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The purpose of this work was to examine the carbonyl
compounds in the volatile constituents of coffes, if possible
to asmess their contribubion to cofffee aroma,

The worl entalled mainly the collection of tﬁ@
carbonyl compounds and their subsequent separation,
ldentification and'quanmiﬁive eatimnation,

The volatile constituents of coffee were stripped by
pitrogen in a modified Shipton apparatus and the carbonyl
compounds converted to their hydrazones.

The carbonyl compounds were regenerated by a "f;aah~
exchange? method which consieted essentlially of heating a
mixture of the hydrazones and o Ketoglutaric acid,

The regenerated carbonyls were examined by gos
chromabography uslng an argon lonlsation detectbor; the bulk
of the work wag done using dinonylphthalate as liguid phage
and carbowax 1500 for some confirmatory work;

Both qualitative and quantitative determinations
were maﬂe;

Tdentification and guantitative &ﬁtimaﬁibn of the
congtituent carbonyl compounds was further supported by thine
ayor chromatography, paper chromatography, and by visible,
nltrasviolet and infra«red specstroscopy.

A tasting penel was used to determine the effect of
storage and algo to test the significsnce of the volatile

carbonyl comspounds in relation to the £flavour of coffec,
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The resulte also show that in the staling of instvant
cofifee there is relative increasse of acetaldehyde and an
increase da the rablp of propionaldehyde o acetone,

Hesnlbs are given forr the composition of the fats
entracted from green and roasted coffee.

The roasting of the exiracted fat from the grecen
beang gave no evidence Lfor the production of volatile
carbonyl compoundg,

Experience gained in this work has shown the necessity
for standard methods of collection and analysis. Compardson
of! the results from different workers is almost impossible
since the variations caused by different methods scems to be

greaver than would bo expected from different materials,
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PREFACE

Phe work described here was designed to examine the
a@mﬁwibati@m of bhe volatile carbonyl compounds to
the flavour of coffees

This entailed the iselation and collection of
these compounds and their subseguent separation,
identification and quantitative estimation.

The carbonyl compounds were fsolated by stripping
with nitrogen and conversion vo their 3, 4 - ﬁimi@vaphaﬁylﬁ
hydyazonas They were then regenerated by a system of
nglmgh‘@xchaﬁge,ﬁ antl separated by gas chromatography .

Tdentification and guantitative estimation of the
consbitunent carbonyl compounds was Murther supported by
thinslayer chromatography, paper chromatography, and by
visible, ultra~violet and infrawred spectroscopy.

A testing panel was used to determine the effect of
storage and also to test the significance of the volatile

carbonyl compounds in relation to the {lavowr of coffee,.
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T NERODUCREON

The f£lavour of an atiractive food serves not only
to provide pleasurable sensations in eating but alseo to
encourage the satisfaction of physiclegical nceds,

The study of flavowr chemistry is of intrinsle
jmportance but the present interest im the developmend
of nﬂmnﬁ@mvemtipmal food sources o meet world shortages
vould encouvage the view that a more detailed knowledge
of this subject should help to make dull bul mutrious
foods more abtbracbivoes

Food flavouring substances are maknly volatile and
are derived from traces of a wide range or organic
compounds which may either be originally present in the
food oxr which develop through @@0&&5@ or commeprcial
processing. Aleohols, ethers, esbers, terpenes,
aldehydes, ketones, thiols, and even hydrocarbons have
been W@p@mﬁ@d{&* 3% an Q@m&?ﬁbﬁt&m@ Lo ﬁlavauw,(g?

Volatlle flavour compounds are uvswkally present inm
very small comncentyations, but sufficient to cwreabte
olfactory pereepbion im higher animals as well as im

4

LNSECLH o ﬁh@v@m@n@&,(&? the insects sex atiractants could
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. 20
be debected in the concenbratlon of A0 g by the

(5)

-
cockiroach Man can perceive as low as 10 llg of

ré
Eananﬁgj‘}. Those concentrations could not be debected
by any keown ARETIURenG , amﬁ fam this reason favour work

i mﬂuaily a&gﬁaﬁeﬂ by organcleptic @Valuaﬁiﬁn&»

Rbnmrie”?€7? mentions 24 theories which haﬁm been
ﬁmﬁ forwvard from 1870 to 1949 to eunplain the nechanism
of olfaction. Many of these theories are frankly
épeeulaﬁium& and none are entireoly @atisﬁéeﬁory;

In 1963 Am@eraﬁﬁ% postulated hig "Stereochemical
theory of 0lfaction® a refimement of his pr@vieua
publication (75) in 1952,

Thizs Theory is based on the ideas pub fO?Qard by
Moncrieff {7?lwha pogtulated that " ... the preveﬁuiaﬁta&
for odonr ave (a) volatility; and (b) a molaculér
configuration anﬁh&pﬁ which peradts éhe molecule to
£it into receptor sibtes on the recepbor system,!

The ﬂtar@échemical theory of olfaction stated
that "the odour of a chemical is determimed by the
structure of the molecule particularly its size and

a{(6)

shape. It is assumed (75? that the alfm&ﬁavy

epithelimm containe receptor sitos and if a chemical
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i volatile ond i4's molecules have the appropriate
ponfiguration to ﬁiﬁ closely into a receptor site,
then a nervous fmpulse will be inftiated possibly
through a mechanisn of depolarisation @f'the regeptor
menhyane «

According to this theory chemilcals of warelated
porucbure con oxhibit very sindlar odouwrs if theiyx
1m@i@ﬂ%l®ﬁ have nearldy the sape shepe amd 8ize, e.g.

d ~ camphor, hexachloroethane and trivitroacetonitriie
all have eamphﬁﬁé@eﬁum odour, and their molocules have
nearly spherical shapes of about 7 A% in diameter,
pig, (1), 75

He further suggests that the human olfactory
receptor sites may be classified into seven primary
odours or Modalivies of sonse of sielly viz. ethereal,
camphoraceous, musky, floral, pepperminty, pungent and
putirid, Complex odours like almond are said to be
caunsed by moleculdes which can £i6 inte two or more
prinary odour receptor sites,

According to this theory one can predict the ocdowur
of wnew synthesised chemicals from their molecular models,

This theory still lecaves many questions on olfaction

nnanswerad e.g. why some substances have odovr and some
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CHzC-CH, cc—cal NO~C~Ca=N
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(5)

rig. (1)

Empiricol, structural & Stereochemical formulae of:-
a) d - camphor, b) Hexachlorocthane,

c) Trinitro acetonitrile
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Schematic Drawing of the Coffee Volatiles sampling
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The acidity of coffee agueons solubions increases
to a moximam, and then decreases as roasting progresscse
Lightly roasted coffees have the highest a@idity.(%S)
When the esmpulsion of volatile acdds reaches a maximum
during roasting, this point might consbtltute an indication
as Lo when to end £he rﬂa@ﬁ,(ggy Moreover volatile
aclds exhibit characteristic flavours in addition to
their acid pwayewtia&.izg)

It is conmon knowledge that many of the flavouring
substances used in ipdustry are carbonyl cospounds,
and it is quite possible that these compounds play an
imporbant part in coffee ar@ma¢£$?)

Rh@mﬁ@3(28) showed b& gas ¢chromatographic snalysis
that an index for the degree of roasting was derived
from the variations in these compounds with increasing
rossting tempersture, and that the ratic of diacetyl to
acetyl propionyl increases with the lnorease in
roasbing tempersture. Flge (7).

Because of the importance of the corbonyl ompounds

articnlar attention was devoted to thelr anslysis,
2 :
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Fig. (7)

Diacetyl/Acetyl Propionyl

Lo J { | 1 l
400 405 410 M5 AW A28 430

0
Temperature, F.

. Relationship between degree of roast
cmd the ratio of diacetyl to acetyl propionyl.
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The apgy?ach to the work ﬂewéribed heve was to

collect the coffee carbonyls in the form of their
hydrazones, to liberate the carbonyls by a system
of “flasheexchange" and to separate, identify and

estimate them by means of gas chromatography,

Carbonyl compounds react with hydraszine to

form the hydrazones as follows:

’

K \ NO, | R NO,,
Mo O m.,;:‘(?jazz }_,{é:' MREN {___:> N0, —> R = C= N§‘§N</3 O, + 1,0
Hydrazone

Carbonyl 2,4 - Diudtrophenylw

Gompound - hydraz@y

when (R) and/or (R) is
(i) the compound is an
aldehyde otherwise it
is a Ketone

Hydragine Reagent

The reagent is prepoved by d@&ﬁ@lving 2 . OF
2,4 = Dinltrophenylhydrazine in a litre of 20%
ebhenolic 2 N « HCLl., (i.e. 180 ml, Conc, HC1 + 200 mi,

Ggﬁ OH + 2 m. 2,4 bDimitrophenylhydrazine, made up to

5
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Fig. (10)

Reagents mixture bf‘ carbonyl compounds on

61, 20% Dinonylphtholate on Celite 80 ~ 100 mesh
Col, Temp, 55°C, G.F, 1.82/hr.

No. of theoretical plczte,937- to Iso-Butyraldehyde
(b) = 610

(1) Acetaldehyde (2) Propionaldehyde

(3) Acetone (4) Iso=-Butyraldehyde

(5) Methylethyl Ketone (6) Iso~Valeraldehyde
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While patisfactory separations counld be obtained
on this instrument its low sensitivity made it
vunsuitable for the small samples which would he
necessary for "flasheexchange

Foy this reason the remainder of the work was
done on & Pyee-Argon apparatus using an donisation
detector. This, however also has ibts limltations
particularly as regards response to different classes

of compounds and this problem is discussed below,

The reoponse of the argon detoector to different
glasses of compounds is not lincar over the range of
detector voltages a@m&i&h&@,(gj‘ but varies with the
ability of the compound do caplure electrons, This
Gan s&fi@uﬁly affect quantitative measurements and
is particularly marked abt the lower ranges of
detecbopr=voltage. While the electiron capture
effect ds most marked at very low detector vollages
@eFe 8 » 24 volte (which is the ramge at which
electron=capture detectors operate) it is still
appreciable with highly e lectrophoric compounds at
the lower end of the novmal volbage ranges used in

the argoneionisabion detector viz. 750 = 1500 volts,
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1750 V- 1250V- ICO0 V- 750V.
Fig, (11)

The effect of change of detector-voltage on
detectlor response,

(1)  Diacetyl (2) t-amyl alecohol
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agid (OCKBAj, and packing into a glass capillary
tube, The~ﬁuﬁa i immersed in a hot oilsbath to
liberate the volatile carhonyl compounds into the
gas chromatography column through the injoection

syosten.

Erocedure

A few mgs. of dry purified coffee hydrazones
were mixed with three times thelr welght of o KGA,
and six times their weight of dry Celite., (10 mg.
mixture = 1 mg. hydrazones).

Celite was added to form a porous packing to
facilitate the eseape of the evolved valétiles;
The mixture was then finely ground with a nichrome
spatula on a watch-glags until a homogeneous blend
was obtained. Portions of this powder were then
packed in capillary tubes pulled out of ordinary
glass~tubing. The capillaries were within i.d.
of 0.5 « 1.0 nm, aﬂdlahouh six em, in length and
sealed at one end,.

They were packed by introducing the mixture
into the open end with a spatula, then tapped by
letting the capillary fall in a long tube standing
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vertically on the table, until the desired packing
was accomplished, The capillary was bhen bent in
a £lame, and the open end was tightly inserted into
the hole in a small cylindrical silicone rubber bung
(4 ma ddameter and 5 mm height), which acted as a
connection between the capillary and the hypodermic
necdle.

The bending of the capillary should be d@ﬁ@ on a
sharp flame in the shortest possible time to avoid
decomposition of the adhering packinge

The sapple is now ready. for injection into the
gas chromatograph. The needle is forced through
the slilicone rubber septum at the top of the column
and the mapiliaﬁy inmersed for 10 « 15 sec. in an
electrieally heated siliconew-oil bath held at 250 -
5°¢C,

The needle was then withdrawvn from the column
before the capillary was removed from the oil bath,
If the bath is removed first, the caplllary cools
down rapidly creating a low p&ewﬁur@ which drawa
back some of the volatiles Af the needle is still in

the top of the column,
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Sample injection can be carried out with or
without shutting off the gas, providing the end
of the needle is below the gas inlet level as shown
in Fig., (12).

The guantity of sample required to give an
aceepbtable response in the gas chromatogrph is related
to the. sensitivity of the detector and the design of
the flash exchange system.

Using & thermaleconductivity detector an average
off L4122 mg. hydrazones was rmquiw@d.(?g)

In this worlk, using the B » ionisabion detector
amnd keeping all Tlasheexchange connections as sheort
as possible, acceptable responses were obtained from

ag little as 0.05 mg. of a mixture of § = 0 hydrazoness

Results and Biscussion
It was obhserved that in all chromabograms f£rom
the f£lash exchange reaction a peak No, 10 (Fig. 13)
appeared after isoe~valeraldehyde which could not be
any of the carbonyils kuown to be present.
Bxperiments with a mixture of X KGA and Celite
showed that this peak was due %o a breakdown product

of ® KGA Fig. (34).




The capillary tube, contalning
1 port Hydrazones + 3 partsx KGA
+ 6 parts Cellte, ‘

Silicone Rubber Bung % . < '
Hypodermic Needle . R / g :é i gg?;; \.‘\W>
Rubber Septum

Heating Element
between tup> Asbestos
Sheets, wrapped aroun
the tube,

GAS —r

L

Ftg. (12)

Flash-exchonge 1injecting device,



Pig. (13)
Coffee Volatile Carbonyl

compounds
(flash ~ exchange)

Gy = 30 ml/min,
D.V. - 1750 V.

Col. Temp., &50°C,

Peak No, 10 13 a
decomposition product
JFrom A KGA,




Fig. (14)
A break-down product peak of o< KGA,
G.F. bl 30 }nZ/min.

D.V. haud 1750 V.

“Col, Temp, = 5000.
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The originel paper(zg?mn the flasheexzchange
method did not report such a peali bubt Theodore etal(zﬁ)
dide

An attempt was made to determine the nature of
the compound responsible for this pealk. A mixture
of < KGA and Celite was heated in the f{lashe~exchange
apparatus and the vapours bubbled through a test~tube
containing the hydrazine. reagent. No precipitate
of hydrazones was obbained even when quoantities up to
8§ « 10 mg, - x KGA wvere used., VWhen -Sehiff's reagent
is substituted for the hydrazeimne reagent there was
o development of a violet colour to dndicate aldehydes.

While 4t was shown that the decomposition was not
a carbonyl compound dts dldentity was nob established,
Tte retention time is too short for it to be a fatty
acid or an anhydride gmﬁ too lonz to be an ester orp
other of five carbon atoms or less. There s 2
probabillty of it being an alecohol of five carbon atoms
2ege Pembanol -« 3 (B,P, 1&@0¢) would bhe expected to

cmerge about this point.
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Limdtatlons 9F. bhe Flaghel *3'*whmw@m‘;?@m&?@@mﬁ.

Rallﬁtzg} showed in the original paper that carbonyld
compounds from Cz m-Gé gave rapid regenerationg bis e
carbonyl compounds were not regencrated, and foﬁmaiﬂ@hyd@
vas elther not regenerated or polymerisedy uisaturated
carbonyls were regenerated but to a lower degree than
saturateody avomatic aldebydes (e.g. benzaldehyde) werce
nob regenerated,,

.(40)

Hanghes - reported that the unsaturated carbonyls
vere not regenerated in any épﬁﬁ&ﬁiabl@ quam@ity@ 

On the other hand, Stephens & Twmwlawcgﬁhéd%mpo&e@
a modification of the flashweoxchange method in which
the base of the capillary was packed with a mixture of
the hydrazene of Lformaldehyde and KGA, . The sample
under test was packod om top of this, It was stated
that the regemerated formaldehyde would sweep the
rogenerated test carbonyls oubt of the capillary and so
give full recovery,

In view of the contradictory evidence, tests were
made regording the regeneration of formaldehyde,
diacetyl as a «dicarbonyl compound, crotonaldehyde an
unsaturated carbonyl, furfural a heterocyclic carbonyl

and acebophenone an aromatic carbonyl. The tests were




made by carrying out the flasheexchange in the usual
manner but the evolved vapours were received im a test
pube containing the hydrazine reagent,

The formation of a precipiitate was boaken as evidence
of regeneration. These testa showed that formoldehyde
was not regenerated even when large samples were used,
while the remainder gave apﬁw@ﬁi&hlﬁ guantities of
precipitate.

In addition, tests using gas=chromatography showed
that reasonable responses counld be obtained fpyom
unsaturated compounds e.g. erotonaldehyde and acrolein
from the bis « carbonyl compounds, diacetyl; the
heterooyclic carbonyl furfurali aond the aromatic carbonyl
acetophenone which, dncidentally, has eight carbon atoms,

Fige (15) shows the pesk produced by regeneration of

acetophenone .

Fig. (10) shows the chromatogram obtained from a sample
of coffec V.0.C, The peaks were indentdfied by
separate experiments uveing the hydrazones of known carbonyl

cONpOUNGas




Pig, (15)

Regenergtion of acetophenone, from
its Hydrozone by flash~exchange method,

o) From o KGA
b) Acetophenone

G.F, =~ 300 ml/min,
.D‘ V. b 1500 V. O ’




rig. (16)

Fash-exchange of Coffee hydrazones
collected by Shiptonls appuratus ‘rom
50 g. Nescafe for two hours,

32




Pealk No. Compound

Acetaldehyde
Propiconaldehyde

Acotone

Togo=butyraldehyde

Not identified (a)
n « buatyraldehyde
methylethylketone )} ()
diacetyl )
Iso=valeraldehyde

Not idembified (c)

T 00 s o e B L3 B

ot
<

{a) This peak has been shown Fig. (17) to be A
associated with iso « bubyraldehyde and appears even

- when an aubhentic standard of isoebutyraldehyde is used,
As ig shown dn Fig. (18) 1t is not n - bubtyraldehyde.
Pyruvie aldehyde (B.P. ?g“C) would be oxpected to emerge

about this point bubt this has not been mmnﬁirﬁed.

{h) Peaks 7 and 8 were not well separabted bubt tests
showved that they occupied the positions of
methylethylketone and diacetyl,. Pige (19) shows the
ohromatograms from a mixture of methylethylletomne and
diacebyl in ebher solution. Some degree of separation

was achieved, Flg. (20) shows the result of the




Ftg. (17)

Flash~exchange of
iso~Butyral dehyde
hydrazoney  shows

an extra non~identified
subsidtary peak,

(a) Iso-Butyraldehyde

(b) Non-identified,

bd

Fig. (18)

Prlash~exechange of
{so--Butyraldehyde
and neButyraldehyde
hydrazones shows
that the subsidiary
peak 13 not
n-Butyraldehyde,

(a) tso-Butyraldehyde
(b) non-identified

(c) n=Butyraldehyde
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addition of more diacetyl to the previous mixture,
It will be seen that the second peak of the paiyr is

greatly enlarged.

(c) This has previously been shown o come from
decomposition of the N KGA,

Fig} (21) shows o chromatogram of a mixture
of eight known carbonyls for cemparison with the coffee
carbonyls.

Aiﬁhmugh mony sanples of the coffee volatile
carhonyls were chromatographed in this way; none of
them departed in any @@ﬁamﬁiai nanner from the general

pleture given in Fig. (16).




Fig, (21)

ho

9 7+8 6 [\v/

Flash~exchange of eight cuthentic hydrazones,

(1) Acetaldehyde - (5) Non-tdentifted
(2) Proptonaldenyde (6) n-Butyraldehyde
(3) Acetone (7 & 8) MEK + Diacetyl
(4) Iso~Butyraldehyde (9) Iso~Valeraldenyde

GoFe = 17 ml/min,
DV‘ T - 1750 V' 0
Col, Temp, = 50°C,




LDENCE OF THE COMPOSITTION OF WHE COFFEE
CARBONYL _ COMPOUNDS

One of the confirmatory methods used for identifying
the peaks of the coffee V.C,C. was to add a small
guantity of a known hydrazone to the mixtuye of
hydrazones from coffee. ° If the added carbonyl was
not one of these already present it would be expected
to give rise Go an extra peak - provided they were
separated. ' Increase in size of any one peak was
taken as further evidence of iéén%ity.t'

ey G Y s )

Since the presence or absence of Fformaldehyde could
not be established under the conditions used in this
work for gas chromatography, other methods of testing
were consideved,

It seemed reasomable to exéech that, during the
roasting process, some formaldehyde would be produced

along with the other veolatile compounds,

46,




47
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off the Bhiplton apparating, 0 orongd product wae obbained,
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It would appear thalt the unsaturated aldehydes are not
present or present in such small guantities < 0L ng..

below bthe @@m&i&ivity of the method,

Kobones

When a mixbture of aldehydes and ketones are
subjected to the action of a mild oxidising agent, the
aldehydes arce preferentially oxldisdd,

'Thiﬁ'priM@ipiﬂ was used to obtain aénfigm@t@ry

evidence of the presence of kelones in the voffee volatiles

?baceduéﬁa

The method used was that of Huelin.(49? A00 ml.
of coffee distillate was collected by steam distillation
Figoe (9). The recediving flask 6 was immersed in an
iceuwatér bath, 50 ml, of IN Agmo3 was added to the
distillate followed by 50 ml of 2N N OH, All reagents
were cooled down to 0°C before mixing. The container
was stoppered and kept at 0°C for one hour with
occasional shaking after vhich the contents were
filtered in a Buchmer funnel usdng a double thickneas
of Whatman No. 1 filter paper., The precipitate was

washed with water and the #iltrate plus washings were
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agldified with 50 ml 3N ﬁﬂl.

The hydrazine reagent was added in excess and
the hydrazones collected in the usual waye.

These were then examined by flasheexchange gas
chromatography As Fig. (22) shows omnly partial
oxidation took place but Ghe proportions of the ketone

peaks a & b, are markedly incrcased.

The hydrazounes of dimcarbonyl cowmpounds are less
soluble in most solvents than those of monocarbonyless
se that by extracting a mixture of these hydrazones
with a suitable solvent a pa§t1a1 separation can be
achieved,

A sample of the mixed hydrazones obtained from
the coffee carbonyls was extracted with hexane.

The residue was then examined by flasﬁ&exchange
gas chromatography. |

FMeg. (23) shows that peak No. 7 (diacetyl) was

increased in relation to the others,




Fig. (22)

Flash~exchange of
Hydrazones from
partially oxidized
coffee Vo,C.C,s
Distillate,

a) Enlorged peok of
acetone,

b) Enlarged peak of




Pig. (23)

Flagh=exchange of hexane thsoluble
hydrazones of Coffee V,C.C,

Enlarged proportion of Peak No. 7 (Diacetyl)

G,P, = 13 ml/min,
DU, ~ 1750 Vo
Golg tem. hand 50 0.
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Since it waéruﬁlikaly that all the voelatile
carbonyls were removed from the coffee brew under
the &tripping conditions used, the residual coffee
brew was itgeli examined.

Ihe brew, after stripping gy Was oxtracbed with
diethyl ether, the extract reduced in volume on a
water bath, hydrazine reagent added and the hydrazones
collected in the usual way., The&a‘were then sube=
jected to flaﬁhnﬁxahan@@ gas ahrdmmﬁography and the
result is shown in Fig. (24).

6 will be seen that the proportions of the
components prosent is different from that of the
collected volatiles, In particular the proportion
of ispwvaleraldehyde in relation to that of acetaldehyde
is much reduced.

This is surprising as 1t would be expected thab
the more volatile ae@tald@hyd@ would ke lost more
ropldly from bhe coffee brew. In addition there
is a serilous possible loss when the volume of the
otheyr ontract iz veduced. T4 is possible that

acetaldehyde is generated durdng the brewing process.




rig. (24)

Plash-exchanae of the hydrazones

of residual coffee carbonyl compounds,

e et e e e e =
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From bhe chromatograms,; peak arveas were calceulated by

mltiplying pealk height by the width at halﬁwheightsél’ 42)

This method of calculation is preferred by most

commiﬁtee&(éz) laboratories to other methods such as

mltiplying peak height by retention tiwme.

(43, 44)

The

results from several methods of collection are given in

Table VIIS.

The steam distillation was done under wvacuwn,

TABLE  VII,
Sﬁeagogiatiliﬁfiom Shipton
‘ | L 1 hr, 2 hr,
Coffec Samples 50 €. 25 g 25 ge 50 ge 50 go
Aﬂ@hﬂld@hya@ 28 . Gg 42 <00 55 20 34 ® 60 31 «10
Propionaldehyde 5.94 3453 7 .00 6.90 5400
Acetone 7416 4433 4480  3.43  3.16
Lao~Bubyraldow
hyde 21.46 16,02 16,190 20,20 25,03
neButyraldo-
hyde 3.00 0,38 C.32 Q.74 0-84
MBK 4+ Diacetyl 3.14 1.24 0,18 0.3L  0.47
lgo=Valeraldew |
hyd@ _ 30,70 32 .50 10,40 33.82 33.80
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The quantity of hydrazones collected from 50 g,
coffee after two hours in the Shipton apparatus was
65% 5 1 o Taking the  average molecular weight of
the ldentified carbonyls, the collected hydrazones
would contain about 17 mg. of carbonyl compounds i.e.
34 mg. of carbony mom@ouﬂﬁa would be collected from
100 g coffee (340 ppm).

From the average of the values given in olunns
4 & 5, Table VII; the weighte of the various components
has been calculabed and expressed in part per million

of wiffce, Table VIIL,

¥

PABLE  VELL,

‘ 'fb R ;

Carbonyl compounds Collected carhonyls Prep=m,
Acetaldehyde A 32.8 ? 1117
Propionaldehyde 6.3 2143
Acetone , 33 _ 11.2
Iso~butyraldehyde 2240 76,8
n=butyraldehyde 0,8 ) 2.7
MEK + Diacetyl 0.4 14

Lasowvaleraldehyde 3348 | 114,.9
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ALY the peaks of the liberated cavbonyl compounds
were within the scope of the chart except that of
a@&ﬁaidehy&& as e.g.. is shown by the sample collected
from 50 g. coffee by steam distillation under vacuunm
Fig. (25).

xf sufficlently small samples were used to bring
the aeéﬁaldahyda peak into the chart the smaller peaké
would bhe lost, The area of the acetaldehyde peak |
was measured by eﬁtrapolahian and also chmckeﬁ by
running & smaller sample and taking the yrﬁportiaﬁ o
the aamt@l&eﬁyd& pealk relative @u that of isco=
valeraldehyde, both being within the charis

With the oexception of coluuns 4 & § the resulis
given in YTable VIL are nob stricily ﬂgmyghable bt
they do imdicate the iwmportance of standard methdds
of collection, z | | |

In the determination of ééffﬁe VeCoCo there are
Lo madin een&ideraﬁimn&. ?hé first is the identification
of the aanﬁﬁituemt,aarbnnylﬂ.' ‘

Avcurate identification ia, in facty the lesser
problem and im@rufemant in @eéhuds will enable this

to be achieved,




7+8
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7ig. (25)

Plash=~exchange ¢
coffee hydrozone
collected by
steam~distiilati
under vacuum,
from 50 g, Nescg
for one hour.,




The second consideration - the quantitative
estimation of the proportions and absolubte values of
theis comppnents - ig much more difficult. E¢ ds
obvious from the rosults given here and from those of
other workers that bthere are serious discrepancics and
that these are causedlavgely by variations in the
method of collectiony wmparison of the results of
different workers is nob possible.

" This point would require earveful comnsideration
when comparative work is being done e.g. the effect
of different provessing conditions on any one givenr
blend of coffee. Unless the condibions for the
collection of the volatile carbonyls were rdgidly
standardiged, the differences cousedby this would
pwabaﬁly be greater than the differences caused by
any reasonable variations in the processing conditions.

A@ columms 4 & 5 (Table VIL) show, some agreement

can be obtained under standard conditions,




TABLE 1.
COPFEE AROGMA ANALYSIS  (per sent)

20c

55,

Ronoted Hossted Reoosted

Renstiod Rossted Doasted

Coffos Coffou Coffoe Coffoc  Coffec  Coffen
Avoma.  Avoma fSvonn Ao Ayora Apoma.
Aldohyden Sulphur Compounds
Acetcldehyda 179 1949 2546 Hydrogen oulphide e - 1.5
Fropioncidelyde 840 1§ %42 Gorbon disulphide 0e3 02 -
Butyrcddohyds - 0.7 0e3 Dimathyl sulphido 0.6 1.0 3.2
IooeButyroldehydo - 340 648 Methyl athyl
: sulphide 0.3 - -
2ellothyl Butyraldehyde - 6e8 - Dimothyl
disuiphide ek - -
Valeraldohydo - 743 - Methyl othyl
dﬁsnlphidﬁ T - -
XooeVcleraldehydo 1842 5e0 1.5 Hethyl meroapton - 0.l 1.2
Aerolein 046 - - Thiophene - 0,1 -
Dimothyl aoroloin T§ - - Esters
Mothyd ethyl nerplotn ) R0 - - lMothyd Pormato LN W0 3k
' - Hethyl acetato Ge7 1.7 -
Ketonoo . Ftlyl formate - 043 -
Acotone 0.5  18.7 2140
Hothyl ethyl kotone b2 2a3 842 Nitriles
Mothyl winyl Ketore 0.8 - - Acpylonitrilo 0.5 - -
Diaootyd 1043 75 ) A&l&.‘loymi.de 3l - -
2,3 » Pontonediono - - Be7 Alcohols
2,1 « Pontonediono D2 - - HMothanol 0.9 [182] te2
Hoterooyelo Compounds Ethonol 03 - 043
Furen 245 562 1e2 ___lydrocorions
2ellothyd Furan Sed ha 340 Yooprong - 340 03
prsmﬁwa- Pupon Qa3 - - quelg Papcffing - 240 -
Propyl furan ? - - Oxides '
Buhyl furan by - -
:’m3 — ‘355 - - Carbon dioxido - 3.8 -
lullet - -
g;?g;g;@%z, ke 7 - -
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Table IX chows the resulis of three workers for
the components of reoasted coffee aromas F6 will be
seen that there are considerable differences and 4t
As doubtful if theee are caunsed entirely by differences
in rav materials, Tdenvification of the components
of the tobal aroma volatiles mnst be difficult when
@é-mamy are present and also when dlifferent classes of
compounds are - involved,

The merit of. the methed used in this work is thab
classes of compounds obher bthan the carbonyls are
excluded, This simplifiecs the ddentification and the
ém&im&%&an of the components,

It is possible that this approach could be
extended e.g. the nonscarbonyl components could be
collected afber thoy leave the hydrazinosroagent traps

Phe greatest dlscrepancy among the resulbs
reported for the carbonyls lies with the awounts of
methyl ethyl ketone and ilsowvaleraldehyde ee.ge in the
above table isowvaleraldehyde varies from 1.5% to
18.2% of the total volatiles,

Most of the work on coffee aroma hy gas chromatography
was made us&n@-ﬂarbﬂwax 1500 as the liquid phase
(b, 27, 28).




Fig. (26) iéfa chromatogram obtained by Rhaades(l7>
for the total volatiles. Peak No. 11 has been ascribed
to methyl cthyl ketone but its shape would indicate that
it is not a sipngle component iso=valeraldehyde was
nos reported. The lignidwphase wsed was Carbowax 1500,

An attempt was made to confirm thi&a.anﬂ a column
was prepared using 15% Carbowaz 1500 as the liquid phase.
Plge (272) shows the peak obtained from methyl ethyl
ketone by £lash exchange of its hydrazone and Fig. (27b)
the pealk from a minbuve of the hydiazones of methyl
ethyl hketone and dsosvaleraldehyde. Ho separation was
achieved.

When cousidering the coantribution made by the
several carbonyl components to the avroma of coffee,
ope mugt consider not only the proporiion of cach
component present bub alse its olfactory threshold,..

For oxample, the thereshold value(4?)

of propione
aldehyde is 9.6 partes @@@-1@9 and that of butyraldehyde
9 parts per lﬂg go that these two substances can be
detoeocted ab appmoximaﬁely equal levels, Should they

be present at different levels thelr contribution to




Total coffee wvolatil 93(1 ?)

/\ i3 n lo‘i’

}
—16 ™ 14 P il Y
) 1 |1 )}
5o 4o 30 20 o § o
MIN.
Fto. (26)




Fig. (2?b)

Fig. (27)

a) Flash-exchange of the
hydragone of MEK,

b) Flash~exchange of mixed
hydrazones of MEK ond
18o=-valeraldehyde,

Figs ( 27\;)_'—\“’\—\



the aroma would be proportional to their respective
amounts e , )

On the other hand, hepbaldehyde has a threshold
value of 3 parts per 1&9 so that it would be effective

at 1/3 the concentration of butyraldehyde,
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SPECIR

1 - Ultra violet, Z-~visible and 3~infra-red spectroscopy
were aleo wsed for identification and for qguantitative

estimabion of the coffee V.C.0C.

Undcam SP 700 antomati ¢ recording = spectrophotometor
forx U,V, and visible rangesj Hilger Uvispek speotroe-
photometer for U.V., and Unicam Sp. 200 for the infra-red
roesion,

Chloxoform, m@thénol, Schiff's reagent, chromatropic-

acid and alcoholic Ngﬂﬂ.

Exnerdmenial

(1) »An attempt was made to estimabe the guantities of
the various cerbonyl compounds present in the collecbed
hydrazones by a combination of thin layer chromatography

and plérawmyviolet spectiroscopye

gcadirs
5 mg. of the coffee hydrazones were spotted on
Silicasgel plates and sepavated ilwnbe five groups Fig.
(28) ueing 3 3 1 bonzene / pet. ether 60 / 30°C asm
solvent, (The details of the thin layer Ltechnique are

given later). Appendix (Al)
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Mig. (28)

f the separation

.Ce hydrazones by thin

Schematic draithg o
of Coffee V,C
layer chromatography,




The spots were seratched off the plates and
eluted with chloroform. ‘The chlorvoform solutions
of the hydrazones were made up to sbandard volumos
and their optical donsity measured abt J50 s in the
Hilger Unispek @p@ﬂ&%@@h@@éﬁétér.

The corresponding concenbrations were aaiculaﬁeﬁ
from a calibratlon curve of the hydrazone of diacetyl
in chloroform Mg. {(29); a blank was prepared by
eluting with chlorvoform a fraction of Uthe Silicagel
from the same plate., From the guantities of hydra=
zones allocated o cadh spob and from a knowledge of
the components present in sach spot, the proportions
of the carbonyls present in the mixture were calculated,
Table Xa

TABLE U,

Carbonyl @ém@uumd& Porcentage
Isosvaleraldehyde | 17,80
Toowbubyraldehyde )
n-butyraldehyde ) 12,90
Mobhyl ethyl ketone )

Acetone )
Propionaldehyde g 08,10
Agebaldehyde )
Diacebyl Qa2

Some diacelbyl 0.48
plus formaldehyde ) .
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Digoused
The results do not agree with those obltained by

gas chromatogrphy bub v is feld that with furthop

experience this general method could be useful, Inprovew

ment is required in the d@@rée of separation achieved

by Ghe thin layer method and recovery cxperiments using

known hydraszones are required.

{63, 66)

It has been suggested that vlitrawviolet
spectrophotonetry could be used as an ald to the
identification of the various hydrazones. Table XX
shows the absorption maxidma of the hydrazones of various

1(69)

carbonyl compounds in 95% etbyl alcoho

TABLE ZL » 6 7

~ liydrasones of3 Absorpbion maxima (@ﬁﬁ)
Formaldehyde 354G
Acetaldehyde 336
Acetone 361
Propionaldehyde 358
Iso=bulyraldehyde ' 358
Mothyl ethyl ketone 360
Iso=valeraldehyde 358
ne=valeraldehyde 358

a=fexaldehyde 358




A H wauid appear that since the absorpbion maxima
are in the main éither the same or only slightly
different, the method is unlikely to be of amch value,

Tdentificabions ave much more likely to be achieved
by Amprovement in thin-layer techndques and ultras-violet

gpectrophotonstry could be used for quantibative work,

62,
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The identification was based on the production
of a magenta colour on reaction with chromotropic
acdd (1,8 = dihydroxynaphthalene - 3,6 « disulphonic
aﬁiﬁ).(70% | |

This is specific for formaldehyde.

Apparatus:  Unicam  Sp. 0600

The Shipton apparatus as in Fig. (8) but instead
of the nsnal reagent flask a tube containing anhydrous
KZCQS followed by a cold trap and a collecting tube

coptaining the chromotropic aclid reagent.
™ L

Chromesropie acids= 10% aqueous solution,

Concentrated M

2%

Methanol freed from carbonyl compounds,
Precodurs

The volatiles from 50 g. of coffee were passed
through the drying tube, the cold trap and finally
bubbled through the colleecting tube conbaining the
chrometropic acide (1 m. 10% chromotropic acid and

10 ml. comnc. H2$04). The colliection period was two




G4,

hours (the standard time for collection of the carbonyl-
compounds as hydrazones), During this poriod the

cold trap was immersed in a bath of ethanol and solid
CO2 at a tomperature of approximately « ?QQC,

The valves of the trap were closed before
di&@@nm@aﬁi@n from the drylsg tube, . The contents of
the trap were washed cavefully with methanol into
the chromotropic acld reagent tube,

The reagent tube was stoppered and placed in
a bodling water bath for 30 minutes to develop the
colouwr . it was then cooled to room Genperature,
the contents transferred to a voluwmetric flask and
made up to 100 ml, with water,

A blaak was prepared using wmethanol,
chwromotyopic acid reagent and water,

The éptic&i density was measured at’570 ?u
usdng the blue phiotocell on Filter No. 2, The
opbical density was 0.192 and fxrom the calibration
curve {Fig. 30) the concentration of formaldehyde

was found to be 2 ppnie

Note: - The calibration cmrve was preparcd from a

sories of dilutions of fresh sample of B,D.H, (Anal&v)
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formaldehyde stated o contaln not less than 36%
W/V HLCHO, This flgure was accepbed for the purpose

of vhe experiment.

Selorinetrie eatination of the volatile d&

. Preliminary experiments (described im detail im
Appendix C) suggested a technique which might be of
value pawﬁiﬁulmwly when comparative work being done,

The method conslsted essentdally of reacting the
aldebydes in the distillote from the steam distillation
of §0 g« ocoffee with Sehiffs vreoagent followed by
measurewent of the doeveloped colowvr.,. The total
aldehydes were then determined in Cerms of acetaldehyde
with the aid of a calibration curve Fig, {(C6) and
covrected te the average moleeular weight of the coffee
volatile aldehydes, The value obtained by this method
was 150 ppm. of the volatile aldehydes which is lower
than expécﬁed.

The method, while it has possibilities, nceds
further investigations particularly the effect of the

pi of the reagent on colour intensity.
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. A

draped spuetrophohonebey Ao, an.add B0 ddontdd

TABLE  (EEL)

Charnoberdotle Aboorplicn Honde of Hydeazonoos
Am GHL CL,
3

Dompousd Wave sumioy m.aﬁ”g‘ hppendls

Sldphabi,
ey : 3 00y g
adalcivden

ﬁa b } 4 : “y
Aopm - ) 1138 13

uhsaburobad DOU=0006, 2130 B

Addphatlic Rebonos

0w 1130 « 2318, 2438 03
fee - 2338 51

vamasurated D80-9DG, ARN0-LL0, 2130,
1710 {woali) B

, %
Dicasbhonyle LOVB-AU2G, 4200, 3138,

1730 (woak) m% v B,

2 gty A o . P

* Agrees with STARK & FORSS (11)




TABLE  {XIZLX)
Characteristic Abgorptlon Bands of hydrasones
in solid KCL dises,

. , . e s
Lompound wave number ©m a - Appendix

iy

= 1118, 1138 By
iso - ) | o -
uvnsaturabed 080~3000, 1110, 1138 o By
Aliphatic ketones
T e ) ' 2 ‘)
1110, 1138, B
Lo0 - § ‘ 10
unsaturated 0961000, 1100, 1138 Biq
Dicarbonyls 1690 « 1720 514 & Bls
Acotophenone EGOD, 1110, 13138 313
furfural 1138 312

¥t was observed thot bhe dtypical obsorption bands for
certaln groups was shifted slighbly with different
compounds . This may be accounted for by hydrogen

. )
bonding effect&.(fﬁ?
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ofifee volabile cavbonyl cospounds

. The. mixed hydrazones of The collected coffee V.C.C,
Cwepre examined dn chloroform solutions and in KC1 discs.
Both methods gave bthe typical sﬁ&atwa @f‘aldahydeﬁ
which mi@hﬁ‘ﬁé expected minc@ about 95% consists of

aldehydes (BL6 and BL7).




Two 20 gﬁ cm plates of silicaegel werce heavily
loaded with aﬁ@m@ 8¢5 mg hydvasones of coffee V,C,C,
and developed with benzene/pet. other 80/6000 3 ¢ 1.
Four bands were obbained. Phe bands were scraped
off but bands Z, 3 ¥ 4 were cach devided horizomtally
into twe fractions as indicated Fig.,. {31}.

The hydrazones were eluted with chloroform and
thedr specira obtained,

Fractions Ly, 2, 3, 4, 5 and 6 gave typical
aldehyde absorption bands,

Fraction 7 showed the characteristic band feor
dicarbonyl at 1720 mmfl. {319).

The hexonewinsoluble hydrazones from the ceffee
volatiles were also examined by infraered. They
showed the chavacberistic band of dicarbonyl which
is an indication of the presemnce of diacetyl (ﬁgg).

In general, it would appear that infraered
spectroscopy would be of more val@@ than ultra-violet
as an alid to ddentification of the hydrazones of the

carbonyld comnpounds .

69




FRACTIONS
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? e

rig. (31)

SEPARATION

Thin=-layer chromatography of coffee volatile
carbonyl compounds hydrazones,
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Ry b e
Hodph (55 proposed o voveras phase aubhod fop

Lhe scporatdon off the hydeastunos of bho lowver noloeuior
wodehs onpbepplos The phpedr ves ddpped in sobhueod
agotueobed wALh boptose ot the trovsh ob ohe bop of Sho
Gonk conbadned hopbane aturatod wlith methinoed

Pathorol spburaved with hoptono wvaw pdooed 4o tho bobton
of B hontde

Thr poapoy woe oly deiod, opoted with bhe hydeogonos
and subdeeted S deoscsonding cheomnbopraphy oothanod
acbod on tho sboblopsry phagc.

The aopoarabtions wore dezpuploeto ond fn faet wee
wlotior to bhoge shoun Figs (88} by thinsloyer,

The wothod of Lyns, oloald §593 s Sedads  Thin
conplore Uhatmap No. ¥ popor feprognotod with 108
swphbononyothonod Ab avoboune Bs otablonory phase and
pelcpbong an the sobile phosgos Whotoon Hoe 7 4o o Chiel

phgeey and aldous the application of Lorge aoopleos « op

Go 200 Mg on ogoh apote KL woao hoped thot 48

patiofoubery coporabions wore sehiovod this vonld enabile
froctions o be olvbed An seificiont congontradicons fop

forthor deborndontionss o foaed enly fowr frovtiond
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were obbained although in this case the spots were

more compact and distinct.
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Thdn=daver cheomatoarapnhy, of the oarbonvl compopnds

Thin=layer chromatography has a number of advontoages
over papéw partlienlarly with regerd to the shortes
development perlod, more compact spots, bthe greater
possible sample size and the vardety of treatments
avalilable for ldeptificatdon of the spotso,.

The problem off the ﬁg@&r&%ﬂ@@ of the hyvdrazones of
the coffee V;C.&.g %@W@V@WS.W&% nob &@ivmd.

A number of methods has been made o the separabtion of

carbonyl compounds op thinelayer ¢.g. Marcu54f§ﬁ®3

reporved
on the separation of @h@nﬂawb@nyi mmm@@mmﬁ@ containing
elght carbon atoms or more withoub Gh@iw conversion to
hydrazones.

This cannolt be done with the lower members of this
grouwp becanse of evaportion

ﬁh@m@ﬁésq has repoprbed work on the separation of the
hydrazones of normal saturated aliphatic aldehydes from
@2 - al@ Figs (32). These conld be separated using as
solvent a mixture of bepsene and light petrolenme

The problem wlith the separation ¢of the hydrazones
of the coffep V.,C.C. Jies dn the fact that these compounds

are with the ranage ﬁi "o Gg. In additdon they contaln o

¥
w2
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RE Yalue

/
Pilg. 32,
//
/

Number of carbon atoms in chatn

RB values for 2, 4-dinitrophenylhydrozones as o function of
chain length: curve A, benezene - 1ight petrolewn mixture
(3 + 1) as solvent; curve B, benzene containing 5 per cent.

of ethyl acetate as solvent,
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numbor of lsomers and of course bobth aldebydes and kelones.

Some confirmatory evidence, however, can be obtained
by eprayving the plates with reagents which can
characterdse the components or by scraping the spots from
the plates and elubing the components, Por example
colours can be developed by spraying the hydrazone spols

: . ~ 58

with alecoholic or agueouns NaGH owx Kﬁﬁ.€6’3

Ketones give purple spots and aldehydes reddishe
brown spobs. Placetyl (mone) give a rosewred colour
and diacetyl (bis) an intense yellow cenbye with

Lot Ve (52)
violet surrounding zones,
. The absorpbion manima of these coloured coumpounds

affbor elutiocn of the hydrazones and treatment with
alcoholdic Nabil,

Aliphatic aldehydes have absorption maxima between
A L 4 g 4 T -5 e » e £t 14 . gl o4 . {49’{}7)
A0 and 450 mugy  aliphabtle ketones betwen 500 « 550 sy

This bteghnigue can be used for both gualitative

and quantitatdve woirlk.

Lolnmp, Cheomatosyaph
A column of a mixture of Dembondle on kleselgubr
? / &
has been recommended QS&?E@W the separation of the

hydrazones of the lower molecular welght carbonyl compounds,
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Other methods suggested Include the use of sllicagel!
gaburated with nitremethane as agtationory phdaag ?) for
the separation of the hydrazones of n-aliphatic aldchydes
and methyl kotomes from Cy to Cjgg for carbonyl compounds

(65

QS and uvpwards, Day '3? has sugeested a column of celite
with hexene as stationary phase,

Abbempts to use column methods for the separvation
of the hydrazomnes of the Coffee V,C.0C. falled, but the
Bentoniteskiecselpuhr column was found to be u@eﬁul‘fer
purifyving the crude hydrazones. . For rapid purification
of aolvanﬁ& from carbonyls a reaction column of celite

with H. ?w4 and hydrasine {61)

was prepared, . This was
preferred to any distillation method stch as that of
Gaddia(642 who refluxed the solvent with trichlorcacetic

acid followed by distillation.

Series of coffee sauples vere supplied by R. Paterson

& Bons Lbd, Qla&g@w.

Two jars of instant coffoe had been prepared from
the same raw coffee blendg

No. 8 was from coffec roasted in a “Prnﬁam“

roaster and coolded with water,



?g:a

Noe 9 was ﬁ@ﬂéﬁéﬂ in the R.Pe. & 8. Whitmes

roaster and nob water cooled,
Both ground, roasted coffees were extracted to the same
rate (39% total solids) before sprayedrying.

Hydrazones of the Coffee Vel.(. vere collected as
uoual in the Shipbton apparatus then dnalysed by the
flasheenchange method, The chifomatograms are shown in
Figs. (385 34,).. -

In both samples the proportions of acecbone to vhe
other components.is smalleor than bthat found for Nescafe
SAMPLCSe |

The main difference betweon the samples (8 & 9)
waas the ratios of isowvaleraldehyde to that of
proplonaldehyde, This was 4,24 and 2,95 fop ﬁa?ﬂ

No. 8 & 9 prospectively.

2 oz. tins from the same batceh of Neseafe instant
coffee were stored at 55°C. This high temperature
was chosen to accelerate the changes which take place

during storage, although it is recognised that the

changes may be different when coffee is stored at lower



— 8

mig, (33)

Flash-exchonge of
hydrozones of Coffee
VeCoCl

Coffee sample roasted
in (Probat) roaster
and cooled with water

x = {so~valeraldehyde,




ntg, (34)

Flosh~exchange of hydrom-
sones of Coffee
VeCeCo

Coffee sample roasted in
Ry & 8. Whiimer rooster
and not water cooled,




temperatures for longer poriodse.

for e

Afber one, two and three months o tin was removed

ramlnatlon. The hydvazones of the CoOffen V.CoC.

were collected and then examined by gaes chromatography.

The

Lo
l.

chromatograns are shown Figs. (354 365 39}

The main changes woreje

The quantity of the cellected hy@w& sones was Found
to decreasse with incresse in storage bime Fige (38).
The rotio of propionaldehyde to acotone increased
with storage, Mg. (39).

Thevre is an increase dn the guantity of acetaldehyde
in relabion to the obther components,

C)

Tt is poseible that the gquantiby of hydrazones could

be used as an dindex of storage conditiens and might be

related o the deteprioration of aroma which ocours in

stored coffoo.

76,




g, (35)

Plash exchange of hydrasones of
coffee V,C.C,
Coffee stored at 5500 Jor one month
a) Propionaldehyde

b) Acetone




Pig. (36)

Filasgh=exchange of hydrazones of
Coffee V,C.C.

Coffee stored at 55°C for two months

a) Propionaldehyde

b) Acetone




Filg., (37)

Flash exehange of hydrazones of Coffee
V. G. 0.

Coffee stored at 5500,for three months

@) Propionaldehyde

b) Acetone
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Coffes Jolatlle. Beduncing, Substances, (VeReH.)

By the (VRS) 1s meant those substonces oxidisable

by permangonate or dichromabe reagoents,

- 35 . , X '
Stanley ( ibwwp@wm@d that the coffee VRS dn

5

brewed cofifee wore sensitive to the lengith of btime the

ecopfifee brew was heold, and comcluded that the guantity
pregsent could be used as an indication of the age and
treabmnent @f the coffee brew,

His measure of the VRS wes the “oxidation® value
which was defined as the number of ml 0.1N dichromate
oy permanganate required tw‘@ﬁiﬁiaa the steanm
dietillable maﬁw&%&&m From L @, @@ﬁ:@@%gﬂ} fle fonnd
that the VES decrcased with the increase in holding

thme and temperature., Table (KIV).
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VES = Mlorgeguivalents of Reduction.

88y
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é:;z-ﬁmﬁﬁ&#};?{ 479 alee showed that theso lesses wvere lavpely

die o bhe rapld loess of the V0.0, over the firat houwp

folloved by a slover loss up

Lo 84 hours,




Bogsdble Mechandsn of, the fopmation.of. Yolatile carhonyl,

g

=eoippounds

In an experdment to collect hydrazones from the
green coffee V.C.0., 50 g. of green beans was stripped
in Shipbtons apparatus in the standard way and after two
hours ne hydrazones could be collected. This showed
that green coffee copbains ne volatile carbonyl compounds
and that these are formed in the progess of roasting
which canses a considerable fall in bean constituents
partidoularly the suger, other carbohydrates and tammic
a@iﬁ,gﬁz)

& portential aproma-produncing mechanism is the so
called Strecker d@gf&daﬁ&@mﬁsg where by an amine acid is
oxidatively deaninated and decarboxylated bo yield the
aldehyde with one carbon sbom lass,

By cooling the foodstuff,; anboxidation, lypolysis,
dohydratlion and decarboxylation may give pidse to odouwrous
aldehydes, lower fabby aclds, lactbones and kebones from
fa, $5)

L was mmﬁg@sﬁ@&¢“5§ that cooked foods will produce
a aimilar pattern of low bollimg wvolatiles varying only

dn the relative guantlties present. This suggests bthab

these common volatiles ave produced by degradation of




metabolites which are normally presemt in all blological
materdal.
Lo was su ngwt@d(¢2} that broanched chailn aldehydes
sight be formed sccording to the so called ¥alkali
hypothesis® and 1f this ds correct, the osidation of
the amino acids, glycime, alandne, valine and Lucine
will produce, formaldehyde, acetaldcohyde, iso-bubtyraldechyde

and dasoevaleraldehyde respectively.

i ik
" k1 % g 2 ‘ﬂﬂio ] 'y i
B o= & « QGOOR —l 3 B = G oo « £

K’%ﬁﬂg

o= ponal and n - hexnanal may be products of exidative

degradation of oleie and limolelc acld respoctivelys
; - 3 a CHLC P OEYH s :l} . GOk
Hﬂa(mﬂg)? CH s wmnng))? COOH—> @1:13(«, 13)? GO

mﬁé WE;&Z} 4 CH = GHCH, CH = CH{CH 25 COOH — msmmg) 4 CHO

&&wamamc@ﬁlg) sugrested as o possible mechanism for the
formabion of methyl ketones thalt traces of koelow=acidse
from acotates becore incorporabted inte the triliglycerdde
sonlecule and byeakdown on heabting to give a range of

methyl ketones with an odd number of carbon atoms,



8%

The simplest unsaturated aldehyde acroledn

QQM? = O CHO) de formed in small guantities when fabs
2

are heated o a high temporature as im £eyinge This

¥ .
may be caused by the dehydrabion of glyaawml.ééS}

C g0, 2 0 oy

= CH CHO

Another vi@wg&gais that aldehydes may b@.iaﬁarm@ﬂiaﬁes

in the imterconversion of acids and alcohols.
Apetaldehyde probably arises also from decaybosylation

of pyruvie acid, Apetone is probably a product of

Fatty acid mebabolilem, and could risce from decarboxylation
of é@e&@a@@tiﬂ acdd, on intermediate in the B-omidation

off Tatty acids,

An dnteresting experiment was that of REeichstein
@%&&éig} who showed that coffee aroma can be obtained by
heating tanndle acld recovered from coffee beans in the
presence of sugar amd caffein. They observed also
that Ghe peroxidose extracted from horse radish develops
a cofffee aroma upon hoating.

Raw coffee aslse includes peroxideses which may
possibly play their part when coffee Llavour is developed

in bthe roasting process.
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Zhe. Labby. acld conpo Jﬁ,..wd L giaen. and rpashed
Qﬂf"ﬁ’gp f{a%

N soample of gmaﬁm beans and roasted beans of the

following blend was used:

40%  UVGANDA )
30% congo ) (ROPUSEA)
20% COLOMBEA (ARABLCA)

0% TNDONESIAN (ROBUSTA)

The beans were coarsely ground and defabted with
diethyd ether irn o soxhlet extractor under anitrogen.

Methyl esters vere prepaved from fab extracted
from the green and reasted coffee by Eﬁgfﬁaﬁﬁ m@&h@d(ggg
Appendds (A ) The methyl esberers were run on a PYD
Angon gasechropatograpie Chrosatograms are shown in
Figa. (40 and 44).

The results obtained for the green and roasted coffee
were very close so thaet no significant conclusions
could be drawn.

Table XV shows the porcentage composition of fatiy
aclds of green and roasbed &@ff?& beans along with

Hildish results (54) For green beans,




rig, (40)

Coffee green beans fatty-acid
~methyl esters,

GeF. = 40 ml/min,

DV, - 1250 Vv,

Col. Temp. - 170°¢,

On LAC 2R 446 Col. packing

ilc)

Gy




{0

Pig. (41)

Roasted coffee beuahs fatty-
actd-methyl esters,

G, - 40 ml/min,

DV, - 1250 7,

Col, Temp, - 17006",

On LAC 2R 446 Col, packing




Percentage composition of coffee beans
Fatby acidg.

Fatty acids ﬂi@di@hiS@g Gyeen boaabed
' . Coffee &@Efﬁa
i Myristic - 0413 Dl
2 Palmitic 28.2 33,466 31,0
3 Stearde 12,7 5465 746
4 Uleic 173 19,00 13.0
5 Linoleie 3548 38,50 4540
6 Linolenie - 0.65 0ol
Yi Cis~linoleic ? n 2450 246

8 Arachidie - G567

&
L 2
b

Amother experiment was done on the fal exbracted from
green ¢offes beans whidh was %mbﬁéﬁ%&& to roasting
tenperabiure aboud 220%C im an oil both with nitrogen
gas bubbling through, The exit gas was bubbled into
hydrazine reagont as shown in Fig. (42) e

A trace of reddisheorange predipitate was formed

i Hhe hydrasine reagent Llask, This was run on PYE

Argon gas chromatograph by the "flashe-exchange? technigue ?




N, Gas

Coffee o1l

0tl bath
at 22000

LY L

\

i \ Hydrozine

reagent

Fig., (42)a

Roasting of coffee green beons fat
at 22006" under nitrogen gas,




&4,

but gave no sign of auy wolatide cerbooyl compound,

¥

Tt is nob easy to gencralise that the same wownld

happen to bhe fab by reoasting the coffee besn as a
whialee

19}

£t has been ?@p@ﬁﬁ&di that fats do not partieipate

in the aroma foprmation but bhat they have the cepacity

of abesgrbing the aroms once L4 has been formed and of

protecting it from evaporabion, oxidation and deteriorotion.



85,

1. Role of velatile carbonyl compounds in cofifee aroma.
A panmple of insgtant coffec was stripped of ﬁﬁ& volatiles
in the Shipton apparatus,s The exit gas from the
hydrasine reagent Clask was passed through a cold trap
immersed in a bath of ethanol and solid G@z. In this
way two fractions were obbtalned ~ the velatile carbonyl
compounds (as hydrazones) and the nonwcarbonyl wvolatiles,

The stripped coffee brow was then divided inteo two
partss to one part (x) the carbonyl compounds were
added back by regencration.

The non=gorbonyl volatiles were added to the second
part (Y).

These two samples were then presented to a tasting
panael of 9 members using:

{a) Paired comparisen test for difference,

(b) Paired comparison test for preference.
These represented a simple analybical and consumer test
?&ﬁp@@tiV%iy-(71)

(o) Difforence: 9 out of 9 found the samples te be

M Eferont

(b} Mreference 7 out of 9 preferred (¥),.
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2. Effect of processing on coffee volatile carbonyl
compound s
Coffae woas prepaved from jors § and 9 (Patersons Ltd,)
& had been wabter cooled after sroasting and 9 aiw
coolad,.
?P@Viﬁum‘WQTk had shown that sample No. § contalned
a preaber proportion of fsoevaleraldehyde., These were
proesented to the panel and the same gnestions askeds
Bifferences 8 out of 9 found the samples o be
different,
Breforepcgt 5 out of 9 preferrved sample No. 8

{water cooled).

3+ Bffect of Storages

Rapling Jesh

Coffeo prepared from three 2 oz. tins of instant
coffee (Nescafe) stored at 55%C for one, two and three
monthe wore presented to the panel along with a control
sample {(unstored fresh Nescafie),.

The following numbers were given o the presented
samples?

No. 3 Control

No. 1 stored for one month

fos 4 Stored for two months

No. 2 Stored for three months
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200 Bropodora
On the besis of Ghle prolialnory worli, Lhe

folloving provodure fop the stimulation of aldehydesn
updog Soblff's reagont do puggesbeods

To the aldehyde solutdon (sampic of 1 - 100 ppn)
add 8 ml of Sehiffis poaponty x.zzaﬁw up Lo o0 mi with
wator in on apber volumetedo flaslh stopper and leoave |
so shand for 5§ ming theun tuke readings ab w1 504
m with the voaudred £iltoy and g:aamiwwcéma; a6

reoconnonded for that dootrunent .

& ealibpation cupve fop agetaldehyde was propoased in

shia way 4o showsn in Fig. (€ {}31 Y
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