinued until indivi§ua1,cdmponents ﬁre being handled.
_ ThiS‘proceduié.has been further refined!by.Casmir,and Whitfield (1978)
'whﬁ‘separated passionfruit juiée and recombined.fractions’for a taste
panel; Resulté from 'sniffing' the GC effluent of‘headspace samples
were also used to help identify the principle organoleptic compounds.
To confirm that the compounds selected wére ihdeed respbnsible for the
. flavour profile of passionfruit, the molecular.species:available as
Asynthefic ﬁhemicals were recombined to. produce. a compounded nature
- ideﬁtical ‘drink (Casmir and‘_Whitfield 1978).
Thérevare a number of diSadvantageS‘in #sing simple assessment

of GC'éffluentz(WilliamS 1978a). It does. not give information on
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interactive effects of compounds which do not co-elute, particularly
if they in themselves ﬁave little'odoer. Assessors quickly get
fatigued an&, unless multiple splitting devices are used, only one
‘person can assess the effluent at s time, which requires multiple
enalyses to be performed if reliable information.is to be obtained.
The eluting compounds often have to be assessed at.the elevated temper-
ature of the carrier gas stream and at‘a possibly ﬁigher concentration
than would be present in the headspace of the original food. Further,
when assessing odours on line, decisions have to be made quickly before
the next peak appears.. For this reason, many recognizable pdours,
because they cannot instantly be allocated names, often get poorly'
interpreted (Williams 1978a). |
Several methods, all involving some form of trapping and assess-
ment offline, have been developed to overcome these difficulfies. The
Simplest uses a gas syriﬁge:for collecting the volatiles,'which can
_then be dispensed to a panel, small portiohsnat_a time (Tucknott and
- Williams 1974). 'More elabgrate.procedures buﬁﬁle.theseluate through
vlwater (Parliment 1976) or trap it en Celite (Clark and Cronin 1975a)
or Lactose (Gramshaw 1976) from which it can be dispeﬁsed into the
medium of ehoice for assessment by a panel of judges (Williams 1978a).
It should be borne in mind that the character of compounds may be con-
51derab1y affected by the medium in which they are assessed -For
example, von Sydow et al. (1970) showed a str1k1ng difference in quality
between the odour of aqueous solutions and ;he equivalent solutlonsl
in 'deodourlzed' juice. The latter made a clear but uncheracteristic
contrlbutlon to the overall odour, probably because of the presence of
substances exerting a very low vapour pressure but with high odour
intensities,
‘Determination of threshold values and the concept of odour units

is another tool which provides useful information on the relative
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importanéé of compounds (Williams and Lewis 1978). By indicating
the degree by which the concentration of a compound in a-food or
beverage exﬁeeds its threshold value in that product, it should be
possible to estimate the contribution it makes to overall flavour |
(Wiliiams 1978a; Morrison 1982a and b). The simpie application éf

- such data ignores the interactive effects'bétween compounds (Williams
and Lewis 1978). 'However, many workers have used this concept, for
. éxaﬁpie, Williams (1974) in work on éiders, von.Sydow'(1971a and b)
and Karlsson-ékstrom et al. (1973) in wérk-oh blackcurrénts and von
Sydow et al. (1970) in work on bilberry aroma.

The whole concept of odour units is worrying for two reasonms.
Firstly, to compare the relative importance of components at concentrat-
ions above threshold the application of odour units assumes a linear
response and an analogous increase in perceived. intensity for all
éompquhds with increase in éoncentration.vaécondly,.informafion obtained
‘at threshold levels on mixtures cannot necessafily be extrapolated to
the concentrations present in foods and . beverages where most components
A aie present much above this concentrationiand:a different situation

exists (Williams and Lewis 1978).

4.7.3 Correlation of Analytical and Sensory Data

While work witﬁ individual components and. how their properties
are modified in simplé mixtures can give insight into the sort of
qualitative and quantitative interactions which may take place, relatf
ing sensory comments to-analytical data as a whole is the only true
way to undersfénd,what is going on in the food or beverage itself
(Williams 1978b).

In general; the approaches adopted are purely statistical, rélying

on such multivariate techniques as multiple regression, discriminant,
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canonical and covariance analysis to relate the two sets of data
(Williams 1978b). Powers (1981) classifies the aims of multivariate

analysis into four categories:

1. to differentiate among products or treatments, evaluate
the performance of .judges or effect other differentiations;

2. to classify materials, attributes, brands,ltreatments or
panelists responses;

3. to predict sensory quality;

4. to contribute to our knowledge of. fundamental sensory

knowledge.

In . order to achieve these.aims Larmond (1979,.1981).considers
the choice of sensory method will govern: the type of information
obtained, and the best method can.only. be selected for a test by care-
fully considering the'test>objective. For example, a flavour profile
_ will yield considerable information but it will not predict consumer
.acceptébility- SidglAet al. (1981) considers. scale choice to be a .
'criﬁiqal factor in .achieving ma#imum precision from éensory tests,
since a poor scale can create confusioﬁ aﬁongvsubjects or may not lend
itself well to statistical analysis. Graphic scaling (use of a
diagramatic line) and.magnitude estimation;are.currently the most
popular methodé’(Sidel et al. 1981).

Another important point to realise when relafing analytical and
sensory data by statistical methods .is that any questions asked of the
sensory panel should be specific and precise:(Williams 1978c). If they
"are not and people are asked to assess the:amount of a poorly—defined
"or too genefal an attribute, such as the general term 'flavour', they
may well bé scoring diffefént things‘(Lewis,énd Williams 1978). The
sensory profile procedure offers the most promising approach to"interpret

sensory significance of chemical data in flavour. research, but it is
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important that terms are defined .precisely for the reasons outlined

above (Williams 1978c).

5. ELECTRON MICROSCORY

5.1 Scanning Electron Microscopy

- The use of scanning electron microscopy (SEM). to examine the
~surface topogréphy_of botahical,specimehs is ; recenf‘but éxtfemeiy
useful tool in morphological work. Parsons et al. (1974j conSiﬂer |
there are two charactexistios:a.good'specimenAmust possess: firstly,
the material must be able to withstand'theihighRVacuuﬁ (10'5 torr)
needed to operate the electron.microscope. and.secondly, the specimen
-must be electrically conducting, to prevent accumulation of surface
charge during examinafion-in.the.microscope. To overcome these
' difficolties a.numbef'of preparative techniques have been designed to
.preserve materiél.for soccessful examinatioﬁ. '
Pérsons<et al. (1974) examined a number'of techniques used to
prepare plant spocimens for electron microscopy. These WOrkérs found
thatvfresh material can often be successfully examined4withouf any pre-
treatment other than mounting on specimen .stubs before inserting into
" the SEM specimen chamber. With fresh samples progressive dessication,
due to high vacuum, caused cellular.coliapse after 15-20 minutes and
low accelerating voltages (2-3 kV) were required to minimize specimen
charging, which limifed-the magnification_and resolution capabilities-
- of the microscope._, Parsons et al. (1974) found these capabilities
could be improved by coating the fresh material with an eleotrically
‘conducting layer before_soanning; normal acceleréting}voitages of 10 kv

could then be used;
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Freeze drying-techniques avoid the artefacts produced at the -
watgr/éir interface.by'airdrying because .the specimeh.is rapidiy frozen
and the ice sublimated away in a vacuum. However, movement of the
solid/liquid and solid/vapour»phase.boumdaries.can cause distortion in

.the specimen; such movement can be avoided by using critical point dry- .
ing preceded.by1dehydration'(Parsons et al. 1974). These workers
considér the dehyd:ation éteps, not. fixation, appear. to be the most
important stage in the preparation.of botanical tissues.

The morphology of'thé.glandular Hairs of Cannabis sativa héve been
‘studied using cﬁemical-drying, freeze drying and critical point drying
(Hammond and Mahlberg 1978 and 1977). These workers consider_no-single

~ method of.preparationvof SEM specimené is'certain to be free of arte-

‘fact. Chemical alterafions and dehydration. can céuse structural
abﬁormalities, thus, intefpretatibn of real structure can best be
‘achieved throﬁgh‘cOmparison,of SpecimenS‘préparéd by a variety of
methodé. | |

SEM techniques have also been. used. to stﬁdy oil.giands in éepper-
mint - (Clark ana Menary 1982), where twoftypes of gléndsAwere identified;
atencelled.glandular,trichome éndfa three celled glandular hair. In
hops (Menary and Doev1983) the cup shaped Lupulin. glands were obéeryed
-tb swell in size, finally forming a stfucfure $imilar to an.ice cream
cone due fovlifting of the cuticle. The cup Shaped layer.qf secretory
.cells exuded oily_substancés intq_the intra-cellular spaéebbelow the
cuticle, aé the volume of secretion incrgased the éuticle was raised
to produce a swollen gland ﬂ%enaryiaﬂd Doe 1983).

"Oii glands on leaves of Ribes nigrum have been .examined by scanning

"~ electron microscopy previouSly'(Atkinson and Blakeman 1982). These

) workers reported that the oil glands senesce early in the season, releas-

ing their contents onto the surface of the leaf.
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5.2 Transmission Electron Microscopy

Hammond and Malberg (1978) éxtended their work on Cannabis to
include ultrastructural studies which involved using transmission
electron.microscopy.(TEM):techniques. The advantage of TEM is that
it enables cloﬁe study of gland structures in relation to their
functional secretory activity. The‘investigations.of Hammond and
Malberg (1978) revealed the development of the release of secretory
matefials in Cannabis glands. These workers noted that lipophilic
glands of the terpene type are characterized by their dense ribosomal‘
_gféundplasm and. extensive development of smooth endoplasmic reticulum
during - the Seqretion phase.

In studies on Newcastelia.visicida,. Dell and McComb (1975) sﬁowed
vthat’as the glandular head of the tricﬁome developed.there was a marked
.increaée in the density of ribosomes. Towards the secretion stage the
plastids greatly increased.in ﬁumber and.appeared as .bodies of various
shapes with few internal membranes.. This was paralleled by a prolif-
eration of'bothusmooth”and roughvendbplasmic reticulum which surrounded
the plastids.v These workers suggest both the endoplasmic reticulum
and thé modified pla;tids take part. in secrétion of terpenes. Similar
'ontogeny studiés of glandular.trichomes.innChrysthemum morifolium
'(Vermeer and'Peterson'1979) and hops‘(Menary and Doe 1983) confirmed
the likelihood that plastid-éntoplasmic réticulum associations function

as the site of terpene synthesis.,
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1. PLANT MATERIAL

_‘ Théimaﬁerial usedlin this study was obtéined from a number of
'commércial Tésmanian fruit fafms}_B; Downie, Bream Creek; A.A. Wright,
Glen Huon§ Eidérs,IXL,»ﬂushy'Park;-and'two research stations; Uni-
_'vergity of Tasmania Horticultural Résearch Centre, Mt. Nelson ahd:” N
2fhe’Huon Horticultﬁra; Rpsgarch Station, Grove. 1 | |
o The materia; Was;identified accbrding to Todd's (1962) classifiéQ
~ation and all cultivatsiwere clegrly marked énd kept sepafafe. The .
éaﬁes wgrg coilected aé they were cﬁt,-ﬁagged; trénsporféﬁ to Hobﬁrt .
,th9 same day aﬁd'stq;éd at_2°c until fhe buds could be picked.off.’...J

All bud material was subseqﬁentlylstored at -18°C until extractionm: L

2. HARVESTING

2.1 Manﬁal Harvesting

Harvestiﬁg»thé buds by hand‘is a laborious, time-consuming task.
The buds are féadily removéd fiom first yéér éanés by rﬁnninglthe
hand down theAcane, Removal of buds from second and third yeaf wood
is much more difficult due to the fact that the buds are froduced_oni

tough woody spurs.

~ 2.2 Chemical Hafvesting

Thé difficulties-éssociated_with handfpicking the bud material

" prompted an investigation of the suitability of using abeission



chemicals to loosen the"blackcurrant buds. A series of three experi-
ments were set up to examine the effectiveness of Ethrel Growth Regulator
300 (a product:Of Ciba-geigy Australia Ltd) in loosening blackcurrant;'

buds. Ethrel is 48% active ingredient Ethephon.

Bxper1ment 1: In order to test the effect of Ethrel concentratlon on u

'bud attachment a series of- five concentrat1on and two control treatments
were appl1ed to ten blackcurrant plants eacht(cult1var Wh1te.Bud),-stand-
“ing in the field. At the t1me of treatment these plants. carr1ed on1y

first year canes. The treatments applled were:

T vcontrol§j unsprayed
T, control: water and urea (0.5%) spray

.'0;01%'Ethrel plus urea (0.5%) spray

3
T4'.d;05%'Ethre1.p1us urea (0.5%) spray

' Tg 0.10% Ethrel plus urea (0.5%) spray
Te 0.20% Ethrel plushurea (0.5%) spray
T, 0.50% Ethrel;plus urea (O.S%) spray |

Urea was added to the Ethrel sprays as it has a reported (de
o uWilde 1971)_biologica1,effect'ofuincreasing Ethrel response. The urea |

is thought to act’by'increasing the rate of’uptake of Ethephon by tissues

(poovalah and Leopold 1976). ?EaCh treatment;was replicated three times.'
The exper1mental deslgn was a randomlsed complete block (3 x 3x 7)

- After treatment the canes ‘were cut, labelled and packed in plast1c bags
for. transport to the laboratory, where they were stored at 20°C. A.'
v:-measnre_of bud attachment was taken at H1 = 2, H2 =8 and H3 14 day
intervals after treatment;_ The measure of bud attachment was achieved :
by placlng the canes 1n a large polyweave bag, seal1ng the bag and mech-

anlcally beat1ng it to d1slodge the buds. The buds remaining on “the



canes after such treatment were handplcked A bud attachment-ratio~'}4,v

:was then def1ned as:

welght of buds. removed by beatlng ' 'x 100
total welght of buds removed (beating + handpicked) -1

EXperiment-Z: The effect of temperature on Ethrel induced bud ahcission

vwas examlned ‘by a series of storage temperature treatments at one Ethrel
_concentratlon. vThe Ethrel was applied at a rate of 0.5% (plus 0.5%’
urea), to canes cut from the field'that' ﬁxorn'ing ' 'I'hese canes were
'sealed in p1ast1c bags and stored separately for three weeks at fbur
temperatures; 2?C,'10°C, 20°C and 25°C;-each having two repliéatesth:
Two harvests were taken at 12 and Zl'days after treatment. The contro1
treatment,consistedfof_unSprayed canes. :The'bud'attaehment,ratio has‘

measured at harvest_asvpreviously described. B

2.3 Mechanical Harvestigg

In order to 51mp11fy harvest1ng operatlons the de51gn of a 51mp1e
machlne to p1ck buds from one year old canes was 1nvest1gated 'After‘

con51der1ng the follow1ng characterlstlcs of ‘the blackcurrant bush

'(F1gure 2.3.1) ~ canopy shape, ‘distribution of buds on wood of dlfferent

'ages, attachment of buds to the cane (Figure.2.3.2) and its ability to
-produce new shoots’from the base after pruning; it became obvious‘that
an efficient mechan1ca1 harvester de51gn would need to 1ncorporate the

'follow1ng pr1nc1p1es.

1. "Destructive harvesting in a stool bed situation,las first
year canes possess the greatest number of buds.
2. A directional force, F, would be'required to 1lift the N

budvup»fromjtheicane and break the'pedicel'(Figuretz;s.sj.



This was achieved by using a pair of rotating brushes
to produce the directional force (F) required; at the
same time employing infeed and outfeed rollers to hold
the cane firm in the path of these brushes. On this

basis, several prototype models were constructed and

tested.

An estimate of the picking efficiency of the prototype harvester
was made by running batches of single and bunches canes through the
machine. The numbers of buds removed in one, two or four passes
through the machine with various brush configurations were totalled

and percentage efficiency figures calculated.

FIGURE 2.3.1 Canopy shape of the blackcurrant bush
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FIGURE 2.3.2 Attachment of bud to cane
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3. EXTRACTION PROCEDURES

3.1 .Solvent Extraction

The bud material was macerated with petroleun ether (40-60 BP)
ina 32 stainless steel blender; smail samples were placed in‘glass
preserving'jars, and_agitated on a mechanical shaker for three days.
Larger samples were placed in a 200 & stainless steeliextraction drum
which was rotated overnight (Figure 3.1.1). In both casés the solvent
. was drawn off and transferred to a rotary vacuum evaporator (Bucchi),
it was then removed by evaporatlon under conditions of reduced pressure;
(30°c, 0 7. mmHg) A dark green<re51nous concrete with a strong black-
currant aroma was obtained * All solvents used were acid washed w1th
concentrated sulphuric acid, neutralized w1th 1 M sodium hydrox1de,
and redistilled before use to remove rubbery notes detected when the
untreated solvent was evaporated to dryness. To deternine if a higher
- quality product could be obtained, a series of extraction experiments
were undertaken using a range of solvents other than petroleum ether.
The solvents used were: n-pentane, n-hexane, methanol, methanol/hexane
and methanol/pentane.

Anvabsolute was prepared by redissolving the concrete in redistilled
ethanol, and allowing the mixture to'stand;at -20°C for several hours;
aliouing for settling of undissolved waxes. The ethanolic solution
was filtered using Buchner filtration and Whatman No. 1 filter papers.

A Bucchi rotary vacuum evaporator was then used to reduce the ethanol

volume.

3.2 Liquid Carbon Dioxide

By utilizing a pressurized container fitted with a cold finger



FIGURE 3.1.1

Rotary Extraction Drum
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condensor, it is possible to use liquid carbon dioxide as the solvent

in a standard g1ass Soxhlet extractor..i Such a device has been des-
cribed by Jenhings (1979) and is commercially available from J § W
Scientific. The sample is placed in a Whatman extraction thimble
© in the neck of the Soxhlet extractor. A predetermined quantity of

dry ice is placed in the cﬁamber outside the extractor, the needle
valve is fully opehed and the cover-plate condenser assembly secured

in place.  During this step, the rising blanket of carbon dioxide dis-
place§ éir from the chamber. The needle valve is then closed, the
chamber placed in a shaliow water bath (35-40°C), and ice water is
.passed through the coid-finger condensor. At these pressures any"impur;
ities in the dry ice (ihcluding water).reﬁain in a condensed state outside
the SéXhlet; and pure carbon dibxide drips into>fhe extractor. At the
end of the extraction period fhe apparatus chilled to sub-zero temperat-
ures by placing it in a liquid nitrogen bath. The carbon dioxide
Asolidifies, and the needle valve can be opened to discharge the carbon
dioxide under éonditiohs.whére.the vapour. pressures of the extracted
materials are extremely low. When the carbon dioxide has sublimed,

the appératus is opened to yield a solvent-free extract. A later mod-
ification provides a_method.of‘suéplying carbon dioxide in the liquid
‘form direct from fhe supply bottle; this provides for»much easier oper-
-ation. ’ Howevef, it is necessary to ensure the quality of liquid carbon

dioxide by running a test using an empty sample thimble.

3.3 Vacuum Distillate

Approximately 2 g of concrete was placed in a sidearm flask and
“vacuum distilled (0.7 mmHg) for 45 minutes, while applying gentle heat.
(30°C) to keep the concrete liquified. The volatile oil was collected

in two U-tube traps placed in the vacuum.line, both of which were immersed
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in liquid nitrogen.

4. SEPARATION TECHNIQUES

4.1 Liquid Solid Chromatography

(a)‘ Silica gel: Blackcﬁrrant bud concrete was dissolved in 10 m2 of
petroleum ether and centrifuged at 3000 rpm for 5 minutes. The super-
nétant was‘eluted:on a 30 ém silica gei column (60-200 u mesh) packed.
in ﬁentahe. | The silica gel was prepared for chromatography by treat-
ment with 0.01Nlhydrochlo£ic.acid (to. remove metal impurities) then :
washed with deionized water unfil'neutral. To prevent possible acid-
catalysed reaciions (Scheffer et al; 1976a), the acid washéd silica

gel was treated with dilute,ammonia pH 8.2 and then washed again until

- ‘neutral. It was &rie& at 105°C, then wetted to a watér content of.S%
for improved separaﬁion‘of terpenesv(Scbeffer et al. 1976a).

"~ Fractions wefe eluted with a series of 26 m2 volumes of three
'digfhyl'ether/pentane.mixtures (5%, 10% and 15%), followed by 30 m% each
of 25% and 50% diethyl ether in pentane. The volume of the first two
fracfions collected was 10 m%, all sﬁcceeding ones were 5 mﬁ. The
solvent was removed under a gentle stream of nitrogen to concentrate
the samples. The fractions were then examined by gas chromatography -
and mass spectrometry. The vacuum distilled oil was separated by the

same procedure.

(b) Florisil: A second liquid-solid chromatography method using

Florisil as a packing was also developed. to confirm results obtained
on the silica gel. The Florisil was activated by ignition at 600°C
for two hours using a furnace oven, then allowed to cool in the oven

overnight. Before use it was reactivated by heating for two hours at
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130°C_and then storédvin a degsicator.
'Two m% of blackcurrant vacuum distillate was introduced to a
350 mm x 26 mm LKB column packed with Florisil in petroleum-ether."A
" Elution being started at a flow rate of S_ml/min. Fractions weré
. eluted with 1500 m2 petroleum ether, followed by 600 mf% diethyl ether
and finally 300 m% dichloromethane. Fractiqns were collected as 100 mz_v
samples and reduced in volumg.under~afslow'stream of hitrogen_beforel

injection.

- (¢) Micro Column: fhe simple micro.cpiumn_pre-fractionation technique
described by Murray and Stanley (1968) was.modified to use a Variety of
different polarity solvents.‘ The silicg.ggl was prepared as déSCfibéd
,abévé (Section 4.1a) and .then dry. packed into 6 mm diameter teflon
"tﬁbing, The tﬁbing was cut into.16 cm lengths and plugged with éilaﬁ-
iied glass'wool.‘ A Zd p2 sample of vacuum distillate was loaded onto-
the top of the column, a»fhrthef 1 cm.of silica.gel was added and the
column sealed with Silaniied glass .wool. The column was supported>
inside a glass tube, inverted and_déveloped for approximately three hourg
inAbne of the following.sdlvents: methylené.chloride/pentane, 40/60

(*e° = 0.24); methylenefchloride.(e°,=,0.32); diethyl ether (e° - 0.39);:
and methanol (e° = 0.75). The column was then removed from the solvent,
lsécfioned into 2 ém pieces, each of which was washed with}a small amount
of developlng solvent f11tered through 51ntered glass funnels (poros-

ity 3) and reduced in volume under a slow stream of nitrogen.

4.2 High Performance Liquid:Chromatography (HPLC)

A satisfactory procedure to separate blackcurrant bud oil into

zoxygenated monoterpenes, monoterpene hydrocarbons and sesquiterpene

° polarity values for deve10p1ng solvents taken from Snyder -and
Klrkland (1978)
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_ hydrocarbons was developed using an octadecylsilane-bonded silica
phasé (Radial-PAK u Bondapak C18, 10 particle size). The HPLC
system was operated on a sémi-prepérative scale with a resolution
much superior to the ordinary column silica chromatography. The
mobile phase consisted of methanol and water, which allowed for low
UV monitoring and resulted in a goqd separation of the three groups.

The HPLC system specifidations are as follows:

- Watgrs Aséociates'dual solvent delivery pump system (model
“6000A) |
- a radial compression module (RCM - 100)
- universal injector (model UK6j
- ~discrete multiwavélengtﬁ absorbahce~detector (model 440)
" with an extended wavelength hodule fitted with a 214 nm
Absorbance Kit | |

- an Omniscribe B-5000 series recorder.’

The solvent program consisted of stepwise elution with methanol/
.water 82.5:17.5 or 75:25 for twenty-five minutes and then pure methanol
for fifteen minutes at a flow rate of 4 mi/min. The column used was

a Radial Pak u Bondapak C18 reverse phase.cartridge.

4.3 Gas Liquid Chromatography
.(a) Chromatograph

Gas chromatography (GC) analysis of oil samples andvchromatography
fractions was conducted using a Pye Unicam Series 104 chromatograpﬁ
fitted with an FID detector. Initially this chromatograph was connected
fo a Pye Unicam PD88 integratof and a Rikadenki chart recorder. How-

ever, in later work a Sigma 10 (Perkin Elmer) data station was used to
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collate the information._
‘ For routine analys1s and aroma prof11e 1dent1f1cat1on a 50 m .x

0. 5 ‘mm ID ov IOISCOT cap1llary column was employed. Operating condit-
ions were as follows: carrler,gas was nltrogen at a gas velocity of
153 cm/sec, air flow rate»600 mf/min and hydrogen flow rate 60 m2/min.
At’the effluent end of the'column,fnitrogen was used as a make—up.gas
at a'flow of 60 m¢/min, .The column oven temperature was programmed
from 80 to 200°C at 5°C/m1n.

For determlnatlon of KOVAT's-retention indices, a 50 m x 0.02 mm
iy Fused Silica OV~ 101column was used W1th nitrogen, gas veloc1ty
51 cm/sec, as a carrler. An 1n3ect10nvvolume of 0 5 ul was sampled:‘
from all eluted fractlons and 0.02 pu2 from a11 concentrated 011 extracts.

| A dual detectlon system ut11121ng a Hewlett Packard 583A gas chroma-.

toéraph4fitted with.an-FID_and a'photometric‘detector‘was also employed.
»The column employed was a SCOT 30 m SP2100, with a he11um carrier gas
veloc1ty of 51 cm/sec and make -up gas nltrogen The 1nJector temperat-
ure was 230°C with detector temperatures 250°C and 2306C for FID and -
photometric'detectors respectively;- The oven temperature was held at
'60°é for'S minutes, then programmed'60—175°c.at 5°C/min, then held for
' 2 minutes before:being programmed-to.IQOéC at.5°C/min. - This system was
employed to examine the three regions determined to be of organoleptic

interest for any‘sulphmr containing compounds.
(b) -Effluent Traps

"For trapping_of single components from GC analysis, a splitterb
(100:1) was attached to. the effluent end of the coldmn._ A teflon
'sleeve was slipped over the sniffing port and capillaryvhaematocrit'
tmbes were inserted into the other end .of the teflon sleeve to act as

traps. These were sealed with teflon caps and stored at -20°C until
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~ analysed by gas chromatography/mass spectrometry.
(c) Headspace Analysis

In order to examine the headspace.above samples a Pye Unicam

Headspace analyser (model 4750) was connected to the injection end
of an OV 101 SCOT glass capillary column (50 m x 0.5 mm ID). The head-
space analyser.compriéés a control unit, head unit and valve unit. The
’free-Standing-control unit contains. all the instrumentation necessary .
‘fo detefmine and maintain the basic. parameters of the system .- gas flows,
head temperature and cooling of the precolumn. The head.unit, mounted
on the injection port of the'Pye.Unicam.loﬁ.Chromatograph,.housés thé
.sample chémber and heater. The valve unit, mounted on the side of the
‘chromatograph, has two needlé valves, to set the split ratios, and a
three-way valve.

| in,tﬁe standby mo&e carrier gas flows through the standard carrier
line to the column, but not to the head unit. The heaters are off
and the precolumn is not being cooled by carbon dioxide. The top section
of the head unit‘ié opened .and a liquid. sample, imbregnated on filter
paper; is placed in the’glass sample chamber. The head ﬁnit is reassembled
and equilibrated to the desired .temperature, while fhe precolumﬁ is cooled
_with'carbon dioxide. The head unit is fiushed, by diﬁerting the carrier
gas to the sample chamber, to sweep the. headspace vapours onto the.pre-
. column (which is still being cooled). The components of interest in
-thé gaé stream are cryogenically trapped, while the carrier gas is vented
through a splitter vent. The heater and the carbon dioxide gas are then
 shut off, the sample chamber sealed with the three-way valve, and the
column oven temperature allowed to stabilize. . The splitter Qalve is
switched over to the iow flow setting and the precolumn flushed with

carrier gas to inject .the volatiles onto.the OV 101 column.
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The basic temperaturé program of 80-220°C at 5°C/min was used

"and later modified to start the program at Variou§ temperatures from

50 to.80°C. | The headspace analyser was also connected toAthe combihed
GC/MS facility described in Section.III 5.2 in order to identify eérlf

peaksvdetected.

5. IDENTIFICATION OF COMPONENTS

5.1 Retention Indices

For determlnatlon of KOVAT's retention 1nd1ces (Kovats 1958 and
1965 Ettre 1964 and 1972), a50mx 0.02 mm ID Fused S111ca oV 101
column was used. A series of n alkane standards frqm.n-octadecane
to n-hexadecane (Mix i),rand a series from n-octadecane to n—dédecane
(Mi# Zj,iﬁere ﬁixed in.equal proﬁdrtions. Retention indices wéré
determined 1sothermally at 120°C (u51ng Mix 1 and Mix 2), 140° C (M1x 1)
and 160°C (Mix 1). Retent1on 1nd1ces were also determined durlng
_'tempefature programmlngsfrom 80-220°C at 2° C/m1n using Mix 1. To.
.aSceftain the retention‘indices the Pye Unicam 104 éhromatograph was

_ linked to a Perkin Elmer Sigma‘lOvdata station.

5.2 Gas Chromatqg;aphy/Mass;Sppctromeggy

The combined gas chromatography/mass épectrometry facility con-
_sists of a Pye Unicam 204 chromafograph directly coupléd, via a glass-
line&vsteelthbe (heated at ZOOQC)'to a VG Micromass 70/70F mass specéro-
meter. The'spectrometér is a high resblution, double focussing model
operated at an ionizing energy of 70 eV, a 4 KV accelefating vo1tage
_ and an.ion source temperature.of 200°C. The range M/Z 300 to 20 was

scanned exponentially,dOanard at 1s/decade, resulting in a full mass -
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footnote: The triangle tests were used for comparison of the
strength of the catty and blackcurrant fruit notes using an
objective scale of 1 to 4 (most intense). A subjective assess-
ment as to whether the fruity and catty notes lacked balance

with each other was also made. These results are described in
Section IV 8.1. The author was the sole assessor, but his ability
to discern comparative differences was proved through a series of
triangle tests presented in Appendix 14. The two French industry
products were used as references to provide guides for desirable
quality extracts. - o I :
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spectrum every two seconds. The data was stored in a VG2035 data
system. Spectra were enhanced by.background subtraction, generation
, of reconstructed spectra and gas chromatograms. (Biller and Biemann
1974) where necessary. Gas chromatograms were represented by Total
'Ion.Current (TIC) changes with.time.. Library search facilities were
also available using a seven major'peak searéﬁ.capability. A fused
'f QilicaVOVIOlAcolumn was used with a.hydrogen carrier flow rate of -

1.5 mi/minr

© 6._ORGANOLEPTIC ASSESSMENT

6)1. Comparative Analysis

The method of analysis.consisted.ofuolfactory examinatioh of two
ﬁrench industry‘pro&ucts;'made.available.frdm commercial sources, and g
comparison of the afoma-impression.of.these Stanaards with.pfoducts
extracted in the laboratory uSingvtriéngle test;ffﬁé§m¢na 1977) . For

calibration of the operator see Appendix 14. The two standards used were:

(i) CAL cassis concrete, a beniene extract produced by
Camilli, Albert and Laloue; a division of Pfizer,
Grasse, France. This sample was taken up in propylene
- glycol and dﬁnated.by.Bush, Boake. and Allen Ltd, London.l
(ii) Bourgeons de Cassis. Absolu B.. Tradition 6 39002
obtained direct from the prqducer'J & E Sozio S.A.
Grasse, France as a gift. | L
- In addition to this comparison, a range of samples was prep#red
» and sent to two companies. These companies undertook an organo-

leptic evaluation of thése samples to test commercial acceptance of
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Tasmanian Blackcurrant Concrete. The three companies inﬁolved were
J § E Sozio S.A. Grasse, France; Dracogco (Far East) Ltd, Hong Kong,
and Hasegawa Co Ltd, Tokyo, Japan. A.list of samples submitted and

comparisons requested are as follows:

| Sémples 800 1980  Bulk concrete
- 810 1981 Bulk concrete
820 1982 Bulk concrete (a) héndpicked whole buds
821 | 1982  Bulk ;oncrete (b) ﬁaghine'harvested
822 1982 Varietal selection Grahams No. 1 WB
823 1982  Varietal selection Goliath
824 1982 Varietal selection Baldwin
825 1982 Varietal selection Boskoop
826 1982 Variétal,selection;Lees Prolific
827> 1982 Varietal Selection Kerry,

828 Liquid CO2 extract

Comparisons requested

1. Any difference in quality over time?
(800, 810, 820)
2. Any effect of'machine.harvesf on quality?
(820, 821)
3. Any varietal preference?
| (820, 822, 823, 824, 825, 826, 827)
4.' Quality assessment of liquid CO2 extract

.(828 with all others).

(6.2 Aromagram

,»fAfBﬁééF&ﬁé ’JW¢fé collated using the glass capillary OV 101 column

with a splitter (100:1) attached to the effluent end. of the column.
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The sniffing port was maintained at about 50°C to prevent condensation
of effluent gases. Aroma sensations were written on the chart papef as
they were detected at the sniffing port. This type of assessment re-
quires a high degree of concentration due to the number and intensity
of aroma sensations present. To maintain an efficient sniffing program
no more than three runs attempted before a break in the fresh air was
taken. ‘The terminology used to. describe aroma sensations. was fiexiﬁie
using vocabularies developed by Williams (1975) for cider and Meilgaard
et al. (1979, 1982) fbf beer, as well. as free interpretation impressiong'

detected.

7. MICROSCOPY

7.1 Scanning Electron Microscopy (SEM)

Blackcurrant buds were sampled at two intervals; fhe first, from
early May to late July 1980, and the second, early October 1980 to
February 1981; using planfs (culfivar White Budj, growing at the Horti-
cultural Research Cenfre;_ vThe buds. were dissected under a light micro-
scope and each was found to consist of up to eleven bracts. The bracts
were fixed in'i%‘Osmic Tetroxide.vapour for two hours, then removed to .
ciean Qials anduplaéed in a deep freeze for a minimum of thirty minutes.

. The bud bracts were then freeze dried overnight in a Dynévac FD16 High
vacuun freeze drying unit. The following_ﬁorning the bracts were
removed from the deep freezé and allowed to warm to room tempera;ﬁre for
1-2-hours before the vacuum was released. = The bracts were then stored
in a vacuum dessicator until mounted.on brass stubs using Dotite, a
silver -conducting paint. The sample; wefe then coated with a 20 nm

layer of carbon and-tﬁen gold before.examination in a Joel KXA 50A scan-

ning electron microscope-electron probe micro analyzer (operating with
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an accelerating voltage of 15 KV). The electron micrographs were
recorded on Polaroid type 107 film. In the.second interval fresh
bracts were mounted and coated with carbon an& gold before examinat-
ion ih fhe microscope, thus avoiding the freeze drying and fixation

procedures.

7.2 Light Microscopy

Blackcurrant bud samples. were collected'from-plants, cultivar
White Bud, grbwing at,the'Horticultural.Reseéfch Centre. The buds
were separated into their component bracts under a dissecting light
Imicrbséope._ |

The'bud bracts were fixed overnight in a 4% glutaraldehyde soiut-
ipn containing picric acid,'then washed with 0.1 M sodium cacodylate
buffer.pH 7.2 for thirty minutes. The bragts-Were then trénsferred
to ciéén vials, containing cotton wool, for bost fixation with one .
drop of 1% OsmiumiTetroxide. After two hours of exposure to Osmiuh
’Tetroxide'vapour the bracts were transferred to clean Vials and wésﬁed
with 1% Uranyl Acetate solution.for thirty minutes. | The bracts wefe
then dehydrated in a serie§ df.ethanol/water solutions;‘GO% (30 mins),
70% (llhr), 80% (1 hr), 90% (2 hr), 95% (1 hr) and 100% (1 hr) ethanol.

The bracts were then immersed in a SQ:SO:Ethanol/Spufrs medium, ‘

‘Spurrs medium is a low viécosity ehbedding medium recommended

for electron microscopy since it réédily,polymerizes at 70°C_and has
good sectioning qualities (Spufr 1969). The Br@cts were then ;asﬁ in the
‘medium and when-séf sectioned using an LKB ultra microtome. The sections
were mounted on glass slides'stained.with crystal violet and'examined

under a high power light microscope.



107

8. GAS EXCHANGE MEASUREMENTS

An infra red gas énalyser (IRGA, Grubb Parsons model SB2) was
used to measure the change in carbon dioxide concentration of air
passed over an attached legf.of a potted blackcurrant plant, cultivar
White Bud. An air stream of known.carbon dioxide -concentration was
. divided into two components, the first passing directly to the IRGA
reference cell while the second was metered at a constant'flow through
# clear perspex chamber which enclosed part of the leaf (Figure 8.1).
P#rtiy depleted of carbon dioxiae, the .air is then éassed to the IRGA
sample cell.” In order té.avoid disturbing the.photosynthetic rate
it was énsured that the flow rate of fresh air to the chamber was
sufficient to avoid depletion greater tﬁan-SO u&/%. (Montieth et al.
1981); Details of this open.circuit. carbon dioxide monitoring system
arevcon;ained in Figure 8.2 (reproduced'ﬁith permission from Clark |
1980).

Thé temperéture of:the.leaf chambér.was controlled by adjusting
‘the temperature of water circulating in the chamﬁer's water jacket.
This temperature was continuously monitored.using a thermmocouple placed
inside the leaf chamber on the'under.surface of .the leaf. The-leéf
was placed in position.with.the'pétiole.in a groove-in-thé lower perspex
block; tﬁe '0' ring, petiole and thermocoupleﬁﬁe;e.ﬁmeared with vase-.
line as were the adjoining surfaces. of thg_twé_blocks, this was’done to
ensure the chamber remained airtight during thg eiperimental period.

In order to ensure control of temperature and humidity in the
leaf chamber air supply, humidificatibn was carried out in a water .
ba;h maintained at the leaf tempefatﬁre and the room containing the
" IRGA systeﬁ waé maintained, as far as was possible, at the temperature

of the leaf chamber. To avoid differences in temperature and humidity
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FIGURE. 8.1 Leaf Chamber

Pérspex block;
Perspect water jacket;

Leaf cell (1 dmz);

 Gas .inlet (1000 m%/m2);

Gas outlet;

‘Water inlet;

Water outlet;

Wing nuts and bolts to tighten chamber;

Neoprene '0O' ring.
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FIGURE 8.2 Diagrammatic representation .of the Open c1rcu1t _
carbon dioxide monitoring system
A. Gas supply (compressed medical air or 310 ppﬁ 0, in N,).
B. Pressure control gauges (100-1000 m%/min).
C. Gas temperature control system an& humidificaf:ion system. -
D. Tubes to remove excess water.
E. Light cabinet (;ined with aluminium fbil):
(i) Lighting. 4 x 150 W Lugon bulbs,
| | 2 x700W Philips-HPLP lamp.
(ii) Light intensity control. Sarlon Sha&é Screens.
(iii) Water bath.
F. - De-humidification system. Test tubes immersed in ice-salt °
mixture contained in vacuum flasks.
G. Drying tubes Contéining Drierite.
H. IRGA, Grubb Parsons SB2.
.I. Fléﬁmeters (1006~m2/min-1).

J. Chart recorder.

Gas supply. lines (0.5 cm 0.D. copper tubing with flexible
- polythene joints).
1. Reference line.
2. (a)-'By-pass line (allowing caiibration and base line
correction).

(b) - Chamber supply line..
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FIGURE 8.2 Open circuit carbon dioxide monitoring system
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between the leaf chamber and the referenée air supply, as well as

any effect of the humidification. system on carbon dioxide concentrat-
ion, both reference and leaf chamber air supplies were subjected to
fhe same treatment; with the exception that the reference line did
not pass through the leaf chamber.

Light intensity was controlled. by inserting various thicknesses
of Sarlon shade cloth betwéen.the light sﬁﬁrce and‘;he'leaf chamber,
and was measured using a Lambda .LI-185 meter fitted with a quantum
.flui sensor. The quéntum flu# sensor measufed photosynthetically
_acfivé radiation '(400-700 nm) and results are reported in'pzm-zsfl.

All light intensity measurements were'made-above the leaf chamber and
_corrected for the. light ;eductibn caused .by the water-jacket anduthe
‘perSpex chamber; |

The IRGA was calibrated using gas mixtures of known carbon dioxide
éonceﬁtration (supplied.by‘c;l.é.‘Hobart); The carbon dioxide con-
‘centration was varied in the reference and leaf ghamber by-pass line
by uSing mixtures to produce.a known concentration differential betﬁgeh
the two lines (ACOZ). The chart recorder response to changes in
carbon dioxide concentration;is provided in,Appendix VIII 3. From
this response it is possibie to convert observed chart responses to

ppm (O, differential between the two lines according to the relation:

2

Y . (chart response) - 0.2443
ACO, (ppm) = 0.4872

At commencement'of eéch.day and every two boufs the ACb2 between the
two reference gases was réchecked. Base line corréétion of the chart
‘recorder was dbtained by passing air, with the same carbon dioxide
concentration, through both. lines (i.e. AC02 = 0). .

Conversion of ACOé (ppmj to net COZ exchange (mg CO, dm-zhrfl)

"was by the following equation:

110
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3 : . . . 2
: S . -2 -1 _ 44x10° (1 60) ACO2 100 " mg. % _min _cm
mg €O, dm "hr * = 5= X 4 X T06°* 0 % *min S hr N am?
-2, -1 .
mg CDz,dm hr = 1.1786 x ACOZ.

To investigate the'response of net carbon dioxide exchange to
light intensity, leaves from plants grown in pots;(cul;iv#r White Bud)
were éxposed to varying levels of light intensity, in the leaf chambér.
Net carbon dioxide exchange wés measured at 24°C ffom 8 to 1100 uZm-zs’i.
' ‘Leaves from these saﬁe plants were used to-investigate the influence

of-témperature on n§t~carbon dioxide exchange. | Net carbon dioxide
was monitored using 2195.02 310 ppm COz-in the light (apparent pﬁotéa
s}ntheéis),_and'in the dark'(da;k respiration), while the temperature -
increased from 10°C to 35°C.

Enhancemgnt'of neticarbon dio*ide using 0% 0, 310 ppm Co,, over
“the saﬁe.temperature range, was to estimate the'contribution of phbto-
“respiration to the overall net carbon dioxide éxchénge. All températ-
Jure response experiments were conducted at a satufatgd light intensity;

 of 800 pzm~%s71,

9. GLASSHOUSE EXPERIMENTS

9.1 0il Quality at Bud Burst

' Mafure field grown blackcurrant plants, cultivar Whife Bud,
were piuned in the winter of 1981 so by Ma} 1982 they consisted of
only first year canes approximately 1 m in 1ength.> These cénes were
cut and sealed in polythene bags before being placed in a 5°C cooi
'room, in the dark; fbf three weeks. . After this vernaliza;ién treat-
- ment the canes1wéré plééed in buckgts of wgter in a-temperature-glass-

house (day temperéturé_25°C approx. and night temperature 15°C approx.),



under a sixteen hour photoperiod. Samples of opened and unopened’
buds were then:takenAat various time intervals up to fifty days
after release from the cold room. These were then extracted sepaf-

ately in petroleum ether (40460 BP) to examihe‘quality differences.

9.2 Carbon 14 Tracing of 0il Synthesis

Mature potted blackcurrant plants (cultivar White Bud), were

- pruned in the winter 6f}1981 so that by June 1982 they consisted of
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first year canes. These plants were first maintained in a bush house

but were later moved.in;o the open,}ét the Horticuifural Research'
'Centre, and connected to a drip irrigation’system. - Bud burst occurfed
in early Septembervandbthe plénfs greW'vigorously uﬁtil'the end.of

the experimeﬁtal fefiod. Single plants.were labelled with 14CO? by’-f
fi?st:encasing the piantS“in.large cleér polythene.bagsy 0.25 mi’of'
radioactively labelled sodium [C14].carbonate,(suppiied by Amersham
International Ltd, Buckinghamshire England) with é specific activity

of 57.5 mCi/mmol was then measured into a vial, excess hydrochloric

acid IN (about 5 m&) was placed in a Secbnd vial. The two vials

~ were then mixed inside the sealed bag using rubber gloves attached to

the bég for that purpose. The poiythénérbangaslleft ih place for
,one'hour to éllow the plant time to absorb the labelled carbon diokide.
Sémples of‘stemé and leaves were taken -for &etefmination of soluble
, cafbohydrate (sugars etc.) and available polysécéhéridgs (starch)
, according to the methbd published by Priestly (1965. and 1973).

Leaf and stem samples were dried befofg extraction at 70°C in
‘a forced air Unitherm drier (Birﬁingham and Blackburn Constrqctibﬁ
Co., Birminghaﬁ, Engiand). The samples were fheﬁ eitracted in batéhes
of thrée using 50 m& 75% methanol reflu&ed on a water bath for six

hours., This extracted_principally sugars and sorbitol as radioactive
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components. The stems and leaves were. filtered from solution,
redried and then extracted with 50 mf of 5% trichloroacetic acid and
35% methanollunder reflux for two hours in order to remove available
polysaccharides. The stem and leaf matter was filtered out and
again redried. 5 m% aiiquots of each'extract weré taken and placed
in glass scintillétion'vials_to.which 2 m% of Dimilume (é Packard
scintillation liqhid) had been added. The sampies.ﬁere theﬁ counted -
in a Packard PRIAS model PL/PLD scintillation counter ﬁsing a channeis
ratio method of quench cdrrection. | |

Bud samples were also' taken at thé_same~samplin§ intervals. These
were ground in 3 m% of n-hexaneand 0.5 p% of tridecane standard using
-a mortar and7pest1eﬂ .A:O.Ssmz.aliqudt of this solutjon'was added

to 5 m2 of Dimilume and counted as described above.. o

10. FIELD EXPERIMENTS

10.1 The Effect of Plant Density on Yield Factors

The layout used for this experimentvis a specific systeﬁatic

fan design first described by Nelder. (1962) and latér by Bleasdale
(1967Db) . Wi;hin-the fgn‘dgsign (Figure 10.1.1), individual plants

are planted in rows which.radiate from a: single point, with the distance
between plants along 5 radius approximately equal to the distance be-
tween arcs at that point; i.e. a square plant arranéement. In this

type of design a large:fange‘of plant dénsities, in this case from

11.1 to 1.0 piants/m’,_can be grown in a small.areé; overcoming the
ﬁeed'for large numbers of guard plants required by randomised complete
;bloék desigﬁs; The’calcuiations reqﬁired to cdnstfhct this_design

are contained in Appeﬁdix VIII 1.
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The plant material used in this experiment was a White Bud
selection, which had been used .as a stool bed in previous years on
“the Coniston property, Bushy Park, Tasmania. The matUre'plants
Were'plbughed ouf of the ground,,then;bruned.ﬁeavily to produce a B
'.crown for replénting (Figure 10.1.2). Thg heavy pruning was réquired
to reduce the transfer. of blackcurrant borer moth larvae to the new
planting site at Sunmbury, Bushy Park.

Tﬁe goillat the éxperimental.sitg is ciassifiedhas-being part of
the lower terraces in the Derwent series, ranging from 18 to 36 m |
above the present river level (Dimmock 1961). These soils show |
sfrongly differenciated profiles and. consist of a grey, Sandy lomm“
surface over a bleached sandy subsurface; beneath which lies a pris-
matic of-columnar'strUCtured clay.subsoil,vét-éboutizs ém,v The top
6f.the'c1ay hprizon_is:dark stéine& witﬂ-dfganic matter and bécomes
' sandy with depth overlying waterworn gravels.(Dimmoqk 1961).

The eXperiment was planted in the first weék.of AuguSt 1980
using a specially markéd,string'and protractor to pinpoint the intér-_
section of radii an& arcsv(Figure 10.1.3). Each infércept was marked -
with a white wooden.peg, and a crown was planted.at-that point, using
1 a spade (Figure 10.1.4).: Eacﬁ crown was.completely covered with soil
to reduce thg chance.ﬁf‘sutyival'bf.any‘borer.moth larvae.

| ‘Fertilizer was applied at the rate of 800vk§/ha of 8-4-10 during
Auéust and 200 kg/ha ammonium'nitrate'spread over three applicatiqns in
early January of each year. Copper oxychloride was applied at the
green tip stage and ih late NoVember, at a concentration of 200,g/106'2
and a water appiicétion rate of 1,150 2/ha to control Septoria leaf
‘spot. | | |
Weed'coﬁtrol was-achiefed by a herbicide program which.varied

over the three years. - In August 1980.CasuronvG.was applied at a rate
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FIGURE 10.1.1 Systematic designs for spacing experiments
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A fan design with a ‘square’ plant arrangement.
The plant positions are represented by dots.

FIGURE 10.1.2

Blackcurrant crown
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FIGURE 10.1.3 Laying out fan design with protractor and marker
string
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of 75 kg/ha and gave control of b:dadflééfed weeds, but not docks,
chickweed, qlover and a range of grasses. It was subsequently nec-
essafy to use Tryquat twice, at a concent:dfidn of 2.5 zjha and a
water application rate of 1000 %£/ha, and hand hoeing to keep the
experimental plots free bf wgeds. vAs a result in August 1981 a
mixture of Mecopropamine 50.(5 2/ha) and Simatox 80 .(1.4 kg/ha) were
used in a high volume of water (1000 2/ha) to .give good control of
the remaining problem weeds. A Tryquat (2.5 %2/ha) spray was uSed to
dessicafe weeds left ffom the previous year. Ip the following August
_Carbgua:d 50 F.W. (5 2/ha) was applied miked with Tryquat (2.5 2/ha)
_ aﬁ the same water apélication rate used above. .fhis last spray gave
‘excellent control of all weeds including docks.
fhe'plots were connected to a fixed overhead irriéatidn system,
Irrigation waé used to supplement rainfall_sdch'thaf total availabde'
water'was 35 mn per week.  Any supplementary irrigation required-.
was applied in twobapplications'per wegk,vthfouéhout.the growing season.
Thé,plofS'were harvested: in June‘each ydar; 'Each'arc was con-
sidered to be é plant denSity treatment. Each bush was pruned at the .
base of the stems, the canes. bundled up and placed in plastlc bags with
a11 other plants from'the same treatment. After being ;ransported to
the laboratory the cénesdwere stored in a 5°C cool room in the dark.
'For each plant the number of canes, the,lenéth of évery cahe, the
total fresh weight of canes with buds still attached,'and-the yield‘o£ 
handpicked buds was-rgcorded. In 1983.the basal girth of each cane

was also measured.’

10.2 The Effect of Harvest Date and Plant Dens1ty on 0il
Yield and Comggs1t10n .

This experiment used the same plots laid out for the plant

: density trial, outlined in Section III 10.1. Speciménsfbf fifteen



footnote:

Decolourisation with charcoal was to obtain standardisation: =

of samples presented for GC analysis. No checks were
carried out by the author as to compounds.removed by
absorption, but the technique has proved very satisfactory

for peppermint (Clark 1980). Estimate of quantity of oil

was given by total peak area.

. N .



buds per density'were randomly sampled from seven density treatmehtsAi
.over the three blocks; first at weekly intervals from 5 November 1982
- to 23.December 1982, then two weékly intervals till 18 March 1983’th¢ﬁ
three weekly intervals till harvest on 14 June 1983. |
Each_saﬁble was weighed, then ground in a mortar and pestle with

3 m% of n-hexane. 0.5 u2 of a tridecane standard was added at this
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_‘time along with approximately one gram of sodium sulﬁhate/kaﬁhydfbus)J

which assisted the grinding process and removed any water present.
The n-hexane extfact qu transferred to a sﬁall vial and deColoufi;gd
with activated cﬁarcoai pellets. - The extract was then concentrated
under é slow stream of'nitrogen and 0.5 uf was injected onto a SCOT

.0¥101 50 m column using the apparatus described in Section III 4.3.

10.3 The Effect of Bud Burst on 0il Quality and Yield

Fivq_kilograms of buds were picked at weekly intervals from

12 AuguSt 1983 to 2'September 1983 in. the commercial fruit plantation -

at S@nbury; Bushy Park. These were each subsampléd and tﬁfee 100 g
samﬁles set aside. Each sample.wés itself subsample for a 10 g weight
of buds. The total number bf budé per .10 g and the percéntage of
opened buds weré recorded. Each 100 g‘sample was éxtracted-ﬁith
‘petroleum ether 40-60 BP, according to the method described in Seﬁtion
11 3.1, apd the yield of coﬁcrete obtained. Tﬁelquality of the oil
‘was examined organoleptically by comparison fo standard samples as
described in Section.III 6.1. The coﬁpoSition of the oil Qés deter-

mined by gas chromatography as outlined in Section III 4.3.

10.4 Light Interéeptioh, Utilization and Relationship to
Planting Density. :

This experiﬁent utilized the replicated plots at Sumbury, Bushy

 park, previously described in Section III 10.1. Fixed sampling sites
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were marked at'eighf selected densities and réplicatéd over the
- three blocks. The actual sites were rahdomly,seleqted'along eacﬁ . N
density aré. The sites were 0.5 m? quadrats marked ﬁy four pegS
cqnstructed from 20 cmfof PVC pipe (25 ﬁm diameter), A 0.5 m?
-quadrat.witﬁ adjustable legs up to 1.2 m in.héight was constructed;
the tips of the legs juSt fitting inside the marker pégs.
At.weeklyvintefvais from 22 Ogtobef 1982 until 20 January 1983,
aﬂd'then at twice weekly intervals un;il'ieaf fall, measurements of
le#f:area and ligﬁt transmission were taken.’ For ‘the leaf area.meaé;
. urements the qtadra; described above was fitted inté place at eéch
~ site, and'usipg infra fédlfilm a photographic record wa§ taken; The
film used waé_Kodak High Speed Infra red film 2481; the camera was
a Pentax Spotmatic F Qith 50 mm f4 macro lens, fitted with a red 25A
filter. As’the c£5p grew in height it wgé‘necessaryifo-use'é small
gsteplladder-toAfake the photographs. The film wés.developed in Kodak
: Di§ high:contrast developer for 8 minutes and fixed with Kodak répid
fixer for S5 minutes. The photographS'were-thgn printed on ILFORD.
Ilfospeed 5.1 M grade 5 paper. The leaves appeéred:white against a
Agréy background. The. leaves were carefully:cuf out and by differential
weighing, a measure of leaf area made. | |
Sqlarimeter meésurements were made using two sets' of three tube
solariméters (Delta-T Devices, CamBridgelEngland). Eaéhvget was
connected through a junction_bpx to.a millivolt integrator (Type MV1,
Deita-T Devices). A single soiarimeter tube and integrator were
permanently located ip,an east-west orientafion betweenlbiocks 2-and 3.

In taking measurements the three tubes were clipped onto a wooden cross-

- - piece to keep them'evenly spaced; this crosspiece thén_slipped into the

-site marker pegs. The solarimeter tubes were always orientated in an

east-west direction. = Ten minute readings (I) taken at each site
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were compared to complementary readings (Io) taken at the same time
with'thé single'solarimetér'tube.» All readings were taken between
10.00 a.m. and 2,00 p.m. in an effort to keep some control over sun
angles.

The total count given by the integrator is divided by 1.5 to

express the total irradiance in kJ/m2.

10.5 Varietal Differences in 0il Quality -

A number of different.cultivafs have been collected from 1980»t6
11983 at three sites in southern Tasmania. ‘A bud sample of about 100 g
"was taken from each variety for'ext:action and examination of Quélity.
One siie at-Marion Bay became unaVailablé after'the.firét year dﬁe to
‘a change of ownership.. The other two sifes were at‘Croye Hortiéulturél'
Research Statibn where,Tasmaﬁian Department of Agriculture Officers
ﬁere uqdértaking a variety ‘trial, aﬁd at the'Universit&'s Horticultgfal
Research Cenfre where Avvariéty coliection»is maintainéd..

.The-bﬁd samples were extracted as described.in,Section III 3,1,'
analysed by gas chromatography:(Section;III 4f3) and submitted to“

organolepiic assessment (Section III}6).



CHAPTER IV

RESULTS AND INTERPRETATION



‘1. HARVESTING METHODS

1.1 Ménhal Hafvesting

'During the winter of 1980, buds were hand picked from cgﬁes.gfown
on a'fruit farm at Glen Huon, Southern Tasmania. 'Tgble,l.l.l details

the yield of buds picked by each erker on éuccessive eight hour days.

TABLE 1.1.1 Yield of buds (g/day) by hand picking

. Worker A B - C D
Day : : . o
1 1009 1109 C1288 1191
2. - 1187 1306 1066
3 - 1008 c | 1323
" Mean 1083 1141 1255 1193
= 1168 g/8 hr day = 0.15 kg/hr |

~ Overall Mean

P

During 1981 and 1982. cane material was not available to pick buds on .
a large scale. In August 1983 buds were again hand pibked but instead
of harvesting the canes first, the buds were picked directly from first

- year canes in the field at Sunbury, Bushy ‘Park, Southern Tasmania.

~ Table 1,1.2 lists the yields harvested from the bushesbplanted in rows

3 m apart, with 30 cm between plants.

1.2 Mechanical Harvesting

The conStructidﬁ of a mechanical harvester to pick blackcurrant buds
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was ‘an evolutionary procesé begihning'with,the consideration of the forces
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TABLE 1.1.2 Yield of buds hand picked in the field

o : i
Man hours % buds Bud Weight Yield (kg/hr)

Date worked . open (kg)

12/8 8 0 5.2 0.65

19/8 9 7.3 5.8(5.38) 0.64(0. 60)
26/8' o 8} 42.1  10.3(5.9) 1.21(0.70)
30/8 | 38 - 48.4 - 49.9(20.71) 1.31(0.55)
2/9 | 9 94.2 - 16.6(0.96) 1.84(0.11)

The figures given in brackets are adjuéted figures based on the
percentage of buds open at harvest time.

required to remove the bud, as outline& ih Section iII{é.SQ' Thé first
-prototype consiSted of a pair of steel drums covered with_pietes df: |
stipuled_rubber'(Figure 1;2,1) similar to that used‘on'the backs of
'crické; gloVes (supplied by Thomson Rubber'Products, Wdongodlba'Queens—
| 1and): The rollers.were mounted onba T'shabéd ffaﬁe (Figufe 1,2.2),
with the two piékihg r&llers rotating at the same speed and in"the'same
direction. Originally the'follers were“mounted a.little way apart,

but were later'mqved’clqser so the protruberances just touched‘(Figﬁ;e“
1.2.3). |

Progress of the stem through the picking rollers had to be slowed to
allow sufficient dwelling time Betweén ﬁhé ro;lers for picking. A pair of
feeding rollérs, which were constructed from steel shafts'(37 mm diamgter)
covered with high vacuum rubber hose (supplied by Dynavac, Ausfralia),
wére used for this purpose (Figure 1f2.4).

This design proved partially successful in removing buds (40% efficieﬁt),
although several disadvantages were apparent.’ Firstly, the rubber matefial
used was very. soft and deteriofated quickly. Contamination of the buds
with the rubber also meant that the quality of the flavour product pro-.

duced by solvent extraction was poor, containing many rubbery off notes.
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FIGURE 1.2.1 Three types of picking surface use in prototype
harvesters

(a) stipuled rubber; (b) rubber strips; (c) nylon
brushes

FIGURE 1.2.2 Prototype harvester I
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llers Prototype I

ing ro

ick

P

FIGURE 1.2.3

FIGURE 1.2.4 Infeed rollers Prototype I
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Secondly, having,ohly.a‘single pair of infeed rollers meant thaf buds
from the posterior end of the cane were not-picked‘at-all. When fhe. |
cane left thé‘iﬁfeed rollers there was no resistance to forward movement_'ﬂ'v
and it was5carriéd thiough at tﬁé same speed as thé picking roller;;f
It was found -that a frushing action would reﬁove the'buds. This brush-
ing action was investigated by réplécing the rubber material on the drums
with-rubbér s;rips (Figufe 1.2.1). 'These were made.from canvasvimpreg-’
nated black-filled polyurethane and mdunted.on the rollers with tinplate:
suppdrté, . The rusber protruded-from'tﬁe rigid supports by 2_cmgahd was
~cut into a fringe every>2 cm. This principle worked adequately and in'
“the final designifollers were covered with.nylonvbruéhes (Figprebl,lej.
This design (Figuré 1;2,55 cohsisted of a single pair of picking
rollérs, constrdctéd from twelve stiff nylon brushes which were moﬁnted
on-# Steél-rollér‘to give énioverall.outsi&e diameter of 15 ém (Fiéﬁ;e'
1.2.6); These rollers were set so that they jusf mesh with each other
_and rotate in the same direction. The ﬁaﬁes being fedbto thé machine
by infeed rollers (Figure 1.2.7). Thése’fbeding rollers are dfiyen at
aﬁslpwef.spéed (originally 1:8 and laxefv1:14) than the picking'roi;ers}
!éhd arefmoﬁntéd so that.they;jdst'intérmesh. As-therbanes pass thfough‘
_@he piéking'rolleis.theyvengage a sét of.oﬁtfeed rollérs (Figure 1.2.8),
:zbf.idéntiéal designvtovthe'infeeﬂvrollefs,:which‘are drivenlin taﬁdcm” :
' {with thé latter by a.chgiﬁ drive. The désigﬁ drawingslafe éttachgd f
as Appéndix VIII 2. . - B
|  The basic principlé'incofporated'in the design is.that the infeed
and outfeed rollers'resfrict the rate of passage. of thvcanes thréugh the
' picking,rdllers, enabiing'thg nylon.brdshés to provide sufficient fo:cé
. to femove,the buds, by»lifting the bud to break the}pédicelg_ Withza‘
single fairnof piéking iollérs, it is iﬁpoftaﬁt to'd;ientate the canes

~.and fééd;them ih'base.first, as the picking rollers rotate anticlockwise.



FIGURE 1.2.5 Prototype Harvester II 126

FIGURE 1.2.6 Side view of nylon brush picking rollers
(note intermeshing)




FIGURE 1.2.7 Canes entering infeed rollers Prototype II il

FIGURE 1.2.8 Outfeed roller design Prototype II
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In this configuration the canes cannot be eaSily fed into the picking
rollers tip first due to the supple nature of the tip. |

If the pickihg rollers are contra-rotating the canes can be fed
base or tip first; however, the picking action in this-configuration is
very harsh and causes considerable'damage to the bud material picked
-(Figure 1.2.9). While this method is very efficient in removing buds,
as shown by Table 1.2.1, the damage done to the bud is unﬁcceptablé»as
many glands are ruptured. Feeding the canes tip-first to clockwise |
rotating rollers is not possible, once again due to the supple nature
of the tip; in this case the canes will simply not feed through the
'rollers. " Table 1.2.1 details.the efficiency with which buds are
removed by variouS-rdllér configurations and Figure-1.2.9 shows the type
of bud material piéked as cqmpared to thét pioduced by hand harvesting.

The efficiency of the final prdtotyfe has been measured on Sing;e'
canes and bunches of canes with dormant buds and buds just breaking
: dormahéy (Table 1.2.2). Both types of buds are readily removed on.a
singie.pass through the machine, with approximately a. further 15% re-
moved on a second pass. Figure 1.2.10 shows canes with dormant buds
before, and Figure 1.2.11 canes after picking by the harvester.

In the present configuration, the final prototype when fed with

canes by two labourers picked 3.5 kg/4 hrs (0.88 kg/hr).

1.3 Chemical Harvesting

1.3.1 The Effect of Ethrel Concentration

The effect of ethrel concentration on bud attachment was measured
as described previously in Section III 2.3. The percentage of buds
removed after ethrel treatment, are recorded in Table 1.3.1. The data

was analysed by analysis of variance using a GENSTAT computer package}



FIGURE 1.2.9
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Machine harvested

Machine harvestéd
Machine harvested
Handpicked buds

Handpicked buds

(rollers anticlockwise, canes tip first)
(rollers contra-rotating, canes tip first)
(rollers anticlockwise, canes base first)
White Bud

Lees Prolific



TABLE 1.2.1 Efficiency of bud removal by a mechanical harvester.

Roller
Configuration

Number. of Passes

through rollers

Replicate

% Buds
removed

Mean %
buds remqved

anticlockwise

anticlockwise

contra-rotating

clockwise

2
base first

4
tip first

4
tip first

canes will not

feed tip first

VN -

U o=

UV Ll

85.2

60.2

90.0

0e1



'TABLE 1.2.2 Efficiency of bud removal

% dormant buds removed .

% breaking buds removed

Treatment | Replicate Pass 1 Pass 2 Pass 1 ~ Pass 2

1 72.7 81.8 62.5 - 75.0

2 72.7 81.8 56.3 81.3

_ 3 68.8 75.0 45.5 81.8

single canes -4 76.2 85.7 88.9 . 94.4

5 47.4 63.2 46.7 . 66.6

6 52.9 82.4 60.0 60.0

7 52.6 68.4 47.4 - 73.7

8 47.1 '82.4 37.7 50.0

mean 67.9 77.6 55.6 72.9

1 66.1 85.6 72.2 91.8

bunches of 2 67.3 84.2 78.1 91.7

canes 3 79.3 - 86.2 71.4 86.7
mean 70.9 85.3 - 73.9 .

90.1

CIST
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FIGURE 1.2.10 First year canes
before entering harvester

FIGURE 1.2.11 First year canes
after buds have been picked by

harvester




TABLE 1.3.1 Percentage of buds' removed

- by beating after ethrel
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treatment )
Treatment Harvest Replicate " Mean
: Date
I II I1I

T, Hy 54.4 49.6 44.7 49.5
H, 64.5 62.6 165.0 64.0

Hy 67.3 60.9 65.8 64.7

T, H, 38.2 44.8 40.1 41.0

H, 57.9 59.1 55.5 ' 57.5

Hy 73.8 55.5 - 71.6 67.0

T, H 47.5 50.4 | 60.2 52.7

H, 61.4 59.8 50.9 ' 57.4

Hy 60.5 - 55.4 - 49.5 55.1

T, Hy 46.5 68.4 49.5 54.8

H, 60.5 50.0 71.5 60.7

Hy 62.6 65.2. 72.7 66.8

T “H, 16.7 '39.3 47.9 34.6

H, 77.4 49.0 66.6 64.3

-H, 72.4 75.4 76.3 . 74.7

T, H, 52.6 48.0 54.0 51.5

' H, 73.0 74.3 76.3 74.5

Hy 73.5 69.1 73.5 72.0

T, Hy 79.6 78.3 1 67.8 70.1
- H, 59.5 72.6 87.7 74.7

71.3 73.6 92.7 82.7
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(Mark 4.03 Rothamsted Experimental Station England, 1980). This
anal}sis showed (Table 1;3.2:and.Figure-1.3;1) both harvest date

after ethrel applicétion and concentration of ethrel used were highly
significant at P = 0.05 with a small interaction effect. To investigate
these treatment effects further,'Duncan‘s multiple.rahge test (Duncan,
-1955) was applied at P = 0.05 and df = 40. 'Table 1.3.3 lists the

marked means and~their-as;qciationgas a result of the test. Treatment, A
T7,vwith the highest concentration of ethrel (0:.50%) was observed to be
significantly different from the controls #nd other treatment meéns at
the three harQest dates.

Harvest one; two_days after'applicafion of ethrel, was partly con-
founded by the fact. that the'grea control CTZ)'and treatment T5 Qere not
associated with the others. As their means are less than those in the
6bsefvédAgrouping, it is clear that these treatments are not effecfive
Ain'removingvbuds after two days. - At the .second harvest treatment, T6
(0.20%), as well as T7i(0.50%), was significantly different from both
controls. By the thirdsharvest treatment Tg (0.;0%)rwas.grouped with

T_ and these, as well as T7, were significantly different from the control

6
group. This harvest was also confounded by the fact tﬁat.treatmeni T,
. was not.associated with.the control group, but as it had a lower mean it
was not sufficiently effective in removing buds. The ranking of harvest

date means against ethrel concentration shows an association of T, means

1
“at harvest II and III. This is the interaction effect identified by
the analysis of variance, and shows that .storage of canes at 20°C for
eight days or longer will enable removal of 64% of bud material by beat-
ing Qithvoﬁly urea and not. ethrel treatment.

During mechanical removal of bﬁds (refer'Section,III 2.2) it

appeared .that the number of prunings used affected effiéiency. This

has not been substantiated as block effects have been shown not to be



135

TABLE 1;3.2 Analysis of variance table: for ethrel concentration
and harvest date

Source of Variation = . df ss Ms F
Blocks . 2 127.16 - 63.58 1.018 n.s.
Treatment
Harvest - 2 3890.42 1945.21. 31.090%**
Ethrel -conc. 6 2946.07 491.01 - 7.848*%*
- Harvest x Ethrel conc.: 12 1626.14- 135.51 2.166*
Residual o 40  2502.69 - 62.57
Total : 62 11092.49

TABLE 1.3.3 Table of ranked means and:their'associétion
(a) Ethrel concentration '

Harvest Date

- =3 =3

Ethrel Concentration. H, (2 days). H, (8 days) HS-(14_da75)
T, = unsprayed control T 34.63 T, 57.37 T, 55.13
T, = 0.5% urea control T, 41.03- T2'57.so T, 64.67
T, = 0.01% Ethrel + urea T, 49.53 = T, 60.67 T, 66.83
T, = 0.05% " " Tg 51.53 T, 64.03 T, 66.97
g = 0.10% " " T4 52.07 Tc 64.33 Tg 72.03
- [ "o " .
¢ = 0.20% T, 54.80 Ty 74.53 T, 74.70
5 =0.50% " " T, 70.13 T, 74.83 . T, 82.73
" (b) Harvest Date
Harvest _ Ethrel Concentration
date
T, T T Ty Tg T T,
Hy 49.53 41,03 52.70 54.80 34.63 51.53 70.13
H, - 64.03 57.50 57.37 60.67 64.33 74.53 74.83

H - 64.67. 66.97 55.13 66.83 74.70- 72.03 82.73




FIGURE 1.3.1 Legend

Tl Control treatment unsprayed

T2 Control treatment 0.5% urea spray

T3 Ethrgl,tréatment 0.01% plusAurea (0.5%)
T4 Ethrel treatment 0.05% plus urea (0.5%)
TS Ethrel treatment 0.1% plus urea (0.5%)

T6 Ethrel treatment 0.2% plﬁs urea (0.5%)

T7 Ethrel treatment 0.5% plus urea (0.5%)

FIGURE 1.3.2 Legend
Cl Unsprayed control, first harvest (12 days)

El Ethrel treatment (0.5%), first harvest (12 days)

~C2 Unsprayed control, second har&est (21 days)

E2 Ethrel treatment (0.5%), second harvest (21 days)
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FIGURE 1.3.1 The effect-of Ethrel concentration on bud remow-/al
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significant. The presence of leaf and grass material amongst the canes
gave rise to some problems in measurement of bud yields. All bud material
-was sieved to remove such material and distribute any .introduced errors.

" normally over all treatments.

1,3.2 The Effect of Temperature and Harvest Date on Ethrel
Concentration '

The effect of température on ethrel mediated bud abcission Qasv
evaluated as previously described in Section III 2.2. - The percéntages
of buds mechanically ;emoved are recorded in Table 1.3.4. Analysis of
variance was applied to the data using a GENSTAT éomputer package (Mark
4.03 Rothamsted»Experimental Station, England, 1980). ' This analysis
showed CPablé 1.3.5) that while the-appliﬁation'of ethrel had a highly
significant effect on bud temoval,-storagé temperature and harvest date
alone had no signifi§antweffect. There are significant interaction
effects between ethrel application,»harvést date and storage tempefature.
Bbth harvest,date-an&-storage temperature increase the effectiveness of
1'the applied ethrel; thesé effects are better demonstrated in graphical
férm (Figure. 1.3.2) and.By examination.of means using Duncan's multiple
range test (Table 1.3.6).

Storage temperatures of 10°C and.above increase the effectiveness
of ethrel application (Figure 1.3.2). A temperature of 10°C is required
forv21 days.o:‘20°C for.a shorter period of 12 days to ensure the most
efficient removal of buds. Thus at lower temperatures longer storage
times were necessary to remove buds. . The importance of harvest date is
’ demoﬁstrated by the.ld°C treatment wheré 80.1% of buds are femoved at
‘the first harvest, as compared to 98.5% at the second.

Application of Duncan's multiple range test (Table 1.3.6) shows five-
pairs of the eight treatmentsvremovéd different pércentages of buds at

the two harvest dates. This demonstrates the importance of harvest



TABLE 1.3.4 Percentage buds removed by ethrel treatment at different temperatures

Harvest I (12 days) ' ' | ~ Harvest iI (21 days)

;:ﬁ:t' Storage BudS hand - Buds mechanic- % mechanic- %  Buds hand Buds mechanic- % mechanic- %
' Temp. picked ally removed ally removed Mean picked ally. removed ally removed Mean
' (g) (g)' o ® . (g)
Control CI 2°C 5.17 11.20 68.4 6i 2 2.36 E 9.83 ' 80.6 70.3
. CIT 8.70 : 14.14 61.9 e 7.25 10.87 _ 60.0 ot
Ethrel EI 14.55 15.12 51.0 55.0 6.15 , 15.40 71.5 68.2
(0.5%) EII , 13.75 19.78 59.0 U 10.03 18.49 64.8 ' *
CI 10°C 7.82 9.74 ' 55.5 ' 56.4 5.19 9.57 64.8
CII 9.63 12.85 57.2 * 5.33 7.25. -57.6
EI 4,20 13.07 75.7 80.1 0.59 19.83 97.1 98.6
EII 3.37 20.39 85.8 * 0. 21.39 100.0 _ *
CI  20°C 8.64 6.00 41.0. 58 5' 4.91 3.77 43.4 45.0
CII 4.19 13.30 76.0 * 8.78 7.66 46.6 *
" EI 0.60 15.15 96.2 0 8.03 100.0
EIT 0 13.23. 100.0 %8.1 0 6.38 100.0 190.0
CI  25°C 4.47 13.46 75.1 83.0 9.60 2.20 18.6 34.2
CCII 9,78 5.05 . 90.8 * 7.40 7.30 49.7 :
EI - 0.72 12.83 . 94.7 . 0 14.80 100.0
EII 2 89.8 0.40 8.10 95.3 97.7

.03 11.39 ' 84.9

8¢l
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. date in increasing ethrel effectiveness at all storagé temperatures,

except 20°C.

TABLE 1.3.5 Analysis of variance table for temperature and ethrel
: concentration

Source of Variation . df ~ss - MS F
Blocks . - 1 - 98.0 98.0.. 0.940 n.s.
Treatments _ '
Ethrel conc. (EC) 1 5745.9 5745.9 '55,140%**
Storage temperature (sT) 3 689.3 . 229.8 2.205 n.s.
Harvest Date (H) 1 16.8 - 16.8 0.161 n.s.
EC x. ST 3 3185.4 1061.8 . 10.189%*

. EC x H 1 - 1081.1 -1081.1  10.375**
ST x.H. 3 1312.9 437.6 . 4.200*
EC x ST x H 3 757.9. 252.6 2.424 n.s.
Residual - N 15 11563.1 104.2

Total - 31 14450.4

TABLE 1.3.6 Table of means-and their: association .(from Duncan's
multiple range test) :

Control (Eco). Applied Ethrel (ECI)
Harvest 1  Harvest 2 . Harvest 1 Harvest 2

Temperature 2 ~ 65.2 70.3 55.0 68.2
10. 56.4 . 61.2 80.1 98.5 -

20 58.50 5.0 - 981 100.0

25 82.90 . 34.1 89. 80 97.6
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2. EXTRACTION PROCEDURES

2.1 Solvent Extraction

A series of extractions wereAundertaken using'a'rénge of solvenfs
to determine if a product of higher'quality could be obtained. The
French perfume.induStry‘haé been uéing'benzehé CThomaé 1979) to extract
' blackcurrant»budé.but has recenfly:chénged to:hexane - due. to new health
regulations. Tﬁe.concretes producéd from the solvents used were com-
pared 19_?é}?}51§é§i9§11i with two stvandard}- samples of French origin (refer .
~to Seétion IiI 6.1) to détermine the better ‘quality product. Table
2(1.1 contains a quantitative compérisbnfdfithe differenf.concretes
prodﬁcediffdm the same source of bud material. _This comparison is baseﬁ
on percent gas chromatographic trace péak.areas without correction for
FID-respoﬁse;factors forAthé individual compoﬁénts-inﬁolved;

The hexane and petroleum‘etherfextracted.haﬁe,a'reasonably Simiiar'
composition,whiie.thosé.first extracted with methanol and then re-
extracted with.pentane,_hexane-of petroléum,ether show .considerable dif-
ferenceé." Thé samplesxextracféd“with methanol first are enriched in
sésquiterpenes gompared;to.those extracted  with petroleum ether or
hexane.

A Comparison'based.on-organleptic‘qualities Showéd a pfeference
for fhé petroleum ether concrete: over. the hexane concrete due to the
overall richness of the fbrmer.. The petroleum'ether.sample has ha& a
stronger 'catty note' than the hexane sample, but neither possessed the
spicy, peppér notes of the French benzene extracted samples. Nohe of
the ‘methanol extracted. samples were. acceptable duevto-a Jack of catti-
néss and an overall'fiatAimpression.

: Liquid cardon dioxide extracts of blackcurrant buds have been

obtained in two ways. Firstly, by extraction using the apparatus
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TABLE 2.1.1 'Percentage peak area data for various solvent extracts =

Name - n hexane pet ether MeOH/pentane ° MeOH/hexane MeOH/pet ether
Alpha thujene ' 1.94 1.04 0.35 1.89 7.96
Alpha pinene 1.02 0.89 0.23 tr tr
Sabinene/beta-pinene 6.33 4.06 6.48 3.20 2.20
Myrcene 2.22 0.99 0.64 0.81 0.56
Alpha phellandrene 0.56 0.45 1.91 0.38 tr
Delta-3-carene 15.62 ) 3.69 4.02 . 1,07 2.28
Alpha terpinene - 2.02 - " 0.64 1.42
P-cy;nene - 2.55 . 0.99 -
Beta phellandrene/  5.24 2.88 1.78 . 1.75 1.26
limonene
Cis beta ocimene tr tr 0.57 1.52 tr
Trans beta ocimene 3.03 0.29 0.69 1.98 : 2.38
Gamma terpinene 7.21 10.59 1.72 © 0.80 2.62
Cymenene 1.60 T 1.90 1.19 tr
Linalool 1.11 tr 1,52 1.19 tr
Alpha terpinolene  5.58 8.83 1.46 1.50 2.14
Non-an-2-one - 3.77 ' 1.29 0.56 0.85 0.74
Unknown MW152 (17) tr 0.84 tr tr
Terpinen-4-ol 4,20 - 1.69 1.42 2,50 2.34
Alpha terpineol 2.69 ' 6.14 0.73 3.95 1.18
Trans piperitol 1.90 ‘4,09 0.54 2.02 2.28
Carvone 0.97 1.75 0.49 1.30 1.18

@orﬁ){l acetate 1.46 2.69 1.92 1.14 1.62
4 terpinyl acetate  0.00 3,23 0.24 1.10 0.36
Beta terpinyl acetate 0.00 1.71 0.28 0.24  0.54
Beta elemene 0.04 0.05 0.07 tr 0.22
Beta caryophyllene 8.67 12.76 25.28 10.10 9.22

"Humulene 3.94 ' 5.69 11.22 4.87 4.50
Alloaromadrene 0.20 tr tr 0.35 | t-r
Germacrene D 0.59 1.22 9.87 1.87 ' . 1.94
Gamma elemene 0.30 1.17 3.88 1.05 0.70
Gamma cadinene 0.52 : 1.06 0.52 0.21 0.20
Beta cadinene 0.16 0.28 tr 1.26 1.06
Céryophyllene epoxide 7.26 ) : 1.54 6.96 20.63 8.26
Huaulene epoxide 4.47 . 0.31 2.54 6.85 3.34
Unknown (45) 0.45 0.35 1.01 2.24 0.82

Unknown (46) 1.17 0.24 1.10 3.19 1.22




TABLE 2.1.2 Percentage peak area data for various extracts

CuB 002

TU CO

Name Pet'ether (waxy) (wax frge) Vacuum distillate
Alpha thujene 2.90 3.93 0.37 0.38
Alpha pinene 1.45 0.29 2.24 0.33
Sabinene/ :

Beta pinene 31.16 14.32 8.77 16.15
Myrcene 1.84 0.30 2.55 2.81
Alpha phellandrene  0.65 0.33 0.63 1 0.69
Delta-3-carene 17.4§ 8,19 6.80 31.96
vAlpha terpinene
P-cymene
Beta phellandrene 0.78 0.11 1.87 3.25
Limonene 2.66 . 1.02 0.76 3.25
Cis beta ocimene 0.42 0.12 0.61 1.26
Trans beta ocimene 1.49 1.98 1.27 6.75
Gamma terpinene 1,07 1.13 9.78 0.82
Cymenene
Linalool
Alpha terpinolene 7.88 3.14 8.16 11.63
Non-an-2-one 0.43 1.39 0.20 1.11
Unk MW152 (17) 0.32 0.15 0.82 0.35
Terpinen-4-ol 0.10 0.15 3.06 0.51
Alpha terpineol 1.70 2.67 0.92 3.78
Trans piperitol 0.53 0.27 0.17 0.53
Carvone 0.30 0.32 0.10 0.0S
Unknown 168 (34) 0.14 0.47 0.61 tr
Unknown 182 (35) 0.32 0.50 0.44 0.39
{bél‘nyl acetate 0_.23 0.28 0.82 0.15
4-terpinyl acetate 0.56 1.24 2.38 0.17
Beta terpinyl acetate 0,55 0.51 0.34 1.86
Beta elemene 0.10 0.16 0.31 6.84
Beta,_,caryophyllene 10.33 13.95 16.99 12.39
" Unknown 204 (39) 0.10 0.08 0.37 0.06
Humulene 3.45 6.27 8.05 3.79
Alloaromadrene 0.08 0.38 1.70 0.25
Germacrene D 3.11 1.90 9.38 2.61
Gamma elemene 0.38 1.13 9.79 0.83
Gamma cadinene’ 0.46 1.66 0.75 tr
Caryophyllene epoxide 1.75 5.40 3.74 -
Humulene epoxide 1.07 6.41 1.36 -
Unknown (45) 0.57 3.50 0.85 -
Unknown (46) 0.30 1.67 0.17 -

-142
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described in Section III 3.2 and secondly, in a semi-commercial pilot
ﬁlant at Cérlton_United Breweries (Melbourne, Australia). The.cohpos- :
ition of éxtracts obtained is compared in Table 2.1.2 where petroleum
ether extfacts from the same bud materiai §revused as controls. The
major compositional differences invﬁlve'a preferential ‘enrichment of
lsesquiterpenéé and a concomitant decrease in amounts of monoterpene
hydrocarbons. extracted by liquid carbon dioxide.

The yields of oil produced‘by.the two liquid carbon dioxide
extraction methods (Table 2.1.3), were fhe same . but thefﬂféfé;diééi@;iqf
prbducts. The former is a green, wéxy:éromatic material, while the
latte:_eﬁtract~is‘more like an absolute'butnof higher quality (Section
IV 5.1). It is lemon. yellow in-colourvand-has.a viscous nature like
the distillate. The vacuﬁm distillate,.pfoduced.from:the petroleum L
ethér eXtrécted concrete;:contains.only-the volatile portion Qf this
'méterial,‘ Its gqmposition was similar to the solvent extracted con-

-crete but enriched in terpenes as would_be:expectéd (Table 2.1.2).

TABLE 2.1.3 0il yields of various extraction solvents

Percentage Yield

Replicate
Extracting Solvent 1 2 3 ..Meén:a
Petroleum. ether . 4.1 5.2 3.9 4.4
CUB CO, 1.92 - - 1.92
U, 262 1.49 1.80 1.97
" Vacuum distillate” 8.03 5.0 4.02  5.92

. A
pet ether concrete is the source of the distillate



3. SEPARATION TECHNIQUES .

3.1 Liquid Solid Chromatography
(a) Silica Gel:

Silica gel was found to be effective in separating hydrocarbons
from oxygenated coﬁpouﬁds (Table 3.1.1). It should be noted that
none of the fractions obtainéd by silica gel chromatography possessed
'é catty aroma, suggesfing'that, déspite the precautions.taken (Section

-III;4.1a), the compound.responsible for this aroma was labile and

decomposed during treatment. Fractions were selected.on the basis of

aroma and.gas chromatographic evidence, for énalyéis by GC/MS (Section

IV 4.2).

‘(b) Florisil:

Florisil was found fo be effective in allowing separation of
hydrocarbons and oxygenated compéunds. 'Howevef, the technique is
~ unable to allow the distinctive catty note. of the: blackeurrant to péss
thfough the'chromafography co1umhuuhaltered. The catty nofe, present
in the vacuum diétillateAbefore chromatogréphy, canﬁot be detected in
any éingle-fraction‘afterwardS'CTable 3.1.2). This infers that the
compound was either altered on the column by some fofm.of éhemical
decomposition, or the characteristic ﬁote.ié the résuit of two or more

compounds which have separated into different fractions.

(¢) Microcolumn:

The microcolumn technique of Murray and Stanley (1968) was used

with a series of different polarity solvents as described in Section

144
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TABLE 3.1.1 Chromatography separat1on achieved u51ng silica gel

pack1ng
Fraction §1u§1231¥01ume | Chromatographic Run
3 | 6 9 11
110
2 20
3 25
4 - 30 -
5 _ 35 _
6 40 - * MHC
7 s g - . ** M/SHCC
8 50 - | e wes
9  ' 55. . '***'MHC‘ | . " *kk '.n 
10 60 . . o  ?* M/SHC  * "
11 | . 65 o o _ : *w " * "’
12 70 *M/SHC. . * MHC * SHC  * SHC
13' 75 ’ T % .n *  1" ok .n '_ * ﬁ‘
14 ') | wx SHC. *%* M/SHC *
15 s Lo * M/SOXY
16 90 . _* SHC' ** M/SHC.  * M/SOXY * o
1’7 95 %o : Sk n * " e
18 100 ' e | xk
19 105 - _* M/SOXY *** M/SOXY
20 110 * C rsoxy | x o
21 - 115 B R - * SOXY
22 120 * M/SOXY
23 12 o
24 130 *
MHC - monoterpene hydrocarbons M/S - mono/sequl terpene
SHC - sesquiterpene hydrocarbons = HC - hydrocarbons '
MOXY - monoterpene oxygenated OXY - oxygenated compounds
compounds ,

~ SOXY - sesquiterpene oxygenated.
' “compounds



TABLE 3.1,2 Chromatography separation achieved by using florisil
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packing :
. Components Aroma
Fraction - ' Impression
Level Type
1 * niaphthalene
2 oo hydrocarbons - hydrocarbon
3 * ether, sweet .
4
5
-6 * ether, musty
7 *hk monoterpene hydro- sweet, woody, dull
carbons '
-8 axw light, musk
9 L
10 L EkE .sesquiterpenenhydro~ ether
carbons
11 *
12 * monoterpene oxygenated strong musty
‘ compounds ‘ )
13 ) * " "
14
15
. 16
17 |k sesquiterpénevand oregano,.sweet
monoterpene oxygenated
compounds :
18 * " "
19 . '* ' "
20 musty
21 . & sesquiterpéne‘oxygen- green, musty
ated compounds
22 v. unpleasant,
‘ musty
23

24

dank, musty -
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TABLE 3.1.3 Microcolumn chromatography separations

. Solvent ~* Methanol Diethyl Methylene Methylenechloride/

ether . chloride pentane (40:60)
Polarity e° 0.75 0.39. 0.32 0.24
Fracﬁion 1
| 2. *x ‘ : ok S

2 ’ & %k % - * % m{c

. _

5 *

6 *

7 . | * ' ) | * % Ml.lC . B

. 8 ‘ . : A * k% LRk MI{C | . * i

. wes . | | |

MHC - monoterpene hydrocarbons

111 4.1c.- The solvents used and the separa;ion achieved with-each; as
"detérmined by-gas chromatogfaphy (Section III 4.3), are listed in Table
3.1.3. | |
The fractions for the methylene-thlqride.rﬁm were analysed by
GC/MS and found tovcontAin only monoterpene hydrocarbbns (Seéfion IV 4.2) .
: This separation technique was not perserveredeifh’sincevexamination of
: the‘gés chromatographié traces showed none of ﬁhe pther solvents éave a
satisfactory separation. ‘In addition,vthe catty note was not detected

in any of the fractions.

3.2 High Performance Liquid Chromatography

In order to develop a satisfactory high performance liquid chfoma-

tography (HPLC) method, the vacuum distillate was subjected to examination
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by a scanning ultra-Qiolet spectrophotometer from 190 ; 450 nm. This
analysis (Figure 3.2.1) showed that a wavelength of 216 nm was optimal

for detection of the terpene copstituents by ultra-violet light. A '
" A variety of solvents were then examined (Figure 3.2.1) to determine
their ultra-violet absorption characteristics. From this examination

a methanol/water mixture was used as the solvent of choice.

Preliminary gradient elution programming from methanol/water (50/50)
to pure methanol resulted in selection of a program starting with meth- :
anol/water (70/30) for 20 minutes then pure methanol .for 15 minutes at
4 m%/min using a Rad Pak p Bondapak C18 reverse phase column. Further
refinement of the program was carried out by running samples of the
distillate under three selected program conditions (Figures 3.2.2 - 3.2.4).
These three programs demongtrated that increasing solvent polarity (i.e.
decreasing the proportion of methanol) improves thé separation of the
oxygenated compounds that are of interest. - From this work a methanol
solvent mixture of 70/30 was chosen as the startipg point for chromato-
graphic runs involving collection of individual peak samples; The
fractions collected are delineated on Figure 3.2.4; all fractions were
reducéd in solvent volume and those with interéstihg aromas examined by

combined gas chromatography/mass spectrometry.

3.3 Gas Liquid Chromatography
(a) Routine Analysis

vFor routine gas chromatography (GC) analysis a SCOT Ov 101 50 m
column was used to separate blackcurrant bud oil.. A typical GC trace
is presented as'Figure 3.3.1. To obtain higher resolution a Fused Silica
OV 101 50 m column was employed (Figure 3.3.2). The carrier flows and
operating conditions for both columns are contained in Section III 4.3a.

The OV 101 chromatographic phase provides excellent resolution of the '
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FIGURE 3.2.1 Absorbance characteristics of HPLC solvents

1+84
16+ 1. Blackcurrant vacuum-distillate
2. Methanol
3. Methanol/water (75/25)
4. Acetonitrite

Absorbance

325 350 400

()‘t* e ————— . v . "
225 250 275 300

Wavelength (nm)
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FIGURE 3.2.2 HPLC separation methanol/water (82.5/17.5) 20 min then pure methanol
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FIGURE 3.2.3 HPLC separation methanol/water (75/25) 20 min then pure methanol
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FIGURE 3.2.4 HPLC separation methanol/water (70/30) 20 min then pure methanol
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FIGURE 3.3.1 GC trace of blackcurrant bud oil

 80-220 at 4°C/min.  SCOT 50m OV 101

WA

FIGURE 3.3.2 GC trace of blackcurrant bud oil

80-220 at 2°C/min. FUSED SILICA 50m OV 101

153
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components of blackcurrant bud oil. Gas chromatographic analysis of
- the regions of orgénoleptic interest did not detect any sulphur contain- -

ing compduﬁds.
(b) Effluent Traps

: The effluenf traps were used to trap peaks in the regions'detef-
mined to be of organoleptic_interest-(Section IV 5.2), in an attempt to
identify the components résponsible for particular afoma sensations,
This technique was found only to confirm the identity of components,

which had already-beenAdetectedvby other fractionation methods.
(c) Headspace Analysis

A Pye Unicém Headspace analyser (Section III_S.SE) was ﬁsed to
examine the aroma of blackcurrant concretes. A good}separation of
i'mqnoterpenes and early componentS'Was.achieﬁed (Figure 3.3;3). Combon-"
ents weré identified-by conneéfing~the headspace analyser to the GC/MSV
facility described in Section III 5.2, The early componenfs were never
'seen in routine GC analysis.of blackcurrant concretes but their presence
and identity waé confirmed by routine GC/MS analysis of a liquid carbbn

dioxide extract of blackcurrant buds;




FIGURE 3.3.3 GC separation of blackcurrant concrete headspace

Component

pk
1 n-hexane (solvent)
2 isobutanol
3 butanol
4 pentan-2-0l
5 2 methyl butan-1-ol
6 tricyclene
7 a thujene
8 a pinéne
9 beta-thujene
10 betafpinene/sabinene
11 myrcene
12 alpha-phellandrene
13 delta-3-carene
14 alpha-terpinene
15 p-cymene )
16 limonene/Beta-phellandrene



13
16

10

——

FIGURE 3.3.3 GC trace of blackcurrant concrete headspace

OV 101 SCOT 50 m column 80-220 at 5°C/min
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4. IDENTIFICATION OF COMPONENTS

" 4.1 Retention Indices

KOVATS Retention indices were determined using a fused silica

ov 101 column (Section IIIAS.l) in three isothermal'temperature TUnsS
(120°c, 140°C, and 1605C). In addition, retention indices were deter-
mined during linear femperature programming from 80-200°C at 2°C/minute.
" Identification of components usingxrétention indicés was achieved by
vcompariéon with published work (Jennings and'Shibamoto.1980; Andersen - .
et al. 1969, 1977) and determination of in&ices using pure standards
(veiified by GC/MS) in the laboratory. ‘The fétention data obtained’

is collated in Table 4.2.1.

4.2 Gas.Chromatography/Mass Spectrometry .

The combined GC/MS facility descfibed in Section IIi 5.2 was
used to examine blackgurraht oils in a variety of forms - as éoncretes,
- vacuum distillates, éolumn cthmatography.fractions, HPLC fractions and
liquid carbéﬁ_dioxidé e*tracts. The information obtained from‘these
exﬁracts is contained in Table 4.2.1 and Figure 4.2.1. Idehtification
of componeht peaks was made by comparison with pubiishéd wérk (Heller
and Milne 1978, Hirose 1967,‘Mashonas.and Lund 1970, Stenhagen et al.
1974) qsing VG data systems library search capabilities. A total of
one hundred and twenty three componeﬁts have been detected in the black-
currant oil, of which sixty six have been positively identified and are
named in Table 4.2.1. Goéd quality mass spectra have been obtained for
a further fifty seven components which are .not named due to iimitations
of the library data‘system._ These mass spectra are to be found in

Appendix VIII 4. 'High resolution GC/MS‘has enabled formulae and structural
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TABLE 4.2.1 Identification of -components in blackcurrant bud oil -

. 158

Peak ) s Component Chromatogram Retention Indices Source for
Number Name Peak oo e Pedkomumber ., g Identification
Area identified (Figure) 120 140 160 ~Programmed .
‘1 acetic acid - - BF 4
2 isobutanol - F ‘4
3 n-butanol C - F 4
4 -pentan-2-o0l ° :- - F 4
5 2 methyl butan-1 - N 4
-ol
6 unknown alcohol (1) - v 4
7 .unknown ‘alcohol (2) - U 4
8 unknown alcohol (3) - u 4
9 unknown alcohol (4) - u 4
10 xylene isomers - F 7,11
11 _ tricyclene g 0.01 N~ 3 '
12 alpha thujene 0.38 F 1 928 929 928 1
13 alpha pinene 0.33 BF 2 940 941 957 1
14 unknown MW119 (5) tr U 10
15 unknown MW120 (6) tr u 10
16 benzene .otr F . 11
17 benzaldehyde tr - F 11 .
18 propyl benzene tr . N’ 10
19 iso propyl benzene tr N . 10
20 beta thujene © 0.04 N 5
21 l-o-ct-en-3-ol 0.03 BF 11
22 unknown MW136 (7) tr u 6
23- . l-ethyl 2 methyl '
benzene 0.03 N 6
24 sabinene . 15.44 “BF 3 957 970 971 1
25 beta-pinene 0.71 BF 4 972 981 977 1
26 1,2,3 trimethyl , '
benzene ©otr N 10
27 myrcene 2.81 BF 5 990 993 984 1
28 unknown MW136 (8) tr u '
29 unknown MW120 (9) tr u 9,10
30 1 methyl 2 ethyl -
benzene tr F 9,10
31 alpha phellandrene 0.69 BF 6 1001 1001 1000 1
32 unknown MW136 (10) tr u ' 5.
33 unknown MW136 (11) tr v . 5
34 delta-3-carene 12.65 . BF 7 1008 1012 1010 1
35 alpha terpinene 3.90 BF 8 1011 1014 : 1014 1
36 p-cymene 2.64 BF 1013 1019 1017 1
37 beta-phellandreﬁe 3.25 BF 10 1028 1030 1023 1
38 limonene L 3.‘25_ BF 10 1029 1036 1026 1
39 cis beta ocimene - .1.26 BF 11 1033 1040 1029 1
40 trans beta ocimene 6,75 BF 12 1036 1057 1041 1
" 41 3,5,5 trimethyl .
n-hexanol ) tr 11
a2 2-ethyl-hexanol tr F 5,12
43 gamma terpinene 0.82 BF 13 1053 1061 1054 1
44 cymenene 0.02 N 1059 1090 1060 1
45 unknown MW154 (12) 0.02 i} ’ S
46 linalool 0.28 BF 1078 1
47 alpha terpinolene 11.63 BF 14 1008 1097 1083 1
48 non-an-2-one . N 1089 1
49 unknown MW154 (13) tr U 5
‘50 unknown MW154 (14) tr u 11



: | 159

TABLE 4.2.1 (continued)

Peak % . anponent Chromatogram Retention Indices »Soul.-ce.a foxl- .
Number Name _ Peak T peak‘mmber I 1 I 1 Identification
Area identified (Figure) 120 140 160 ~Programmed B
51 unknown (15) Cotr v 1n
52 unknown (16) S otr v . o
53 unknown MW152 (17) 0.35 . U 1132 1137 5,7,11'
54 unknown MW152 (18) tr v o 4
55 unknown MW152 (19) tr v 4
56 unknown MW152 (20) tr .U 4
57 unknown MW154 (21) tr-. ‘v 4
s8 unknown MW182 (22) tr ) 7
59 cis-ﬁ-menth-Z-gne ' .
1,8 diol tr N 4
60 menthone ' 0.24 N 7
61 unknown MW182 (23) tr U 7
62 /.naphthﬁlenﬁf £ 0.25 SN 7
63— ““terpinén-4-ol - 0.51" BF 15 1166 1172 1165 ° 1
64 alpha terpineol 3.78 BF 16 1172 1178 1168 1
65 p cymen-8-0l 0.53 F . ) L}
66 -  trans piperitol - 0.11 F- 17 1180 1186 1179 ‘ 1
67 ' sabinene hydrate 0.06 N ’ 4
68 unknown MW152 (24) tr ] 4 .
69 unknown MW152 (25) tr u .4
70 unknown MW154 (26) tr v 4.
71 unknown MW150 (27) tr U 7
72 unknown MK182 (28) tr u 7
73 unknown MW182 (29) “tr U 7
74.' carvone 0.21 " F 11
.75 unknown MW182 (30) tr u 7.
.76 unknown MW180 (31) tr B 7
77 unknown MW180+182 .
(52) o otr U 7
78 unknown MK180 (33) tr ] 7
79 unknown MW168 (34) tr U 5
80 unknown Mw182 (35) 0.12 u 1237 2,12
81 - citronellyl .
formate 0.17 v 1241 . 7
82 bornyl acetate  0.17 B 1271 6,7
83 2-undecanone tr N ) "7
84 4-terpinyl acetate 0.78 F 1331 1332 - R 6,7
85 beta terpinyl- T _ ) . ' -
acetate 1.87 N ) 18 1336 1336 7
86 citronellyl ' '
acetate 0.01 . : BF 7
87 geranyl acetate 0.03 ‘ F 1353 7 ,
88 methyl undecanoate 0.02 N 7,11
89 alpha ‘copaene 0.08 . B 2
90 unknown MW204 (36) 0.05 ‘U 4
91 unknown MW204 (37) 0.10 u ' 4
92 beta elemene 0.84 B 19 . 1414 1428 1412 1
93 beta caryo- , .
phyllene 12.39 BF 1413 1427 1439 1421 -1
94 unknown MW204 (38) 0.06 1)) ) ' 1431 7
95 unknown MW204 (39) 0.30 u . _ 1427 1441 1455 7
- 96 humulene 3.79 . BF 21 . 1440 1457 1468 1454 1
97 alloaromadrene - 0.25 N - 1445 1460 1482 1461 4,5
98 unknown MW204 (40) 0.02 U 5
99 unknown MW204 (41) 0.13 v 7 )
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TABLE 4.2.1 (continued)

Peak % . Component " Chromatogram . Retention Indices Source for
Number Namev Peak B PP % 3 peak.number 1 1 I I Identification“
Area identified (Figure) 120 "140 160 “Programmed )
100 Germacrene D 2.61 N 22 1464 1478 1491 1479 2,4,5
101 gama elemene 0.83 F 23 1508 1493 1
102 unknown MW204 (42) 0.10 U 6
103 gamma cadinene 0.10 N 4,5
104 beta cadinene 0.08 N 4,5
105 unknown MW204 (43) tr u 5
106 beta elemene
alcohol? 0.20 N 24 1513 1517 1516 7
107 gamma elemene
alcohol? 0.07 N 25 1522 4,7
108 caryophyllene ’
epoxide 0.25 N 26 1574 1574 1,4
109 unknown MW204 (44) tr U - 8
110 humulene epoxide 0.19 N 27 1580 1,4
111~ unknown (45) - 1] 8
112 unknown (46) - u '8
113 unknown (47) - u 8
114 unknown MW204 (48) - u 7
115 unknown MW220 (49) - u 4
116 unknown MW220 (50) - u 4
117 unknown MW220 (51) - U 4
118 unknown Mw220 (52) - u 4
119 unknown MW220 (53)_ - u 4
120 unknown MW220 (S4) - u 4
121 unknown MW250 (55) - v 8
122 unknown MW250 (56) - 1] 8
u 4

123 unknown MW286 (57) -

KEY TO TABLE 4.2.1 ’
* % ;
source for identification F
1 blackcurrant concrete
2 vacuum distillate _ ,
3 concrete headspace |
4 liquid carbon dioxide extract
5 liquid carbon dioxide . |
6 silica gel chromatography Fraction 12 |
7 silica gel chromatography Fraction 19
8 silica gel chromatography Fraction 24 |
9 Florisil chromatography Fraction 8 :
10 Florisil chromatography Fraction 13
11 Florisil chromatography Fraction 17
12 HPLC Fraction 1
*k
.component
B previously identified in buds
F previously identified in fruit
‘N newly identified
u unknown
geT T . —

PR

column 5 refers”fo Qéaks.iﬁ"figures 4&2{1-éhd~532.u



TABLE 4.2.2 Suggestedbfom_ula'e for some unknown components

Unknown Molecular Weight Suggested Formulae ' Structural Inference .
1 ‘86
2 - 86 primary alcohol
3 . 86 '
4 86
S 119
6 120
7 136 unusual monoterpene
8 136 " "
9 120 _
10 136 (.'.mH1 6 monoterpene hydmcafbon' N
11 136 C10H16 monoterpene hydrocarbon
12 -. 154 . ) c10H18°'
13 154 C10H180
14 154 (?IOHIBO
15
16 )
17 152 ClonO carbonyl group
18 . ’
19
20
21 182 . clezzo
22 . 182 "
23 150 CI'OH! 49
24 1?2 -c12H22° _ .
257, 182 " related to menthone
26 1182 "
27
28
29
30
31 180 c12H20°
32 189 + 182 mix C12H200 + CIZHZZO
33 180 _ C12H200
34 168
35 182" C12H220 some similarity to paracumic aldehyde
36 204 '15"24 very similar spectra to clovene
37 204 " :
38 204 "
39 .204 "
40 204 "
41 204 "
42 204 "
43, 204 "
44 204 "
45
46
47
a8 204 '
49 220
50 220
S1 220
52 220
s3 220
54 220
55 250
56 250
57 286

161
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infbrmation to be derived fbr some unknown components; this is ihcluded
in Table 4.2.2. Of the sixty six components which have been positively'
identified, soﬁe'twenty three are compounds not previously identified
in blackcurrant fruit or hud 0ils; as reported in the literature

reviewed in Section II 2.3.

5. ORGANOLEPTIC.ASSESSMENT

5.1 Comparative Analysis

Comparative ana1y51s results obtalned from two manufacturers 1,2)
are contained in Table 5.1.1 w1th the assessment carried out in thlS
laboratory (3) before the samples were submitted for analysis. From
these comparisons it is clear that there is a quality difference due
to ageing. Concretes of recent origin (820) are preferred to those older
products (800). This is probably. due to oxidation and loss of tob
notes-on standing (despite storageuat belewu4°C-in airtight containers).
All assessors considered the machine harvested product. 1nfer10r to hand-
-p1cked buds, and one (2) even considered it unacceptable.

The varieties, 820 (White Bud selection, Bushy Park), and 822
(Grahans White Bud no. 1 selection), 823 (Goliath) and 824 (Baldwin)
are those most preferred. However, manufacturer (2) considers 823
unacceptable despite the other assessors preference for this prodﬁct.

-Generally speaking'the better quality_samples smell more musky and .
eet4like; whereas the poorer samples are reminiscent of monoterpene

. hydrocarbon resin aromas. fhis does not necessarily ihfer they haye

a higher percentage of monoterpenes but rather that they lack the
characteristic musky, cat-like odouf; It is 1mportant to note that two |

selectlons of Wh1te Bud the main . local variety, are con51dered of h1gh



TABLE 5.1.1

"Comparisons
Samples . : . A : B - .C D
Ref. No. Identity 1 2 3 1 2 3 1 23 1 2 3
800 1980 Bulk concrete 2 3 3
810 1981 v " 3 2 2
820 1982 " " (i) hand-’ - _ : _
_ ~ picked . 1 1 1 1 1 1 2 1 1 3 2 2
821 1982 " " (ii) machine ‘ U :
. S harvested S 2 4 2
822 1982 variety - Grahams no. 1 '
White Bud - 5 2U 3
823 " " - Goliath 1 6" 2 2
824 " " - Baldwin 4U ‘ 3U 4
825 " " - Boskoop 7 5 6
826 " " - Lees Prolific 3y 7
- 827 " " - Kerry _ 6 4 5 o
828 " Liquid CO2 extract : ' . - : I LA S Sk

Comparlsons requested:

(A) Any difference in quality due to ageing? - (800,810,820)
,(B) .'Any effect of machine harvest on quality? (820, 821)
- (c) ~'Any varietal preference? (820, 822-827)
(D) Assessment of liquid C02 extract against other preferred products.

"Notes U - considered of unacceptable quality. ' :
** _ quality considered very good, cannot be compared to the others being of much higher quality.
Any product scoring less than 3 must be considered of poor quality and not marketable.

‘Scale is a preference ranklng of samples 1nc1uded
in the four comparisons. ° _ ”?

£91
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quality in themselves, as well as being preferred to Baldwin; the
principal English variety.

The 1liquid carbon dioxide extract produced in the laboratory was
considered superior to the solvent extracted products in all respects.
This is probably due to the fact that it is solvent-free, and demonstrates -
- the potential of liquid carbdn'dioxide extracts to retain the natural
aroma of the material.

| 5.2 AfomééfgﬁL .

The outcome:of_attemptS'to relate odours -to compound eluting from
the gas chromatography column are presented in Table 5.2.1 and Flgure
5.2.1. The study has indicated that while thefﬁromagram\:”‘ is complex,
five regions have been identified as 1mportant in the overall black-
currant aroﬁa impression. The first region that has been idehtified

-fetains a steely spicy note very reminiscent of the French CAL Cassis

" absolute (Figuré 5.2.2). The second region contains the éharécteristiC' '
'catty' note with an after.impreSSion'bf blackcurrant fruit; The catty

" odour is extremely 1ntense completely overrldlng ‘the prev1ously dominant .
pine/resin aromas. The other three- reglons g1ve 1mpre551ons of black-

currant fruit alone.

6. ELECTRON MICROSCOPY |

6.1 Scanning Electron Microchgx

Blackcurrant’ buds were sampled. from early May to late July 1980
(Plates A-C), and then from the beginning of October 1980 thfough until
the end of January 1981 (Plates 1-18). The purpose of this study was to

deternmine the optimal time for gland filling and to see any correlation
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1

FIGURE 5.2.1 “AromagraMTasmanian blackcurrant bud oi
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TABLE 5.2.1 Aroma sensations detected with blackcurrant vacuum distillate

Ax:'oma

.Peak

Identity

1** steely spicy.
clear hollow
pine
sweet
camphorous
dull woody
pine like
clear-resin

2** blackcurrant fruit
** cat's urine

unpleasant sulphur
sweet pine
wet wood
sweet pine
dry wood
eucalyptus
musty
musty
bitter sweet

*

lemon
citrus

pine resin
sweet/pine

musty
dry woody

- sweet floral

3** blackcurrant fruit
musty pine
citrus
taint
lemon
woody
sugary

compost
damp soil
earthy
lemon
woody
flatulent
rich sweet
jam like
woody
sharp wood
sweet

4** blackcurrant fruit
flatulent
fungi
sweet
damp
musky
flower blossom
citrus/lemon/sharp
wood shavings
sickly sweet
floral
sweet fruity
damp wood
sharp wood

sharp, acidic, citrus

- jam burnt
sweet antiseptic

S**blackcurrant fruit
woody antiseptic

12
13

24
25

31

34

37
38

40
43

47

62
63

92

95
99

alpha thujene
alpha pinene

sabinene
beta pinene

alpha phellandrene

delta-3-carene

beta phellandrene
limonene

trans-beta-ocimene

gamma terpinene

alpha terpinolene

terpinen-4-0l
alpha terpineol

beta caryophyllene

humulene

germacrene- D

* -
footnote:

'

'

1

—_—

Peak numbers®refer to general numbers in Tabig‘4;211.’
Five important regions discriminated on the basis that

these aromas are considered to be the important ones

166

determining quality of the extract. . _ S
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with oil accumulation studies (Section IV 9.2).
}“Platest-C demonstrate little change in gland morphology during

the winter or dormant period, indicating that there is no marked gland
filling atethis time although there may be -compositional changes occur-
ring in the oil (Section v 9.2); Plates 1-18vdemonsttate an increase
in size of the glande.from late October (Plate 1) until the middle of
Januarf (Plate 14). Onee the glands have reached full size there is
no apparent chahge through to Febfuary'(Plates 15-18), and indeed
during the winter period (Plates A-C). This morphological study sug-
gests the maximum time of filling was late Novembef-December, when the
glands ewell considerably. in size., Cdmﬁositional changee'observed
,during‘the growing period:are discussed in Section IV 9.2.
| A further_study was undertaken from late August 1983 to mid
September 1983, during the peiiod of budburst (Plates 19-35). In late.
: Augustgvthe glands on the_braets were at the swollen stage reached invthe .
middle of'January (Platevl4), whether the biacts are:from closed buds
.(?Iates 20»and.22) or buds that are just opening (Plates 19-23) The
' glands on the leaf 1n1t1als were swollen in the closed bud (Plates 24
and 26), but appeared to have lost some of their oil content once the
leaves began to-open (Plates 23 and 28). The brapts, which were gradually
shed as'the:bud opened retained their swollen glands until the end (Plates
26, 30 and 31).. By the time the bud was fully opened, with three or |
four leaves, the'oil glands on the first emerglng leaf were swollen
again (Plates 32 and 33).' At this time the glands on the youngest emerg-i
ing leaves were not yet'full (Plates 34 and 35); yet.the leaf petloles
had full glands (Plate 29). -

| It-is interesting to note that there is no detectable differenee
between .the quality of the. mlcrographs produced us1ng the two preparatlon
- procedures. ‘Those: produced (Plates A-C), using the long process of |

fixation in Osm1um tetroxide and freeze drying before coating, show no



.SECTION IV 6 Scanning Electron Micrographs
0il gland morphology during the winter.

PLATE A: 0il glands from inner bract (5) :
x160 - sampled 3/5/80

PLATE. B: 0il glands from inner bract (5)
x160 ' _ sampled 15/6/80

- PLATE C: 0il glands from inner bract (5) -
x200 _ sampled 22/7/80
Note no change in gland morphology over the
winter period. - - '
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SECTION IV 6 Scann1ng Electron M1crographs

PLATE. 1:

PLATE 2:

PLATE 3:

PLATE 4:

PLATE 5:

PLATE 6:

‘ 011 gland morphology durlng the growing season

‘Micrograph of an o0il gland on an outside bract (1) .

x1500 . sampled 9/10/80

Micrograph of an oil gland on an outside bract‘(l)

" x1000 , sampled 9/10/80

Clearly shown are the individual secretory cells which
secrete the 0il into the cutlcular space.

Micrograph of an 0il gland on an outside. bract (1)

- x400 sampled 22/10/80
" The dish shape of an empty gland is ev1dent in

Plates 3 and 4.

Micrograph of an 0il gland on an outside bract (1)
x400 : sampled 4/11/80 '

0il gland on an outside bract ¢))
x320 sampled 18/11/80
Filling of the gland is just beginning to occur:

0il glands on an outside bract (1)

x250 sampled 18/11/80

The gland filling observed in the prev1ous plate
is not yet a general occurance.
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SECTION IV -6 Scannlng Electron M1crographs

PLATE 7:

PLATE 8:

PLATE 9:;

PLATE 10:

PLATE 11:

PLATE 12:

0il1 gland morphology durlng the grow1ng season

0il glands on éh'outer bract (3)

. X300 - : sampled 3/12/80

Note filllng has become commonplace.

0il glands on an inner bract (5)
x300 . sampled 3/12/80
Showing filling has become commonplace.

0il gland on an outside bract (1)
x 200 ~ sampled 17/12/80

.The glands are swelling even on the outside bracts

which are the last to begin filling

Micrograph of oil glands on an inner bract 6)
x300 - sampled 17/12/80

Micrograph of 0il glands on an outer bract (4)

. x300 sampled 5/1/81

“Micrograph of oil glahds on an inner bract (7)"
x400 sampled 5/1/81 '
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SECTION IV 6 Scann1ng Electron Mlcrographs
' 0il gland morphology during the grow1ng season

APLATE 13: 0il glands on an outer bract (3)

. x200 sampled 19/1/81
Showing maturity in size.

PLATE 14: 0il glands on an inner bract’ (8)

x250 . sampled 19/1/81
:Showing maturity. ~

PLATE 15: O0il gland on an outer bract (2)

x400 sampled 2/2/81

PLATE 16: Oil glands on an outer bract (4)

x300 sampled 2/2/81

PLATE 17: iMicrograph of oil glands on an inner bract'(?)

x300 sampled 2/2/81

PLATE 18: Mlcrograph of oil glands on an inner bract (11)

x 320 - sampled 2/2/81.

‘Plates 15-18 demonstrate the homogen1c1ty of gland
- filling throughout the bud. :
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SECTION IV 6 Scanning Electron Micrographs

PLATE 19:

PLATE 20:

" PLATE 21:

'PLATE 22:

PLATE 23:

PLATE 24:

0il gland morphology at bud burst

0il glands on an inner bract (5) of an opened bud

x163 - sampled 25/8/83

0il glands on an inner brect of a closed bud
x163 o sampled 25/8/83

0il glands on an inner bract (8) of an opened bud -
x156 sampled 25/8/83

0il glands on an inner bract,(8) of a closed bud

x163 sampled 25/8/83

0il glands on the f1rst leaf of an opened bud

x312 sampled 25/8/83

Note the unfilled nature of the glands compared to
Plate 24. '

0il glands" on the first leaf initial of a closed bud
showing .full glands

- x341 sampled 25/8/83
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. SECTION IV: 6 Scanning Electron Micrographs

PLATE 25: -

PLATE 26:

PLATE 27:

PLATE 28:

PLATE 29:

0il gland morphology at -bud burst -

Full glands on the second opened leaf
x212 | sampled 31/8/83

Full glands on the second leaf initial of

. a closed bud :

x163 "~ sampled 25/8/83

Full glands on an inner bract (4) of an open bud
x163 sampled 31/8/83

Unfilled glands on the second emerged leaf of an
open bud ' :
x326 sampled 25/8/83

A singie full oil gland on the third leaf petiole
in an open bud
x388 : " sampled 14/9/83
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SECTION IV 6 channihg'EIeétron Micrographs

‘PLATE 30:

PLATE 31:

. PLATE 32:

PLATE 33:

- PLATE 34:

PLATE. 35:

0il gland morphology at bud burst

7/

Full o0il glands on an inner bract (5) of an opened bud.
x221 : sampled 31/8/83

Full o0il glands on an inner bract (6)‘of an opened bud
x221 sampled 14/9/83

Full 011 glands on the first leaf of an opened bud
x203 _ sampled 31/8/83

Full 011 glands on the first leaf of an opened bud
x312 sampled 14/9/83

0il glands.on the third emerging leaf of an open bud
x356 sampled -31/8/83
Note these are not yet full. .

0il glands on the third emefg1ng leaf of an open bud
x326 - . sampled 14/9/83 :
Note these are not yet full. :
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adVantage over those fresh samples which were coated just prior to
examination (Plates 1-35). . The fresh samples.provide excellent quality
microgrdphs even from leaf samples (Plates 32-35) which have a'reasonably

high water content.

6.2  Light Microscopy

nght mlcrographs were prepared by the. procedure outllned in
Sect1on III 7.2. The plates presented (F1gures 6. 11 and 6 12) show
"clearly the structure of the 0oil glands as dlscussed in Section II 1 4,
The layer of secretory cells is very ev1dent, as is the cutlcular space -
lhto 'which, the'terpene. secretions are deiaosited The mult1 cellular
- stalk is ev1dent (Figure 6.12), but is not always as well developed
' F1gure 6.13 taken umder low .power - (x3) shows clearly the p051t1on of

the yellow oil glands on the bract surface.



FIGURE 6.2.1 Light Micrographs
Cross-section showing oil gland structure (x32)

FIGURE 6.2.2 Cross-section showing oil gland structure.
Note well developed multicellular stalk and the
layer of secretory cells (x32)
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FIGURE 6.2.3 Low power magnification showing distribution of oil
glands on bracts (x3)
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7. GAS EXCHANGE MEASUREMENTS

The infa red gas analyser system used in this experiment is fully
described in Section III 8. The effect of light intensity on net carbon |

dioxide exchange is shown in Figure 7.1.1 (data in Appendix 3). Increésing

the light intensity from 8 to 400-112:"m_zs"1 resulted in an increased rate
of net carbon dioxide fixation. . Lightvsaturation occurred between 400

and 500 uZI m-25-1

. At a light intensity above saturation (800 uI m—zs'l),
the effect of temperature on net carbon'dipkide fixation wasvinvestigafed
(Figure 7.1.2; data in Appendix 3).  Net carbon dioxide fixation in 21%0,
('apparent’ photosynthésis)jréached a maximum at 26°C, and then deéreased‘»'
with increasing temperature. Efflux'of cgrbon dioxide in 219602 in.yhe da%k-
(dark feSpiration), increased with increasing temperature; The enchancement
of net carbon dioxide fixation in O%Oz»as compared with 219602 increaseé to
»a maximum at 24°C and then debreages. This meésurement was an estiﬁate of
the contribution of photo respiratidn'to.the overall net carbon dioxide
exchange, and.répresented'an‘efflux.of carbon dioxide from the leaf (figure
7.1.2 curve 4); By eliminating the contribution,of'both'dark respi:ation
(this assumes that darkArespiration continues in the light), and photo
respifation from the overall net CO2 ekchange; it was possiblé to obtain

an estimate of 'true' photosynthesis (Figuré 7.1.2 curve S)..'Trué' photo-

synthesis reached a maximum at 30°C and decreased when the temperature was

increased to 35°C.

8. GLASSHOUSE EXPERIMENTS:

8.1 0il Quality at Bud Burst

An examination of oil quality at bud burst was carried out by
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forcing two sets of cuttings to break bud under a 16 hr photoperiod,
after three weeks below 5°C. Samples of buds were then taken (Table
8.1.1), at different times after release from the low temperature |
treatment. The strength of the catty note was then assessed by organo-
1ept1c comparison of these. samples against standard samples of Tasmanlan
blackcurrant concrete. This technlque employed two samples of concrete
from the_preferred cultivar White Bud, extracted from dorment buds,
Each semple was then compared with these two controls using the triangle
test described by| Larmond (1977).

The strength of the catty note was demonstrated'tc increase as the
buds Broke from dormancy. The fruity, fresh»tep notes also decline as
“the cattiness increases, thus et the time of full bud eurst, the product_ ‘
is past its desirable peak where a balance‘of cattiness and fresh fruity '
top notes is evident. This balance occurs when 65- 70% of the buds are
open (Table 8.1.1), probably because the 1nten51ty of oil from opened

buds is being mollified by that contained in the closed buds. .

8.2 Carbon 14vTracing of 0il Synthesis

An attempt was made to identify times of oil synthesis by monitoring

14 label in the bud tissue. The label was applied

the accumulation of a C
by utilising labelled carbon dioxide. Table 8.2.1 contains the accum-
ulated data for five separate weeks, of counts of applied label per

gram fresh bud weight and the level of oii present in the bud. The
amount of label detected in the bud extract va;ies considerably, without
any apparent paftern. In addition, the level of oil present (measured

iﬁ ul/g buds) declines from the date of label application, in nearly

all cases. This is difficult to relate to data showing oil gland

filling was occurring during the January period (section IV 6.1).

——— R (. -

footnote: See Sectlon III 6. 1 for a full descrlpflon of aroma

o _assessment procedure -

M3



TABLE 8.1.1 0il quality at bud burst
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5°C in the dark.

Harvest Percentage . Strength of Preference
Datet bud open Sample catty note rating
May 19th 20 8.4 mixed buds
20. " partly oﬁen_ *
S e buds = ...
28 - 30.8 open buds e
28 " - closed bﬁds *
28 "; partly open **
' buds | |
36 65 open buds i
50 100 ';": : e
~ Jan 1st - 17 34;5 open buds * 3
| | 17 " closed buds  weak
17 " open buds * 3
2 38 o xn 2
38 70 " * k% 1
50 100 " LAALO 2
+

in days after release. from 3 weeks vernallzatlon treatment below

The two dates refer to the day on which the canes were cut from the

field.
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0.1008

TABLE 8.2.1 Relationship of c!4 1abel and o0il accumulation in the bud
. 14 ‘ 1 . . 3 :
. Date = "CO Bud Fresh C label x 10" Level of bud oil
Experiment applied Day weight (g) vCognts counts/g buds ue pue/g buds

1 17/12/82 1 0.0900 3524 3.92 3.81 42.36
5. - 0.0761 3559 4.68 1.25 16.36

6 0.1413 3953 2.79 1.25 8.82

2 17/1/83 1 0.1432 355 ©2.48 9.91 69.18
.2 0.2928 705 2.41 3.15 10.75

7 0.3027 449 1.48 4,87 16.09

8 0.2690 2014 1.34 4,04 15.00

3 24/1/83 - 1 0.0717 . 229 3.19 1.87 26.02
2 0.1732 . 256 - 1.48. 2.23 12.87

4 0.1491A 349 2.34 2.38 15.97

7 0.1673 337 2.01 2.42 14.45

4 31/1/83 1 0.3345 190 0.57 2.88. 8.61
o2 0.2308 280 1.21 3.13 13.57

4 . 0.2991 245 0.82 4.24 14.17

7 0.2719 509 1.88 3.51 12.93

5 - 7/2/83 1 0.0980 237 0.24 2.97 30.31
2 0.1167 86 0.74 2.17 18.60

4. 0.0847 91 1.07 1.22 14.38

7 80 - 0.79 2.04 20.21
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14

TABLE 8.2.2 Relationship of amount of C~ label, soluble c'arbohydrate and available polysaccharide
Soluble Carbohydrate ’ Available Polysaccharide

Day Location MG/G N Counts/G MG/G Counts/G

) ’ Dry Matter . Dry Matter Dry Matter Dry Matter

Expt. 1 1 Stems " 207.24 9333306 : 41.38 762279
' Leaves 332.08 - 173731 208.50 76848

5 Stems 121,42 2814514 . 59.72 404246

‘Leaves 273.84 246767 . 260.08 18218

6 Stems - 198.18 - . 4543703 "0.65 89075000

Leaves 308.18 . 436261 324,14 58722

Expt. 2 1 Stems _ 48.52 1532935 38.72 78076
: . Leaves . 280.56 15211 308.55' 2840

2 Stems 70.05 ' 547025 66.05 . 18839

Leaves 248.70 4643 676.07 ' 785

7 Stems 106.73 - 208983 . 37.79 42380

Leaves 277,32 1666 - '207.34 3831

8 Stems 207.64 ' 136603 71.65 37601

" Leaves 295.49 - 12125 347.41 2730

Expt. 3 1 Stems ~ 191.84 ) 82023 59.35 9602'
Leaves 305.53 2286 | 246.91 508

2 - Stems © 57.91 696710 59.54 19371

. Leaves 335.13 . 3239 : 321.47 - 936

4 Stems - 67.74 -, gss21 .53.79 10966

Leaves . 246.32 - . 243 © 247,45 © 639

7 Stems " 78.05 70531 178.07 2828

Leaves 304.45 445 302.46 495

Expt. 4 1 Stems  70.76 - 21501 - 81.14 3000
Léaves 334,41 728 385.46 500

2 Stems 536,72 5672 114.03 5652

Leaves 443.05 897 - 327.57 657

4 Stens - . 79.29 117713 23,37 24251

Leaves . 52,63 ’ 23100. 421.67 1991

7 Stems 172.17 22184 © 20032 21496

" Leaves 339.94 833 284,88 922

Expt. § 1 Stems 89,21 59566 , 84.47 9098
Leaves 327.39 1329 374.90 622

2 Stems. . 84.85 43798 © 23125 2132

Leaves . 99,60 3641 313.84 : 491

4 -Stems 226.95 19424  25.18 65961

Leaves 347.82 . 1169 416.67 1039

7 Stenms ©105.07 24441 312.23 2437

Leaves 341.29 584 . 364.85 599

2

i % see Table 8.2.1 for dates experiments c

ommenced.



184
In addition to the monitoring of oil accumulation, the levels of
soluble carbohydrate and available polysaccharide were measured in
order to detect any relation between oil accumulation and carbohydrate
availability. This data, collated in Table 8.2.2, demonstrated that

the levels of both soluble carbohydrate,. available polysaccharide and

the associated label counts vary widely without any apparent relation.

9. FIELD EXPERIMENTS

9.1 The Effect of Plant Density on Yield -Factors

This. experiment was carried out using a systematic faﬂ design
(fully described Secfion IiI 10.1), fof'each plant the number, length,
fiesh weight of canes, and the yield of handpicked buds wererecordedvfb;"
the yéars 1981—1983. Iﬁ addition the basal girth-of éach cane was
measured in 1983, The data'coiiected,are-presentedvgraphically in
Figures 9.1;1.to 9.1.8, while the means for. the three fep1icate bloéké
are tabulated in AppendixYVIII 5.

Bud yield per plaﬁt (Figure 9.1.1) is;shown to decrease with
increasing plant density, when expressed.on a per areé basis,'bud yield
then increased with increasing density (Figure 9.1.2). Total fresh
weight yield of canes per plant. decreased with increasing plant density
(Figure 9.1.4), indicating the size of each'plant;décreased»at higher
densities. This trend is confirméd by numbérs of canes produced by
each plant, which also decreased witﬁ increasing plant density (Figﬁre
9.1.5). The length of extension growth of each cane that occurred
during the summer is reduced at both high and low planting densitiés
due to compétition for resources or lack of competition fbrvlight Tres-

pectiveiy. Further, basal cane girth, a more reliable measure of plant



FIGURE 9.1.1 The relationship of blackcurrant bud yield per plant and planting density
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FIGURE 9.1.3 The relationship of plant density and bud yield per shoot
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. FIGURE 9.1.4 The relationship of plant Jdensity and total cane fresh weight per plant
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vigour, is shown to decrease with increasing plant density (Figure 9.1;7j.
Mean basal cane girth was also shown to be a reliable estimator of.plant
productivity, for plant densities ranging from 11.1 to i;o plants/niz
(Figuré>9.1.8). For budiyield the reldtionShip'is of the‘form,.Y=82.86x ‘
% 67.12, T = 0.92; whereas for total fresh weight yield'itihésvthe form,
Y = 3088X - 2563, T = -0.96. ' " -

Analysis of the response curves obtained.(FigﬁreSVQ.l.l and 9.1.4:to
9.1.7) was carried out by attempting to fit. a polynomial_(of.up to the}
third order) to each data set. A t-test utilizing the variance ratio;
produced from the analysis of variance table,iwas.used fo test the |
hypothesis that the population regression.behéved'as the first, second
or third order polynomial being fitted.(Zar31974).- The:calculated t
v#lues ére presehted in Table 9.1.1 and. the anélxsis:of variance tables
fof each data setuaré included in Appendix 6.

,Plofs of the sténdard errors’ of each dependent.yariable against plant
density (Figures.9;1.9 to 9.1.13), show‘that_the'standard'error of each
mean decreésed with increasing densit&. 'This.is a normal error situétion
and suggests that a log transformation.was nof required. The data iﬁ
Table 9.1.1 demonstrates:that a quadratic expreﬁsion was the mo$t approp-
riate fit for the relationship of bud yiéld, fresh weighf and shoot number
to plant density. Basal stem girth was best explained as a linear
" relationship with plant density, while cane length was highly variable
and its rélationship.was unclear. This was confirmed by the use of a
correlation regression analysis which extracted. the percent variance
accounted for by fitting each polynomia}.(Table 9.1.2). The correlation
matrices and analysis of variance tables are. attached in Appendix 7.-

This analysis brings forih the cbnflicting suggestion that a higher per-
centage of the variance observed for basal stem girth can be explained

by a quadratic rather :than linear expression.



FIGURE 9.1.7 The relationship of plant density and basal cane girth
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FIGURE 9.1.9 The relationship of bud> yield per plant standard errors and plant density
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FIGURE 9.1.10 The relationship of freshweight yield standard errors and plant density
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FIGURE 9.1.13 The relationship of basal cane girth standard error and plant density
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TABLE 9.1.1 Testing the population regression. fits a.first, second
or third order polynomial (calculated t values at df

and P = 0.05)
Y Polynomial 1981 . 1982 1983
Y Y Y
bud - linear 433,43** 620,84*** -1,288.585%%**
yield '
quadratic 29.262** 57.46%** 203.162%**
cubic i;746'ns 0.03.ns 34.107 ns ,
fresh- 1linear 206,25%%* 314.719%** 1,361.632*%%*
weight :
yield quadratic 17.18* 20.964 ns 216.004***
cubic 9.71 ns 0.071 ns 36.165*
shoot  linear 38.96%* 334, 32%%* 1,513,997%%*
number : .
' quadratic 1.91 ns 18.85* 21.408*
‘cubic 12.66 ns 1.14'ns 0.247 ns
cane lihear 41 .53%* 5.20 ns 1.690 ns-
length
quadratic 17.58* 29.21%% 21.46*
cubic 5.77 ns. 10.02 ns 31.683%*
basal linear - - 149,394 ***
stem
girth quadratic - - 6.865 ns
cubic - - 0.358 ns

ns = not significant

* = significance level 1
** = significance level 2
*** = significance level 3

In addition, the bud yield-density relationship was analysed to
determine if the reciprocal of bud yield bore a linear relationship to
‘plant density. The analysis of variance performed is sumarized in

Table 9.1.3, and dictates -a strong linear response as illustrated in



TABLE 9.1.2 Percent variance accounted for by fitting a firsf, second
or third order polynomial

Y Polynomial . 1981 1982 1983
Y Y Y
“bud linear . 69.3 78.5 - 89.2
yield :
quadratic 73.5 89.9 94.5
cubic 73.5 91.1 94.3
fresh linear 39.4 59.4 89.2
weight
yield quadratic. 41.9 62.6. 94.5
cubic 42.5 61.7 94.3
shoot linear 16.0. 60.3 83.3
number
quadratic 15.0 70.2 91.2
cubic 19.2 70.2 91.0
cane linear 19,5 N.A. 0.5
length
quadratic 27.1 4.5 10.0
cubic 28.5 4.5 11.6
basal linear - - 38.0
stem
girth quadratic - - 49.8
cubic - - 49.5

Figure. 9.1.14 for this relationship;

tables are attached in Appendix 8.

The full analysis of variance

194
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TABLE 9.1.3 Variance ratio values for the reciprocal of bud yield

plant density relationship

Variance Ratio

Source of Variation DF . 1981 1982 1983
Linear ' 1 116.038%** 48.693%** 185, 418%%*
Quadratic. 1 3.611 ns 2.787 ns 0.183 ns
Cubic 1 1.704 ns 2.139 ns 0.180 ns

ns = not significant
*** = highly significant

This linear response_suggests strongly the applicability of an

asymptotic model, thus an attempt was made to fit the yield density

models previously described in Section II 3.1.

9.1.2 vield-Density Models for Blackcurrant Bud Yield Data

There are in general two types of yield-density response, viz.:

(i) the '"asymptotic', where the yield per area approéches

an asymptote as the density increases towards infinity;

(ii) the '"parabolic'' where the yield per area rises to a maximum
p _

value as the density is increased beyond that value.

There .is extensive literature cover .of yield-density models, for

example Willey and Heath (1969). = As they,. and other authors (Section

"II 3.1) have .pointed out, it is customary to formulate yield-density

models in terms of yield per plant (Figure 9.1.1).

responses, the applicable model is:

1
o + BX

) Y o=

ForAthe asymptotic



where X is the plant density and Y the yield per plant, with o and B

being parameters. For the parabolic response, several models have been

proposed, the statistical properties of which have been studied by

Ratkowsky (1983). His conclusions stfongly.suggested the suitability

of the Holliday (1960) model;

(2)

where y is an additional parameter.

models, such as the Bleasdale-Nelder (1960) and the Farazdaghi-Harris

Y

a + BX + yX?

It was found that other alternative

';196

(1968), had undesirable statistical properties in least-squares estimation

ahd should not be used.

For each of the three years, 1981, 1982 and 1983, there were three
replicate blocks.. The mean bud yield per plant Y, averaged over the
three replicates are given in the.followihg table, the set of plant |

densities X being the same for each year:

Plant Density

Bud Yield (g/plant)

(plants/m?) : '
S 1981 1982 1983
X Y Y Y
1.0 9. 480 14.14 20.65
1.2 8.383 13.12 19.10
1.4 - 8.593 14.14 19.10
1.7 7.653 112.04 16.47
2.0 7.440 11.09 114.93
2.4 6.929 10.38 14.09
2.8 6.561 8.621 12.08
3.3 5.839 8.221 10.74
4.0 4.830 6.430 8.410
4.8 4.521 5.129 7.156.
5.6 4.061 5.030 6.870
6.7 4.210 4.040 5.840
7.7 4,419 4.500 5.987
9.1 2.920 2.751 3.680
11.1 2.780 2.420 3.450
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Graphs of the variance of Y (Figure 9.1.9), obtained using the _}
three replicates, for each X, show that the variance of Y increases
with decreasing plant density X, suggesting that a "multiplicative"
error term may be appropriate. This is consistent with the finding of
Nelder (1963) that log Y, rather than Y, has constant variance for a
given X.  With this error assumption the asymptotic model may now be

written as:

(3) E(log Y) - log (a + BX),
and'the Holliday model as:

4) - E(log Y)

- log (o + BX + yX?),

where E denotes the expectation opefator. Models (3) and (4) can now
be fitted by standard methods used for non-linear regression modelling
(see Ratkowsky, 1983, Appendix 2.A). The following residual sums of

squares (RSS) are obtained for the data for each yéar:

Bud Yield Data 1981 1982 1983
RSS (model 3) 0.085373 0.125638 0.086092
RSS (model 4) 0.081352 0. 092591 0.072266
ns ns ns
F1,12 0.593 4.28. 2.30

Thus, use of model 4, which incorporates an additional parameter,
results in only a small additional valuation in the residual sum of

squares. The reduction can be formally tested for each year by using

RSS[Model (3)] - RSS[Model (4)]

F = RSS[ModeT (M)17v,

1,12

where 2 is the residual degrees of freedom (in this case 12) for

model (4).
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The statistic F1,12 has an F-distribution with 1 énd 12 degrees pf.
" freedom and its values are recorded in the above table. For éach year,
the decrease in the residual variance due to the extré parameter is seen
to be non-significant. Hence, thé_conclusion.must be that the data
are consistent with the asymptotic model. Graphs that have been pre-
pared of yield per -area, (i.e. XY§ Figure 9.1.2), tend to bear this ouf;,
the yield per area appears to approach an asymptote for each yeér fathet ,
than reaching a maximum for some optimum value of X.

The following values for the least squares estimates of a and B,

aﬁd'their,standard errors, were obtained for the asymptotic model [Model

(3]:

Parameter
o B
1981 0.08563 + 0.00548. 0102509 + 0.00163
Year 1982 0.03296 * 0,00461 0.03062 + 0.00172
1983 . 0.02266 * 0.00275 0.02269 + 0.00104

The magnitudés-offthe parameter estimates. and their standard errors
demonstrate that o (and B8 as_well) is not a constani from year to year.
There aré obviously other factofs oﬁe;ating, in this perennia1 érop,
which prevent o from coming out t§ be a constant, as if often does for
annual crops of the same species or variety (Bleasdale 1967a; Frappell
1979). - |
- The asymptotic model has very good statistical properties. Values
are given for the asymmetry measure Qf noﬁ-linearity of Lowry and Morton
(1983) and for the intrinsic (IN) and parémeter-effects (PE) curvature

measures (see Ratkowsky_(1983} for a discussion of these measures.)
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The Lowry-Morton measures are closely related to the asymmetry measure
of bias that is discussed in Section 2.9.; ‘IN and PE are discussed in

Section 2.4 of Ratkowsky (1983).

Bud Yield Data

1981 1982 1983
Asymmetry measures
for: a 0.001 0.001 0.001
8 0.001 ' 0.001 0.001
Rule-of-thumb decision 0.01 0.01 - 0.01
value .
Curvature measures:
IN 0.019 -0.028 . 0.024
PE ' 0.061 . 0.065 0.053
Critical value
1/(2Y F) 0.256 0.256 0.256

As the asymmetry measures are much less than the rule-of-thumb decision
value of 0.01, and IN and PE are much less than their critical values

for statistical significance, Model (3) exhibits close-to-linear behaviour.
Hence, although Model (3) is a non-linear regression model, its behaviour
in estimation }s very similar to that of a linear model.

As previously discussed (Section II 3.1), %vis considered to be a
measure of the genetic potential of the crop, andA% a measure of the
environmental potential. In order to understand the variation of o
and B, displayed in the data examined, the dependent yariable Y was trans-

formed to a bud yield expressed as grams per shoot, rather than the yield

per plant. The data set is as follows:
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Plant Density Bud_Y;eld_Datg

(plants/m?) .
: 1981 11982 1983
(g/shoot) (g/shoot) (g/shoot)
X Y Y ' Y _
1.0 | - 1.254 ©0.971 0.669
1.2 1.226 . 0.987. . 0.649
1.4 | | 1.288. 1.016. 0.647
1.7 1.203 - 1,008 - - - 0.615
2.0 : 1.120 - 0.950 . 0.604
2.4 1,145 . . 0.902 0.598 -
2.8 0.952 . - 0.807 . 0.575
3.3 -~ 1.005° 0.825. 0.556
4.0 0.836 - 0.694 . 0.526
4.8 . 0.782 - ~0.617. . 0.500
5.6 1 0.711. 0.623 ~0.521
6.7 | 0.673. "~ 0.551 ©0.475
7.7 | 10.744 0.564 0.513
9.1 - 0.527 0.444 0.431 -

11.1 0.532 . 0.350 ©0.398

This data set is represented graphically (Figure 9.1.3) and displays an

asymptotic response. From the asymptotic model the following least

squares estimates of the parameters (and their standard errors) were

obtained:
a B .
1981 0.6536 + 0.0301 0.1187 £ 0.0081
1982 0.7778 1 0.0353 © 0.1576 * 0.0097
+

1983 - 1.453:% 0.0302 0.0921 % 0.0068

Again the data demonstrates that o and B are not constant from year to

yéar.' It may well be that the plants have not yet attained an
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equilibrium condition within the density experiment, and this is whatl
is preventing o and g8 from remaining constant (élthough more variation
in B would be expected due to seasonal variation). This is borne -out
by Figure 971.1, where the incremental increase<in.yie1d at each
successive density was decreasing, suggesting the approach to an
equilibrium situation.

The fit of the asymptotic yield-density model to the above data
was a good one in each of the three years; note that the anomalous - ylelds
obtalned for a dens;ty of 7.7 plants/m2 apply to the above data as we11
~as to the yield per plant data previously considered, - CQUtion néeds té'_
be exercised before accépting this anomalous\data as a peak yield,
particularly considering the good fit attained with the asymptotic;'but
not the parabolic model. The anomaly'may simply be due to the fact thét
the same plants weie sampled each year. However, there is also fhéx
consideration that the data is reél withla‘séund physiological basis

(refer to section V).

9.2 The Effect of Harvest Date and Plant Den51ty on'0il Yield
and Composition

The amount of volatile oil present in biackcurrant-bud§ was measured
at various harvest dates throughout the growing seaéon, over.seVen plant
densities. As the data tabulated (Table 9,211 and Appendix 13) shows
the level of oil in the buds remains at a 10§ but stea&y‘leQel, from»
~early November fhrough until late December. At this time (23/12) there
is a rapid increase in the amount of oil presené, indicating an increase
in rate of 011 synthesi§ in late December aﬁd early January. From.then
on there is a steady rise in the level of volatile oil meaéured in the

buds, until the end of the growing season. Planting density appears to

“have effect on the period of most rapid oil accumulation.
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The yield concrete was measured at the beginning of June, the trad-
itional harvest period for bud material, over the full range of density
treatments. Table 9.2.2 demonstrates that the variation in percent
concrete yield recorded at each'planting,dénSity showed no relation with
plant density. The variation.observed must thefefbre'be'due to variation
in the bud:mate;ial_and the e*traction method. When the bud yields»for
1983 are used to calculate. an expected .concrete yield,tthe.relationship
of plant density with. concrete yield shows the sameupattefn as with bud
yield. This confirms that plant~densi;yphas little or: no:effect oh the
percentagé_yield of concrete. |

| Figures. 9.2.1 to‘9.2.10,demonstrated that the levels of particular
terpenes do .vary at finallharvest across a range. of plant.aensities (raw
data attached. as Appendix 13). Despite.the'amouht of variation obser&ed
in compositioﬁ, no difference in oréaﬂqleptic.quality of extracts wés,r
observed. '

TABLE 9.2.1 Amount of.ﬁolatile oil present'in blackcurrant buds at
- different times during the growing. season '

 (u%/g bud fresh weight)

Plant Density 1.1 1.6 2.2 3.0 © 5.2 7.2 10.1

(plants/m?) ' :

Harvest Date ) ,
12/11 3.84 1.79 2.44 3.35 2.68 '4.38  2.59
19/11 3.31 2.28 2.17 3.15 4.14 3,50 '2.55
3/12 4.40 4,21 2,82 2,77 3.03 2.45 72.8%
10/12 3.09 4,05 3,10 4.07 3.48 3.00 2.88
17/12 3.41  3.65 2.97 2.44 1.93 3.03 3.82
23/12 7.69 4.65 5.08 4.70 7.43 4.65 8.39
6/1 6.66 3.68 6.09 5.79 5.80 - -
20/1 7.20 6.43 5.12. 8.21 6.81 8.12 8.30
3/2 6.97 6.10 7.19 6.93 7.81 7.32 10.21
18/3 ' 8.94 6.92 8.76 8.86 = 6.86 10.13 12.80
8/4 . . 12,14 10.59 10.84 9.53 -7.89 7.27 13.80
29/4 _ 12.86 9.59 - 9.24 11.46 9.26 8.76 11.68
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FIGURE 9.2.5 The relationship of beta phellandrene (e ), cisbeta ocimene (#) and trans beta ocimene
(Q) with plant density in oils extracted from dormant buds
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TABLE 9.2.2 Yields of concrete from blackcurrant buds at various
planting densities

Plant density

Percent Yield Concrete

Calculated Yield of .

(plants/m?) 1982 1983 “Av. gs;ggz:te 198;/m2
11.1 2.84  2.16 2.50 8.68 95.75
9.1 1.94 = 3.54. 2.74  10.03. 91.76
7.7 3.21  2.91 2.56  .15.31 118.02
6.7 3.17  4.28 3.73  21.90°°  145.95.
5.6 1.96  2.32 2,14 14.70 82,33
4.8 2.41  2.52 2.47  17.69 84.84
4.0 2.83%  2.98 2,91 24.47 97.89
3.3 1.96  3.25 2.61  28.08 92.52
2.8 2.11 2.78 2.45 29.57 82.86"
2.4 2.09 2.62 2.36 33.25 79.82
2.0 2,41 2.09 2.25  33.64  67.16
1.7 2.84 2.46 2.65  43.65 74.20.
1.4 2.36  2.30. 2,33 44.32 62.26
1.2 2.44  3.15 2.80  53.48 64.18

2.85°  .3.16  3.01  62.16

1.0

overall mean 2.63

62.16 -

9.3 The Effect of Bud Burst on 0il Quality and Yield

The effect of bud burst on the yield of concrete is shown in the

table of means below, and represented graphically'as‘Figure 9.3.1. The

" expanded data table is included in Appendix 9.

"TABLE 9.3.1

208

Harvest Bud Percent buds  Percent concrete Adjusted
Date Nos/10 g opeged yield | yield
12/8 241 0 3.59 : 3.59
19/8 189 7.3 2,25 2.25 x 241 2.87
26/8 92 . 42.1 1.72 189 4.51
29/8 83 54.7 1.72 5.06 -
30/8 ‘82 '62.3 1.48 4.35

45 94.2 1.12 6.00

2/9




FIGURE 9.3.1 The relationship of concrete yield and percentage open buds during bud burst
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This data demonstrated’that as more buﬂs opened the yield of cdnerete
declined, on a fresh weight.basis; as was expected due to the rapid in-;;l
crease in weight of leaf material present. However, when the yield
was adjusted pfeportiohally to-take into account the decrease in numbers
of buds contr1but1ng ‘to the sample, this y1e1d increased; this demonstrated
that the actual oil yield per bud was increasing at bud burst.

The relative composition of the oil was determined by gas chromatography
at each harvest date; this data has beeh.presented'grahpically and is ‘
tabulated in Appendix 9.. The major monoterpenes sabinene'and deitng-
carene.were.observetho_detrease_over'the three  week. harvest period while
aipha-terpinoleneuincreased (Figure 9.3. 2) | Alpha. thuJene increased to-

a peak and then declined; the sharp rise observed on the 29/8 is d1ff1cu1t
to explain when compared to the relative level measured on' the 30/8 but
was reproducible; The relat1ve concentratlon of both alpha and beta
pinene decreased until the 29/8 then 1ncreased slowly, while for myrcene
and alpha-phellandrene the converse is true (Flgure 9.3.3).

Beta phellandrene. and cis beta ocimene contlnued.to:1ncressewthrough-‘
out the harvest’heriod, WhereaS'tréns:beta,ocimene, gamma terpinene and
limonene rose to peaks at different stages then. fell to a plateau level
(Figure 9.3.4). Non-an-2-one, terpinen-4-ol.and.carvone do not ehange
significantly, but. the unknown MW 152 (17) declined with a small subsidiary
rise at the 29/8 (Figure 9.3.5). Alpha terpineol levels fell sharpiy
then climbed steadily to a higher level. .Trans piperitol, on the other
hand, rose from a very low level to peak around the time fifty percent
of the buds were open before declining (Figure 9.3.5). The sesquiterpene
hydrocarbons beta-elemene, the unknown MW 204.(39). and alloaromadrene
were present in small amouhts throughout this period (Figure 9.3.6).

. Beta terpinyl acetate and gamma cadinene rose to sharp peaks on the 29/8
and then deciined, while gamma elemene reached:a peak earlier on.the 26/8

(Figure 9.3.6).
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Similarly, beta caryophyllene reached a peak on the 26/8 and

then decreased, whereas humulene and germacrene D bothvrose steadily -
to an equilibrium level (Figure 9.3.7). The epoxide of caryophyllene
behaved as the beta fbrm,Awhile humulene epoxide declined steadily
(Figure 9.3.8). The otheritwo unknown sesquiternenewtypes remained
at fairly constant levels.

~ For an organolentic comparison of these samples, the triangle test.
described bYIiarmond (1977) ‘was used. Each of the three replicates |
were 1nd1v1dua11y compared to two samples of Tasmanian concrete produced
from the White Bud selection grow1ng at Bushy Park Southern Tasmania.
The results of this analysis are collated in Table’9 3.2.. The standard'
samples are well balanced quallty concretes posse551ng a reasonably strong
catty aroma with a background blackcurrant fru1t 1mpre551on. As the
samples approach fifty percent bud burst:(29/8), the-strength'of the
catty note increaseS‘withOut‘affecting=thelb1ackcurrant.fruit after .l
impression. However, once a high proportion”(>90%)_of"buds are open .
(2/9) the catty note is overpowering and unpleasant:withoutiany black;j.

currant fruit aroma.

: * ' ' .
TABLE 9.3.2 Organoleptic comparison of bud burst oil samples

Harvest Date -
_ 12/8  19/8 26/8 . 29/8  30/8 2/9
Sample @ C BF C BF C BF C BF: C BF C  BF.

Standard 2 2 2 -2 2 2 2 2 i}_zi- 22 2
Rep. I 2 2 3 2 4 2 4 2 4 2 5 0
Rep. II 2 2 3 2 4 2 4 2 ‘4 2 5 o0
Rep. III 2 2 3 - 2 4 2 4 2 4 2 5 0

based on a strength rating of 0 to 5 for the catty (C) and blackcurrant
fruit (BF) notes :
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9.4 Light Interception, Utilization and Relationship to
Plantin ng Density

Transmission of light through the blackcurrant canopy was shownlto
be closely related to the percent of total leaf cover present at each |
planting dehsity. " Figures 9.4.1_and 9.4.2 show:how the amount of
incident light transmittea (I/Io) to thewﬁlaﬁtation alleyways declined
.to a minimum in the middle of the growing season and then' increases again.
- This was due. to the_difect relation between leaf area. and transmittea -
'light és demonstrated.with.the rise of percent leaf cover to a maximum

during the middle of the growing season.(Figgr9349.4.3'and 9.4.4).
Appendix 10 contains the observed and mean. values with which the graphs
Verevconstructed. *Fof thosevdensitiesnthat reachlé complete canopy
(10.1 to 4.4 plants/mz)-there was littie.variation in the amount.of't:ané;
mitted light within that.range:of'densitigs,(riguiesfé;4;1”and 9.4.2,
Howeﬁéf;Aas the maxiﬁum'ééhéﬁyffalls'bélowiéé%, theﬁ éOﬁsiderabfé-:
variafidn due to stray light.from the alleyways wa§ obs%fVed;

The relationsﬁip'bf_tranSmitted light to percent 1eaf cover waéi.
shown to be linear (Figures 9.4.5 and 954;6)-f9r-b1ackcurrants acrdSs”a'
-range of plant densities. |

The.éffect of plant density on the relétionship of fractioﬁal trans-
mitted light (I/Io) to percent leaf cover is to éguse.a decreasé.in the
slope of the linear regression equation (Table 9.4.1). Thus indicating
at lower plant ‘densities ‘that a greater proportion:of incident light”is'
transmitted to the plantation floor.per unit of:grouhd cover than at
higher'plant_densities. A coﬁabitant decrease in thé correlation co-
efficient (Table 9.4.1) is also evident,_indicating‘ah increase in the
obsérved variation at low planting densities. |

At high densities (10.1-4.4 plants/m?)Athe slope of the relationship

falls as planting density decreases; rising again at 3.3 plénts/m2 before
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falling again with increased variation at low densities. This bimodal
distribution suggests the presence of two distinct canopy types within the
experimental plots - at high densities a continuous canopy and at low
densities a discontinuous canopy subject to clumping and shading effects.
This relationship was confirmed by observation of»the canopy type at all
planting densities. |

TABLE 9.4.1 Values for a, b and r for a regression equatién of the

general form, Y = aX + b, relating transmitted light to
percent leaf cover, as affected by plant density

Plant density a b T
(plants/m?) ’ (slope) (correlation coefficient)
10.1 -0.0109 . 1.21 -0.91
7.2 | -0.0109 1.24 -0.95
5.6 ~0.0063 0.75 -0.92
4.4 -0.0061 0.78 -0.88
3.3 ~ -0.0088 T 0.9z  o.87
2.0 -0.0068 0.82 -0.75
1.4 ~ -0.0056 0.75 . -0.69
1.0 | -0.0084 0.84 -0.63

The total irradiance incident on the three plots was also measured
-throughout the growing season (Table 9.4.2 and Figure 9.4.7). The total
solar input at each density has been estimated (Appendix 10) by calculating
the percentage energy input during each time interval from the known
birradiance (Table 9.4.2) and pefcentage of light transmitted through the

canopy (Appendix 10):

Estimated Solar Input = interval irradiance x (1-% transmittance)

The estimated cumulative solar energy input has been plotted (Figure 9.4.8)

on a per plant and a per m? basis. On a per plant basis the solar energy
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TABLE 9.4.2 Total .irradiance measured.during the. growing season .

Week ’ Interval Irradiance ?umulgtiﬁe‘ 'Weeks,aftgr
ending "% qu/w) o0/tidey) PRI P
23/9-22/10/82 4 521 17.97 522 5
29/10/82 1 135. 19.29 657 6
5/11/82 1 163 23.29 818 7
12/11/82 1 161 23.00 . 979 8
19/11/82 1 114 16.29 1,094 9
26/11/82 1 150 ° 21.43 . 1,245 10
3/12/82 1 158 22.57 1,403 | 11
10/12/82 1 110 15.86 | 1,514 12

17712782 1 163 23.29 1,677 13
23/12/82 1 127 18;14» 1,804 14
6/1/83 . - 2 313 22.34 2;117_ < 15
20/1/83 2 277 - 19.79 ‘32,395. 1 T
3/2/83 2 308 22.00 ’ 2,703 : 20
17/2/83 2 279  20.00 2,93 - 22
4/3/83 2 235 15.67 3,218 . 24
18/3/83 2 - 226 16.21 3,445 | 26

‘8/4/83 '3 245 11.67 - 3,600 29

29/4/83 . 3 166 ~ 7.90 3,857 32

* bud burst 14/9/82
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FIGURE 9.4.7

CUMULATIVE INCIDENT RADIATION AT BUSHY PARK TASMANIA 1982/83 :
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input declines with increasing plant density as would be expected.
However, on a per m? basis the reverse was true, due to a greater per-
centage of transmitteé light reaching the plantation floor. The cumulative
values are summarized in Table 9.4.3 with total cane fresh weight (an
estimate of total plant productivity) and bud yield in 1983. Figure
9.4.9 shows cleaily’that both bud yield and total cane fresh weight per
plant are increased as the amount. of cumulative irradiant energy increases.
Total cane fresh weight appears to have reached .a maximum at 1,500 MJ/plant,
whereas bud yield is still increasing at an energy input of 2,000 MJ/plant.
When these figures are expréssed as yields per solar energy input (Figure
\ 9.4.10), it is clear at low densities that both bud yield and cane fresh
weight per solar input are depressed. This could be due to shading as a
result of the discontinuous canopy and changing sun angles. Both yields
then rise stéadily with a slight peak at 7.7 plants/m? before decreasing.
This'decreaSe”is pfobably due to increased competition between plants at
higher'densities, With'the peak indicating the density enabling the most
- efficient conversion of solar:energy to yield in a continuous canopy.

The data also demonstrates that there is a linear relationship
between cumulative solar energy input (Appendix 10) and percent leaf

cover (Appendix 10). This relationship takes the form (Figure 9.4.11):
Y = 4.05 - 0.0426X

with a correlation coefficient, r = -0.96; a very good fit.
The monthly mihimum and maximum temperatures were obtained from the
Meteorological Bureau, Hobart, Tasmania for Bushy Park during the 1982/83

_growing season and are plotted here (Figure 9.4.12) for discussion later.



TABLE 9.4.3 Estimated solar energy input and yield/solar input (per plant basis)

Plant Density Cumulative Solar Energy Input Bud Yield (1983) Bud Yield/Solar Input Cane Fresh  Cane Fresh .
(plants/m?) M)/m?) - (MJ/plant) '(g/plant) (mg/MJ) ‘weight weight/solar
: o ‘ ' o _ v(g/plant) input (g/MJ)
10.1 2,970 294 3.56 12,11 136.53 0.46
7.2 2,870 397 5.92 14.91 231.79 0.58
5.6 2,940 525 ' 6.87 ©13.09 288.06 0.55
a4 2,770 630 7.78 12.35 325,64 0.52
3.3 2,790 846 10.76 12.72 446.90 0.53
2.0 2,320 " 1;160 714,95A 12.89 616.87 0.53
1.4 , 2,390 ' 1;707_v 19.02 11.14 690.06 0.40
1.0 2,140 20,65 9.65 ' 678.05

2,140

0.32

sz



FIGURE 9.4.9

RELATIONSHIP OF YIELD TO SOLAR ENERGY INPUT
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FIGURE 9.4.11

RELATIONSHIP OF CUMULATIVE SOLAR ENERGY INPUT AND LEAF COVER -
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9.5 Varietal Differences in 0il Quality

The varietal differences in oil yield are contained in Table 9.5.1.
White Bud, the main local varietf, was fairly high yielding as was the
Super C selection. However, the Grahams No. 1 selection was not as
productive. All these selections were more prolific producers than the
parent variety Baldwin (for a full discussion of variety interrelationships
see Section II 1.3). Other high yielding varieties which may bé important
were Boskoopriant, Lees Prolific, Magnus and Goliath.

Commercial acceptance of various varietal concretes has already been
discussed (refer to Section IV 5.1). 'fable 9.5.2 contains an organoleptic
désciiption of each variety compared to the two French products (réfer to
Section III 6.1). From this comparison, a preference for White Bud
selections (Supef C,"Wﬁite Bud) and closely related varietieé (Baldwin,
Goliath, Hatton Black) was shown as indicated. The Grahams White Bud
selection does not produce a quality oil énd some question was'raised as
to whether-it is true to type. The less desirable oils were those, such
as Lees Prolific and Boskoop, which appeared to be enriched in monoterpene
constituents and lacked a strong catty impression.

Compositional data was obtained for blackcurrant bud oils from ten
varieties grown at three sites in Southern Tasmania. The ten Varieties
were related in Todd's classification (1962) .as shown in Table 9.5.3.

The compositional data, which is found in Appendix 11, was analysed by
principal co-ordinate analysis. This technique, due to Gower (1966),
requires the user to define a similarity matrix between sampling units,
which in this case were 37 blackcurrant bud oils with various location and
variety attributes. This similarity matrix is a matrix of similarity
coefficients between paifs of units and has been described in part by
Gower (1971). The similarity coefficient is a number between 0 and 1

that is defined in terms of a set of variates; in this case individual



TABLE 9.5.1 Varietal concrete yields (% fresh weight basis)

Variety ' Hortiéultural Research Centre 'Huon Research Station Marion Bay Overall :

1980 1982 1983  Mean 1982 1983  Mean 1980 mean
White Bud . 2.55 - 3.61  3.08 - 3.77  3.77 3.34 3.32
Grahams WB No.1 - 2.40  3.06  2.73 - 3.06 3.06 - 2.84
Super C 2.71 - 2.06 . 2.39 400 4.24  4.12 - 3.25
Baldwin 3.06  2.60 2.25  2.64 - - - - 2.64
Goliath 3.28  3.00 2.65  2.98 4.93  3.16  4.05 2.40 3.24
Boskoop Giant 3.21  2.70  3.25  3.05 7.26  2.49  4.88 - 3.78
Lees Prolific - 3,30 2.43  2.87 5.14 2.80  3.97 - 3.42
Hatton Black - - 3.65 . 3.65 - 1.92  1.92 - - 2.79
Magnus - - - - 3.81  2.72  3.27 - 3.27
Kerry 1.41 3.50 2.42  2.44 3.55  3.17  3.37 - 2.81

L2t
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TABLE 9,5.2 Organolept1c descrlptlon of varietal concretes produced

in 1983
'V;rié£ » Preference Description
y Mark P :
White Bud 1 . Typical blackcurrant product, fresh top
: notes with a reasonably strong catty
impression. Does not possess the peppery,
spicy top notes of French standards. -

Supef c : 2 A sweeter sample, strength of catty and
fruit aromas not as powerful as above.

Goliath. 3 Fresh top notes with reasonably strong

- - fruit and catty aroma impressions; well
balanced.

Baldwin .4 Typical blackcurrant fruit and catty

. aromas, top notes are a little flat; also
a green background note.

‘Magnus 5 Good balance of blackcurrant fruit and
‘catty aromas.

- Hatton Black - 6 Good blackcurrant fruit 1mpre531on, not
as well balanced, lacking in strong catty
note although gives a fresh impression.

~ Grahams No. 1 7 Lacks any fresh top notes, heavy green

White Bud ' note that dlstracts from fru1t and]catty

' ' : aromas. . :

Kerry ' 8 Heavy first 1mpre551on of cooked black-

- currants.

Lees Prolific 9 Lacks a catty impression, sweet fruit
background possibly rich .in monoterpene
hydrocarbons.

Boskoop Giant 10 'Lacks strong catty note, balance is.

fruit notes with sweeter terpene aroma.
Obviously richer in monoterpene hydro- .
carbons.
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TABLE 9.5.3 Variety interrelationships: (from.Todd.1962)

Group ' Al AII . o AIII
' stems & peptides stems § peptides stems green,
green red. peptides red
Subgroups
Bl Cotswold Group * Bl Baldwin Group Bl French Group
e.g. Baldwin, - e.g. Lees Prolific

White Bud, Super
C, Grahams No. 1,
Hatton Black,

Magnus, Kerry

B2 Gbliath Group B2 Wellington Group B2’ Boskoop Group
e.g. Goliath - e.g. Boskoop Giant

terpene componeﬁts of the oils. It takes the value 1.if all variate
values are ;he same fof both units, and 0 if all Variaté values are'aé
different as possible. The pfincipal:coordinate analysis'used was that
available with the GENSTAT Statistical.Package.(Mark.4;63 Rothamsted
Experiment Station, England 1980). | '
| Initially the analysis was carried out.using the 34 oil components .
measured for each variety. The latent vector coordinates are.summarize&.
in Appendix 11, along with the percentage}of.the.observed variance accounted
for. by each .coordinate. The coordinatgsaproduced by the énalysis have
been plotted in four dimensions, taking.into account. 60.4% of the variation
observed. |

Figures 9.5.1, 9.5.2 and 9.5.3 display the variation aéqouﬁted for
by the combination of the first and second, first and third, énd first
and fourth coordinates, respectively. Figure 9-5.1-showsjthree groupings
of sample,vafieties, which show a close relatiqnship‘of_Baidwin and Goliath
Groups irrespecfiveuofvlocation and yearvof harvest. In addition, three
other groupings show a close relationship between the Prehch and Boskoop

Groups. One of these latter was confbunded by the Super C varietal
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select1on sampled at Grove in 1982 and 1983 suggestlng th1s may not

be true to. type. Grahams No. 1 assoclates read11y w1th other Wh1te _ L
Bud selections tending to discount the early suggestion that it 1s not .
true to type. |

Figures 9.5.2 and 9.553.eonfirm these associations.

The.prineipal eOOrdinate analysiS'Waslrepeated using'only the_twelre
monoterpene end'sesquiterpene“hydrocarbons=that Latrasse and Lantin:j
(refer to Section II 2.5) used in their classificetionﬁof-varietieSVinto'

-distinct.phenotypes. The . 1atent vector coordinates.produced by the
ana1y51s were again plotted in four. dlmen51ons tak1ng into account 78%
of the observed varlatlon (the data set is attached in Append1x 11)

This - analysis. presents a less complex pattern of assoc1at10ns w1th1n
the oils sanpled, suggestlng that the 51mrlar1ty matrix shows a b1asf;
touardsithose.cdmpounds]present in higher:percentagesrf‘ Suchfane;ysis
should. therefore be,treatedhwithicautidnuas.components;present in on1§7’
small amounts may well point to characteristic varietal differenoess

Figure 9.5.4 shows»severalfessociations,of oils fromuthe.Golieth
and Baldwin.Groups which.Suggest that althoughuthese~groups were'separated f
morphologically (Table 9.5.3); they were%ciosely;related.oillphenotypes.
In addition,.Boskoop'Gient and Lees Prolific frequently'associate closely '
together. | The Boskoop.and French Groups.on this evidence ere reiated to’
each other but not to.the.Goliath and.Baidwin,Groups. Figures 9.S>S and n
9.5.6 conflrm this as we11 as demonstrat1ng that the Super C selection
sampled at Grove was qu1te d1fferent(from'the-Wh1te Bud.selectlon. Indeed
this Super C selection was different from all the White .But seiectdons
suggesting that either it is not true to type, or it is not a White Bud
progeny as is widely thought (refervto Section II 1.3);

Thevseparation.of oils fromithe various*White.But selections and .
the closely related. Gollath Group into d1st1nct grouplngS'appears to be

due to env1ronmenta1;var1at1on. . For example, the varletal selectlons



Key ‘to ordination diagrams. Figures 9.5.1 to 9.5.6.

Horticultural Research Centre Grove Research Station
1983 1 White Bud 1983 22 White Bud
2 Grahams No. 1 White Bud - 23 Super C
3 Super C T 24 Goliath
4 Baldwin v 25 Hatton Black
5  Goliath .26 Lees Prolific
6 Kerry | 27 Magnus
7 Boskoop Giant 28 Boskoop Giant
8 Hatton Black | 29 Kerry
9  Lees Prolific
1982 10 Grahams No. 1 White Bud 1982 30 Goliath
11 Goliath ' : 31 Boskoop Giant
12 Baldwin , ' 32 Kerry
13 Boskoop Giant 33 Magnus
14 Kerry 34 Lees Prolific
15  Lees Prolific 35 Super C
1980 16 White Bud ‘ Marion Bay
17 Baldwin . 1980 36 White Bud
18 Boskoop Giant 37 Goliath
19  Super C
20 Goliath

21 Kerry
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White Bud, Baldwin, Goliéth and Kerry growing at the Horticultural Centre
grouped together in 1980 (16,17,20,21, Figure 9.5.4), and again in 1983
(1,5,6), with the exception of Baldwin. However, in 1982 Baldwin was
grouped with Grahams No. 1 White Bud and Goliath, and again with the
_Grahams in 1983. This pattern was repeated for the varieties White Bud,
Goliath and Kerry grown at Grove Reseérch Station (Figure 9.5.4).
Similarly, Boskoop Giant and Lees Prolific are.asséciated in 1982 and
1983 at both sites (Figures 9.5.4 to 9.5.6). The pattern of these
associations on the axes demonstrate that the environmental variation had

both a seasonal and a location component for all selections examined.

10. ECONOMIC ANALYSIS OF BLACKCURRANT BUD OIL PRODUCTION

A development budget.has been prepared for essential oil production
from blackcurrants in Tasmania. This budget was based on a number of
price assumptions and éctual costs associated with the operation of a
blackcurrant fruit plantation, which are included in Appendix 12,

The investment situation is assumed to be a low capital investment,
where only land and irrigation equipment are purchased outright. The
establishment costs are those variabie costé whicﬁ are incurred during
the first year of the blackcurrant crop. Annual operating costs are
those variable costs incurred in egch subsequent year.

An investment analysis approach (as opposed to one of gross margin)
has been adopted because of the relatively lérge capital 6ut1ay involved
and the perennial nature of the blackcurrant plant. From an investment
'Viewpoint the problem is to see whether the returns from blackcurrants
over an assumed number of years (in this case a planniﬁg horizon of ten

years has been used) justify the initial capital costs.
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A sensitivity analysis was undertaken to examine the effect ofi
planting density and price on the profitability of both a manual and
a machine harvested operation. A budget éheef has been prepared for
both these situations : Table 10.1.1 - manual harvest, and Table 16.1;2 -
machine harvest. Thg senéitivity analysis first cOnsidefed tﬁe effect
of plant density on profitability of the:ehterprise, at a fixed market
price of $1000 Australian .per kilogram of concrete. This analysis,
Table 10.1.3 and Figure 10.1.1, demonstrated that_a low planting density
(2.8'p1ants/ﬁ3) with its,conseqﬁentiai lower bud yield, brovided a
‘more than profitable returﬁ for the capital.invésted,in the enterprise,
than the planting deﬁsity with the mﬁximum’achieveable.yield(7.7 plants/m?).
This data strongly supports the conclusions of Saville t1983) that a |
realistic approach to,éxperimental yield data is to conﬁert the yield -
index (in this case bud yieid) to an'economic yield. |

Following this conclusion, anothér sensitiVity_analysis was carried
out to examine the effect of price on-the internal rate of return at a “
planting density of 2.8 piants/mz. As Table iO.l.4:demonstrates é pricé
of $700 or greater provides an acéeptablewreturn'for the machine harvested
situation, wheréas'a price of greater than $900 is required'in the hand
“harvested situation (using 15% as the decision-making value.for investment.

to proceed).



TABLE 10.1.1. BLACKCURRANT DEVELOPMENT BUDGET - MANUAL HARVEST

2365,

AREA(KA)= 10 .
PRICE($/KE)= 1000 .

PLANTING DENSITY= z.s(mrs/smv)'

YEAR 1 2 3 4 5 3 7 8 9 10
ACTUAL BUD YIELD(XG/HA) 78.36  125.06 226.46 338 338 338 338 33 m 3
WARVESTED BUD VIELD(KG/WA)  $5.77 93.795 169.845 253.5 253.5  263.5 2636  253.5  253.5  253.5 -
ﬂ%ﬁs %\‘:(xs) 22308 37.518 67.938 1014 1014 1014 1014 ol.4  lone 1004
TOTAL REVENUE 22308 37518 67938 101400 101400 101400 101400 101400 - 101400 101400
CAPITAL COSTS

LAXD 20000

IRRIGATION 20000

TOVAL CAPITAL COSTS 40000 ~
ESTABLISHMENT COSTS

LAND PREPARATION 1270

PLANTING MATERIAL 16800

PLANTING LASOUR 9240

SHELTER ' 2000

FENCING 1400

DRAINAGE 1000

FERTILIZERS 7630

WEED CONTROL 1300 .

DISEASE CONTROL 1240

TRACTOR OPERATING COSTS 1000

REN EQUIPMENT . 2100

IRRIGATION RUNNING COSTS 1000

TOOLS AND CONSUMABLES 1000

TOTAL ESTABLISHMENT COSTS 47580 .
OPERATING COSTS

FERTILIZERS 7630 7630 7630 7630 - 7630 7630 7630 7630 7630
WEED CONTROL 1830 1880 1880 1880 1880 1880 1880 1880 1880
DISEASE CONTROL 1200 1240 1240 1200 1240 1240 1200 1240 1260
TRACTOR OPERATING COSTS 1000 1000 1000 1000 1000 1000 1000 1000 1000
RAM EQUIPKENT 7700. 700 200 2700 2700 2700 200 200 - 2780
IRRIGATION RUNNING COSTS 1000 1000 1000 1000 1000 1000 1000 1000 1000
TOOLS & CONSUMABLES 300 3000 3000 3000 3000 3000 3000 3000 3000
TOTAL OPERATING COSTS 18450 18450 18450 18450 18450 18450 18450 18530 18530
HARYVEST 8 EXTRACTION COSTS

MANUAL HARVESTING COSTS $148 6656 15678 23400 23400 23400 23400 23400 - 23400 23400
TRANSPORT & STORAGE 278.65 468.975 849.225 1267.5 1267.5 1267.5 1267.5 1267.5 1261.5 1267.5
EXTRACTION LABOUR 1784.64 3001.44 5435.04 8112 82 8N2 8N2 8N2 B2 BIN2
QUALITY CONTROL 223.08 37518 679.338 1014 1014 1014 1014 1014 1014 1014
SOLVENT L0SS 267.69 450.216 B815.256 1216.8 1216.8 1216.8 1216.8 1216.8 1216.8 1216.8
HIRE OF EXTRACTOR 645.932 1088.022 1970.202 2940.6 2960.6 2940.6 2940.6 2940.6 2940.6 2940.6
TOTAL EXTR/HARVEST COSTS  8349.198 14041.83 25427.10 37950.9 37950.9 37950.9 37950.9 37950.9 37950.9 37950.9
SALES OVERHEADS .

PACKAGING & FREIGHT. 669.24 1125.54 2038.14 3042 3042 3042 3042 3042 3082 3042
ADVERTISING M6.16 750.35 1350.76 2028 2028 2028 2028 2028 . 208 2028
AOMINISTRATION 223.08 375.18 679.33 1014 1014 1014 1004 1014 10 1014
R&D 4616 750.36 1353.76 2028 2028 2028 2028 2028 - 208 2028
AGENTS COMMISSION MS.4 18759 396.9 5070 SO70 5070  SO70 SO0 5070 SO70
TOTAL SALES COSTS 2900.04 4877.34 8831.94 13182 13182 1182 13182 118 1182

e

TOTAL OPERATING COSTS

96829.24 37369.17 52709.04 69582.9 69562.9 69582.9 69582.9 69582.9 69662.9 69662.9

CASH FLOW

-76521.2 148.827 15228.96 31817.1 21817.1 31817.1 31817.1 31817.1 31737.% 31737.1

IRR
NET PRESENT VALUE

.282
-18.6384



TABLE 10.1.2. BLACKCURRANY DEVELOPMENT BUDSET - MACHINE HARVEST

HIRE OF EXTRACTOR

AREA(HA) 10

PRICE($/K6)= 1000

PLANTING DENSITY= 2.8(PLANTS/SQN)

R P 2 3 . s & 7 8 s w0
ACTUAL BUD YIELD(KG/HA) 74.35 125.06 226.46 33 18 338 333 . 338 -3 338
HARVESTED BUD YIELD(KE/MA)  59.488 100.048 181.168 270.4 270.4  270.4 270.4 20.8 270.4  270.4
VIELD CONRETE (k) 23.792 0.0152 72.4672 108.16 108.16 108.16 108.16 108.16 108.15 108.16
TOTAL REVENUE 23795.2 €0019.2 72467.2 108160 108160 108160 108160 108160 108160 108160
CAPITAL COSTS )

o 20000

IRRIGATION 20000

MECHANICAL HARVESTER 30000

TOTAL CAPITAL COSTS 70000

ESTABLISHMENT COSTS

LAKD PREPARATION 1210

PLANTING WATERIAL 16800

PLANTING LABOUR 9240

SHELTER 2000

FENCING 1400

DRATNAGE 1000 ' '

FERTILIZERS 548

WEED CONTROL 1300

DISEASE CONTROL 1200

TRACTOR OPERATING COSTS 1000

REM EQUIPMENT 2700

'IRRIGATION RUNNING COSTS 1000

TOOLS AXD CONSUABLES 1000

TOTAL ESTABLISWENT COSTS 45298

OPERATING COSTS

FERTILIZERS 548 SM8 SM8  SM8 533 SM8  SM8  SM3  5M8
WEED CONTROL 190 183 180 180  1s80  1e80 180 1880 1830
DISEASE CONTROL 1260 1240 1240 120 1260 120 1260 120 1200
TRACTOR OPERATING COSTS 1000 - 1000 1000 1000 1000 1000 1000 1000 1000
RSN EQUIPMENT 2700 2700 2000 2700 2700 2700 2700 2780 2780
IRRIGATION RUNNING COSTS 1000 1000 1000 1000 1000 1000 1000 . 1000 1000
TOOLS & CONSUMABLES 3000 3000 3000 3000 3000 3000 3000 3000 3000
TOTAL CPERATING COSTS 16168 16168 16168 16168 16163 16168 16163 16248 16248
HARVEST & EXTRACTION COSTS _

MACHINE WARVESTING COSTS  1448.761 1448.761 1348761 1448.761 1448.761 1448761 1448.761 1448.761 1445.76) 1428.761
ROYALTY PAYMENT 278.3552 468.1496 847.7308 1265.269 1265.269 1265.269 1265.269 1265.269 1265.269 1265.269
TRANSPORT 8 STORAGE  371.8  625.3 1132.3 1630 1630 1630 1650 1690  16% . 16%
EXTRACTION LABOUR . 1070.784 1800,864 3261.024 _ 4857.2 4867.2 4067.2 4867.2 4367.2 4861.2 486T.2
QUALITY CONTROL 237.952 400.192 720.612 1081.6 1081.6 1081.6 1081.6 1081.6 10816 1081.6
SOLVENT L0SS 118.976 200.09% 362.33% 540.8 540.8 540.8 540.8 S40.8 540.8  540.8

345.0308 580.2784 1050.774 1568.32 1568.32 1568.32 1568.32 1563.32 1568.32 1568.32

TOTAL EXTR/HARVEST COSTS

3871.662 5523.641 8827.597 12461.95 12461.95 12461.95 12461.95 12461.95 12461.95 12461.95

SALES OVERHEADS

PACKAGING & FREIGHT . 713.856 1200.576 2174.016 3244.8 3204.3 ' 3244.8 3204.8 3244.8 32M.8 I2MU.8
" ADVERTISING 675.”4. 800.384 1449.344 2163.2 2163.2 2163.2 2163.2 2163.2 2163.2 2163.2

AOMINISTRATION 237.952 400.192 724.672  1081.6 1031.6 1081.6 1081.6 1081.6 1081.6 1081.6

R&D _ 475.904 800.384 1449.344 2163.2 2163.2 2163.2 2163.2 2163.2 2163.2 2163.2

AGENTS COMMISSION 1189.76 2000.96 3623.35 5408 5408 5408 5408 5408 5408 5408'“

TOTAL SALES COSTS 3093.376 $202.496 9420.736 14060.8 14060.8 14060.8 14060.8

14060.8

TOTAL OPERATING COSTS

122263.0 26894.14 34416.33 42690.75 42690.75 42690.75 42690.75 42690.75 42770.75 42770.75

CASH FLOW

~98467.8 13125.06 38050.87 65469.25 65469.25 65469.25 65469.25 65469.25 65389.25 §5389.25

IRR )
MET PRESENT VALUE

421
35.38138

IREE

"

W
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TABLE 10.1.3 Sensitivity analysis for planting density

Planting Density -  Bud Yield Internal Rate of Return of Cash Flows
(plants/m?2) . (kg/ha) Manual Harvest -  Machine Harvest
1.0 206 3.6 27,3
2.0 298 20.1 39.9
2.8 . 338 ' 24,2 - 42.1 .
4.0 336 - 20.4 : 35.1
4.8 343 19.4 32.5
5.6 - 384 22.8 : 34.9
6.7 391 : 21.1 ' ' 31.4
7.7 461 26.7 S 36.4
9.1 335 . 105 16.3
11.1 383 12.8 - 17.0

" Price = $1000/kg

 TABLE 10.1.4 ‘Sensitivity analysis for price'

- Price Internal Rate of Return of Cash Flows'
($/kg) ' Manual Harvest Machine Harvest
500 , - _ 2.2
~ 600 - o 12.1
~ 700 -16.8 - 20.5-

800 2.0 -28.1°
900 14.1 - 35,2

1000 24,2 . 42.1

1100 : - .33.3 - 48.8

1200 42.0 55.5

1300 50.5

62.2 o

*

at a planting density of 2.8 plants/m?
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GENERAL DISCUSSION

The following discussion relates the various aspects of the
research programme in a logical sequence from production'techniques

through to product extraction and evaluation.

Plant Density and Other Factors Influencing Growth

In bbtaihing the data describing the form of the yield-density
response, a systematic fan design was employed (Nelder 1962, Bleasdale
1967b). The advantage of these designs over conventional randomised
coﬁplete block designs, are that they reduire fewer plants and.a
smaller area to adequately cover fhe wide range of pianting deﬂsities
examinéd, while retaiﬁing statistically valid comparisdns. ‘

Since the form of the yield-density response is known to vary
(Frappell 1979), it is important to define this accurately; to relate
fieid.plantings to the yield of the economicélly.important variable
(in this case bud yield). Other variables important in this present

'study, for various culturél reasons, aré those which give a measure of
plant vigour - ba;al cane girth and numbér of shoots per plant. It is
important to maintain a heaithy balance between plant vigour and bud
yieid under the proposed cultural regimen of annually harvesting all
the.available cane maferial.‘ Since such methods could pptentially

shbject the blackcurrant plant to physiological stress and reduce bud

yields in subsequent.years.
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With these considerations in mind; the statistical analysis was
applied to determine the order of the polynomial which best described;
the relationship of each variable with plant density. Further, it
' was necessary to determine the linearity of the.relationehip between’
the reciprocal of bud yield_and plant density. - Since, as described ,
by Frappell (1979), asymptotic relationships are based on a linear
felation between these two variables, | |

As this relation pfoved:to be linear; the final step of analysi;
was to select an appropriate yield-density model to define the response
.form. Ratkoﬁsky (1983) had underoaken'an extensive study on the .
statistical propertiesvof various mooels proposed by Holliday (1960),
Bleasdale-Nelder (1960)Vahd FarazdeghifHafris (1968); the former being
the preferred equation. Oﬁ the basis of hie study; the Holliday_modei
was fitted to the data set. -

The asymptotic felationship_demoostfated.between bud yield and
plant density is consistent with many other reports in the literature
‘describing similar relationships for plant parts of economic interestl
(Bleasdale 1967a, Nichols et al. 1973, Frappell 1973 and Nes 1979).
Some authors, for example Frappell (1979), often coneider that the
pafametere of the yield-density model, a and B, as a measure of the
genetic ahd environmental potential of the crop, respectively. - The
magnitudes of the parameter estimates and their standard errors pre-
sented here demonstrate that both o and 8 varied from yeer to year.
Obviously, other factors are operating in this perennial crop which
prevented a, in particular, from remaining constant; as itjoften does
~ for annual crops of the same variety (Ratkowsky 1983). Hence to
'aCCept o and B as straightforward measures of genetic and environmental
potential is an over-simplification and‘suggests a need to consider the

genetic potential of a crop in terms of a community of plants and not
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as individuals spaced ap;rf.

Quadratic feIatibnships with planting density'were demonstrated .
to-exist for both total cane fresh’weight and shoot numbers per plant.
These relationships indicate fhat tﬁe size of individual plants_waé '
decréased at higher planting densities due to increased competitioﬁ
betwéen,plants for available light and hutritional‘resources. queVer,
the length of canes pfoducéd'by thesé plants was reduced‘at both high
and low planting densities. At high densities this growth depréssion
can bé_readily attributed.té the competition betweenvneighbouring plants
for-a share of s¢arce:re§ources. Other authors (Hughes 1971; Nes 1979) -
| have demonstrated. similar responses for blackcurrant piants grown at.{'
high density. o

The reduction invcane length at low planting densities is confusing,'
unless one accepts the.premise that the available light is excess to
requirements for production.of the leaf canopy. . At low planting
densities a disconﬁinuous canopy exists and light penetration, as
supported by the percent transmittance measurements, is intensified -
within each bush. Hence, with more available light closer to the
"ground there is less competition for light so a feduced phototropic
response is observed. . The canes'produced were therefore shorter‘and
_probably thicker (éince resources are not yield limifing as is the case
at higher plant densities). |

This premise was confirmed by measurements of bésal cane girth
in 1983, which demonstrated thicker shoots at low denéities. The proof
of évlinear relationship'betWeen girth and both yield factors measured
(bud weight and total fresh weight) confirms other work on apples
(Moore 1978) thch had shown that girth was a good estimator of plant
productivity.

Although the canopy is very efficient in converting.interéepted

radiation into a productive yield, there was a decline in yield per
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intercepted solar unit at the highest planting densities. This
decrease in conversion efficiency at high planting densities suggests
an hypbthesis, thét the conversion of solar energy inputs to productive
yield is dependent upon both the efficiency.of photbsynthgsis and

the size of the leaf canopy. At high planting densities iow light’
coﬁditipns are more prevalenf beneath the .canopy surface. Now shade
‘leaves have lower photosynthetic efficiency rates than sunileavesé
. due to the intensity of light to whighrthey are exposed.  Hence, shade
leaves:a; high planting densities will contribute less net-photosynthate
than those at low densities, since light penetration is greater at the
low densities and'thérefore fhe net photdsynthetic,rate will be higher;

Further to this argument, the actual size of the leaf éanopy (both sun
and shade leavés)swould have an obvious effect. on the. efficiency of solér
‘energy conversion to yield. .

In this current study, light fesources have been shown to héve a
major influence on shoot quality in blackcurrants. Nes (1979) con-
firmed that a reduction in blackcurrant shoot quality occurs at high
planting densifies. -In addition, other workers.(Kranatz (1971) cited
in Nes (1979); Jaékson and Palmer (1977)) haveusimilérly proven that
light intensity is the causative factof,in.determining shoot quality for
blackcurrants and apples, respecfively;

For blackcurrants.this study. established that all planting densities
suffer from inefficient light interception early in the season. This
conclusion is confirmed by other work carried out on annuals (Sceicz
1974, Sibma 1977) and orchard crops (Jackson 1980;). The.development
of the canopy is initially slow due. to dependence-on ;arbohydrate
reserves (Wiison* pers. comm.), but once leaves are established they

rapidly export photosynthate for further growth. Two canopy types are

* : . . ' :
S.J. Wilson, Department.of Agriculture, New Town, Tasmania
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distinguishable over the range of planting.densities examined. At:
~high densitieé.a continuous canopy exists cpnéisting of erect bushes
with a shallow layer of leaves at the cane tips; whiie at'low'denSities'
~ there is a discontinuous canopy with cluﬁped.bushes‘covered in 1ea§es.>

The high densityvplantiﬁgs are“more efficient in terms:of light -
.interception, since long before they reachvmatgrity, the plants have
established a éomplete,ground,cdver. " The canopy is very unifqrm aﬁd
intefcepts.light.efficiently_regafdless of sunAangles:without any shading
effects. The latter.two;poiﬁts are significant factors influenéing
-the efficiencyvof'available light usage at low densities. The bimodal
distribution of the relationship betweenipercent.grouﬁd cover gnd
~ fractional transmitted light conf;rms"thelpresence:of-the two caﬁopy
types. The différence 5etween'the‘twowcanopie$‘iS'borne out'by'the .
percent transmittance data, which demonstrates an incfease& amount of °
Qariation observed for'readings;in the discontinuous, asvopposed to’thé
continuous canopy. | |

‘A comparison of the efficiency of solar energy .conversion by:the_
'two'canopies is possible from examination of the-yields expressed as
- per solar energy input." At low plantihg.deﬁsities both bud'weight and
‘cane fresh weight .yields are depressed, which is consistenf with a
»discdntinuousﬁcanopy;.since'associated,shading effects and less efféét- 
ive light interception will reduce conversion-efficiency. vAt high
planting densities yields .per solar input rise to a slight peak at
7,7 plants/m?2, before declining. Overall there are higher yieids per
solarvinput,'which is consistent with the more effective utilization of
intercepted light by a continuous canopy. Tﬁe deérease observed at
fhe highest densities would Be due- to the increased competition for
scarce resources befween neighbouring‘plants; indicating that light iﬁ |
particular has becomeba limiting resource. The peak observed’indicates

the planting density. (7.7 plants/m?) enabling the most efficient
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conversion of intercepted solar energy to yield. The continuous
canopf at this,density'meets the criteria laid down by Jackson (1980b)
for the»ideal canopy. In particulaf, it reaches maximum size quicklj,
before the incident radiation reaches its summer peak, as well as
being easy to maintain,ét maturity.

The cautién concerning this peak previously outlined does not
_.now’appeaf‘to.be warranted. The fit of the-asymptotic.merl suggested
this peak was anomalous.v'However, the evidence présentéd for thé iwo
canbpy hypothesis gives.a sound physioiogical basis.to'thisjpeak yield;
Fﬁrtheriinveétigation is thérefore,required.tOzexahine mbfe densitiési
surrounding this peak to ascertain its yélidity.

Regérding cultural management of a commercial venture the experi-
ment data establishesjthat a plénting density of 7 to 8 plants/m? is
appropriate. At this density the highest yield of bud maferial is
obtainable .on a per hectare basis, gndér a continuouQAéanopy. This |
canopy type is undéniably the mostvefficient, and has the added advantagg
of being weed-freeﬁduring the growing season; as @ell\as mgeting Jacksén's

criteria for the ideal orchard canopy.

Observation of 0il Accumulation

The most rapid iﬁcrease in glaﬁd size was determined to occur
during late November and early Decémber, just prior to the normal fruit
harvesfing period. This increase éccurs at a time of rapid leaf growth,
corresponding to the period when'the'blackcurrant bushes .reach maximum
canopy cover. In addition, analysis of total oil concentrations per
bud revéaled that the period of most fapid oil accumulation was early
to mid‘Januéry. Theée two observations are linked, gland size increas-
ing as photosynthate is made available from the‘expanding photosynthetic

surface. However, although the structural features are present before
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January, the rate of o0il synthesis does not increase rapidly until 0
photosynthate can be redirected from leaf.growth'into secondary
metabolism, particularly oil syﬁthesis.

Air temperature was shown to -be an'important factor controlling )
the rate of photosynthetic activity in blackcurrants; and effect which
had béen previously demonstrated for oﬁher'essential.oil crops, e.g.
peppermint (Clérk and ‘Menary 1980a). ,Using these findings, the
plots of.mean monthly maximum and minimum temperatures indicate that
;he net photosynthétic rate_wouldhbe feduced in both. spring and autumn
>months. Further, the plot of aVerage‘daily incident solar energy
.feveals a decline in'available»solar'energy for photosynthesis.during
the autumn period. | “

These cqnclusions.concerning the émount of.available‘photosynthafe
within the plant, are.in agreement with observations-on the rate of oil’

' accdmulation. At times of.lower-netzphotosynthetig gains (spring and )
: autumn),-the rate.of oil aécumulétion?is,slow. During the spring other
‘sink demands, particularly for leaf aﬁd.shoot growth, have a marked ‘:
affecf,on'reduqing the amount of bhot;synthate,available for>oil syﬁ-
thesis. However, once the canopy has reached its maximum,}then photo-
synthate is readily available for oil synthesis. . Particularly, since
environmental conditions at this time are very favourable for maintenance
of high phofosynthﬁte levels.

An attempt was made to identify the period of oil gynthesis, using
a Carbon-14 tracing technique. Thié?experiment produced highly variable
data, thch did not enable any interpretation about 0il synthesis. The
major difficulty with the experiment was exposing the whole plant to

14

sufficient C°° labelled carbon dioxide to obtain reproducible resuits

in bud samples taken from the plant. Any attempt to use similar

14

~methodology would require the use of larger amounts of C°° labelled

carbon dioxide. Furfher, five to ten buds per cane should be taken
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as>a sample, pooled, and used as a replicate against the other canes

on the bush.

‘Effect of Bud Burst on.0il Quality

Undcr both glasshouse and. field conditions the strength of thc '
catty notc was.proven'tO'increase as ‘the buds break from dofnancyth ’
This fact, previously nnreportedvin the literatnre, indicates that a
number of important oil compositional - changes are. occurrlng at thlS
time. Although, the part1cular compounds respons1ble for the complex
blackcurrant bud aroma were not 1dent1f1ed there is a con51derab1e |
4amount of evidence ‘in the data for'011-blosynthetlc'act1v1ty‘dur1ng.

this period.

For'example,'the,monoterpenes delta-Sfcarene and alpha térpinolene_

- decreased. and 1ncreased respect1ve1y, over the harvest perlod suggest-
ing that since both. compounds are- thought to. derlve from the - same
precursor (Charlewood.and,Banthorpe 1978), delta-3-carene is an intch
mediate.forlbther products. - Gamma terpinene and alpha thujene, which
also have a .common.precursor (Loomis’and”Croteau 1980); rise to a peak
level and then decline; indicating further interconvcrsions_are taking
placc.- Finally alpha terpineol, which iS.consideted to be a precursor
of limonene (Manitto 1981), was observec'to decrease as thellevels of
limonene rose, thereby supporting this proposal. .Limonene levels then
- fall indicating further conversion takes place, while élpha terpineol
levels rose indicating an increased availability of photosynthate for
oil synthesis.

The levels of alpha and beta pinene both decline until about
sixty percent of the buds have burst, ‘This suggestg’that, since these
.components are forned by interconversion from the three'alcohols,

geraniol, nerol and linalool (Manitto 1981); the évailability of photo-
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synthate for oil synthesis is limited until the buds burst. After>'
bud burst all the plant resources are being channelléd into prepargtory
spring growth; but as the leaves expand they rapidly commence photoQ
synthesis (Wiison* pers. comm,) and there is an increase in photo- -
synthate available fbr biosynthetic changes-inpoil.composifion.» |
Wright (1975) has shown that total abscisic‘ééid levels, which '
had remained fairly steady after an autumn peak, decliﬁe sharply at
bud burst. - His study also.revealed that the inner bud is the major
site of abscisic acid accumulation:during'dormancy.- Hénce, it seems
possible that the decline in abscisic acid levels is related to thé
increase in oil‘synthesis‘noted:at'bud-bufst. In addition, although
the substitption pattern of the cycohe;yl ring of abscisic acid suggests
.an origin from carotenes, reéent'experimeﬁtal,results show that abscisic
acid is biosynthesised.from.farnesyl'pyrophosphate and exclude. the
degradationAof-an.intermediate carotenoid.(Manitto.1931). 'Impoftahtlf;
farnesyl pyrophosphate is now considered to be the precursor of theA
| sesquitefpenes (Loomi s an& Croteau 1980,, Manitto 1981). This bio-
synthetic linkage between abscisic acid and the,seéquiterpenes, raises
the question as to the effect of chahges in abscisié.acid levels on
sesquiterpene .biosynthesis and vice versa. = While no data has been
presented in this sfudy-to support-this assertion, the control abscisic
. acid exercisés over the buds' release ffom dormancyvihdiéates that this

relationship warrants investigation.

Varietaf Differenceé

A close association between oils extrécted.from selections belong-
ihg firstly to the Goliath and -Baldwin groups, and secondly to the

Boskoop and French groups, has been revealed. Importantly, this analysis

* ' :
S.J. Wilson, Department of Agriculture, New Town, Tasmania.
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of varietal oils confirms the relafionships Todd (1962) proposed in ’ D
his key for'identification,vbased soleiy on the phenotypic features

of each selection. |

‘The French workers, Latrasse and Lantin (1974) in their firét

study also grouped Goliath and Baldwin togefher; However, later
fhese'authors (1976 and 1977) proposed that a number of monoterpene
"and sesquiterpene phenotypes could be diStinguished. This present .

_study provides evidence: from a number of cquely'related varietal
selections disagreéing”with-the basis on which these phenotypes were
~declared diStinct; For example, Baldwin under the French workers'

scheme was classified.as a BIV phenotype, yet the relatiVe proportions .
of sabinene, delta—s-carehe and terpinolene are»ﬁery different in‘this
present study. Furthér, alpha humuiene; which is tﬁé second most:
important seSquiterpene’constitutiﬁg Baldwin oils in.the current study,_.
is not considered.impoftant by the French workers for this.phehotype;_A P
| Several factors cduld_contribute to'thesé‘differences, for'éxample,
the climate'and/or~extraction methdd'employed.v, However,.thg ﬁajor
- contributing factor-is probably the a&vances in combined gas chromatd-_
graphy/mass spectrometry instrumentati@n; particularly, the improved
resolving powers of capillary vefsuéipacked columns. These'advénces
‘have ailowed for more accurate sepération and identification of component
peaks. .Différenées resultiﬁg from climatic influence or differences
inivarietal strains examined cannot be ruled.oqt; as Latrasse et al.
(1982) in recent work suggested that terpinen-4;ol was a discrimatory
feature>of each cultivar. A conclusion which is not supported by the
present work. These workers noted that terpinen-4-ol levels were
higher.for'Baldwin than_Boskoop Giant,.and that these higﬁ levels could
be ;raced in offspring from Baldwin,crossés. This current work howeVérv
révealed that-terpinep;4-ol levels were of the same. magnitude in all

the selections examined. -
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Iﬁportanfly; this study showed  that most of”the varieties grown'i
widely in Tasmania are closely relafed to ‘the hain English variety |
‘Baldwin. Any suspicion that the main local variety,~White'Bud, ﬁas
not of Baldwin parentage is removed Supporting Wilson's. claim (Wiison
- and Joﬁes 1980) -that White Bud is a local selection of Baldwint From
a commercial viewpoint, organoleptic assessment of extracts from“White
Bud sgiections revealed a preference for these.over all other varigtieg,
A comparison between the White Bud'and'tﬁe tw0'Freﬁch varieties pre-
ferred to Baldwin - Noir de Bourgogne~and'Royal de Naples.(Latrassé
1974; Latrasse et al. 1982), has not been poséible in this laboratory.
However, commercial sources considervtﬁe Tasmaﬁianlproduct to beieqUal

‘to the best French extracts.

Harvesting Methods

Manual harvesting of bpd material from pfunings was time-consuming.
and yielded only a low moﬁétary retﬁrn per kilogram of harvested buds,
as previously reported in the literaturg (Thomas 1979). If_first year
woéd'is used, as a source of bud material, higher bud picking effic-
iencies are obiained'if the buds are picked directly from thg bushes,A
than by cutting and collecting the canes beforevhénd picking thetﬁuds.
Even though at presént the economic analysis indicates this is a profit-
able situation,-higﬁer labour costs and the difficulty of obtaining
sufficient labour in the future Qill increase the pressure for new
hérvesting techniq#es. Of the alternative harvesting methods, one
chemicalland the other mechanical, available, the latter has considerable
~ potential,

The chemically baéed technique invoived application of the growth
:regulator, Ethephon, which is widely uéed'to aid harveStiné of fruit

~ crops (Edgerton and Hatch 1972, Martin et al. 1972, Lavee and Martin

)
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1974); This growth regula;or proved successful, with factors such
as storage temperaﬁure, length of storage and applied Ethrel concen-
tration determined to be important ih controlling the‘effectivenéss
of bud removal from the treated canes. |
Storage temperatures. of 10°C and'above wereAdetermined to
increase bud removal. at ail Ethrel concentrations exahined, which is
in agreement with the resulfs of Olien aﬁd Bukovac (1978). These
workers had been able to.demonstfate"the temperature dependence of
ethylene evolution from thephon in vitro. High temperatufes haVé
subsequently been-réported (Klien et al. 1979) to cause more rapid
breakdown of Bthephoﬁ. This trend is not c1ear,from the present
study, although there is some evidence. from the firsf.harvest peribd
to support this propoéél.‘ | |
Ethephon has-been-successfully used to aid. the harvest of black-.
‘currant.berries-(Zéhdke,1977, Péﬁkové'eﬁ-al, 1979, Sande 1980);
hbwever, at concentfationsitenfold lower than.was-necessary to remoVe
buds in the current study; These differénces are most likely due to
restricted uﬁtake of théﬁhon due to cuticular waxes on mature tissues
(as reported by .Nir and Lavee (1981) for grapes) .and the larger.surface
. area of the bud pedicel as.coﬁpared to that of the berry. In ofdér
to improve the rate. of Ethephon uptake further inyestigation of chemicals
which could damage or removezthé cuticular waxes needs to be carried out.
All Ethephon sprays contained added urea because of its reported
biological effect .(De Wilde 1971) in increasing the rapidity of leaf
abcission.in deciduous trees. The application of only urea, in thg
current,stﬁdy,,was no more effective in.giding bud removal than the
unsprayed Eontrol;»proving_that the reporfed effect is not due to a
direct urea effect on abcission. In addition, other workers have
reported thaf this -effect is not due tovan increase in ethylene pro-

duction per se (Biddle et al. 1978), suggesting that urea has an effect

—
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_on the rate of uptake of Ethephon. This point has been clarified by. i
two studies(?é9faiéé_ig§_Eéqpéiéi1976J§o§#ai§§]1979) which demonstrated
that NH4+ increases the permeability of root and leaf tissues and thgé
_urea acté to increase the rate of Ethephon uptake. . |
Despite the demonstrated.effectiveness of Ethephon in aiding bud

removal, any>operation involving chemi§a1 removal of buds still requires-
high'labour inputs. For examplg, labour is required to spray the canes,
cﬁt and collect them, and then to harvest the buds from these canes. .
Althﬁugh.mechanisation”can“improve'the efficiency of'the operation,
chémical harvesting certainly requires more labour inputs than was
initially envisaged. It was this requirement to reduce the labour
content of harvesting that led to the evolutionary-development of a -
oﬁce-over,'mechanicalrbud harvester.-

| The design of the picking rollers required muéh;attention, éspecially
in relation to feedihg the canes tip or base first. Tip first would be o
preferable, since it is relatively easy with.a standard cutter bar and”-
header comb to gather canes in this manner.- waever,vit is not possible
to feed cane$ tip first and.still produce -good quality‘bud material,
It is eﬁVisaged to usé a'  chain arrangement whichAwould'putvthe tips
into é.pair of rollers and cut the canes at the base. Next the canes
are reversed on a belt arrangemént before they entér'the picking rollers
base fifsti The buds would be collected in a hopper underneath the
two sets of picking rollers or piéked up by a cyclone and passed to a
storage vat. The stripped canes would pass to a shredder at the rear
. of the harvester and be returned to the paddock as mulch.

The picking rollers are based on the simple premise that. the

directioﬁ of theAforce fequired to rem&ve buds is the most important
" factor controlling the design of these rollers. The transition from

rubber protruberances to nylon brushes was necessary to discover the
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most effective way of applying such a force. These rollers need '(
some;minbr modifications to improve efficiency, i.e. slightly shorter
and stiffer nylon bristles with two less brﬁshes per roller. The |
forme: to provide a stronger picking force and the latter to enablé
'more effective intermeéhing, which.would also include.a timing gear
arrangement.. In addition; more:durable materials aré.required for the
feeding rollgrs. , Setting up a transverse movement on one of the infeéd
rollers felative:to the‘other would ‘turn the shoot through 180° and
achieve complete exposure of all buds on the cane to.the picking-fdllers.
Regarding the organoleftic quality of machine harvested materials;
assessment.byvtwo commercial users and this laboratory showed that a
handpicked product was.preferablé. However, the. improvements dis-
cussed in harvester. design will result in less damage.to bud material,
'which should imprové the prbduct.‘ Likewise, the dévelopmgnt of ai |
singleépass field harvester will mean.that buds are picked .on site,
without the time now. involved in cutting, transporting and piéking.
This improvement will.décrease'the storage. time of buds at undesirabié
temperatures,'resulting in-less oxidation.and.reducédldoss of iﬁportan§

volatiles.

' Component Separation and. Identification

In this present étudy a variety of liquid chrométography tech-
niques were examined in order to isolate.and hopefully, identify the
catty note of blackcurrants. Despife that silica gel was confirmed
to be effective in separating hydrocarbonsifrom oxygenated compounds,
as shown earlier (Scheffer et al. 1975, 1976b and 1981), the catty.
note was not eluted. Since none of the fractions possessed this catty
aroma, it appeégs that the precautions taken to deactivate and neutralize

~ the silica gel were not sufficient to ehsure this compound's stability.
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The compound responsiﬁle»for this catty aromé,_it is argued is
therefore very labile and readily dndergdés.chemical.rearrangement.

_An alfernative’hypothesis,exists, that the catty note is the
result of two or more compounds which have separated into different
fractions, hence the loss of aroma.is readily explained. - There is a
lack of confirmational evidence for thisrpropdsal, and.indeed the
study provides circumstantial evidencé"suggesting.theminvolvement of
only a single compouhd; | | |

Florisil which has been preferred to silica. gel (Ayling 1976) for
difficult separations of terpene. constituents, was also unable to elute.
the catty note, thereby supporting the contention that thls aroma
compoUnd.is extremely:labile, . Although- other workers (Ayllng 1976
and Scheffer et al. 1976a). suggest that- 1somerlzat1on processes can-
be avoided by using purification. and deactivation. procedures this

"current work demonstrates such is not the case when. the catty is iniﬂ o
contaét with polar absorbants.

The.failﬁre.tq,aqhieVe eiutidn'ofrthe catty note from a polar
absorbant suggested the need to attempt a reVérsed.phase sepératioh.
Such separations are frequently eﬁployed'USing,High.Pressure Liquid
Chromatography (HPLC). These techﬁiques'are.coﬁsideréd'(Jones et al.
1979) to considerably speéd up any necessary prefractionation required
for optimalvseparation'of complei mixtures, having varied functionality,
prior to gas chromatography.

An effective HPLC method for prefracfionation of monoterpene and
sesquiterpene hydrocarbons from the oxygenatgd compounds was developed
confirming_the resul;s of Kubeczkar(1981).' This méthod enabled the
catty aroma to pass through the column unchanged in-oﬂevsmall fraction;
suggesting that the.catty note is a single component.fhat undergoes
- some chemic31 change on polar absorbants. .It is important to realize

that the polarity system was reversed with a non-polar absorbant
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(Boﬁdpak C18) and a highly polar solvent . (methanol/water), as opposed G
to thé.previous polar absorbant,(silica~ge1) and non-polar solvent
v (hé:iéme) . |

Most communications in the past have reported.on.HPLC methods for
compounds which are- ultra violet (UV) detectable -above: 240 nm, e.g.
Komae and Hayash1 (1975), Ross' (1976, 1978). This study and other
recent work, ‘e.g. Strack et‘al. (1980),'Schwanbeék:aﬁd.Kubeczka.(1979),
"~ demonstrate the ;pplicability‘of HPLC'in the lowerfwavelengtﬁs 200—220_nm
for terpene separations.  Indeed the UV éb#drption'trace for the' 
vacuum distilled.6i1'illustrates the pattern of absorption for the
térpenerfraction:at these loﬁ,waQelengthﬁ, and.thgif'suitability.
detection. To some extent the availébilitymof HPLC.solvents with
improved,transpérency:to UV‘has.ensured:the.wider.application of lower
detection wavelengths. | |

Gas chromatography proved.to be an efficiént‘,reliable tool for .
analysis of compos1t10na1 changes in various 011 samples. The siliééous
glass capillary. columns provided .good resolutlon, and were. able to pass
the catty note without alteratlon, whereas packed columns have been |
noted (e.g. Jenninés 1981b) for their failure to.pass.nitrogen or
sulphur éontaining cbmpoundé unchanéed. The fused silica columns which
provide increased resolving power were considered. so successful that
;hey became the column. of choice for any gas chromatography associated
with componeﬁt identificétion, in this current work.

Efflﬁent trapping of gas chromatographic samples.was not found to
be useful, other than as a confirmatory technique for components iden-
tified by other separatory procedures. This wasldue to two factoys;_
firstly, the resolving power of the glgss capillary colum and secondly,
the nature of the peaks of réal interest;- The éomplexity of the black-

" currant aroma, determined that minor peaks in the chromatogram were of



greatest interest. The resolving power:of the glass column meant
that some of tﬁese'peaks‘were not,separéted.adequately from major
compohents. Alfernatively, the inability to load the column witﬁ'
samples .large enough to enhance the peaks of interes;:suffiéiently,

- restricted the usefulness. of trapping procedures. - Prefractionation
- procedures, particularly by HPLC, improved this.situation markedly;
howéver, at this stage the combination.of a fused silica column and
the .fast scan capabilities of the mass spectrometer-made the trapping
requirement redundant.

Headspace.analyéis'was a useful.techniqué.in separating and
identifying.a.number of early eluting components... These.peaks were_'
hever-seeh in-routine‘éas.chromatographiq:analysis of:bléckcurrant
concretes. due to the:présence of residual.solvent peaks.” There is'an_t
.exfensive literature, some of'whichmwaé.reviewed,earlier (Section II
4.6),'which_supports‘the_results obtained.in this study confirming the
ability of headspace analysis to reliably reproduce. the natural,aroﬁa..
Importantly, the»presencé'of these early. ;omponentsvwas coﬁfirmed'by |
combined .gas chromatogréphy/maés spectrometry: analysis.of the liquid
carbon"dioxide.éxtract; demonstra;ing-the.suferiority"bf this éxtractb
in retaining the true'natufal aroma,. free from solvent contamination.

Utiiizing all thesewtechniques;'most,of'thé compounds previously
detected (refer to Section II‘2.3).inAb1a¢kcu;rant bud 0il were identified
'in the current. work. However, the following components - delta-
cadinene, citronellol, ethyl oleate, methyl palmitate - reported by
Williaﬁs (1972), and, sabinol. and. geraniol, reported.by Glichifch and
l Igolen (1937) have not been identified in Tasmanian extracts.

Wide differences aré reported. in the literatﬁre;conCerning the
relative percentages of-components in blackcurrant buds. For example,
Fridman et al. (1971)»fep6fted limonene (23.91%) as. the most abundant
component, whereas Latrasse (1968, 1969) noted that myrcgne,(34%) and. '

\
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caryophylieﬁe (21.2%)_were.present in 1a;ger amounts than limonene 5
(10.9%). Likewise, ﬁilliams (1972),.in extracts from mixed cultivars,
recorded that limonene:(O.S%)‘was only of secondary importance to the
major compoumds; delta-3-carene (15%), beta-pinene.(24%) and térpino- E
lene (9%). Whergas, in this current: study, sabinene (15.44%), delta-
3-carené (12.65%), alpha:tefpinblene 611.63%) and .beta. caryophyllene
(12.39%) -were. recognized.as major components. . Further, limonene
(3.25%), beta.pinene (0.71%) and myréenez(2.81%) were .of lesser
impoftancé in the extracts studiedf_‘ |

o Part.of‘thiSupresent.work,.whiCh'hasualfeady.been discussed in ,

detail, suggeSts.that the.major:reasonzfpr-such:conflicting results,
 is of genetic prigin. This hypothesis has. been, supported by Williams
(1972), Latrasse and Lantin (1974, 1976 and 1977), as weLl”as Latrasse,

Rigaud and Sarris (1982). 1In additiqn,‘the‘ambumt:éf‘Oxidation that
takes place during extra;tion or storage'may'aiso account’ for some of

.the reported compositional'differences.. While no evidence has.been
presented here to sﬁpﬁort*thiS'premise,'it is known that monoterpenes
in blackcurrant bud oils readily: oxidise on exposﬁre;tO'air (Latra#se
an& Demaizieres 1971); Likewise,'Williamév(1972) detérmined that
estimates of limonene were found to vary with the degree of oxidation .
that occurred. during the extraction»prpéess.

This attempt. to relate.odours to compounds eluting from the gas
chromatography columh,revéélethhat the biackcurrant_bud aroma is
complex, with five regions of major interest. Aroma regions 3 to
5 possess'blackcurrantlfruit aromas and‘are,.most.likely, the céuse of
Aﬁdersson'and-von Sydow's claim.(1966b)-that the characteristic black-
currant note waé localized in the ﬁigh boiling point fraction. '
Similarly,'Williamsf(197é)'associated the heévy,sweetismell of. com-

mercial blackcurrant flavours with the high boiling point region.
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The eatty arema was not identified by Williaﬁs (l972), but he
sugéested-that peaks with green'or cﬁcumber aromas could contribute
to this catty note. '.Inladdition, he'reported'diffieulty in elutlng ,:
the catty note from a packed Carbowax 20 M -column. Ne'such difficult&
was encountered using a capillary OV 101 column iﬂfthis'etudy.
: improvements in column resolution and the;usefefia non;polar phaee '
are the most likely reasons for this'reeﬁlt}e._Likewise, Latrasee;>A ‘
Rigaudrand Sarrisb(1982) reported that the catty note. passed thrbqgh
three columns Of.differing'polarity;uSF96;'Carbowax.ZO M and blurdnie-
L64; supporting the contentienVeoncerningrimprovements-in ¢olumn feéhf.
nology. | | |
‘Various sulphur-contalnlng compounds with: s1m113r odours have been :
suggested as poss1b111t1es for the 'catty' const1tuent For example, '~
both von Sundt et.al. (1971) ‘and Kalser et al. (1975) assoc1ated a catty
note w1th (+) menthon-8-thiol ‘in ‘Buchu o11 while- the former also - 1 f
presented a synthesis based'on pulegone.  This compdund was not_detected
in‘the.cdrrent work.although,pulegone:and related:compoaents menthone»l
~ and cis-p;menth-z-ene@.l,S &151 were detectedtv vIndeed, despite thev-
use of_prefractionatlon'techniques and a_sUlphurfSpeeific gas_chpemato-l .
graphic detector, ﬁolsulthr—containing eompound.was_elﬁcidated; |
Lewis et‘al.v(1980) confirmed the.presence effpulegone'andla-
' compouhd of molecular weight 186 withjsimilar;mass speetral'and gas
chromatographic.characteristics aS"p-menthon-s-thiolj butbmade ao
mention of the arbmajassociated with the latter compoﬁnd.v Many com-
ponents‘ﬁtilized.for a synthetic catty note have the same structural:;

elements, -C(CH -SH,. as ‘the keto thiol in Buchu (e.g. Pickenhagen

3)2 _
and Demole (1983), Stoffelsma and Pijpker (1973) cited in Latrasse

et ;1. (1982)). It is evident that the responsible compoﬁeht is
present only in a very emall amount, has a yety low{o&our threShold,

and while the probability tﬁat it eontains sulphﬁr'remains, its ideatity‘

*
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is still unknown.

In the most recentvpaper onlblagkcurrant.fruit aromas, Latrasse
et al. (1982) reﬁort that methyl and éthyl butyrates,. 1,8-cineole,
diacetyl and a cétty unkﬁown'are important:ardma.constituents. vang‘
of these four named.cbmpdnents‘werenidentified in this Study of black-
currant bud oils. Althéugh.it is pbssible»somé may; be among the fifty— 
seven unknowns recognized in.this'study, Sincelidentific§tionbﬁas ;
hampered by déficiencies,in our data base. Of‘cOurse.there.are also
distinct d1fferences between the fru1t and bud . aromas., .which mlght also

account for the fa11ure to identify these. component, in the bud 0il.

Extraction.Procedures

The examiﬁation.of“vérious-extraction.solvent$7wés aimed at
achieving thé tréditional;quality;aSSociated with the Ffénch producfs,.
without using benzene, ‘because: of 1ts{carc1nogeizb properties. A:.
vw1de-polar1ty range. of ‘solvent mixtures .was used to-obta;n extracts,
with different aroma characteristics. ’Ofganoléptictcompa;ison of these
extracts'revealedwthdse‘gxtractediwith.petroleum,ethe;'were consideréd
‘mOSt like the French'products. Petroleum. ether extracts were considered
superior. to those extracted with pentane .or hexane alone. " This work
suggests that the relatlve‘percentagesvof pentang, hexane and heptane
in the petroleum ethefifraction haveJa determining'effect on exfract
quality; a fégtor that‘réquires further'examinatiOniin this non-polar
solvent system.

Some samples were first extracted}With.thé polar. solvent methanol; 
followed by a.non-polérisolvent (e.g. nfhexané;'petroleum"éther). All-
fhese-prodhcts wéré.cdnsidered to be -inferior to fhat.produced when
the extraction was carriéd:oﬁt using only the.particular.non-polar

solvent. These inferior products are enriched in the sesquiterpene '
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fractién when compared fovthe‘other saﬁples; The uﬁacceptable quaiity'
of such éxtracts’hay'be,due to a feduced_proportion:of important lower
~ boiling point aroma volatiles (identifiedvas-regions 1-3).  Further, ': 
the vacuum distillate produced-from the.petroleﬁm;ether extract, was
not eﬁriched in sesquiterpenes, but: contains a very powerful catty
afoma.' This finding wés.opposite to:that.reported“inTuckhott énd»
Williams (1971), who,consideréd’methahor/penténe;extractg‘were.supeiipr
to those éroduced,with.pentane alonef-v Thisncqnflict.strongly suggests
that the criterianusedafoi”selectioh;ofAacceptablenext:acts in.thé'fw¢ -
: studies were different; since the Sensdry assessor’ih¥thi§'studyfwas-13;
calibrated to test his ability;tb determine'appropriate*aroma différ- ri;
ences (Appendix 14). -

“The fact that phellandrenes and cymenes. can be easily fbrme&fby'

rearrangement but delta-3-carene andfbetafcaryo?hyllene cogld noi;. 
suggests that,the.extraction~method5“uséd*in'fhis present work |
(Sec;ion v 2.1)'céuse'few~unwanted.chémica1 changeS'since.fhe i;ffer ;
' components are present»in gréater abund?nce. | | |
B Although the-pétroleum.ether extractLﬁaS'most like the French
producf, there still afe notiteable.differenceswﬁetweeﬁ the two produqfsg"
some of which are due to faétofs, 6thef'than.ektractién:method, such ;5
ciimatg'and variety. _'However, the'Liquid'carbon;dioxide extracté
prodgced were considered superior to all other produéts,,exciting the_:
marketplace as.they retain a freshﬁess,and.strength¢unmétched by any
other sample. The qﬁality of this productisupportS;claims'(Reineccius
and Anandaraman 1981, Cla:ke 1983) of tﬁe superiofity*of liquid carbont
dioxide to retain.the tﬁﬁe nature of any aroma. In.addition, the fact
that such e&tracts are free of solvent.éontaminé;ioﬁ, gdds much to theiff

-universal appeal to perfumers and flavdurists.alike.
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Economic Aspects

Blackcurrant (Cassié)'absoluté’has been.marketed for about
twenty years, and despite the h1gh prlce demand is grow1ng strongly
(Thomas 1979). Therefore, prov1ded the. price can.be maintained in
real terms, Tasmanian extracts should‘be-compet1t1ve“on'the world
market; as the quallty of Tasmanian- extracts ‘has already been proven
(Sectlon IV 5). ‘Presently, buds are obtained from prunings of.the
| fruit plantations of'Francé'and Eaglandt' This metho&twas,demanstratédf'v
to be ungconomic-in'this study due to the amount offlabour required
to pick the buds (with a financial“retu&h'ofvonly‘$40;pei kilogram;of>-
buds, it cost $36 (6 hrs labour) just to pick'thé bud material).

This fact encouraged a‘pfbposaljto:groﬁ blackcurrants for bud“'
production alone, in a stool bed plantation. This,situation appéareda
~idea1, and was demonétratedaso, sinte“itaéncouraged maximum-prodattioaf
of first year.canea,.whichAcarry_most'ofﬁthe bud.material; Manual
- harvesting was practical in thisicase,:provided buds. were picked diractly,
from the bushesf Despite this success,,chémical.and methanical harvéét-
ing methods were examined in furtherVefforts to reduce labour inputs..
Both methods.were_effective.in.harvestiné bud material; but the themical
method waS'moremlabdurlintensive; therefbre consideration of its effect-:
iveness was discontinﬁed. o |

A sensitivity.ahalysis was thea undertaken to compare both manualv

and machine harvesting situations; exaaining the effect of price and
planting dénsity_on profitability of a commercialioperation. Despité
the high yields attained at high plantiqg dénsities; favoured for
agronomic reasons, low planting densities:wera shown to be more profit--
'abie. Mostly due to the high éosts-assotiatéd with establishment
'partlcularly the cost of planting mater1a1 and the labour requ1red for |

planting. Thls conclusion, which is the reverse of that proposed for :
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agronomic reasons earlier, strongly supports Saville's (1983) arguments.
that the realistic approach to experimental data is to consider it in
terms of economic parameters. |

The effect of'priceifluctuatipn'on;the int