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DREFACH

The roasting of coffee beans has been practised for about
700 years, For just as many years men have doubtless wondered what
happens during roasting and why different coffee beans have given
products differing in taste and aroma. For af least 130 years
acientists have attempted to solve this problem., Recently,
sophisticated techniques have yielded masses of analytical data, but
not a complete answer, Indeed, a further phenomenon has been
uncovered - that green and roazsted coffee beans show so many
similarities with green and roasted barley, cacao beans and grouwndnuts,
but yet have such subtle differences of taste and aroms,

It has been showm that sugars =nd amino acids are importent
vrecursors of the aroma of roasted eneao and coffee beans, The
relastive proportions of these two components havebeen found of
importance in determining the quality of coffee beans. Phenolic
compounde have also been named as aroma precursors and it is proposed
to investigate the behaviour of the coffee bean phenolie compounds
during roasting, and their role in determining the gquality of the

roasted bean,



1. Chlorogenic Acids.

Chlorogenic acids are esters of a cinnamic acid and guinie
acid,

Homenclature of the chlorogenic acids ig non-systematic,
confusing, and to the uninitiated gives no indication of the structure,
eg Isochlorogenic acid 'A', Band 510,

To avoid these shortcomines the following abbreviations
(or occasionally the non-abbreviated form) have been used throughout
this thesis.

First Cyphers- A figure or fisures indicating the position
at which the cinnamic acids are attached to the quinie acid.

Second Cypher:= A group of letters indieating which

¢innamic acid is attached to the quinic acid.

eg C = caffeiec acid.
F = ferulic acid.
Co = J4=hydroxyecinnsmic acid.

DC = two caffeic acid substituents,
Therefore TIsochlorogenic acid 'A' = 3, 4D0Q = 3,4=-dicaffeoylquinic
acid, Band 510 = 4CQ = 4-caffeoylgquinic acid.

3PQ = 3=feruloylguinic acid,

2. Qther Compounds vith a bepzepe nucleus.
The trivial names used for many of these conpounds give no
indiestion of the structure, and the following systematic abbreviations

have been used to indicate the structure where this is of particular

sicnificance.



)
First Cvpher:~ A firure or figures indicating the position
of substituents on the benzene nucleus.
Second Cyphers= A letter or letters indicating the nature

of the substituents,

Bz = Benzenre.

BA = Benzoic acid.
Bzl =  Benzaldehyde.
CA = Cinnamic acid.
CAl =  Cinnamaldehyde,
M = Methoxy.

H = Hydroxy.

MD = Methylenedioxy.
D = Di-

T = Tri-

eg Syringealdehyde = 3,5DH,4HBzil = 3,5-dimethoxy
4=hydroxy benzaldehyde,

eg Caffeic acid = 3,4-DHCA

n

3y4-dihydroxycinnamic acid.

eg Pyrogallel = 3,4,5-THBz 344,5=trihydroxybenzene.

Excentions:-
The following abbreviztions are in common wvsage, and their

vsage has been retained:-

PHE = Phenylalanine,
TYR = Tyrogine = 4<hydroxyphenylalanine,
DOPA = Ortho=dihydroxyphenylalanine = 3,4=dihydroxy

phenylalanine.



3. Uisgellangous sbbrevistiona.

Normal sbbreviations (arranged in slphabeticzl order)

come before the
ACAC
BPt
BS
cm
dmb
DIPH
DSA
eg
fwb

GLC
W
ie

Ke

HEC
ng
min

ml.

nm

MR
PC

ppm

hieroglyphs,

-
=

]

Assoeciation of Officiz) Analytical Chemists,
Boiling point.

British Standard,

Centinmetre.

Dry matter basis,
Dinitrophenylhydrazine or dinitrophenylhydrazone.
Diazotised sulphanilie acid,
For example.

Fresh weight basis,

Gram.

Gas=liquid chromatography.
High molecular weight.

That is.

Kilogram,

Mole,

Holar extinction coefficient.
Hilligram,

Hinute,

Millilitre.

Melting point.

Nanometre.

Nuclear magnetic resonance,
Paper chrometography.

Parts per million.



Sat
TLC

USDA

w
7: v

Poly-n~vinyl pyrrolidone.

Saturated,

Thin~layer chromatogrsphy.

United States Department of Agriculture.

Ultra-violet,

Degreeas Centigrade.

Microsranm.
lderolitre.

¥Micromole,

Percent, volume for volunme,

Percent, weight for volume,






ZTRODUCTION

4 BRIEZF HISTORY OF COFFRE AD AN INTRODUCTION TO ITS PROCESSING AND
ROASTING

It seems that coffee was first kmown in Arabia, where roast.
ing of the bean hed begun as early as the 13th Century (1). Its con-
sunption spread into Turkey in the 16th Century and into Burope and
the USA in the 17th. In London, the earliest known Coffee House was
opened at St. Michael's Abbey, Cormhill, in 1652 (2), The first
cultivation of coffee is credited to Huslim Pilgrims in India around
1600, and by 1750 plantations were alsc well established in Haiti,
Jemaica and Cuba, and the Dutch East Indies (3). A progressive
inerezse in coffee ftrading made this commodity an important factor
in world trade by about 1850, World production of green coffee exceeded
3 billion Kg in 1962 (4), and in 1968 was expected to be of the order
of 4 billioen Ke (5).

The plants concerned are evergreens, within the family
Rublaceac, and genus Coffes (2). The coffee=s of commerce are drawn
from the species Coffea arabica Lion, var arsbica or yar bourbon
(commonly kmown es Arebica); C,_canephors (commonly known ss Robusta)s;
C, liberice end L, excelsa (6)s The las* two are of lesser importance,
and in eddition there are several wild species, probahly of neo
commerecial value, eg G, mauritians and C, resinosa (7).

Robusta and Arabica beans are fairly easily distincuished
by differences of size, shape and colour, and there are important
differences in chemical compeosition., Commercially a distinction is
made dbetween "low grown" and “high grown" coffees, the latter reputed

to be of better quality. Lilds and Santos are terms applied to two
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Arabicas which differ in their method of processing, ie removal of
the green beans from within the cherries,

Coffee %trees produce mature fruits six to nine months
after flowering, and these remain at their prime for about one week.
The fruit is red when ripe and contains two seeds (ie coffee beans),
which are separately enclosed in a thin membrane or silverskin. This
ig surrounded by a layer of muecilage immediately inside the 'fleshy'
part of the cherry.

There are two main methods of processing. The natural
process is applied meinly to Robusta coffee, particularly where water
ig in short supply. Drying from about T70% to 12% moisture content
is earried out either in the sun or more rapidly by hot air driers.
The guicker method is preferable becsuse it reduces the risk of
mierobioclogical spoilage. After drying, the outer skin, pulp snd
parchment are removed in one mechanical process known 2s hulling.

Wet processing is thousht to produce a better quality bean,
but it is esgsential that the beans are just ripe when processing is
begun., A slicht degree of over—ripeness resulting in lowver moisture
content is sceeptable for dry processing. The skin and pulp are
removed by water, =nd then the undamaged parchment usuzally by a
natural fermentation process. The final stage is drying either in
the sun or by forced hot air circulation.

Roasting is still commonly a batch process and cherges of
up to g gquarter of a ton or larger may be used (6). Muidised bed
and microwave roasting are claimed to have some sdvantages. Commonly
2 blend of green beans is roasted, The time of roasting should never
exceed twenty minutes and the air temperature is in the range 130=

200° (6), However, roasting is an exothermic process and the
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temperature within the bean may be considersbly higher., Initi=lly,
free and bound water are driven off followed by a range of products
from pyrolytic reactions, The beans gradually dsrken, increase in
volume by 50-100%, and finally coffee o0il seeps to the suvrface of the
bean (6, 3). Determination of roast end-point is a difficult
subjective evaluation requiring great skill if it is to be entirely
successful, A lizht roast shows a weizht loss of about 13% {dmb)
and a severe rosst a weizht loss of 22% (dmb) or more, The weight
loss and colour may be taken as indices of the desree of roast (9, 10).
Acecording to Kaufman, oreen coffee beans have no aroma and only a
bitter taste - roasting develops the well known aroma and flavour (12).
The roastinc process is terminated by exposure to cool air or s water
drench., The roasted beans may he further blended at this stage to

neintain a particuler quality (12).

(a) Linids,
Thaler and Gaigl (13) reported that the o0il content of green

Arabice besns is about 17, Robusta about 11¥ and Liberica about 127,
Hartnann gt al {14) reported the following erude composition for

coffee o0il,

Zeble 1 Coffee 0i) Composition (Hartmann et al (1969) (14)

Compound % Coffee o0il
Triglyceride 75.0
Diterpene, esters 18.5
Diterpene, free 1.0
Phosphatides 4.0

Phytosterol esters 1.5
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The main diterpenes are caffestol and kshweol, both

containing one primary and one tertiary zlecohol group (14)s Troces
of lanosterol, dihydrolanosterol and squalene have alsc been reported
(15). Seversl workers have investigated the fatty acids present in

the triglycerides,

Izple 2 The Fatty Acid Composition of Coffee 0il Triglveerides.

Component

Fatty Aeids Coffee 0i1 (%)

Myristic trace trace trace - 0.14
Palmitic 35.3 33.7 35.2-38,6 33,2-46.5 55.47
Palmitoleic trace trace trace - -
Stearie 6,6 7.9 6.6=8,4 6,4=T7.,0 8,31
Oleic 7.6 10.1 745-20,9 5e6=-14.3 9.35
Linoleic 45,8 43.5 3844=43,0 30.0-20,9 41.88
Linolenie 1.6 pLES: trace - 1,64
Arachidie 247 343 4,0-4,8 - 0.17
Gadoleic trace trace - = =
Margarie trace trace - - -
Reference (16) (16) (17) (18) (35)

No varietal differences have been detected, The early
information about the effects of roasting on the coffee o0il is sparse,
conflicting, and lacks precision. Navellier (19) reported thet "1ipide®
fall vy %% on roasting, but Bresseni gt al (20) reported an increase
in the ether extract during roasting, and equated this with lipid.

Kaufman and Hamsager reported that the content of free diterpenes
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incressed at the expense of the diterpene esters, but in a later
publication reported that content of both fell during roasting.
Content of triglyceride also fell (21, 22), Fabe et al (35)
reported that the ether extraet increased from 15% to 18% (dmb), the
free fatty acids inecreased from 1% to 3% and the unsaponifiable
netter fell from 115 to 9% (dmb green bean) during roasting. There

was very 1ittle change in the triglyceride fatty acid composition.

(o) linerals.

Derbessey gt al (18) reported thst green coffee beens
contained ash at levels of 3,1-3.6% (dmb). A more detailed investiga-
tion was made by dinton and Winton (23) who reported about A% (dmb).
The major consiituent was potassiun oxide (GQ%) followed by
nagnesium oxide (10%), calcium oxide (5%), ferric oxide (1%),
silice (1%), sodium oxide (O.i%), and treces of aluminiuwm, copper
and mangsnese oxides., The anions were phosphate (1%%), sulphate (5%),
and chloride (1%).

Other workers have reported the content of rubidium to
vary between 9 and 141 mg/Kg {amb) and of manganes; between 8 and
45 nz/Xe (dmd) (24, 25). Tepley and Prior reported moderste calcium
and iron, but low sodium and fluorine (26), Over 907 of the ash is
wateresoluble, and represents about 14% of the soluble components of
roasted coffee beans (27, 28).

Most of the minerals are associated with other coffee bean
constituents; part of the potassium, and perhaps some of the magnesium
is bound to the depsides (29, 30). lNorthmore (30) believed that the

quality of the green bean was in some way related to the content of
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magnesium chlorogenste, such that the content of mzgnesium is &
quality=limiting factor.

The influence of the minersls on the chemiecal resctions of
roasting, and on the quality of the roasted bean have not been
investigated. Smith (28) reported that the potzesium salts of the
depsides were more heat stable than the free acids,

(e) Carbohrdrates.
(i) Olizosaccharides and Moposaccharides.

In 1956 Plunkett (31) reported the prasence of sucrose in
green coffee beans. Wolfrom gf al (32) reported 6-To (dmb) of suerose
and a trace of glucose in green beans, and smaller guantities of
sucrose vere found in roasted besns., Glucose and fructose were
vresent after roasting and they deduced that sucrose hydrolysis
oceurred during roasting. Sivetz (33) reported that green coffee
contained sbout 15 of reducing sugsrs. Barbirolli (34) examined ten
green coffees and found that all samples contained sucrose 5-8% {(@mb)
2lucose 0,5=1,0% (dmb) in five samples, and fructose 0.3% (dmb) in
one ssmple, Al)l roasted coffees contained considerably less suverose
1.0-1,5% (dmb) and maltose 0,2-0.%: (dmb), which was produced during
roasting, @Glucose and fruectose were usuzlly detectable after mild
roasting but were lost after more severe treatment. Fabe gt al (35)
reported 5.45% (dmb) total sugars present in green beans and these
rose to 7.75% at 10% roast loss, and then fell progressively to 3.2T
at & 167 total roasting loss. At 18% and 20 total roasting loss
glizht increases in suvgar content were noted.

Navellier (19) reported that sucrose was the most abundant
sugar in green coffee (7-8v) and that other svgars were only found
in traces if precautions were taken to prevent acid and/or enzymic

hydrolysis during extraction.
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In 1963 Courtois gt al (36) reported three oligosecchzrides
to be present in Robusta beans, They were sucrose, the major
component, raffinose, and stachyose. Shadaksharaswamy and Remachandra
{#7) reported the seme oligosaccharides present in Arabicas, Sucrose
elwaye represented more than 9% of the total oligosaccharides, and
Arablcas contained more than Robnatss, However, Robustas contained
approximately double the quantity of raffinose and stachyose.

(1i) Polysaccharides.

Joly (33) reported in 1951 that sreen coffee contained 38%
cellulose, but this was the reult of a proximate anslysis which did
not measure cellulose slone, In 1957 Thaler (34) reported that the
nolysaccharides of green coffee contained glucose, galactose, mannose
and arabinose. TIn 1960 Laver {40) isolated a 10% potassium hydroxide—
soluble "hemicellulose” and a 10> potassium hydroxide-insoluble
"holocellulose" which contained l-arsbinose, D=galactose, D-mannose,
and D-glucose in the r=tio 1:2:6:2, Further purification yielded a
fraction containing 955 mennose, Wolfrom st al (32) reported that
this "hemicellulose™ increased during roasting, probably at the expense
of the "holeeellulose," They found little, if any, cellulose, lignin
or pectin in the green hean. However, in a later publication Wolfrom
and Patin (41) reported that the main structural polysaccharide was
a L—P-A Demannan. This was structurally associated with = gluecan
which was shovn to be eellulose and which represented about 5% {dmb)
of the green bean,

Courtois et al (36) reported a cold-water—solubhle gluco-
galacto-mannan and a boilinec=wreter-soluble arabino-galactan, Patin
later reported a similar arabino=galactan (42), and sngpected that
sone diffjiculty in hydrolysis was due to the presence of aromatic esters,

Pervlic acid hes been reported present in some wheat flour pentosans (43).



14

Thaler and Armeth (44, 45) reported that raw Arabices
contain four fractions of polyvsaccharide whiech differ in solubility.
One of these polymers was soluble in eold water; =2 second in hot
water; =2 third fraction precipitated when the green coffee bean was
treated with chlorine dioxide, (holecellulose); a fourth fraction,
vhich was soluwbilized by the chlorine dioxide treatment, was called
degredation polysaccharide,® Roasted coffee contained the hot-water-
soluble fraction, the "holocellunlose" and the "degradation poly~
saccharide.” They reported that the cellulose was very stable during
roasting, the mannan orly slichtly sffected, the galactan partislly
destroyed, and the araban markedly desitroyed, in proportion to the
severity of the roast. The four Arabicas examined showed 1little
variation, Traces of xylose, rhemnose and uroniec acid vere also
released by hydrolysis of these four polysaccharide fractions.

Wolfrom and Andersen (46) reporied an arabino=gslactan
was present in instent coffee, This pentose kad lower arabinose
content than the arabino=galactan found in the green bean and they
suggested that easily cleaved terminal arabinose groups had been lost
during brewing, There have been no reyports of free arabinose. The
same instant coffee also contained a galacto=mannan similar to that
reported in the green beaﬁ by Wolfrom (41). It contained less
galactose than the galacto-mannan reported by Thaler (24), HMaier
et 8l (47) isolated a marman from the brown pigments of roasted
coffee, This substance formed 3% of the brown pisments and reserbled
the mennan reported by Thaler (44).

Tn 1968 Shadaksharaswamy and Ramachandra extracted and

analysed the acid=soludble polysaccharides of green coffee beans, This
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material contained rhamnose (4 part), arabinose (3 parts), mannose
(3 partS), galectose (2 parts) and was present at about the same
level in Arabicas and@ Robustas. They believed that some non-protein

nitrogen w28 present in this polysaccheride.

(¢) Nitroszen Contept.

(1) Aming Acids and Proteins.

Protein content of green beans has been reported in the
range 10=147° (dmb) (35, 38, 49) of which about 3% (dmb) is soluble
in vater. The alkali-soluble protein has been reported at levels
of 2% and 4% of the green bean (dmb) (49, 50). No slcohol=soluble
protein was found (44). Underwood and Deathersge (49) reported that
the water—soluble proteins of Santos and Columbia coffecs contained
about 15% nitrogen and had an isoelectric point st pH 4.6-4,7. They
showed that aqueous extracts of green and roasted coffee contained
an sporreciable quentity of non-protein, amino acid-containinz compounds.
These were probably proteoses, peptones and peptides, and in the roast
bean, producte of various browning reactions, The water extractable
nitrogen fell w»apidly on roasting (51).

Centi Grossi gt ) (52) exsmined oreen coffee bean water—
soluble proteins by electrophoresis and seperated twelve fractions,
Arabicas and Robustas showed essentially identical patterns.

In 1956 Plunkeitt reported eleven free amino aeids in creen
coffee beans, but found that they were completely lost on roastine (31).

Hydrolyses of green and roasted coffes beans, of extracted
protein, =and of pigments from the roasted beans have yielded 18 amino
acids (13, 47, 51, 53-56). Thaler and Gaigl (13) reported that there

were no significant differences between Arsbicas and Robustas. They
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210 reported that arsinine was completely destroyed on roasting, and
that cystine, lysine, serine and threonine showed considerable loss.

Glutamic acid, leucine, valine, phenylalanine, and proline increased.

(i1) Alkaleid Fitrocen

According to Sivetsz (57) the main alkaloids are caffeine,
trigonelline and nicotinic acid. Theophylline and theobromine have
also been reported in most green coffee beans (58-59), The wild
species of coffee are reported to contain no caffeine, but instead
a substance called cafemarine the struecture of which has not yet been
determined. The wild species do contain trigenelline (7).

Much of the stimulant activity of coffee has been ascribed
to caffeine and trigonelline, but 'fat! and chlorogenic acid are
also active (60, 61).

Hughes and Smith (62) reported that green coffee beaﬁs
contain 16-44 mg/g nicotinic acid. During roasting, trigonelline
demethylates to nicotinic acid (6, 11) and Tepley and Prior (26)
reported about 100 g nicotinic acid in one gram of coffee, Sivetz
(63) reported between 95-263!lg/g. A cup of coffee probably contains
sbout 1/10 the human deily dietary requirement of nicotinic acid, in
an easily available form (64). (Tepley and Prior (26) reported that
roast coffee also contained traces of seven other B vitamins),

Trigonelline has been reported in green coffee at various
levels, Thaler and Gaigl (13) showed that Arabicas contained
1.0-1,2%, Robustas 0.6~0.T/, and Libericas 0.2-0.3%, They also
reported (53) that loss in normsl roasting was 30-60% tut up to 305
in severely roested Robustas. Trigonelline at fairly hish concentra-

tions has s bitter taste (66).
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Severe roasting converts nicotinic aeid to pyridine (6, 11,
53, 61) which has an objectional taste (11), Pyridine, and 2-methyl,
3-methyl and 3-ethyl pyridines have been reported in coffee volatiles
(67).

Caffeine content of green coffee beans has been reported in
the range 0.9-2.6/%, Arabicas containing 0,9-1.3%, Robustas 1.6-2.6%
and Libericas 1,2-1.5% (13, 29, 35, %8, 53). Roesting produces a
progressive loss of up to 205 (35, 68), believed to be due to
sublimation (at 1760), rather than decomposition, sinee it can be
recovered from roaster flues (69), The comparison of the progressive
loss of caffeine with the loss of chlorogenic acids hes been used
as an index of the degree of roast (70, 71). Caffeine is hichly
soluble in water and may form about 4.5% of a coffee brew {105 w/v)
(28)., sivetz (57) reported that cups of coffee mpade from Arsbicas
and Robustas respectively contain about 100 mg and 200 mg of caffeine,

Some of the caffeine in the green bean has been reported in

the free form, snd some as a complex of 3CQ and 5C0 (72, 73),

(e) Non-Phenolic dgids

In 1959 Lentner and Deatherage reported that green coffee
contained acetic, butyrie, citriec, malic, propionic and veleric acids
(74). Sivetz (75) reported citric, malie, oxslic, pyruvic and
tartaric acids at concentrations of 0.2+0.5% (dmb), in total about
1.5% (3mb). Roasted coffee has been reporied to contain in addition
citraconie, formie, fumaric, 2-furoic, iso-~valerie, itaconic, lactic,
maleic and mesaconic acids, and two which were not identified (74,
76-30). Lentner and Deatherage {74) reported that formic and acetic

acide increased during roasting, and that destruction of citric acid
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was 33560, and destruction of malic acid 16=40%. Kaufman, (11)
and Leniner and Deatherarce (24) both reported that roasting caused s
decrease in acidity of coffee bean agueous extracts by one pE unit,
followed by 2 slight pH rise. They believed that produetion of acids
from sugars was responsible for the pH fall, and that decarboxylation
of acids was responeible for the pH rise observed. Woodman gt al (80)
reported a rapid increase in the content of non~phenolic acids at a
15% total rozst loss. The qnantity of these acids did not decrease
at high roasts and loss comld not, therefore, be responsible for the
pH rise. These workers believed thet loss of chlorozenic acids was
responsible for the pH rise.

Fumarie scid end 2-fursic acid content increased throughout
the roast, and were probably produced from malic acid and carbohvdrate
respectively, Citraconiec, mesaconic snd itaconic acids were probably

formed from citriec acid,

(£) Zhe Phenolic Compounds
(i) 2he Phe of Gree

Probably the earliest cited reference is to work by Robiguet
end Boutron (82), They revorted that in zreen coffee beans there was
an acid which turned green when mixed with ferriec chleride, Work
becen on the extraction of this acid (84), and in 1846 it was isolated
ns a caffeine complex, znd named chlorogenic aeid (85).

In 1907 attempts were made to analyse this substance, and

suceessful alkaline fusion yielded caffeic mcid (86). It was suggested
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that chlorogenic acid consisted of caffeic acid and a sugar. In
1920 Freudenderg (87) demonstrated the presence of cquinic acid, and
deduced that chlorogenic acid was a caffeoylquinic acid, Twelve
vears later Fischer and Dengschat {28) demonstrated that chlorogenic
acld was 3-caffeoylquinic acid,

In 1950 Barnes gt 5l (89) reported the isolation of
"Isochlorogenic acid® from green beans, using countercurrent
distribution and silicic =cid column chrometography. They announced
that “Isochlorogenic acid" was 50Q, probably in equilibrium with ite
lactone, In 1956 Plunkett {31) confirmed the presence of 3CQ and
"Barnes' Isochlorogenic acidh,

In 1958 Smith (90) reported that there was no free eaffeic
acid in green coffee beans, and that the lower gquality Robustas
contained more chlorogenic acids than Arabicas. In 1958 Sondheimer
(91) reported a new chlorogenic zcid isomer in green beans, and
called it "Band 510" becauvse of its time of elution from a siliecic
acid column, He also made the first report of "Neochlorogeniec seid"
in green coffee beans, although it had previously bheen reported in
fruit by Corse (92).

In 1959 Lentner and Deatherage (74) confirmed that there
were only traces of free caffeic acid and free quinic scid in coffee
besngs. In 1960 Krasemenn reported the presence of at least six
prenclic acids, and doubted that caffeic acid was one of them, She
did identify 300, "Isochlorogenic acid" =nd "Band 510" (93). The
game year Pictet and Brandenburger (94) reported the presence of 3CQ,
"Isochlorogenic acid," "Neochlorogenic acid," anrd three FQ aeids in
sreen Arabiecas and Robustas. In Robustas they also found 4HCA and/or

one of its depsides with quinic acid. They stressed that the presence
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of free caffeic or ferulie acide were artefacts caused by careless
handling of the samples, In 1962 Corse gt gl (95) isolated 3FQ
from green Robusta and Arabice besns. Robustas coniained about
0.15 (amb), and Arabicas considerably less.

In 1963 Scarpatti and Guiso (96) reported that the fraction
“"Barnes' Isochlorogenic acid" was not 5CQ, but a mixture of three
DCQ acids, They subsequently reported that “Neochlorogenic acid®
was 50Q, and that “Band 510" was 40Q (73). They reported that the
components of “Barnes' Isochlorogenic acid"were 3, 4 and 3, 5 and
4, 5 DCQ (97) emd these results vere confirmed by Nakanishi (93)
and Corse gt al (99), who also reported the presence of a mixture
of the 3' methyl ethers of 3, 5 DCQ.

Kung 2t _al (100) quantitated the CQ and DCQ acide of green
Arabica beans by GLC., Table 3 summerises the guantitative results
of several workers, Corse and Patterson (101} examined green beans
for the rresence of sinapoylquinie acids, but concluded that they

were not present,



Igble 5 Ihe Content of Deogideg in Green Qoffee Beans.

Depside Content % (dmd)
30Q & 2.85 4.31 - - 556
40Q - 0.39 = o = 0.41
5CQ - 0.40 = - x 0,83
2FQ - - - - less than

0.1
3,4D0Q “ 2 . p . 0.28
BQSDCQ - - — = - 0021
4,5DCQ - = g = - 0,11
Total 6.86=8,05 3 .65 6.47 6.75 - G/ 5
References (68) {c1) (93)  (94) (95) (100)
Iable 4 The Content of Densides in Rosstied Coffe- Baans.
Depside Content ¥ (amb)*
30Q - iraZp - 1.96
4CQ - = i 0.21
507 - L ! - 1,02
3,4DCQ = & - 0.01
3,50CQ - - - 0,09
4,5DCQ - = e 0.01
Total 3.95-5.24 1.58 2.:85 333
References (63) (93) (94) (100)

*Content in roasted bean - no correction for total dry matter lost

during roasting,.
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Some of these phenolic compounds are thought to be present
in the bean in more than one form. 1In 1958 Lindner (102) reported
that green bean chlorogenic seids were present as the free acids,
the potassium salts, and the potessium caffeine complexes. Griebel
(103), and Smith (29, 90) suggested that there were no free acids.
The existence of the caffeine complexes of 3C0O and 5CQ has been
confirmed (72, 73), but there have been mno reports of other caffeine
complexes, Northmore thought that magnesium chlorogenates were
present in the green bean (30).

In 1968, Thier et el (103) revorted thet Hobustas contained
0.3=0,4mz % scovoletin, about four times as much as Arabicas., It is
generally believed that Robustas glso contsin a greater quantity of

chlorogenic acids than Arsbicas (6),

(i1) Zne Influence of the Phemolic Commounds on the guality of the
ﬁzgng aﬁagg.

Horthmore (30) reported that the colour of green Kenven
coffee beans was related to the liguering quality after roasting. In
order of decreasing cuality blue, creen, brown and yellow colours
are encountered, He reported thet the oxidation of alkaline magnesium
chlorozenate produced 2 blue colour similar to that of the higher
auality ereen bean.

De Amorim and Silva (104) revorted that the higher the green
bean Polyphenol Oxidase activity, the higher the quality, Forsyth (105)
has reported that the quinones formed by this enzyme are self-
inhibitory, It has been reported that polyphenols and acids such as
the chlorogenic acids and caffeic acid aet as antioxidants for

aldehydes, and it has been suggested that the higher the aldehyde
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content of the green bean, the hisher the ligquorins quality after
roasting (104, 106).

It is suggested on the basis of this information that if
Polyphenol Oxidase attacks the chlorogenic acids, quinones are formed,
and the aldehydes are no longer protected. The aldehydes are lost,
and the bean quslity falls. The quinones inhibit the enzyme and
cavse the low Polyphemol Oxidase activity associated with low quality
beans., Other workers (107, 108) have shown that the guinones
produced by Folyphenol Oxidase take part in non—enzymie reactions
that produce insoluble brown pigments., Suech pigments could be involved
in the brown and yellow colours that Northmore (30) reported to be

typicel of low quality beans,

(111) Ihe Zffects of Rossiing.

I+ has been reported (6) that after roastine, Robustas and
Arabicas contain about the same quantity of chlorogenic acids, despite
the fact that green Robustas contain more than green Arasbicas.

Keufman {11) believed that the lower acidity of coffee
golubles extracted from relatively severe roasts was as a result of
chlorogenic acids decarboxylation and more recently Woodmen et gl {(=0)
confirmed this. Ksufman believed that some of the minor components
of the aroma were produced by this degradation,

In 1955 Lindner (102) reported that the chlorogenate caffeine
complexes were the least stable form of chlorogenie aecids during
roasting, but Smith (29, 90) reported that they were the most stabdle,

In 1958 Smith (90) reported that the greatest loss of chlorogenic acids
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occurred at the stage when the coffee aroms and flaveur were developing,
end stressed in 1963 (29) that devside and einmamic acid pyrolysis
should be studied to determine its comnection with flavour develepment,

Lentner and Deatherege (74) reported that 2n incresse in
quinic acid content occurred during roasting. They assumed that this
was due to depside hydrolysis, but reported that the observed increase
was not sufficient to account for the recorded loss of depsidic cuinic
ecid, They suggested that quinic acid degradation occurrsd, perhaps
via its lactone, They reported that 30=500: of green bean chlorogenic
acids were destroyed during roasting, the loss being directly related
to the severity of the roast, Merrit and Proctor (68) essentially
confirmed these results, by recording losses of 24-45%. Lentner snd
Deatherage purified roast bean extracts by paper chromatography, eluted
the phenoliec components and quantitated these by titration azainst
alkali, Ther stressed that direct UV specirophotometry, eg the AOAC
technique (109) was net suitahle for guantitating chlorogenic acids
in roast bean extracts becauee of possible interference by non-=phenolic
products of roazsting. The ACAC technique wes used by lMerrit and
Proctor. Pictet and Brandenburger (94) reported a 47% loss of
chlorogenic acids from an Arabica Colombla bean., The vhenolie
convonents were murified by paper chromatography and quantitated by
direct UV spectrorhotometry,

Krasemann (110) reportad *that roast beans conteined seven
phenelic components compared with five in the green bean (93). She
reported that 3CQ when roasted was immediately converted to the other
four green bean phenolic compounds, vlus two new preoducts, A seventh
product wae only found in roasts of medium severity. Kung ef sl (100)

reported that during roasting 3CQ was 657 destroyed, 4CQ wes 42%
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destroyed and that 5CQ increased to 116 of its green bean content,
They thought that this was due to inter-isomerisation of the other GQ
or DCQ acids, Two of the DCQ acids were =lmost completely destroyed
(more than 90%) but 3,5DCQ was much more stable and about 505
survived roasting. A summary of the quaentitative results is given
in T2ble 4,

Hogl (111), and Smith (29) revorted the presence of quinol,
prrogallol, protocatechuic aldehvde and eatechol in roasted eoffee,
It was svgzested that quinol and pyrogallel were produced from the
quinic acid component of chlorogenic acids, and that protecatechuic
aldehyde and catechol were produced from the caffeic acid component,

Klocking gt 8l (55) isolated the “humic acids" of roasted
eoffee by lead acetate precipitation from aqueous extract., After
removal of the low molecular weight components by gel filtration
chromatography, the "humic acids" were hydrolysed., Six phenolic
conpounds were isolated and caffeic acid, catechol and 4=hydroxybenzoic
acid were identified. Haier et al (47) isolated eight frsctions from
water-soluble rozst coffee pigments by gel filtration, Four of these

fractions were reported to contain phenolic compounds.

{iv) The Effect of Brewins.

Natarajan gt g1 (112) examined 5% 1"'/v brews of coffee vwhich
were stored in glass and brass containers at 250 and 70° for up to
16 hours. No loss of chlorogenic acids was observed. Segall and
Proctor (113) reported a 125> loss of chlorogenic aecids from coffee
brews held at 73° for 6 hours, This was greater than the loss from
solutions of pure 3CQ held under the same conditions, Segall and

Proctor (113) did not refer to the work of Natarajan gt al (112), and
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these contrasting results have never been explained.

By means of a2 Taste Panel Ordynsky (66) established that

300 in coffee brew has a bitter taste,

(g) Coffee Arama =nd Coffee Volakiles.

Tn 1969 Walter and Weidemann (67) published a list of
substances that have been identified in coffee voletiles. This
excellent review lists each reported component by its empirical
formula, and by classification as alcohol, ether, aldehyde, ketone,
diketone, ester, phenol, sulphur compound or furan. There is also a
chronolosical list showing the date of the first revort of any
component. To summarise, 355 comnonents have been identified, 44 of
which were known before 1920, and 71 before 1960, A summary of the

major classes is shovn in Table 5,

Table 5 The Components of Coffee Aroma (67).
Alcohols 23 Ethers 16 Aldehydes 30
S compounds 41 Bsters 352 Xetones 64
Furans 58 Phenole 26 Diketones 25
Pyrazines 26 Pyridines 4

Total 345

Major progress has only been made since the introduction of gas
ehrometography, mess spectrometry, and nuclear magnetic resonance
spectrometry =s aids to sepmsration and identification. The achieve-
ments of the earliest workers, Bernheimer 1830, (114) MNonari and
Scoccianti 1895 (115), Jaeckle 1898 (116), Erdmenn 1902 (117) and

Standinger and Reichstein 1928 (14) deserved special mention since they
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had only classical, and indeed primitive, techniques and equipment
evailable, and yet all their diseoveries have since been confirmed.

There is nothing to be grined by giving full detszils of
each worker's contribution between 1930 and 196% since that is avail-
able from the review (67), but brief mention will be made of certain
more interesting points, Huches and Smith (118) probably made the
first gquantitative study of coffee volatiles in 1925, and Rhoades
(120) in 1968 was probably the first person to 2pply ras chromatography
to ceffee volatiles. Merit et gl (120) commented on the oossible
production of artefacts during the sampling of the volatiles when
heat, steam, water or a solvent were used in the extraction. They
used an inert carrier gas to sweep the volatiles from roasted coffee
at room temperature, znd condenced them in a series of cold %traps.
They suggested that furan and 2-methyl furan were of particular
sisnificance in coffee aroma.

Most workers examrined only components of low boiling point,
but Radtke (122-124) adivided the components into 3 groups - those
with boiling points below 100° (Fraction A), those in the range
100°-220° (Fraction B) =nd those above 220° (Fraction €)., The
components of Fraction B were subdivided into monocarboxylic acids,
phenols, carbonyls and nitrogenocus compounds,

Removal of only the phenols from fraction B left a 'roast
aroma', but it was definitely not a coffee aroma., Removal of only
the nitrogenous compounds =ltered the aroma, but it was still distinetly
coffee like. Removal of only the carbonyls made the greatest
alteration to the aroma.

Remixing of the isolated carbonyls and nitrogenous compounds,
or remixing of the isolzted phenols and carbonyls, produced coffee-

like sromas. Addition of the isolated nitrogzenous compounds to the
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phenols and cerbonyls produced guite & reslistic coffee aroma.

When the arome concentrates were stored very marked colour
chanpges occurred in a short time, but the pattern of volatiles
separated by CLC showed no signifiecant changes. The technigues
employed were unable to detect the vital changes thet were responsible
for staling.

Bondaroviteh et 2l reported that certain dihydropyrazines
had aromes reminiseent of rossted peanuts or popcorn and they believed
that similar compounds could be of importance in the aromo of many
cooked or roasted faods, Unfortunately dihydropyrazines are rather
mstable and as a result their isolation is difficult (125), dut the
presence of pyrazines has been established. Twentysix pyrazines
have been revorted in coffee sroma (67), and 19 in roasted cacso aroma,
of which six are also present in coffee aroma (126, 127), and a
range of pyrazines have also been found in roasted peanut aroma (128),
Such compounds were almost certainly present in Redtke's 'nitrogenous
compound' group of volatiles.

The wide rance of volatile compounds that has been reported
{See Tsble 5) arises from a range of complex pyrolytic reaciions that
oceeur during roasiing. Pyrazines, pyridines and imidazoles also (in
certain cases) have been found amongst the products of resctions
betwesn svgars and ammonia (l29~132), carbohydrates and amine acids
(123), =nd pyrolysis of serine (134).

Pyrolyses of sugars and polysaccharides give rise to a
wide range of volatiles ineluding aliphatic carbonyls, alcohels and
acids, furens, =nd cyelic diketones (135-141), and further interaction

with amino acids in Meillard type ractions extends the range of products

A1
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(142). Pyrroles could be produced by similer mechsniems to furans,
but involving a2 nitrogen-containing fragment {134, 142, 143). The
pyrolysis of sulphurecontaining amino acids has been shown to
produce & wide range of volatiles, many of which contain sulphur,
Since only traces of thismine are present {26) it can probably be
assumed that the sulphur-contzinings coffee volatiles are derived
from these amino acids,

A range of phenolic substances have been reported amongst
coffee volatiles (See Table 6). Gautschi ei 21 (134) believed that
these phenols were produced mainly from chlorogeniec acid, but
thought that certain smino acids might also be involved., A few
phenolic compounds have also been reported as pyrolysis products of
liznin, cellulose, sugars, eaffeic acid and ferulie acid (139,
145-143), Phenolic compounds have also been reported amongst the

volstiles of roasted cacao and barley (126, 149), (See Table 6).
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Produced by roasting
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2,3=dinethyl phenol
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2,6=dimethyl phenol
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TEE PRECURSORS OF FOOD FLAVOURS

In the precedings section, the results of nany medel systems
vere summarised and mechanisms suggested to account for the production
of the wide range of compounds that have been identified in roasted
coffee volatiles. It is interesting to note that exsminations of
raw beef (150, 151), raw chicken (152), raw lamb (153), rav caceo (154)
and raw barley (155) have shown that the water—-soluble low molecular
weight substances, when roasted, are capable of producing an arome
typical of the whole roszsted foodstuff. In the case of raw sroundnut
(133. 156—7) and raw coffee (158) the workers believed that proteins
and possibly water=soluble polysaccharides were also involved in
arome production, Rohan (159) reported that the precursors of cacao
aroma included quercetin, quercetin-3-glucoside, caffeic acid,
A=hydroxycinnamic acid and 3CQ. Wang and Sekurai (155) did not
consider the phenolic components of barley to be essential for aroma
production, but Shimizu gt a1 (149) identified 27 phenolic compounds
in roasted berley volatiles, which suggests that phenolic compounds
make some contribution to the aroms. Hassan (158) stated that the
aromg fraction of creen coffee beans included phenolic compounds.

Since there are indications that phenolic compounds are
involved in the aroma production of roasted barley, cacao and coffee,
it was decided to investigate the behaviour of coffee bean phenolic
compounds during roasting, in more detail and with preater accuracy

than has previously been possible.
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1. EXTRACTION OF PHINOLIC COMPOUNDS FROM GREEN AID RO;STED GOFFEE
BEATIS.

Introduction.

To facilitate extraction, +he besns must be reduced in size,
Waiss (109) reported that grinding of ~reen coffee heans caused a
loss of chlorogenic acid, the loss beinec related to the degree of
sirze-reduction., He also reported that the relationship between
degree of extraction and particle size was obscurs,

Reference to the literature showed that previous workers
in this field had used an aqueous alcohol as the extraetion solvent.
Lehmann and Hahn (65) used aqueous methenol; Plunkett (31), Smith (90)
and Kreseman {110)used agueous ethanols Barnes, Feldman and White (89),
Sondheimer (91), Pictet and Brandenburger (94), Sondheiner, Szymenski
and Corse (72), Gnacy (160), Khana et al (161) used agueous 60-70%

propan-2-0l,

Digcussion.

The loss of chlorogenic acid during grinding is dve, partially,
t0 the heat generated, Green Arabica beans sre extremelr hard, and
the energy expended and heat generated during their grinding is not
inconsiderable. To keep any chlorogenic 2c¢id loss to a minimum, a
short grinding period is desirable. A relatively long extiraction is
then desiradble to compensate for the relatively larger partiele.
Typical of the conditions previously employed are those reported by
Gnagy {160), ie grind to pass 100 mesh, one extraction by shaking 5.0g
with 100m} 7¢f> propan-2-0l for three hours.

Most other workers have uced agueous propan-2-ol and it was

considered suitable for this project.
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The method adopted wae as followg:e
Beans (0.5Kg) were eround by zradually passine once through a
Minikek Pin Mill (Xek Ltd, Macclesfield, Cheshire) operating at
steady speed conditions. The powdered beans were collected in a
calico bag and fractionated on a series of BS Sieves. That fraction
passing throuch 20 mesh and remaining on A0 mesh was used for all
extractions. The pill was dismantled and cleaned thoroughly between

samples,

Exiraciion.

Duplicate 10.,0g sanples of sround bean were weighed into
500m1 round~bottom glassestoppered flasks and shaken for 30 minutes
with 100ml 70) propan-2-cl. The suspension was allowed to settle and
decanted onto a3 Whatman No, 1 filter paper., The regidue in the
flask was re-extracted four times,

The filtered extracts were bulked and made up to a volume of
1 litre, These extracts were stored in the dark at -10°. Before use
the extracts were allowed to cowe to room temperature and ware
thorouchly shazken to redistribute any material which had been

precipitated at the low storage temperature.
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QUANTITATION OF CHLOROGANIC ACIDS.
Introduction.

Quantitative methods for phenolie compounds have been
revieved by Swain and Goldstein (ilz). They deseribed two basie
methods for the quantitation of chloregenic acids.

1. lethods utilising the strong UV absorption that these compounds
exhibit,

2, Hethods utilising chromogenic reagents and colorimetry.
e " Lf etr tometry.

Chlorogenic scids and closely related substances show UV
absorption maxima in the range 305-330nm. The AOCAC Standard Method
for coffee beans compares the absorption of a coffee bean extract at
328nm with the absorption of standard 3C) at the same wavelength, It
is not possible to take s blank reading with this technique,

Yieinal dihydroxy phenols are able to chelate certain ioms
such as A13+, Fe3+, borate and acetate. These ions caunse =a
bathochromic shift in the speetrum. Krupinkovae (163) reported that
ethanolic aluminium chloride produced a shift of 35am in the spectra
of 30Q, 5CQ and caffeic acid, LNonohydroxy derivatives such aa 3FQ,
5FQ and 3CoQ and 5CoQ showed shifts of only 2nm or 3nnm,

The bathochromic shift can be utilised for determination of
vieinal dihydroxy compounds, eg if the 'total' phenols are determined
by UV absorption at a particular wavelength as in the AOAC method and

measured again st the same wavelength after addition of eg aluminium
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ehloride, the neti change in the absorption is girectly proportional
to the content of vieinal dihydroxy compounds., To ensure accurate
results, the pH must be standardised, and competing ligands such as
citric acid must be excluded (164).

Molybdate (MoOdz-) also produces a bathochromie shift,
gufficient to move the absorption into the visible region, and this

will be dezalt with in the next section.

2, Use of chromogenic weacents.

Phenolic compounds sre many and varied in their physical and
chemiecal properties. As a result, some of the methods described by
Swain and Goldstein are net applicable to chlorogenic ascids. These
include the use of Gibbs Reagent, 4-aminophenazone, and vanilli;.

The first two reagents must be used in alkaline conditions, snd in
alkali, vicinal dihydroxzy compounds are unstable (165). The Vanillin

Reagent (in strong acid) is revorted to be selective for 2,4-dihydroxzy

compounds (162), vhereas chlorogenic acids are 3,4 substituted.
Ni atin egconts,

The commonest nitrosating reagents are reported as p-nitro-
aniline and swlphanilic acid (162). The product of the reaction is &
nitrosophenol, but the wavelength and intensity of maximum abserption
are dependent upon the phenel, All reagents must be frechly prepared,
and it may be necessary to carry out the reaction at low temperature to
ensure stability of the colour (162, 166),

This type of reagent is used extensively for location of phenolic
compounds on chromatograms, The range of colours produced with different

compounds is of some diagnostic value (167, 168, 169). For example,
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diazotised sulphanilie acid produces a violet colour with ferulie scid,

brown with caffeic, and red with 4d-coumaric acid (168).

Phosphomolybdate and rhosnphotunsstate meacents.

There are several reagents differing slightly in composition.
The principle involved is the reduetion by 2 phenol of a mixture of
phosthomolybdate and phosphotungstate to a complex mixture of hydrated
nolybdenum and tungsten oxides. This mixture, often known as
molybdenum or tunssten dlue, has a wide absorption maximum in the

recion of 725 nm,

seddum Molvbdate reagent. .

A complex is produced between this reagent and vicinal di-
znd trihydroxy compounds. The molybdate produces a bathochromic
shift and maximum absorption is just outside the visible region. The
peak is broad and zn intense yellow or orange colour is produced, the
exact colour depending on the pH and concentration of the reactants,
Swain and Hillis {170) used 5% sodium molybdate at pH 6.5 (phosphate
buffer). The inerease in absorption, at the wavelength of maximum
absorption of the complex, is proportional to the amount of sernsitive

phenolic compound present.

A8 reviewed in Chapter I, the major phenclic components of the

coffee bean are the CQ acids and DCQ acids, There are also some reports
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of a trace of FQ acids. The ideal quantitative method would be ope
vhich gave equal emphasis to the three €Q acids, the DCQ acids and the
three FQ acids, but which was not subject to interference by non-
phenolic compounds.

Gibbs Reagent, 4-aminophenszone and the Yanillin Reagent are
quite unsuitable for the chlorogenic acids, The direct UV speetrophoto—
metric method ean give equal emphasis te all the components only if they
have the same specific extinetion at the chosen wavelength, According
to Krupnikova the range of wavelength for maximum absorption for the
FQ acids and CQ acids is between 315 and 330mm. The (oQ acids are
further outside this rance (163). As a result it is unlikely that this
trpe of teehnique could give equal emphasis to 2ll the components.

A greater disadvantage is the sensitivity to non-phenolic
compounds which absorb at the chosen wavelength, but for which no blank
value can be tsken, Hodge (171) in his review of non-engymic
browning showed that many products of this group of reactions absord
atrongly in the UV. Interference from this source could become very
significant when examining roasted beans where the chlorogenic acid
content had decreased and the browning products were present at a high
level.

The use of an agent prodveing a bathochromic shift overcomes
interference from non~phenclic compounds. However, it is specifiec for
vicinal dihydroxy compounds and would not a2llov measurement of the FQ

o or A13+

ascids. Ligands competitive for Fe night be present in the
roasted beans, causing interference vhich could give rise to anomalous
resulta., The use of an excess of the ion micht overcome that difficulty.

Molybdate, acetate and borate are probably less prone to this type of
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interference since no mention of it appears to have been made in +the
literature. The use of molybdate will, therefore, allow specific
determination of the CQ acids by a method which should be free from
interference by nom=phenolic compounds,

Nitrosating reagents require careful eontrol of resction
conditions, particularly temperature, to give reliable results, ‘The
nitrosophenols vary considerably in eolour and this faet makes the
reagent useful for location and identification of spots on chromato-
erams. In the case of a quantitative technique, because of the
range of colours, it would be very diffieult to choose a suitable
wavelength at which to measure total chlorogenie acids.

When the phosphomolybdate and phosphotungstate reagents are
used, colour is produced when the reagents are reduced; <there is the
rossibility of interference from reducing agents other than phenols,
Results published by Swain and Hillis (170) show that colour intensity
varies considerably with variation of the hvdroxylation pattern of
the phenol involved., Viecinsl dihydroxy compounds generzlly gave a
strong response, but phenolie compounds which are more difficult to
oxidise, egmonohydroxyphenols and 2,4-dihydroxyphenols gave
considerably less response. Thus a weak response counld be expected
from the FQ acids,

Since 211 these egtablished technigues have their limitations
vhen applied %o the accurate measurement of mixtures of CQ acide and
F) acids, it was decided to consider whether nltermative methods
mizht be available.

412 these aforementioned technigues measure the phenolie
portion of the depside ie caffeic acid, ferulie aeid, 4-cinnamie acid
or occasionally sinapic acid or gallic acid; problems arise because

of this varistion. The struetural cheracteristic common to 211 depsides
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is the presence of gquinic aecid, It was felt that measurement by
resction with auinic acid might be more satisfactory and allow
equal emphasis to be given to all depsides,

Cartwright and Roberts (172) had reported a method for
loeation on chromatogram of quinic ascid, and other closely related
conmpounds, This locating reagent wes examined with the intention of

producing a colorimetric reagent for guinie acid devpsides,
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CARTMRIGHT AID ROBFRIS® REAGTNT.

Introduction.

During the course of work on determinine the structure of
theogallin, Cartwright and Roberts (172) developed a spray reasent
for detecting quinic acid, quinie acid lactone (quinide) and
shikimik acid (dehydroquinic aecid) on chromatograms, The spots were
loczted by spraying the chromatogram with a one third-saturated
solution of sodium meteperiodate, and twenty minutes later spraying
with a solution of sodium nitroprusside (0.4% ¥/3) 2nd piperazine
(0.45° ¥/+) in 85% ethanocl., The chronetogram was then heated for
five minutes at 100°. Quiniec acid was detected as an orange svot,
sonetimes with a green edge, and shikimik acid was grey.

No exvlanetion was offered for the mechanism, but periodate
is widely used for rupturing glycol linkages. Two such linkages are
present in quinie acid, and shikimik acild.

This reagent was applied to the location of a range of

quinic acid-containing depsides.
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Faterials.

Solutions (Smg/ml) of quinic acid, 30Q, 50Q, 3CQ caffeine
potassium salt and 3FQ were prepared in 70 propan-2-0l, They were
stored in stoppered glass vials.

Seturated sodium metaperiodate solution was prevared by
gradually adding the analytical grade reagent to warm distilled water,
and stirring until no more would diesolve, The solution was cooled
and agitated to aid crystallisstion. The cooled reagent was f£iltered
and diluvted with twice its own volume of distilled water.

The solution containing sodium nitroprusside (0.4% W,v) and
piperazine (0,45 Y/¢) was prevared by dissolving the appropriate

veight of reagents in 85j ethanol,

Progedure.

The depside solutions (2—%P1) were applied to Whatman No, 1
chromatography paper using a» micro-pipette. Solvent was rermoved by a
gtream of warm air, Loeation was by the technique of Cartwright and

Roberts (172)}. (See preceding section).
Results and discussion.

It was unnecessary to apply Cartwright and Roberts' full
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technique for location of the depsides. Spraying with one third-
saturated periodate rapidly produced an orange-yellow spot. Quinie

acid was not located by periodate alone, but on completing the technique
an orange spot was produced, without any particuler changes in the
appearance of the depside spots. This sugeested that the phenolic
component of the depside was invelved in colour production with
periodate.

o possible explanations were considered:-

1. The periodate oxidised the phenolic compound, and was itself
reduced to iodine, the iodine being responsible for the
yellow colour,

2, The yellow colour was the oxidation product of the pheneol,
iodine may also have been present.

The location of the 3FQ in addition to the CQ =2cids was of
interest because it sugeested 2 possible basis for a cuantitative
method for hoth P and CQ acids.

An experiment was performed to examine the reaction nixtures

for the presence of iodine.



EXAMINATION OF THY DEPSIDE ©

Solutions of devsides as previously deseribed,

Starch solution (1% ¥/,), prepered by adding lg of soluble
gtarch to 100ml of deionised water, end boiling until gelatinisation
had taken place, This was allowed to cool before uze.

Periodate solution, as previously described.

frocedure.

Depside solution (1ml) was =dded to periodate (5ml) in a
stoppered test tube. The reagents were mixed by sheking and the
vellow=orange colour allowed to develop. A few drops of starch

solution were added and the mixture shaken agsin.

Addition of starch solution hed no detectable effect on the
eolour. There was no suzgestion of the purple clethrate compound
that is formed by starch and iodine. This suggests that iodine is
not responsible for the yellow colour, Slight fading of the colour
wag noticed over a period of about ten minutes, suggesting the
pogsibility of over-~oxidation.

If the colour was due to oxidation of the phenolic compound,
it was felt that this reagent couvld be valuable for colorinetric
determination of those phenols. Such a technique would not be subject
to interference by substances which did not react, or which reduced
periodate but did not produce the yellow ¢colour, The ability to
detect FQ acids in addition to CQ acids would be a valuzble asset of
such a technique,

Tt wag decided to investigate this reaction in more detail.
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JEE PE IE O TTON OF P ¢ COk 3.

Zatroduction.

Adler (173) and Adler et 2) (174) reported on the offect of

aqueous periodate on gusiacol and catechol. They proposed a reaction
mechanism and reported that the yvield of methanol from gusiacol was
elmost stoichiometric., Estimation of the methanol was used +o

determine the degree of methylation of lignins,

+ 10, —> + 10x
HO o
by &
CATECHOL
+- TOS% Ha0 38 =< B
Wta H.CcO TRANSITORY
3 377 6H INTERMEDIATE

OH OH
GULAIACOL N + CHgyOH "o IOy
& ‘
o

The use of 018 labelled water showed that when & new hydroxyl
group was inserted in the ortho position it had been derived from
the water (175).

wWhen 3-methoxycstechol, and 2,6-~dimethoxyphencl were treated
with periodate, the products isolated were the ortho=benzoguinones,
para-benzoquinones; dimers thereof; and 3,8-dimethoxy-l,2-naphtho=
guinone apd %,5-dimethyoxy-l,2-naphthoquinone. The dimeric ortho-
benzoguinones snd cfimeric para-benzoquinones could be converted into
the naphthoquinones by further periodate oxidation (276). The use

of an orgsnic solvent favoured production of the violet 3,5-dimethoxy-
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naphthoquinone; use of an aqueous solvent favoured production of the
red 3,8=dimethoxy-naphthoguinone.

They also found that incressing the phenol concentration
relative to the periodate, or inereasing the time or temperature of
the reaction increased the yield of the naphthoquinones at the
expense of the benzoguinones,

Exemination of the products of the oxidation of 3-methoxy-
catechol showed a 60> yield of 3-methoxy~l,2-benzoquinone, This
showved that ortho~oxidation of the catechol structure was favoured

to ortho=oxidation of the guaiscol strueture.

____>
OH (@)
3 METHOXY CATECHCL 3-METHOX Y-

~1,2 BENZO QUINONE

Similar experimentation with 2,4«~dimethoxyphenol showed thet

ortho=oxidation of the gusiacol group was favoured to parasoxzidation.

OCH~ OCH=

H'SC O o
OH o

2,4 DIMETHOX Y PHENOL 4 - METHOXY-
—1,2 BENZO QUINONE
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The UV spectra of the purified vroducts was exarmineds all
had maxima in the rance 320=450nm,

This series of observations by Adler and his colleagues
suggested that periecdate covld be used as a locating reagent for
ortho- or para-dihydroxy phenols and their monomethyl ethers.

Of preater importance, was the possibility of developing
a quentitative ecolorimetric technique which simulteneously measured
ortho=dihydroxy phenols and their monomethyl ethers, ez CQ and FQ
aecids. Moreover, since the products from the dihydroxy compound
and its monomethyl ether were reported to be essentially the same
it was very possible that such e technique would give equal
emphasis to both components.

Experiments were performed to investigate these

possibilities.
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BEach available phenolic compound {See Table 7) was dissolved
in 70% propan=2-0l at a concentration of Smg/ml and the solutions
gtored in stoppered viels,

Aqueous sodium metapericdate solutions were prepared =t the
following concentretions:i~ (a) saturated; (b) 5% ¥/e; (e) 0.5% /4.

Three activated Silica Gel G TLC plates were prepared im the

conventional manner, (See Appendix B).
Erocedure.

One TLC plate was spraved with one of the periodate solutions
in the manner normally used for location, and the plate allowsed to dry.
Bach phenolic solution was applisd to each plate by means of a micro-
pipette &t levels of llﬁg, S/ug and IO/ug. Bach set of spots was
examined for colour development before proceeding to the next phenolic
compound.,

Results (Table 7} were recorded as negative when no detectabls
colour waes produced within ten minutes, Positive results were recorded

as the lowest gquantity of phenolic compound (}ug) to be readily detected.

Resulte and digcugsion.

Ortho and para=-dihydroxy compounds and their nonomethyl ethers



Zable 7

N el

B Phenolie Compound Strength of Periodate Phenolic Compound Strength of Periodate :I'-'_-
Sat. 5% 0.5% Sat. 5% 0.5% ‘

2HBA - - - 2HCA - - _

3HBA - - - 3FHCA = - =

AHBA - - - 4BCA - - -

20BzAl - - - Methyl phenyl ketone - - -

3HBZAY - - - Tyrosine - - -

4HBzAY = - =

YICINAL DIHYDROAY

2,3DHBA 1l 1 1 3CQ potagsium 1 al 1

3,4DHBA 1 8 1 30Q caffeine salt 1 as 1l

3,4DHBzA). 1 1 1 5CQ 1 A 1

3,4DHCA 1 1 il 1,4DCQ 1 1 &

3,4DHBz 1 14 1 3,5001 1 il 1

DOPA 1 1 1 4,5DCQ g 1 1

%44 ,5THBz 1 1 1 3,4,5THBA 1l 1 1

EARA=DIHYDROXY

1,4DHBz 1 1 1 2,5DHBA 1 1 1

2,5DHBA 1 ] 18

EBLA-TTOROLY +

2,4DHBL - - - 2,4DHBzAL - e .

2,61)HBA . 5 o _Bd '4']3}132 Elellf :
. B,EDHBA = == [ T I )

TACHILL HYDROKY-

‘ ) 1 1 5

3H, A4LBA 1 1 5 34, 4¥BmAl _
—_ St Al e 1 | £l R, AHBzAl s A _J.i._ i _i _ i i
¥ pimar s By Al fggg R e oo Gt U et e e _.‘-,_a__gﬁ‘f.l’-”'?‘f‘_l;;. s byl = oy Sk A L G R SR
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responded, and the presence of other substituents sueh as carboxyl,
aldehyde or propenocic acid did not interfere., Themolic compounds with
other subatitution patterns gave no responses., The colour was stable
indefinitely. The 5% periodate reagent easily detected all the
gensitive compounds at the l}Ag level, The saturated reagent behaved
identieally, but was less useful because it tended to precipitate and
block the spray gun nozzle, and o etch the glass vessels in which it
was stored, It was also expensive to prepare. The 0.5 periodate
reagent would not detect vanillin, vanillic acid or vanilloyl methyl
ketone at the lfag level, but would just do so at the S/Ag level, It
was thought that this reagent might produce false negative resulits
vith low concentrations of the phenol.

All the monomethyl ethers were sYirhtly slower to respond than
the corresponding dihydroxy compound, even with the saturated reagent,
and this would be accounted for by the intermediate hydroxylation
postvlated by Adler snd Macnusson (175). The greater the guantity of
phenol applied, the deeper was the colour produced, and the colour
prodvced st the lo;bg level of the methyl ether was noticeably redder
than with the corresponding dihydroxy phenol, Adler reported (174) that
an increased yield of the red and violet naphtheoquinones was obtained
at the expense of the yellow benzoguinones when relatively high levels
of phenolic compound were oxidised,

It was immediately apparent that the structure-specific
properties of these periodate reagents would be very useful, particularly
80 beeause these properties were distinctly different from, snd
complementary to, the properties of the established diagnostic reagents
egs-

'. Diagotised Swighanilic Acid (D3a) (262, 167. 169). Detects any

commannd with one or more phenolic hydrexyl groups,



47

2. Sgdium Nolvbdate Rescent {170). Detects vicinal di~ and tri-
hydroxy phenols.
Yenillin (in concentrated agid) (162). Reported to detect most

phenols with a 2,4=dihydroxy arransement.,

3. Hiesmer Reasent (168). Reported to detect benzaldehydes and
cinnamaldehydes, but not aromatic ketones., (It was found during
the course of this work that this reagent also located certain

furens, (See chapter 2, Seetion 10, page 1T).
Conglusions.

Sodiun metaperiodate (5%) ic a valuable locating reagent
which detects ortho and varaedihydroxy phenols and their monomethyl
ethers, It cen detect microgram quantities,

It is a valuable reagent for dedueing the structure of unkmown
phenoliec compounds, especially when used with other substituent -
specific resgents.

The resulis suggest that reaction with periodate could be
developed into a colorimetriec technique that would give egual emphasis
to 0Q acids and FQ acide - a facility absent from established

quantitative technieques,
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If the reaction sequence proposed by adler (173) is correct,
(See pagesq2 ), an ortho~dihydroxy phenol and its monomethyl ethers will
be oxidised by periodate to virtually identies) products, Therefore
the molar extinction coefficients (MEG) of, for example, caffeic
acid and ferulic acid, or CQ zcids and FU acids, should be virtuslly
identicel. The development of a colorimetric techmique with this

property would allew accurate quentitation of the depsides present in

the green coffee bean,

Determination of the optimum conditions for auantitation, kv periodate
P S T L {0, feruli U e o
Haterials.

Caffeic acid, ferulic acid, iseferulic acid and 3CG were
dissolved in 706 proven-2-01 at three concentrations, Due to a
shortage of materizl the following were prepared at one concentration:—
3FQ; 3CQ ecaffeine potassium salt; 5C0Q; 1,4 DCQ.

Periodate reagents were prepared at eisht concentrations:-—

0.05%s 0.10%; 0.15%; 0.25%; 0.5003 1.00%; 2.5% and 5.0% w/v.

An aliquot of 0,05;: periodate (10.00m1) was pipetted into
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a glass~stoppered test tube, 1,00n1 of a standard added, and the

golutions thoroushly mixed, The coloured solution was examined in
a Unicam SP700 double beam recording spectrophotoneter between the
wavelengths 200 nm and 500 nm, Silica cells {lem path length) and

a periodate blank were use?, The absorption maxima were noted.

Results and discussion.

For each standard two maxima were observed, the weaker of
which was just in the visible part of the spectrum. The three
cinnanic ascids gave a visible pesk at 423 nm, and all the depsides
gave a common peak at 406 nm, Since it was important to give equal
emphagis %6 all components in & mixture the common peak in the

visible region vwas chosen for all subsequent worlk,

T 8 Havelensths g xi e bs ion (nm) e ate
Iable 8 Maveglenx igum ebsorption
oxidation vroducts of caffeic acid, ferwlic acid spd

rele ted depsides.,

Wavelength of Maximum Absorption

Phenolic Compound 1° 50
Caffeie acid 523 423
Ferulic acid 323 423
Isofernlic aeid BT 425
30Q 320 406
3CQ Caffeine potassium salt 320 406
5CQ 320 406
3rQ 320 406

1,4 DCO 312 406
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2. Determimation of the optimum comcentration of ceriodate for
glable colour production with ceffeic scid. ferulic meid and
3CQ.

Progedure.

Ap aliquot (1.00ml) of caffeic ecid solution was added to
10,00m1 of each atrength of periodate., The reggents were mixed and
the absorption of the solution noted at 423 nu, one minute and ten
minutes after mixing. The procedure was repeated for fervlic acid

and 3CQO

Results and discugsion.

The results set out in Table 2 show that the more concentrated
the periodate solution, the more rapidly is the colour produced and
destroyed. PFerulic acid was the slowest to respond, presumzbly due
to the time required for the intermediate methanolysis. Periodate
{0.25%) was powerful enough to produce meximum colour, in less than
ten ninutes, Under these conditions the celour was stadble for a
further five minutes st lemst. Therefore the 0.25% periodate reagent
in conjunction with 2 ten minute colour production period were

considered to be the optimum conditions for stable colour production.

3. Determination of the moler cxtinction coefficient of caffeic acid,
ferulic acid. isoferulic gcid and related depsides after treatment

ﬂ. 2 ‘I'"" i dﬁ »
Erocedure.

To a 10.00ml =liguot of 0.25% periodate was added 1,00 nl of



Table 9 Ihe ovtical densitv (ot the wavelenszth of marimun sbsorption)
of perioipte ozidiged caffeic acid. ferulic acid mnd 3Co.

Caffeic Acid

Periodate Strength
g w/ € 423 ai.‘ter & 427 after

v one ninute ten minutes

0.05 0.237 0.227
0.10 0.225 0.220
0.15 0.230 0.230
0.25 0,237 0.257
0.50 9255 0.235
1.00 0.235 0.215
2.50 0.230 0.213
5.00 0.225 0.180

Terylic sei

Periodate Strength € 423 after € 423 after
% w/v one minute ten minutes
0,05 0.010 0,050
0,10 0.015 0.080
0.15 0,035 0,100
0.25 0.040 0.125
0.50 0.030 0.125
1.00 0.125 0.125
2,50 0.122 0,122

5.00 0,120 0.070




Table 9 continued

Periodate Strength € 106 after € 106 after
6 w/v one minute ten minutes
0,05 0.237 0.277
0,10 0.295 0.230
0.15 Q.290 0.280
0.25 0.288 0.250
.50 0.275 0.233
1.00 C.280 0.205
2.50 0.240 0.090

5.00 0.23%0 0.010
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standard solution. The reagents were mixed and allowed to stand for
ten minutes to attain maximum colsur intensity. Optical density was
neasured at the appropriate wavelength as previously described.

Determinsrtions were made in gquadruplicate,

Regudis and discussion.

Before carrying out this stage of the work, all the phenolic
compounds were extensively examined by TLC for the presence of
impurities, particularly other devpsides or cinnamic 2cids, Full
details are given elgewhere (See Chapter 2, Section 7, Page 67),
but no impurities were detected in caffeic acid, feruliec acid,
igsoferuliec acid, 3FJ, 5CQ or 1,4DCQ. A trace of a second CQ acid,
presumably 4CQ since it was not 5CQ, was found in the 3CQ. Guite a
large smount of caffeic acid was found in the 3CQ caffeine potassium
salt. Since the quantitative technicue is based on & reaction with
the phenolic component of a depside, any adventitious caffeic or
ferulic acid will cauvse an artificially hisgh result. Since s DCQ
has two residues of caffeie acid it will give a correspondingly
larger response.

The results set out in Table 10 show that the values for
the MEC of caffeic acid, ferulic mcid and isoferulic acid fell in
the range 2102-2201. The resuvlts for 3CQ, 5CQ 2nd 3FQ were also in
8 narrow renge (1565-1614), and the result for 1,4DCQ was slighily
more than double this (3333).

The narrovmess of these two ranges demonsirated that the
periodate reagent gave equal emphasis not only to the ortho-dihydrozy

compounds and their monomethyl ethers, but on the basis of their



Table 10 Molar 5ixtinctipn Coeffigier is with the Periodate Reacent.

Standard lolar . Molar Extinction
Compound Concentration Absorption Coefficient
)Pm/ml Range Mean
Caffeic acid 0.014 0,030 2142
0.030 2142 2142
0.030 2142
0.0%0 2142
0.032 Q0,070 2187
0.070 2187 2187
0.070 2137
0.070 2187
0.101 0.210 2079
0.212 2099 2102
0.215 2129
0.212 2099
Pernlic acid 0,012 0,026 2167
0.026 2167 2141
0.025 2083
0.027 2250
0.054 0.118 2135
0.113 2185 2176
0.116 2148
0.118 2185
C.076 0.172 2205
0.174 2217 2201
0,170 2179
0,172 2205
Isoferulie acie 0.061 0,132 2164
0.130 2131 2148
0.132 2164
0,1%2 2164
3CQ 0.130 0,204 1571
0.21% 1639 1614
0,213 1639
0.209 1605
0,342 0.539 1576
0.543 1554 1591
0.545 1599
0.543 1594
0.071 0,115 1616
0.115 1616 1604
0.113 1592

0.113 Igoa



Table 10 continued

Standard Holar Molar Extinction
Compound Concentration Absorption Coeffieient
};m/ml Range lean
3(Q Caffeine 0.058 0,120 2069
potagsium salt 0.122 2103 2094
0.118 2172
0.120 2034
5CQ 0.044 0.072 1636
0.068 1543 1608
0,072 1662
0,070 1591
3FQ 0.046 0.072 1568
0.070 1522 1565
0.073 1587
0.073 1587
1,4DCQ 0.021 0.067 3190
0,070 3333 3333
0.073 3476

0.070 3333
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cinnenic acid content, also to the individual iszomers of CQ acigd
that were examined. From this it can reasonably be assumed that
equal emphasis will be given to all isomers of cQ, My (and IsoFQ)
and DCQ on the basis of their cinnamic acid content.

On 2 weight for weight basis DCQ (or DFQ) geve a stronger
response with this reagent then CQ (or FQ) - 550 DCQ mre
equivalent to 742g CQ. Since there is no easy way of determining
the provortions of DCQ and CQ, results will be exvressed as CQ,
although this result will be slishtly hich if any DCO is present.

Tvo ealibration curves were prepared from the data obtained
in this exveriment, one for the free cinnamic zecids (Fig 1) and
the other for the depsides (Fig 2). Prom these i* can be seen that
concentrations as low as ypg/ml should be detectable,

Swain and Hillis (170) reported that the Holybdate Reagent
exhibited 2 similay sensitivity to the ortho-~dihydroxy compounds.
It was thought therefore that the tolybdate Reagent and Periodate
Reagent could be used in associstion to allow the molybdate-
sensitive and 'total' periodate-sensitive compounds to be determined
separately, and a measure of the monometryl ethers to be obtained by
difference, Such & differential qguantitative technique could be
ugefully applied to coffee beans where both types of depsides are
present, To investigate the feasability of such a technigue several

experiments were performed.
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DEVELOPIMENT OF THE DIFFERENTIAL TECHNIGUE.
Introduction.

It has been demonsirated that the Periodate Reagent gives
equal emphasis to caffeic acid and ferulic =cid depsides, If the
Molybdate Reagent were to be uced in conjunction with the Periodate
Reagent, to specificsally measure the caffeic acid depsides, it was
essential that the Molybdate Reapent gave egusl emphasis to 21l the

ecaffeic acid depsides,

Determinafion of the IEC of fthe molvbdste comulex of caffeic acid
and related depsides.

Solutions of phenolic compounds =8 previously prepared.
¥Molybdate Reagent. Analytical grade sodium molybdate

(5% ¥/_) in phosphate buffer at TH 6.5 (170).

Eroggdure.

Aliquots of lNolybdate Reagent {10.00m1) were pipetted into
glass=stoppered test tubes and 0.10ml of a phenolic solution was
added, The mixture was shaken and the absorption noted at the
wavelength of maximum absorption, Silica cells and a liclyblate

Reagent blank were used.
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A control was prepared by sdding 0.10ml of the phenolice
compound to 10,00ml deionised water, Absorption of this mixture
was read, against a water blank, at the wavelensth used for the

molybdate complex. This vslue was subtracted from that obteined

for the molybdate complex.

Regults and discugsion.

The range of values obtained for the MEC of caffeilc acid
was 12064-121003 for 3CQ 16500-16700; for SCO 16724 and for
1,4DCQ 33390, These results showed that the Molybdate Reagent gave
approximetely equel emphasis to 302, 5CQ snd 1,4DCQ on the basis of
their caffeie acid content. It was assumed thst other caffeic acid
depsides would behave in the ssame manner, Czlibration curves were
prepared for caffeic acid (Fig 2) and for depsides (Fig 4y,

From these results it was deduced that the Molybdate Reagent
and the Periodate Reagent could be used in conjunction to allow the
monomethyl ethers to be measured by difference. Nixtures of caffeic

acid and ferulic acid, 3CQ and 3PQ were prepared to test the

deduction.
Determination of a monomethyl ether in standard golufions Ly the

Differential} Techmicue.

hf tg:m E'

Stapnderd selutions.

Two solutions containing 3CQ and ZFQ were prepared by



Igble 11 Molar Extinction Coefficients with the Molvbdate Ressent.

Standard lolar Tolar Extinction
Compound Concentration Absorption Coefficient
);m/ml Range Mean
Caffeic Acid 0.015 0.181 12066
0,130 12000 12100
0.180 12000
0.185 12333
0.035 C.427 12200
0.420 12000 12064
0.422 12057
0,420 12000
0,055 0,665 12090
0.670 12181 12099
0.6€62 12036
0,665 12090
30Q 0.0145 0.236 16700
0.236 16700 16700
0.236 16700
0.236 16700
0.0189 0.354 16500
0.354 16500 16500
0.354 16500
0.354 16500
5CQ 0.0119 0.196 16570
0,205 17230 16724
0.195 16390
0.200 16301
1,4DCG 0.058 0,195 33620
0.195 23620 33190
0,120 32760

0.120 32760
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veighing out small quantities of the acids and dissolving in 70%
propen~2-0l, Only dilute solutions could be prepared because of
the limited amount of 3FQ available.
Mixture 1  3CQ 0.0503 rm/m1 3P0 0.0523 pu/ml.
Mixture 2  30Q 0,2656 };m,/ml 3FQ  0.0338 yu/nl.
Mixtures of caffeic acid and fermlic scid were prepared as
follows, Caffeic acid (250 mg) was disselved in 100m, 705 propan—
2-01, and a sinilar solution of ferulic acid prepared serarately.
Caffeic acid solution {20.00ml) was pipetted into three volumeirie
flasks. To these was added either 10.00ml, 1.00ml or 0.10ml of the
concertrated fernlic acid solution. These three mixtures, diluted
to 100ml with 70 propan=2-ol, containeds:-
Mixture 3 Caffeic acid 1.393 rm/ml Perulie acid 1.290 lym/ml.
Kixture 4 Caffeic acid 1.393 )tm/ml Ferulic acid 0,129 ,.m,/ml.

Migture 5 Caffeic acid 1.393’pm/m1 Ferulic acid 0.0l?};m/ml.

The Nolybdate Reagent and the 0.25% Periodate Reagent, as

vpreviously prepared.

Progedure.

lHixturee 1=5 were examined in guadruplicate using the
Molybdete end the Periodate Reagent as previously described.
Comparison of the reeults obtain with the approprizte ea2libration

curve gave the fizures set out in Table 12,



whex apoplied o standard mixtures.

Dihyvdroxyphenol 'Total' phenol Honemethyl
detected by detected by Athers
Holybdate Periodate caleulated by
()&m/ml) § Pm/ml) difference
( pn/m1)
ixtuze 1
Maximm 0.0589 0,1140 0.0579
Minimum 0,0561 0.1065 0.0476
Hean 0.0570 00,1105 0.0535
Aetual 0.0593 0.1116 0.0523
7o Recovery 94.6=99,3 95,.,5-102,2 79.3=110,8
Hixture 2
lMaximam 0.2585 0.3015 0.0441
Mintmum 0.2574 0,2970 0.,0385
liean 0.2578 0.2081 0.0403
setual 0.2656 0.2994 0.033%8
% Recovery 97.0=97.3 99.2-100,7 114,0-130.5
Mixture 3
Faximunm 1.381 2.667 1.243
Hindimum 1.360 2.624 1.307
lean 1.%69 2,645 1.276
Actunl 1.39% 2.683 1.280
%> Recovery 97.6=99,1 97,8=99.4 96,3=101.3
Uixture ¢
Hayimum 15574 1.538 0,0185
Mindmom 1.353 1.507 0.0133
Actuel 1.393 1.522 0.0129
% Recovery 97.1-98.6 99,0=102.0 110,3%=14%,2
Hixture 5
Maximum 1.331 1.375 0.0029
lidndmum 1,346 1.342 =0.0039
Mean RS 1.354 0.0003
Aetual 1.39% 1,406 0.0130
% Recovery 96,6=99.1 95,5-97.9 0 - 223
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Results and c¢iscussion.

Teble 12 compsres the range of values obtained for each
conponent of each mixture with the cuentities kmeown to be present,
The svread of the observations did not exceed = 240 for any of the
direct observations., Recovery of the orthe-dihydroxy compounds by
the liolybdate Reagent was between 94 and 100 of theoreticsl, and
for the 'total' phenols by the Pericdate Reacent, wes 95% - 103%,
Recoveries of this accuracy were considered to be satisfactory;
however, the caleulated content of monomethyl ethers was subject to
the aceumulated errors of the two techniques.

When the monomethyl ethers were present zs 50k of the total
phenols, recovery was comparable with that for the other dihydroxy
thenols ie 96 - 102% for Mixture 3, A reduction in the monomethyl
ether content from using a2 more dilute solution (Mixtures 1l and 2)
or by lowering the molar proportion (Mixtures 4 and 5) led to =
less reliable recovery of the minor component. When the monomethyl
ethers were present =t about % of tetal, a moderately accurate mesn
recovery was possible although the range of values was quite large.
““hen the monomethyl ethers were responsible for only 15 of the total
phenols, the mesn recovery was only a rough estimate of the amount
movm to be present, However, the result obtained for this was

quite distinguishable from that obtained for the 1:10 mixture.

The Differertisl Technicue allows accurate measurement of
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1total' phenols, and the ortho~dihydroxy phenols since these are
measured by a selective reagent. When the monomethyl sthers are
10% or more of the 'total' phenols these are measured with moderate
accuracy. When the monomethyl ethers are less than 10% of the
nixture the accuracy of recovery falls rapidly until only an
estimate cen be obtained., For comparative purposes this is still
of value, and the technigue is considered suitable for examination

of the phenolic compounds of green and roasted coffee beans,
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Quantitation of the CO and FQ sclds of sreen coffee beans.
laterials. |

The following green bsans were exsmined:-

Coffee arcbicg Santos
Sao Paulo

Coffe var. robusta Ghana
Ugzanda

The beans were ground, and the exiracts prepared by the

nethod deseribed on page 31,

Progedure.

The Differential Technigue was used as previously desceribed.

Each extraet was examined in cuadruplicate.

He cis ion.

It is generally accepited that Arabica beans contain less
chlorogenic acids than Robusta beans. Clark (6) reported about
67 (amb) and 105 (dmb) respectively. A more thorough examination
of the literature revesled that Arabicas have been reported to
contain 4.15 - 8.05¢ (amb) (68, 72, 91, 94, 100, 177) =nd Robustas
7.20 - 10.30¢ (amb) (178). However, these results are not directly
comparable since different techniques had been used to obtain them

and different errors had been incurred. The lowest Arabica values
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(728 177) of 4.15% {(dmb) and 4.25% (drb) for Santos beans were

obtained cravimetrically after exiraction of the vhenoliec compounds
and extensive purification by countercurrent distribution and
recrystallisation. It can be assumed that these vslues will be
low due to the loss of material at each of the many purification
stages. The highest vslues of 7.0 - 8,05: (dmb) were obtained by
Herritt and Proctor (68) who used the direect UV apectropvhotometric
technique of Waiss (109}, These results could easily be inflated
by the interference of non~phenolie compounds for which no blank
could be taken. The value for Santos beans obtained by these workers
was 6.86% (dmb). A GLC examination of an aquecus extract from
Santos beans, by Kung, Ryder and Feldman, (100) gave a result of
7.25% {dmb). This aqueous extract was very impure snd nearly 40
components were separated, of vhich only three were considered to
be CQ acids, It is impossible to be certain that impurities did
not give an inflsted result, Pictet and Brandenburger (94) examined
a Columbian Arabica besn, and obtained a resvlt of 6.25% (dmb). They
geparated and partislly purified the chlorogenic acids by paver
chromatography and quentitated the eluates by their UV esbsorption.
A correction was applied for losses during chromatography and
elution. Merritt snd Proctor {68) obtained a resuls of 7.5 {(amp)
for this variety of bean by the same method when no purification of
the extract was made.

The only published results for Robusta beans were obtained
by Chassevent et gl (178) who purified extracis by polyamide column
chromatography before quantitating by direct UV spectrophoiometry.

Their results were 7.20 - 10.300 (dmb).
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Since no worker had examined Arsbica and Robusta beans by
the same technique no genuine comparison had been made, Differences
of technique allied to0 an unguantifisble variation in natural
naterials made the published results unreliable for comprrative
purposes.,

The results set out in Table 13 asree with the generalisation
made by Clark (6) and confirm that there $s a substentisl difference
(about 40%) betreen the Arahicas and Robustss, OF the four types of
bean examined, there was information in the literature relating only
to the Santos. It was particularly interesting to note that in this
investigation the total content of chlorogenic acids was found to
be 6.42% (dmb). This value falls neatly betweon the low values of
Corse and co-workers (72, 177) and the probzbly inflated values of
Herritt and Proetor (63) and Kmng gt gl (200).

The results from the Molybldate Technique showed that the
CQ acids are responsible for 96 - OT% of the Arabica chlorogenic
scids, but only 85 = 902% in the case of the Robustas.

Acecordine to the results obtained for the standsrd mixtures,
the 7Q content of the Robustas can be zccepted as aporoximately
accurate or perhaps a little high. The result for the Arabicas is
less accurate, but can be fairly taken as indicating a considerably
lower content of PQ acids than is present in the Robustas.

Very 1little information has been published concerning the
content of PO acids in coffee or other plant material, Three simple
™ acids (3FQ; 4%J; 5FQ) have been reported present in green
coffee beans on the basis of TLC and NMR characterisation of the
components (172, 74, 94, 95), and also one or two of the monomethyl

ethers of 3,5DCQ (99). Corse, Sondheimer and Lundin (95) isolated



Table 13 The content of CO acide and FQ acids in sreen coffee heans determined by the Differentisl Technicue.

Component Green Coffee Bean
Arabica Robusta

Santos Sao Panlo Ghana Uganda

0Q Acids (% 4mb).

Rarce 6.,02=6,29 5.41-5,83 T7.48=8,21 Te4T7-7.96
Mean 617 5.61 T7.97 7.80
FQ Aeids (% amd),

Range Ow0.47 0-0,86 0.79-2.08 0.36=1.43
Mean 0.25 0023 1035 0077
Total phenolic acids (% dmb),

Range 6.25-6049 5056"6029 9000"'90:'6 5.32-8.90
Mean 6.42 534 09.32 8.57
Mean lolar

Ratio CR:FQ 2631 25:1 631 10,5:1
PQ acids {as % total

phenolie acids) BT 3.8 14.3 8.7
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3FQ from a green Robusta coffee by countercurrent distribution and

purified it by repeated recrystallisation. The yield was about
0,1% (dmb) and an Arabica was found to contain mueh less. During
the purification stages the 4FQ and 57} and 3,5DCQ monomethyl ethers
were deliberately removed, and inevitably some 3FQ would also have
veen lost. Therefore, it is reasonable to assume that their yield
was low.

It was decided that confirmation of the considerably higher
FQ content in the Robustas was desirable and the results of the
TLC examination appear later, {See page76). It was also decided
to follow the destruction of the chlorogenic acids during roasting

by means of the Differential Technique.

Quantitation of the CC and FQ acids of romsted coffee beans.

-

waterials a me thods.

Green beans (SOOg) were roasted as deseribed in the Appendix,
The four types of bean availadble were each subjected to four degrees
of roast which were measured by their weirht loss. The extracts
were prepared exactly as for their green beans, and the same reagents

were employed in the guantitative procedures.
Resulis and discussgion.

Lentner and Detherage (74) and Merritt and Proctor (68)
reported respectively that 32 ~ 52% and 24 - 51% of the green bean
chlorogenic acids were destroyed on rossting., The exact loss was

dependent on the type of bean, and became greater as the roast
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proceeded, When the final roast temperature was standardised at
205° gix Arabicas shoved losses of 321-3T7% (28). These results were
all obtained by direct spectrophotometric techniques and the results
could heve been subject to interference by non-vhenolie compounds.

In 1961 Krasemen {110) examined the changes which occurred
in green besn phenolic substances and pure 3C2 vhen rossted. The
beans and model system gave similar results, The green beasn shoved
an 81 loss of chlorogenic acids at 17.9% total roasting loss, The
loss of chlorogenic acids at intermediate steges was 40% at 13,19
roast loss, and 23% 2t 10.2% rosst loss. Fung et al (100) using
GLC reported a 56> loss of chlorogenic acids from a Santos coffee
bean subjected to = 15% roast loss.

The results summarised here were all obtained for Arabica
type beans, Clark (6) suggested thet considerably grester loss of
chlorogenic acids occurred with Robusta beans, but no data have been
found in the literature to confirm this. There was no information
relating directly to the behaviour of the FQ acids, but previous
workers had egtablished that during the roasting of Arabica beans a
progressive loses of total chlorogenic acids occurred.

The results obtained in the current investigation are set
ount in graphieal form (Fig $~3), The loss of the molvhdate=sensitive
¢Q scids wee very similar in the four beans. The two Arableas and
Robusta Ghane lost 755 to 207 of the initisl CQ acid content at a
total rossting loss of 18%. Robusta Ugarnda lost 66% at a 15% totml
roastine loss., Roasting this bean more severely resulied in complete
carboniestion. In ebsolute terms the Robusta beans showed a greater
veight loss of CQ acids than the Arabica beans. The loss of 'total!
phenole showed a similar overall trend to the loss of CQ acids and

wag in genersal acreement with the previous reports.
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The molybdste-insensitive meterial behaved quite differently
to the CQ acids. A merked inerease occurred in three of the beans
examined, svech that in fully roasted Robuste Ghana the molybdete—
insensitive nmaterisl became the ma jor component, (See Fig 7
Arabice Santes apparently did not contain sufficient nolybdate-
ingsensitive material for its behaviour to be accurately followed, There
are several possible explenations for this apperent increase in
nolybdate-insensitive material, and these explanations sre not mutually

exclusive,

A very larze loss of CQ scids hes been established in this
work, and by previous workers., If the P} acids were more stable a
change in proportions of CQ:FQ would have occurred during the roasting
cycle. Bxamination of the standard mixtures demonstrsted that the
monomethyl ethers were determined with rreater accurscy as their
proportion was increased. The apparent inerease during roasting
would have heen due to such an increase in accuracy, but the reduced
gpread of results to be expected under such a condition, 4id not

appear.,

Explanati 2l

The inerease in molybdate-insensitive material could have
been due to the conversion of ortho=dihydroxy compounds to monomethyl
ethers during roasting., lonomethylation of CQ acids wouvld cause a

loss of molybdate~sensitive meterial and an increase in molybdate-



64
ingensitive material. Pausen (179) suggeated that a quaternary amine
could carry out the methylation. It is possible that trigonelline
hes this property. Trigonelline has been revorted to be in green
coffee beans at levels varying from 0.6~1.9% {dmb), =nd to demethylate
during roasting with up to 80% loss. (6, 53, 65, 63).

Methionine is also 2 possible methylating agent since it
has bteen reported to demethylate when heated in model systems at
300-3200 (144). Merrit, Robertson and MacAdoo (120) reported that
amino acids bound in protein behaved very similarly to free amine
acids when subjected to roasting, MNethionine has been reported

sresent in green beans at a level of about 1% (admb). (53).

Degradation products that are phenolic, whatever their origin,
could have caused interference in four ways, of which two would resmlt
in an apparent increase in monomethyl ethers, and two in an apparent

decrease.

e TRt gducts. An increase would have occurred if
these were less molybdate-sensitive, but relatively more periodate-

senaitive than a CQ acid.

B _liclybdate~ingensitive nroducts. An increase would have occurred

if these were relatively more sensitive to periodate than 2 CQ acid,

There are several possible sources for such desradation products,
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Traces of phenolic compounds have been reported amongst the
degradation products of heated sugars and polysaccharides (139, 146)
and from the reaction of phenolic amino acids (free or protein based)
and lipid (181). Heating of 1irmin, ouinic scid, caffeic acid and
ferulic acid under conditions similar %o roasting coffee beans has
eiven rise to a range of phenolic compounds {29, 111, 145, 148, 132,
183). Some of these products are molybdate-and/or periodate-
sengitive under the conditions employed for the Differentis] Technigue,
Release of propan-2-ol-soluble degradation products frem lignin
could have made a very significant contribution to the monomethyl
ethers,

Since many of the reactions that occur during roasting are
oxidative, it was thoueht that some of the roesting degradation
rroducts of the chlororsenic acids might also be intermediates in the
periodate oxidation of chlorogenic =cids. Some of these iniermediates
may have lost their molybdate-chelating ability but may have fully or
partially retained their periodate sensitivity.

The correct explanation is probably a complex of the factors
suggested, However, an increase of the order observed required a
considerable quantity of phenolic materia} to produce it, and this
probably ruled out carbohydrates and phenolic amino acicés as sources
since their vield could only have been minute. To elucidate the

situation the following experiments were carried out:-

1. BExsminations were made by TLC of pvhenolic compounds extracted

from green and roasted coffee beans,
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2. A series of model systems were prepared, containine caffeic
acid, ferulic acid, quinic acid or 30Q, and after roasting
these were examined gravimetrieslly, by TLC, and by the
Differential Technique. The effect of including sugars,
organic acids, methionine or trigonelline was also studied.

3., Phenolic compounds vhich may be orodueced durings roasting were
examined for their relative sensitivity to molybdate and pericdate,

4, Green and roasted coffee beans were analwvsed for licnin content.

(See Appendix D).

Conglygions.

1. Green Robusta beans have a hisgher content of CQ acids =nd
FQ acids than green Arabica beans,

2, The CQ acids egre extensively destroyed under conditions
that are typicel of commercial roasting., (lMedium rosst = 16
to 18% totzl roastine loss).

3. The behaviour of the FQ acids appears to be quite different
from the CQ acids but further investigation is required to

confirm this,
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Introduction.

TLC was chosen in preference to PC for three reasons.
Chromatograms can be developed rapidly, a particular advantage if
two developments or two dimensional) developments are necessary.

Thick layers may be used, allowing separation of larger quantities
than ig possible with PC. The renge of gbsorbants is wider and
this allows separations to be based on methods other than pertition
chromatography.

Few systems have heen reported that sevarate the CQ isomers
(73, 184) and only one was found which gave mention of z2n FQ isomer
(185). These three systems (73, 184, 185) were based on Silica
eel G adsorption chronatography.

One of the objects of this experiment was to follow changes
in the P} acids during the roasting cycles. It was felt that no
TLC system would be able to resolve the nine depsides that have been
reported in green coffee beang, since their structures and proverties
are very similar., However, the three classes of depsides(feruloyl,
caffeoyl, dicaffeoyl) have one very important difference - their
content of phenolic hydroxyl groups.

Sonderson and Perera (1386) in 1966 reported that insoluble
voly-N-vinyl pyrrolidene (PVP) bound phenolic compounds and could be
used for removine these phenols from solutions where they caused
interference. Anderson and Somers (187) reported that the optimum
conditions for binding caffeic acid to PVP occurred at pi 3.5 in

the presence of dilute alcohol. They vostulated that binding was due



68

to hydrogen bonds between the carbonyl sroup and the phenolic hydroxyl.

SO
H'L‘C l

Quarnby (188) tried to develop a TLC system using a PVP
layer, He reported that the layer was difficult to spread evenly
eand wag prone to crack on drying, and that only highly voler solvents
were suitable, and mixed solvents tended %o separate and cause
diffusion and disruption of the spots. However, it wass felt that
a system based on PVP would allow a separation to be made through
differences of hydrogen bonding which would be directly related to

the number of phenolic hydroxyl groups present in the moleculs,
ROLY=li=VINYL, PYRROLIDONE TIC.
Development of a FPVP TLC Svstem.

Insoluble FVP (Polyclar AT supplied by GAF Ltd. Manchester).

Caleium sulphate (CaSO‘,,+ A %HZO)

Solutions of caffeiec acid, ferulic acid and 4-hydroxycinnemie
acid in 70% propan—2-ol (5 mg/ml).

Solvent Systems:-

1, Butan-2-one, methyl phenyl ketone, 5% acetic acid 5:5:4 v/v.
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2, Urea, water 1:1 /v.

3, Propen-2-0l, water T0:30 v/v.

Procedura.

The PVP and calcium sulphate binder were mixed thoroughly
in the followine proportionsi- 1:1, 2:1, 5:1, 10:1, and EVP alone,
Deionised water was added graduvally and the slurry homesenised until
a smooth paste was obtained., This slurry was transferred to =
conventional spreader, and trial plates prepared in the normsl msnner,
The correct amount of water was determined initially by insvection.

Plates were allowed to dry either at room temperature, or
at 105° for thirty minutes, =nd allowed to cool to room temperature

before use,

Hesults and discussion.

The slurry of pure PVP was vrone to setfle out of susvension
and was difficult to spread. Uneven layers were obtained and drying
caused the layer to crack and disintegrate., Addition of cslcium
sulphate to the slurry improved the spreading of the layer, but a
network of fine cracks develorned on drying. Quarmby (183) had used
caleium sulphate and PYP in the ratio 1:7, and rerorted that very
savere cracking ocecurred on drying the plates at room temperature.
However, it was felt that these pletes with fine eracks could be used,
and samples of caffeic acid, fervlic acid and 4-hydroxycimmanmiec acid
were apnlied and the three solvent systems examined,

Solvent 1 was based on the system of Grodzinsks~Nachwedlja

et al (134) and was kmown to be suitable for movine phenclic acids on
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silica gel layers. Solvent 2 was chosen because it was reported to
reduce the hydrogen bonding between the vhenols and BVP (188), and
Solvent 3 becaunse it is & good solvent For phenolic compounds and
would have little effect on the hvdrogen bonding.

A1l the air dried plates gave poor separation snd the
conponents tailed., ihen the solvent containing ures was used the
oven dried plates also gave poor separation with a tendency to tail.
Solvents 1 snd 3 gave good separation with distinet spots, dbut
Solvent 3 was inconvenient because it required five hours for a
15¢m development, Solvent 1 regquired only seventyfive minutes, but
tended fo form two solvent fronts moving about 2em apart after 1Scm
development,

The guantity of calcium sulphate only marginally affected
the Rf values, the grester the content the higher the Rf and larger
the spot., This diffusion was probsbly caused by 2 reduction in PVP
content rather than an increase in calcivm sulphate.

The bvest leyer was found to be prepared by using ealeium
sulvhate and PVP in the proporitions 1i:5. Trial and error showed
that 8ml of water were required for lg of PVP. This systen was used

for 211 subsequent work,

Table 14 Rf values of Standsrd Phenolic Compounds on PVP laver.
Standard Rf x 100

Solvent 1 Solvent 3
Caffeie Acid 25 20
Perulic Acid 59 5S4

A~hydroxycinnamic acid A6 33
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The results in Table 14 show that caffeic scid had an
appreciably lower Rf value than the two monohydroxycinnamie acids,
It was congidered %o be unlikely that differences of solubility in
the solvents hed more than 2 minor effect on the Rf values, since
hoth solvents are kmown fto be good solvents for these scids., Thus
it was reasonable to assume that the extent of hydrogen bonding was
principly respoasible for the separation. To investigate this
hypothesis in detail, all aveilable phenolic compounds were

chromstographed on PVP,

Conglusions.

PVP can re used successfully as a TLC adsorbant., The
post satisfactory method of preparation wagi-

Thoroughly mix 12.0g PVP and 2.4g CasSO .%Hzo. Place in a

il
homogeniser and add 96ml deionised water, and homogenise at hish
speed for one minute, Spread immediately - slurry is sufficient for

5 plates 20cm ¥ 20cm x 500nm. Oven dry at 105o for thirty minutes

and allow to cool before use,

investicatio erties of a PVP laver.

Solutions of 21 availahle phenolic compounds were prepared

in 70% propan=2-o0l (Smz/ml).

Plates were prepared as described above.



Locatine Rearents:~ (See iAppendix A).
Periodate Reagent 5.0%.
Diezotised Sulphanilie Acid.
Wiesner Reazent.

Hinhydrin,

UV fluorescence,
Procedure.

The chromatograms were prevared in the usual manner.
Loadings were 5/A1 and the development was 15cm. Yocation was
initially by UV fluorescence, and then by the locating reagent
appropriate to the class of compound heine examined, The Rf values

showvn in Table 15 were obtained from three separate chromatograms.

The components within any particular class separate
according to the number of phenolic hyliroxyls (Teble 15). The more
phenolic hydroxyls, the lower the Rf value, eg the DCQ, 03 and FQ
acids, 10, 16=27 and 44«46 respectively, This supports the hypothesis
that the degree of hvirogen bonding is responsible for the sevaration.
Vors discrete spots were obtsined in &ll cases,

Comparison of the Rf wvalues for groups 1 and 2 with group
3 (See Table 15) demonstrated that the presence of a carboxyl group
reduced the Rf values by the same amount as an extra hydrexyl group.

This effect was aleso noticed by Anderson and Somers (187). The amino
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scids have Rf values consider=bly lower than the benzoic acids or
cinnamic acids, probably because they were relatively insoluble in
the solvent employed., After this work was completed there were
publications reporting the use of PYP colunn chromatography to
separate rhenylalanine, tyresine and tryptophan (189) and nucleotides,
pyrimidines end purines (190), and for isclating flavanoid pigments
(101). Hydrogen bonding mechanisms were reported to be responsible
for these separstions.

The TLC system developed by this investisation has a certain
diagnostic value wher applied to unkmown compounds. If the class of
compovnd can be determined by other mesns, ez structure-specific
locating reagents, the number of hydroxyl groups czn be determined

by the Rf value.

Conclusion.

Thie TLC system separates phenclic compounds according to

their degree of hydroxylation.

The PVP plates and solvent system emploved were as previouely
developed.
The concentreted phenolic extracte were prepared by

evaporating 50,0m) the original 70 propan~-2-0l extract to dryness
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at reduced rressure, and redissolving the residue in 2.0 ml T0%
propan~2-0l., These extracts were stored in stoppered glass vials,

in the dark at =10°,

Standard solutions of the available depsides (5mz/ml) were
used for controls,
Locatin~ Reagents:— (See Appendix 4).
Periodate Reagent 0.25:.
lolybdate Reagent.

DNPH Resagent.

Loadings of 1}&1 were uged for the standard solutions and
initially of QFA, {rl, and er for the concentrated extracts, A
15cm development was used, The solvent was thoroughly removed by a
stream of warm air before the spots were located, initially by UV
fluorescence followed by spraying with Molybdate Reagent, After
noting these results the plates were sprayed with the Periodate
Reagent, ant the appearance of any additional spots recorded,

The DNPH reagent was used on plates run specifically for

the separation of carbonyl compounds.
Res i3 ion.

The moet useful loading of the concentrated extracts was

found to be ﬁr&. Figure 9 shows 2 drawing of a typieal chromatogram
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of the green bean extracts after loecation by the Molybdate and
Periodate Reagents. The higher content of phenclic compounds in

the Robustas (Samples A and B) compared to the Arabicas {samples

T and J) is quite distinet, Identification of the thres components
was made by compering their UV fluorescence, reactions with molvbdate
and periodate, and their Rf Values with the behaviour of the standard
deveides.{See Teble 15), Reading forwerds from the origin {Fig 9)
the components were identified as the DCQ acids, the CQ acids and

the PQ acids. Each of these subgtances was present at a higher

level in the green Robusta heans than in the sreen Arabica beans,

but there were no major differences between the two Arabicas or the
two Robustas. The results obtained by the Differentizl Technigue
also indicated that the green Robustas had a higher content of
'total! phenols and FQ acids than the green Arsbicas.

Fipure 10 iz & drawing of a tyopical chromatogrem of the
concentrated extracts from green Arabica Seo Panlo and Robusta Ghsana
beans, and their second and fourth degress of roast., The behaviour
of the extracts from the first snd third degrees of roast can be
deduced by extrapolation, Robusta Uganda and Arabica Ssntos showed
almost identical behaviour to Ghanz and Szo Paulo respectively.

Components of the roasted bean extracts did not sevarate
guite as well as the components of the green bean extracts, but the
tendency to tail was not sufficient to mask the components, The
DCQ acids and CQ acids (components 1 and 2) decreased considerably
during the roasting cyele, but the FQ acids (component 3) did not.
Slight guantitative changes would not have been demonstrated by TLC,
but it is guite elear that the FQ acids behaved differently to the

DCQ and CO aecids,
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A further set of plates were located using the carbonyl-
gensitive DNPH reagent, and a strong positive response was obtained
from 811l rreen and roasted been extrzcts. This spot tailed to an
Rf value of about 0.50, Vanillin, methyl vanilloyl ketone and
protocatechuic aldehyde have been reported as thermal degradation
products of ferulic and caffeiec acids, respectively (29, SISINTES 148).
Vanillin and methyl vanilloeyl ketone would not h=2ve been detected
by C.25% periodate, and may therefore have been present, but
protocatechuic aldehyde would have been expected in the same position
ag the FQ acids, Since componsnt 35 was molvbdzte-negative the

abgence of protoecatechuic altdehyde was assumed.

Conglugions.

1. The FQ acids are more stable than the DCQ and CQ acids.

2. Green Robusta beans have a greater content of DCQ, CQ
and PQ acids than zreen Arabica beans.

3, Certain carbonyl compounds are present in the green and
roasted bean extracts, These are not necessarily phenolic in

nature,
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T - 1 o L
Determination of the relstive rrovortigps of the individusl depgides

present in the preen and roasted bean.

llzterigls.

Silica gel G TLC plates, prepared conventionally.
(See Appendix B).
The solvent system toluene, ethyl formate, 9T% formic
acid (5:5:1 7/ ) of Van sumere gt gl (185).
The concentrated phenolie extracts and standards as
used in the preceding work,
Loce ting ieagentg (See Appendix 4).
HNolybdate Reagent.
Periodate Reagent 0.5%3 and 5.0%,
DNPE Reagent.
Wiesner Reagent for aromatic sldehydes.

Cartwright and Roberts' Resgent for quinie acid.

Prccedure.

The sample loads were %rl for the stendard solutions,
and ffa for the concenitrated extracts, Two developrments to 15cm
were used since the depsides were reported to have low Rf values,
and compounds of lower molecular weight to move much faster (185).
Location of spots was initially by UV fluorescence, and the

Yolybdate and Periodate Reagents were then used sequentially. The
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DNFPH Reagent, Wiesner Reagent or Cartwright and Roberts' Reagent

were used as appropriate,

Hesulis gnd discussion.

A @rawing of a typical chromatogram is shown in Fig 11,
Spot identifieation wes based on colour of UV fluorescence, colour
with locating reagents and Rf valuess in comvarison with standard
phenolic compounds, (Thie data is shosm in Tahle 29).

There are merked differences between the Arabicas and the
Robvatas, but 1ittle difference between the two members of easch group.
Spot 1 was probably a mixiure of DCQ acids, Spot 2 was 30Q and/or
its caffeine complex, Spet 4 was 5CQ and Spot 5 by a2 process of
elinination wes probably 4CQ. Spot 3 certainly contained 3FQ and
perhaps a 1little of the other FQ acids. Although these spots are
2lmost certainly impure, the use of the structure=specific Folybdate
and Periodate Reagente made it possible to say that the CQ and DCQ
acids were present at hicher levels than the FQ acids.,

Spots 6-10 were nminor components of doubitfuvl purity.
Spots 6 and 8 were thought to be caffeie acid and ferulic acid
respectively, =nd they may have been artefacts released by hydrolysis
of the depsides durine storage nf the extracts, However, Spots 6-10
were also sensitive to the DNPH Reagent and Wiesner Reagent, which
suegested thet they were aromstic aldehydes., Since the Arabica
heans had a larger and more varied content of these substances than
the Robustas, these components were examined in more detail, (See

Chapter 2, Seetion 10).
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Hoasting eavsed a progressive loss of the caffeie acid
depsides (Spots 1, 2, 4 and 5). These substances woere probably
equally sensitive to roasting but this was assessed only
apvroximetely. Krasemsn (110), and Kunz ef al {100} reported that
one of the caffeic acid depsides increased on roasting. Kung gf 21
identified this component as 50Q and thought the increase was dve
to interconversion of the other isomers. During the course of the
current work, Corsee sl (172) reported that they had not detected
any such interconversions, and that they felt some degradation
product had interfered with the determinstion of 5CQ. It is possibdle
that some interconversion does oceur during roasting, but this work
did not demomnstrate any build up of a particvlar component, and so
is in agreement with the findings of Corse gt al.

The ferulic acid depside (Spot 3) was desireyved less during
roasting than the caffeic acid depsides, The results obitzined by
the Differential Technique had suggested that rossting cauvsed en
increase in the content of FQ =cids, but the TIC results did not

confirm the suggestion.

Conclusions.

1, The CQ isomers decrease progressively during roasting
of Arabica and Robusta beans.

2, The FQ acids are much more stable then the G isomers
during roasting of Aratics and Robustz beans.

3, dobusta beans have a hicgher content of each depside than
do Arsbieces.,

4, Green coffee heans contain a renge of aromatic aldehydes,
and Arshicas contsin a wider range and a gsreater total gquantity then

Robustas. These components require s more detailed investigation.
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Introduction.

Coffee roasting is essantially a high-temperature short-
time pyrolysie at low initial moisture content, The temperestures
involved may be as high as 2300, snd this temperature was chosen
by Kraseman (110), and Corse gt al (177) for their medel systenms.

To obtein more detailed information ahout the effects of
roasting on phenoliec compounds in model systems a series of experiments
was carried out. It was desired to investirate individuslly each
depside wvhich ie present in the green bean, but becaunse these are
not commereially evailable, and because facilities for preparing
or isolating them on & large scale were also lacking, 2 compromise
was inevitable., It was decided to investigate caffeiec acid, ferulic
acid anrd 3CQ thorouchly, and then make whatever comparisons were
possible with 3CQ caffeine potassium salt and 5CQ.

Facilities for roastinz model systems et 230° were not
availeble so a temperature of 180° with a maximum time period of
twenty minutes, with samplins at five minute intervals, was chosen,
It was thought that this range would be coincident at some period
with the conditions existing during typiecal coffee roasting. Samples
were placed in small glass vials and were roasted in a thermostatically
controlled hot 2ir oven,

Each model system was prepared in triplicate, one sample
being examined by TLC for degradation products, and the other two

quantitatively by the Differential Technique. The overall weight
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change was recorded for each sample. In multicomponent systems a
1:1 molar ratio was used for the individual components, and the
quantity of phenolic compound was sdjusted to ensure an adequate
zero time response to the Differential Technigue, It was intended
that ex=aminntion of the model systems by the Differentiasl Technigque
would not only yield information about the model systems, but 2lso
ebout the response of the techninue to roasted phenolie compounds,
so that it would facilitate interpretation of the results obtained
for roasted coffee beans.

The TLC exarination was by means of established systens,
one for the likely phenolic degradation products (185) and the other

for the smino acids vhich were used in the model systems.

1« The hehavi 3
heated alone.
I'h ;gr i ‘!lg -

Triplicate samples of caffeic acid (20ns), ferulie aeid
(20mg) and 3cQ (40mg) were prepared in preweished gless visls for
nesting at 130° for 5, 10, 15 and 20 minutes,

Conventional Silica Gel G TLC plates were used. The
solvent (52) was prepared by miving chloroform, glaeial acetic
acid and water in the proportions 4:1:1 v/v and shaking for thirty
ninutes. The orgenic phase was recovered and employed as the
solvent.

The following locatins reagents were used as reguired in

this and the following sections, and details of prepasration are given
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in Appendix A:- Periodate Reagent 0.25% and 5.0%, lolybhdate Reagent,
Diazotised Sulphanilic Aeid (DSA), Wiesner Reagent, DNPH Reagent,
Vanillin/concentrated sulphuric acid, Vanillin/12% Hydrochloric acid,

snd Ninhydrin Reagent.

Procedure,

Each sample was spread evenly over the bottom of the vial,
and all vizls to receive 2 particular treatment were placed orn a
small metal) 4ray, The trava were placed in a hot air oven that
wag steady at 1800, and each tray rcmoved after the approrriate
veriod of heating., The heated samples were allowed to cool to
room temperature in a desiceator before weighing. The weight change
was recorded., Two replicates were dissolved in 70 propan-2-ol,
the contents transferred to volumetric flasks (100.00ml) and diluted
to volume, Duplicate aliguots of the standard solutions were examined
by the Differential Technique. The residve from heating the third
renlicate was dissolved in a volume (0.25n1) of n=butyl acetate
and examined by TLC, Zero time controls containing the appropriate
quantity of pherolic compound in 0.25ml1 n-butyl acetats were

chromatosraphed a2longaide the heated systems.

Results and disgussion.

The vesults are shown in Pigures 12, 13 and 14, and Tebles
16 and 17, The graphs show that the heatins at 180° caused mild

progressive degradation, and that heat sensitivity was in the order



Tzhls 16 The heheviour of cinnamic acids end dopsides when heated
(o] q
alone 180 for 20 minutes.
Ssuple Percentage loss as measvred by Appearance  Aroma
Weirght lolybdate  Periodate
loss Rengent Reagent

Caffeic acid 6.0 3.5 11.0 No visible o
change, detectable

aroma.,

Feruliec acid 13,0 - 46.0 Fused,
white,

300 4,0 30.0 34.0 Particu=- Paint non~
late desecript
brown. aroma.

Iable 17 1f values x100,. and colour with locating reazents for

clnnamie aeid and
chromatoerams in chloroforn acetic acid. water 4:131
orsanic phase.

Colour with

Sample Rf Molybdate Periodate DSA uv

x100 Reagent  Reagent

Caffeic aeid 2432 Yellow Yellow Brown Brisht

5,10,15,20 tailed. Blue

ninutes at 180°

Caffeic standard 23=32 Yellow Yellow Brown Bright

Blue

Ferulic acid 94.-95 - Yellow Red Purple

5,10,15,20

minutes at 180°

Perulic standard 95 - Yellow Red Purple

3CQ 5,10,15.200 D2 Yellow Yellow Browm Bricht

ninutes at 130 Biue
2CQ stendard 02 Yellow Yellow Brown Brisht

Blue
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ferulic) 300 Yeaffeic. This order parallels their reperted melting
points of 170°, 208° and 226° (95) respectively. The proereasive
loss of ferulic and 3CQ was confirmed by reduction in spot intensity
on the chromatogsrams, but the small loss of caffeic egcid eould not
be detected by this technique. HNo degradation products were
detected, indicating that they were either present at too low a
concentration, or non-phenolic, or had been lost as volatiles.

Xrasemann (110) quantitating by a2 direct spectrophotometric
technique reporited a 787 loss of 3CQ heated at 2300/30 seconds.,
Assuming a 110 value of 2.0, generally accepted for most chemical
regctions 1800/20 minutes would be equivalent to 2300/37% seconds,
but the loss recorded wes far less than Krasemann reported, It is
possible that the QlO value for this reaction is greater than 2.0,
or that heat sensitivity inecreases considerably at temperatures in
excess of the meltinz point (208°). Loss of 30Q during the roasting
of coffee beans has been reported as 65% by Kung gt gl (100) and
87~ by Corse gt al (177). The inflvence of higher temperatures
and/or interactions of 3CQ with other green bear components was
indicated,

The results obtained with the Periodate Rearent indicated
a glichtly creeter loss than those obtained with the liolybdate
Reagent, This could have been due to interference by degradation
products that were not detected by TLC. The weight loss indicated
that some contribution to the volatiles of roasted coffee can be

expected from these phenolic compounds.
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2. The influence of orsanic acids on the thermal degradation of

e c C .

Naterigls.

The following model systems were prepared in 4riplicate
for examination at 150° 5, 10, 15 and 20 minutes.

Caffeic acid 20 mg, citric acid 22 mg (1:1 Nolar).

Ferulie acid 20 me, cltric acid 22 me (1:1 Nolar).

3CQ 40 mg, citric acid 22 mg (121 lolor).

The following systems were propared in triplicate for
examnination only at 130° 20 ninutes.

Caffedic acid 20 me, tertaric acid 16 mg. {1:1 Molar).

Caffeic acid 20 mg, quinie acid 20 me. (1:1 Nolar).

Caffeic acid 20 meg, glycine 8 mg. (1:1 Holar),

500 40 mg, citric acid 22 mg. (1:1 Holar).

30Q caffeine potassivm salt 60 mg,

citric acid 22 me. (1:1 Molar).

Quinic zeid 20 mg.
(1:1 rolar) controls

N AN

Quinic acid 20 mg, citric aeid 20 mg.

Progedure.

As described in the preceding section.

Results 2nd diggusgign-

Comparison of these results with those of the previous
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section showed that an orszanic acid had a pronounced effect on the
thermal degradation of the phenolie compounds examined, (Table 16
and 18). The Holybdate and Periodate Reagents indicated nearly

100 loss of caffeic acid from the caffeic acid ~ citrie acid system
(1800/20 min.), about ten times the loes recorded for caffeic annid
alone, The relative heat sensitivities of ferulie acid, 3CQ and
caffeic acid were reversed, suggesting that the ortho-dihrdroxy
group renders the molecule nore gsensitive, However TLC demonstreted
that the ortho=dihvdroxy ~roup remeined intact in all desradation
produets that were detected. Since under these conditions ferulie
acid was less heat sensitive than ceffeiec acid, it was thought that
3P0 would be lesa heat sensitive than 3CQ. TLC examination of green
and roasted bean phenolic extracts {See Page 7%) also sucgested

that 3P0 was leass heat sensitive than the CN acids.

The usual chromastogram did not separate any degradation
products from the depside -~ containing systems, all the material
remainine at the orisin, although in the case of 300 a progressive
decrease occurred during the roasting cycle. Four deesradation
produets (Spots 1, 2, 4 and 5 in Pig 12) were separated from the
caffeic acid -~ containing systems., They were all sensitive to the
liolybdate Resgent, 0.250 Periodate Reagent and DSA, Spot 3 was
residuel ecaffeie acid and 2 progressive decrease left just a trace
after twenty minutes., Spot 1 reached a maximum after fifteen minutes
and then decressed at twenty minutes end Spot 2 decreased throughout
the roastinz period. Spots 4 and 5 were detected only in the
fifteen minute sample and were present at such a low level that it
wasg difficult to determine their response to the locating reagents.

I% is possible that they were protocatechuic acid and aldehyde



Self

Holybdate-

Poariod a-te

Spot No, or Rf
Standard 100 loeating 0.28% 5,04
1 05=07 + + + 4 Red Purple Pyrogallol
2 10=12 + + + + Red Purple Pyrogalliec aciad
3 28=3%2 - -+ + + Red - Caffetc acid
4 52=56 - Paint + + Yellow - Protocatechuie acid
5 63=66 - Faint + + Yellow - Protocatechuic anldehyde
6 T4=30 - - - - Browm - A monohydroxy phenol
7 R6=33 - - - - Yellow - A monohydroxy phenol
8 00=92 - - - - Tellow - 4ehydroxy benzoic acid
9 93=05 - - + + Browm - Ferulie acid
10 06-100 - - - + Red - Hethvl venilloyl ketnne
and vanillie acid?
X 03=05 - - - + Yellow - ?
Y 0603 - - - + Yollow - ?
A 03+ + + + + Red Purple ; (vieinal
B 06* + + + + Red Purple { trthviroxy
| c 11-12% + + & +  Red Purple) compounds, polvmers?
|
Caffeic acid 28332 - + + + Red -
| Protocatechuic
acid 48=50 ) + + o Red -

Protocatechnic
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respectively., Spots 1 and 2 were noticed to be self locating if the
developed chromatogram was left exposed to the atmosphere for ashout
ten minutes, before using a locating reagent., These spots became
blue, a phenomenon first noticed with pyrogallel (3,4,5M52) while
investigating the new PVP TLC system. UWhen the available trihydroxy
compounds were chromatographed alongside the caffeic acid
degradation products, pyrogallel and pyrogallic aeid (3,4,5THBz and
3,4,5THEA) were found to correspond with Spots 1 and 2, For
confirmation those compounds were examined by the Vanillin Reagent
(in concentrrted sulphuric acid) which Swain =nd Goldstein {162)
reported to detect meta (in this case 3, 5) hydroxyl groups. This
reagent was found to be non-~selective and to locate many nshenolie
compounds due to an effeet of the concentrated acid., Since it was
xnown that a meta-dihydroxy compound (Phloroglucinol 2,4,6THBz)
in 12% hydrochloric acid would locate aromatie aldehydes (Wiesner
Reagent) it was dedueed that an aromatic aldehyde in 12% hydrochloric
aeid would detect phloroglucinol and other meta-dihydroxy phenols.
The available meta-dihydroxy phenols vere not of equal sensitivity
to this rearent (See Appendix 4), dbut Spots 3 and 2, and pyrogallol
and pyrogallie zcid gave identieal responses., This similarity coupled
with the evidence of the other locating reagents was considered to
confirm the presence of a vieinal trihydroxy group in compounds 1l and
2. Pyrogallol has been renorted as a chlorogenic acid degradation
product, with the sugecestion that it was formed from the quinie acid
moiety., (29, 111), However, no phenolic compounds were formed in
the quinic acid or gquinie acid and citric acid model systems.

The asix DSA ~ sensitive degradation products separated from

the ferulic acid -~ citric acid model system were qguite different from
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those produced by caffeic acid. Only Spot 9 was located by 0.25%
periodate and this was residual fervlie acid, In agreement with the
quantitetive results a2 progressive decrsase in content paralleled
the rozstine neriod. Pericdate (5%) additionally located Srots X,
Y and 10. Spot 10 was found to be sensgitive to the DNPH Reagent,
but not to the Wiesner Reagent, ard behaved identically with methyl
vanilloyl ketone, This substance has been reported as a degredation
produet of ferulie aeid (148) and could be responsible for the
vanillin=-lile aroma of this model system after roasting. It must
be pointed out that if vanillie acid (3M,4HBA)(the monomethyl ether
of protocatechuic acid) were a2lso produced, it would be masked by
the ketone since they both have the same Rf value in this solvent.
Since Spots 6, 7 and 8 were located only by DSA they were considered
to be monchvdroxy compounds, and Spot 7 behaved similariy to
4=hydroxybenzoiec acid. However, this identification was based
esgentially on negative evidence and, therefore, is not so reliable
as one bhased on positive evidence. The nature of minor couponents
X and Y is uwneertain. According to their reactions to locating
reagents they were quite distinet from compounds 1 and 2 produced
in the caffeie aecid systems, and could not be their methyl ether
derivatives., All degradation produets increased during the roasting
veriod,

Since heating the caffeic acid depsides with citrie aeid
did not pive rise to the descradation products typical of caffeic
acid, it was assumed that hwdrolytic release of csffeic acid did not
occur, The hich temperature and low initial water content in the
model system would not favour hydrolysis, Such z lsck of degradation

products was not in asreement with the results of the guantitative



Iakle 19 ZIhe behaviour of cinnamic acids and depsides when heeted with oresnig acids at 180°/20 minutes.

Percentage Loss Determined by

Appearance after

Arome after

SEE Weicht Molybdate Poriodate hegting heating
Loss Reagent Reagent
Caffeic acid + 38,2 93,0 92,4 Fused, dark brown,
citric acid effervescent,
Permrlic seid + 28,2 - 55.0 Fuged, dark brown, Reminiscent of
eitric reid effervescent. vanillin or
methyl vanilloyl
ketone.
30Q and 12.5 73.0 68,0 Fused, dark brown,
citriec acid efferveacent,
3CQ caffeic 26.0 43.0 44,0 Fused, yellow,
potagssium salt + relatively
eitric acid ingolntale
effervescent,
5CQ and 26.0 76.0 59.0 Fused, dark brown,
citric acid efferveacent.
Caffeic acid + 41.0 94.0 63.0 fused, reddish~
tartarie acid brown, effervescent.
Qaffeic acid + 9.5 56.0 24.0 Fused, dark brown,
quinie aecid offervescent.
Caffeic acid + clycine 22.0 90.0 53.0 Fused, dark brown.
Quinie acid 11.0 - - Fused, green,
Quinie acid and 16.5 - - Pused, green,

citric acid
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techniques {Table 19) and it was felt that some degradation vrodueis
must heve remained at the origin along with the depside. Accordingly,
several chromatograms were subjected to thrice - reneated developments
in the usual solvert, The 5CQ citriec acid mixture gave three distinet
spots (4, B and C), and 23CQ end 3CQ caffeine potassium salt gave
traces of the same. JSpot B had the same Rf value as the original
depside, but 2ll three spots had the self-locating property noted
for pyrocsallol ete,, and resvonded to the new Vanillin Reagent, This
indicated that Spot B was impure since such depsides did not
normally have those properties, One of these products could be the
5C9 lasctone since Corse gt al reported that 50Q lactonized when
heated in acid conditions (177). It was felt that these compounds
probably =zrose by a mechanism similar to that which produced
compounds 1 and 2 from caffeic acid,

Tartaric acid, glycine and gquinic acid exerted on caffeie
ecid gimilar thoush not identical effects to citric acid. Glycine
did not rield any phenolie, or ninhydrin-sensitive degradation
products, or residual caffeic acid after heating for twenty minutes,
When compered with citrie acid, only Spot 4 was missing from the
tartaric acid and quinie acid decradation pstterm, but the transitory
nature of this substance hsd been noted in the case of citric acid,
Hagsar (192) believed that in #n amine scid - sugar model system, the
amino =cid opersted in two ways; initially as an organiec acid it
ceused the decomposition of the sugar, then the interaction of the
amino group with the degradation products modified the initial
produets, Similar beheviour in the glycine - caffeie acid system

would account for the loss of the expected degradation products.
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Rinderimecht and Jurd {193)  Burton, McWeeny and Pandhi {194) have
reported non=enzymie broming resctions between glycine and phloro-
glueinol, and catechol and orthobenzoguinone,

In most of the organic acid model systems the Periodate
Reagent detected 2 smaller loss of materisl than the Holybdate
Reagent. The graphs (Fig 15 and 16), show that this difference
chonged as roasting proceeded. Differences in the proportions of
the degradation products could have been responsible, since, for
example, a monomethyl ether of eaffeic aeid or 3CQ would be molybdate-
insensitive, periodete- and DSA-posltive., The sbsence of molybdate-
insensitive spots from the caffeic acid and 3CQ model systems tends
to rule out the possibility that monomethylation was responsible for
the hrsteresis, Different amounts of hysteresis were detected in
each model svstem demonstrating thet, while there was a cormmon
pattern, chancing a componernt caused some modification of the reactions
involved, Ilonomethylation of caffeic acid degradation products
during the roasting of coffee beans was suggested as a possibvle
explanation of the hysteresis detected by the Differential Technique.
The failure to detect monomethyl ethers in the products of these
model) systems sugpested that other mechanisms micht have been responsible
for the hysteresis,

A comparison of the results for the depsides revealed
interesting behaviour, The mixture containing the 3CQ caffeine
potassium salt shoved twice the weicht loss of free 3CQ, but with
the Molybdate and Psriodate Reagents the complex showed only half
the loss compered to the free acid, {(See Table 19). Smith (29, 90),
reported that the caffeine complexes were the most stable form of
green bean CQ acids. Sublimation of the caffeine could hawve accounted

for the extre weight loss, and it is possible that this loss of
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caffeine affords some protection to the phenolic component,
Tre results showed that free 30Q and 5CQ behaved very
similarly in *these model systems, and this was in agreement with

thedr behaviour in the roasted bean as demonstrasted by TLC,

3. The influence of sucars on the thermal degradation of
nhenplic compounds.

Yaterizls.

The following model systems were prepared in triplicate
for examinstion at 130° 5, 10, 15 and 20 minutes.
Caffeic mcid 20 mg, glucose 20 mg (1:1 Molar).
Perulic acid 20 mg, glucose 20 mg (121 Nolar).
The following model syatems were prepered in triplicate
for examination only at 180° 20 minutes,
Caffeic aecid 20 mg, fructose 20 mg (1:1 Molar).
Caffeic acid 20 mg, fructose 20 mg, glyeine 8 mg (1:1:1 Holar).
Caffeic 2cid 20 mg, glucose 26 ne, glyeine 8 nsg (1:1:1 Molar).
Ferulic acid 20 mg, fructose 20 mg (1:1 lolar),
3CQ 40 mg, glucose 20 mg (1:1 Molar).

Quinic aeid 20 mg, glucose 20 ms  {1:1 Molar), control.

Progedure.

The model systems were itreated as described in the first

section,
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Regults anc digcussion.

The quantitative and chromatogréphic results (Firures 12
and 17) f£all roucghly midway between the results for the phenolie
compounds 2lone and the organic acid-containing model systems. The
relative sensitivity to heating with glucose was ferulic ) 3CQ deaffsie,
and to heating with fructose, ferulic)caffeic. This was the order
of sensitivity found for the phenclie compounds heated 2lone, and
the reverse of the order with the organic acid-containing model
svatems.

In the absence of glyecine both sugars produced a small
progressive loss of caffeic acid and e somewhal more proncunced
loss of ferulic acid., Caffeic acid yielded one degradation product -
Spot 5 (Fig 12) after 150° 20 minutes, snd ferulic acid vielded
methyl vanilloyl ketone in the 15 and 20 minute samples. No
decradation produets were defected from the 3CQ model system, Since
the degradation products detected in these surar-containing model
systems were not the first to appeer in the organic acid-containing
model systems, it was deduced that a different balance had been
struck for the various reactions. It is »ossible that a phenolie
acid and a sugar have a mutually catalytic aetion; initially the
phenolic acid catalyses degradation of the sugar, then the sugar
degradation oroducts, verhaps including organic acids, catalyse
degtruction of the phenolic compound, Hassan (192) reported that
citric ecid or 3CQ increased the vroduction of volstiles from sugars
heated at temperatures in the range 125° o 1750, end a range of
organic aliphatic acids have been reported to form during the

pyrolysis of carbohydrates (136).



Table 20 The influence of sumars (with and vithout elvgine) on the thermal desrsdatlion of ginnamic acids and densides.

- —

Percentase Loss Determined by Appearance after Aroma after

Sample

deisht lolybdate Periodate hesting heating
Loss Reagent Reagent
Caffeie acid 11.6 29,0 17.0 Fused, brown, Caramel,
and glucosge effervescent,
Ferulic acid 18.9 - 28,0 Fused, brown, Cavramel,
and glucose effervescent,
3CQ ard glucose 16.0 30,0 20.6 Pused, brown, Caramel,
effervescent.
Caffeic acid 20.0 30.0 6.0 Pused, brown, Ceramel.
and fructose effervescent,
darker than
glucose,
Perulic acid 22.0 - 11.0 Tuged, brotm, Caremel.
and fructose effervescent.
Caffeic ecid, 25.0 96.0 75.0 Fused, black, Harsh,
glycine and glucose effervescent. caramel.
Caffeic acid, glycine 17.5 02.0 51.0 Fused, Ylack, Harsh,
and fructose effervescent. caramnel,
Quinic acid and T.0 - - Puged, browvm. Antigeptic,

glucose.,
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The glyeine-sugar-phenol model systems behaved very similarly
to the glycine-caffeic acid system whieh was examined in the previous
section. o phenolie, or niphydrin-sensitive degradstion products
were separated by TLC. Since these model systems were eoxamined
only after roasting for twventy minutes, it is not pogssible %o
decide whather inclusion of the sugars had had any 2dditional effect,
This type of model sy=tem meritted a more detailed examination.,

Prmctose caused less destruction of caffeic acid or
ferulic aeid than did glucose, but the fructose-containine model
systems suffered =2 greater total weight loss., This may have been
due to the tendency for fructose to decompose at e lower temperature
than glucose (103° compared to 147°), Hassan (192), Bl 0de (195),
and Casey et g) (196) reported that fructose in model systems
produced sz greater guantity of volatiles (ie suffered greater
degradation) than digd glucose,

The hystereses were agsin encountered, and fructose-
eontaining model systems showed a larger hysteresis than glucose-
containing systems. In the case of the caffeie acid or ferulie
acid-gugar systems the hysteresis inereased markedly at the same
time as the degradation vroducts became detectable on the
chromatograms, However, the amino acid=contzining model systems

shoved the lergest hysteresis, but only traces of degradation products.
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4. The influence of mothionine and triconelling on the thermal
degradation of caffelc acid.
Haterials.

The following model) systems were prepared in triplicate
for examination at 1.80° 5, 10, 15 and 20 minutes,
Caffeic acid 20 mg, citric acid 22mg, methionine 14 mg
(1:1:1 Nolar).
Caffeic acid 20 ng, citrie acid 22mg, trigonelline 15 me

(2:1:1 Nolaw).

As described previously.

Regults and discussion.

Thege exporiments were desirmed to examine the ability of
methionine and/or trisonelline to methylate caffeic acid, since it
vas thourht that a similar reaction might occur during coffee bean
roasting. Citrie acid wes included in the model systems because
it has been shovm to form a hishly reasctive system with caffeic
acid, and swch a system could be more accurately compared with a
green coffee bean,

The resvlts are set out in Pisures 18 and 19, and Table 21,
These two model systems behaved very similarly in their responses

to the Molybdate and Periedate Reacents, but the hystereses were



dakle ol The influence of licthionine and Tricomelline op the desradation of caffeic acig.

Percentare Loss Determined by

Sample Weight

Appearance after

Aroma after

Folybdate Periodate roasting roesting
Loss Reagent Reagent

Caffeie scid + 52.0 96,0 76,0 Pused, brown, Objectioneble,
citric acid + effervescent. reniniscent of
trigonelline pyridine,
Caffeic nscid + 22.0 90.0 66,0 Fusged, bdbrowm, Meaty,
citrie acid + effervescent. reminiscent
methionine of

methionine,
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markedly different to that produced by a caffeie acid-citric acigd
model system, Chromatoeraphic examination of the trigonelline-
containing model system showed a small residue of caffeie acid in
the sample that was heated for five minutes, and more thereafter,

No degradation products were separated by TLC.

In the methionine-containing model system were formed
Spots 1-5, as in the caffeic aeld-~citric acid model system, and two
rey products (22 and 3a in Pig 12), Products 2a and Ja wers positive
to the Molybdate Reasent, Periodate Reagent and DSA. No degradation
products were located in the five minute sample, but the ten
minute sanple suffered almost complete destruction of the caffeie
acid, Spets 1, 2, 2a and 3a appeared in this sample and increased
in concentration during further roasting to reach a much higher
level than was recorded for the caffeic scid-~citric acid model
system, Chromatographic examination for smino compounds showed a
Progressive and almost complete loss of methionine, but no other
ninhydrin-gensitive compounds. The inerease in degradstion products
clearly paralleled the increase in hysteresis, and in the light of
this ohbeervation it was opossible to see 2 similar coincidence in the
organic acid and swear-conteining model systems. However, a
hysteresis occurred in some samples which apparently did not contain

degradation produets, eg trigonelline=containing medel systen,
glycine-sugzar model systems,

No molvbdete-negative, periodate-positive degradation
products were detected, and since this type of compound would have
been produced by menomethylation of an ortho~dihydroxy compound, it

was assuned that monomethylation had not occurred in either the
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methionine or trigzonelline~containing model systems, These findings
do not entirely rule out the rossibility of such a reaction during
coffee bean reasting, but they do render it less probable, These
results, and those of the previous mode) system sectinns, sugrest
that the hystereses arose from interferenece by degradetion products
that mnde a3 larger response to periodate than to molybdate under
the conditions employed.

To investigate this hypothesis the identified degrasdation
products were exomined for the ability to cause such interference,
and roasted coffee beans were examined for the presence of the

same or similar degradation produets,

5. Examineiion of roasied ¢ 2T 3 degradation
rroducts.
Matgr;g;s.

Somples of the following ground, roasted beansi=
Desree of Roast
Variety 1 2 3 4

(weight loss %)

Arabica Santos 5.0 9.3 15.0 20.0
Arabica Sao Panle 3.0 9.6 13.8 17.8
Robusta Ghana 5.8 9.4 12,6 18,0
Robusta Ugande 4.0 8.6 11.4 15.5
Progedure.

Samples of the roast besng (IOg) were extractad by shaking
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Por two hours, with n-butyl acetate (25ml). These extracts were
alloved to settle and filtered throuch a Yhatman No. 1 filter paper,
Each extract was collected in a begker, and placed in an operating
fume cupboard to remove the solvent, The brown residue was dissolved
with agita+inn in 2ml n-butyl acetste sand the concentrated extracts

were examined by TLC neing the method established for examining

the model systens,

Regwlts and discussion.

A1l semvles which had been subjected to greater than a
10% roast contained brown material which streaked to the solvent
front, maskinc any minor components which might heve been present.
Howrever, it was possible to detect a component that corresponded to
compound. 1 from roasted caffeic acid model systems (See Pig 12).
All the third and fourth degree roasts contained approximately the
same quentity of this material, It was possible that the Robustas
also contained a 1ittle of compound 1 in their second degree roasts,
and a little of compound 2 in their third and fourth degree roasts.
Spots 1 and 2 are thocht to be pyrogallel and pyrogallic acid
respectively. (See Table 18).

When chromatograns were triple~developed to separate
depside degradation products, very heavy stresking completely
obliterated the chromatogram. The residus of apparently unchanged
depside was too sreat tn allow the rrecsence or absence of depside

fegradation products to be ascertained.
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THE LFLUSNGE OF PIFNOLIC DEGRADATION PRODUCTS ON THE ACCURATE
DETSRITNATION, BY THE DIFFFRENTTAL TECHNIQUE, OF CAFFEIC ACTD
AND €9 MONOMRTHYL ETEERS.

Pyrogallol snd pyrogallic acid,which are found in roasted
coffee bean and roasted phenolic compound model svstems,are
thought to be two of the degradation products of heated caffeic
acid or CQ acids. DProtocatechuic acid and aldehyde (found in
caffeic acid-containinge model systems but not roasted coffee beans)
are thought to be two other caffeic acid degradation products. It
wes suggested in Chanter 2, Section 6, Page 64, that phenolic
degradation products might interfere with the accuracy of the
Differentisl Technique, particularly the determination of monomethyl
ethers, The following experiment was designed to investigate the

possibility.

haterigls.

Standard solutions of pyregallol, pyrogallic acid, proto-
catechuic acid and aldehyde in 70% propan~2-o0l (100~l90)u5/MI)-
Periodate Reagent)

) Ae used in the Differentis]l Technigue,
lolybdate Reagent)

Progedure.

Eech standard solution was examined in duplicate by the
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-

Differential Technigue, and with both reagents the absorption was
peasured at the wavelengths used for the quentitation of caffeic
acid and 3CQ (353 and 370 nm; 406 and 423 nm), The molar

extinction coefficient (¥EC) was ealeulated for each standard

solution at each wavelsngth.

Regults ard di-cussion.

Table 22 comnares the MEC of caffeic acid, ferulie aeid,
3CQ and the suspacted degradation products at the several wavelengths
used for the Differential Technique, The results showed that when
neasuring caffeiec acid or ferulie secid (eg in the rossted model
svstems) the nresence of pyrogallel, pyvrozallic acid, or
protocatechulc nldehyde cavses a higher periodate-reading than
molybdate-reading, In contrast the presencea of protocatechuic acid
cauges a hicher respmonse to the Folybdate Reagent than to the
Periodate Reagent. When measurine the depsides the interference
was much greater, Pyrogallol, pyrogallic acid and protocatechuic
a2ldehyde give responses to the Periodate Reagent that are
approximately %7, x9 and x8 their responses to the liolybdate Reagent.

These results demonstrated how seriously a degradation
product can interfere in the Differential Technique, particularly
when calculating the content of monomethyl ethers, It was assumed
that any hysterssis in the Differential Technique results from the
model systems, were due to traces of degradation products, even when
TLC failed to demonstrste their presence, It was also assumed that
the small quantity of pyrogellol found in roasted coffee beans,

perheps with traces of other degzradation products, was responsible



Table 22 lolx
ssgocigted desradation products.

SN - ——

1, Holybdste Reacent.

}Molar Extinction Coefficients

At wavelength Caffeie CQ acid*»
o 3 of maximum At 353nm  acid At 370nm qquivalent
ekl absorption qquivalent
%

Caffeic acid 12088 12083 100 = =
30Q 16600 - - 16600 100
Pyrogallol 4438 4161 34 3051 18
Pyrogallic acid 2714 2364 20 1751 11
Protoeatechuie
acid 14332 13715 114 11468 70
Protocatechuic
aldehvde 2316 2630 20 1653 10

2, Periodate Reasznt.

lolar Extinction Coefficients

At wavelength Caffeic CQ aciawe
of maximum At 42%nm  acid® At 406nm ecuivalent
Compound absorption gquivalent *
()

Caffeic acid 2144 2144 100 - .
3CQ 160% - E 1603 100
Pyrocallol 1942 1456 68 1803 113
Pyrogallic acid 1664 1439 62 1664 104
Protocstoechuic
acid 1119 559 26 8359 53
Protocatechuic
aldehyde 4082 829 39 1275 80

*  Or ferulic acid equivalent %

¥* Or FQ acid equivalent %
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for the apparent increase in monomethyl ethers during roastins.

This assumption does not contradict the observation that the FQ
acids are considerably more heat stable than the CQ acids, since this
was eonfirmed by TLC,

None of the TLC-geparnted desradation products from ferulic
neid=contzining model systems were sensitive to 0.25% reriodate,
therefore, the psriodate figure for these systems may be taken as
accvrate, Hovever, the degradation produets from the caffeic scid-
containing model systers have been shown to interfere with the
results obtained with both reagents, In the case of caffeic acid
heated alone the nett effect of the degradation products is
molybdate=~enhencing, Since there was only a small weight loss
(See Table 16), and no degradation products were detected by TLC,
only traces of degradation produvets could have been present.
Therefore, the loss of caffeic acid could not have been greatly
enhanced, and there is no reason to revise the conclusion that
fervlic acid is more heat sensitive than caffeic acid. The greater
weicht loss from ferulie acid supvorts this conclusion.

A1l the pthar ecaffeic acid-conteining model systems showed
either considerable hysteresis, or a considerable quantity of
degradation products by TLC, or some combination of the two. Since
the nett effect of the degradation products was periodate-enhancing,
less caffeic acid remained than the results appeared to show, 1In
the presence of orpganic scids it was concluded that caffeic acid
vas more heat sensitive than ferulic acid, and any allowance made
for interference accentuates this caffeic scid sensitivity.

If such an allowance is made for the sugar-containing

model systems it would appear that caffeiec acid is at least as
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gsensitive as fernlic acid, and probadbly more so, in contrast to
the oririnal conclusion. Such s situation would be more in
keeping with the genaral trend of the results, and with the
suggestion that phenolic acids convert sugars to organic acids
which in +urn destroy the phenolie acids,

The lack of hysteresis observed fer 3CQ caffeine potassium
salt compared with 300 suegpests the absence of phenclic degradation

vroducts and supports the econclusion that the caffeine complex is

more stazhle.

Conelugione

Hysteresis is dve mainly to the interference of phenolic
degradation products, In the case of periodate=enhancement g

little monomethylation cannot be completely ruvled out.
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Introduciion.

Mater et al (47) reported the presence of hydrolysable
phenolic compounds in two substances of HMW (5,000-10,000) that
they had isolated from roasted coffee. Xlocking et al (55) reported
that "humic suhstances" were produced at a level of 15% roasted
bean soluble substances, by polymerisation of phenolic substances
during roasting, Obenans (197) reported that the “humic acid"
content of coffee beans rose from 1.4% to 16.1% during roasting,
and that a portion of these "humic acids" formed about 15% of
roast bean soluble substances (15&>roast bean solubles = 5% roast
bean approximately).

The techniques used by these workers had certain limitations.
4 positive resnonse to Turnbull's Blue was considered to be proof
of the phenolic nature of a HNMW substance {Maier) (47). Tumbull's
Blue detects substonces that reducs Fe3+ to Fe2+, a property not
restricted to phenolic compounds, The HMW materlals were obtained
from aqueous extracts, or lead acetate precipitates of agueous
extraets, from roasted coffee, The HM{ components were isolated by
gel filtration chromatographv; Naier et al (47) also used a
preliminary separation on polyamide. Streuli (198) reported that
chlorogenic acid did not dbehave in the manner to be expescted of a
substance with & molecular weicht of 360 when subjected to gel
filtration chromatography, and could therefore be expected in fractions

of higher molecular weisht.
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Thus there ig a possibility that the substonces exsmined
by vrevicus workers either were not vhenolic, or contained low
molecular weisht phenoliec compounds.

To avoid these limitations it was decided to use prolongad
Aialysis against 2n organic solvent to remove low molecular weicht
compounds, particularly the low molecular weisht phenols, To
facilitate this procednre 2 continuvous, thin film, countercurrent
dialyser was designed (See Fig 25), The dislysate and retentate were
propelled in opprosite directions by a multichannel peristaltic pump.
Up to five independent dialyses could be mede at one time with a
minimum of supervisicn. ®vll details of the construction, assembly

and operation of the dialyser are given in appendix C.

ZIhe isolztion of MW compounds from creen and roested coffee begns.

laterizls.
Ground green, and roasted Aradica 3so0 Paulo,
Ground green, end roasted Robusta Ghana.
Procedvre.

Duplicate samples (152) of each green and roasted bean
were extracted by shaking with 100ml aliquots of boiling deionised
water until no further extraction of colour occurred. Usvally five
extraetions, each by shaking for thirty minutes, were sufficient.
It was intended that this procedure be similar to domestic coffee

brewins, The extracts were bulked and dislysed ageminst 707 propan~2-ol.
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Dialysis wes continued until no more colour was removed into the
solvent (sbout 7 days). Full details of this operation are given
in appendix C.

When dialveis was complate the retentate was diluted with
deteonised water ond pumped into & suvitable receptacle, and all
tubing thorovghly washed to ensure a high recovery, The retentate
was trensferred to pre-weighed dishes, freeze dried, and the yield
of HMW recorded.

A quantity of this material (500mg) was added to 25.0ml
97 ethanol contained in a stoppered flask and shaken for thirty
minutes, It was allowed to stand overnicht to fully seolvate. The
sugpension was centrifuged and the supernatant dseanted, The
vrecipitate was reeextracted twice and the supernatants bulked, The
ethanol was removed from the solutions by evaporation at reduced
pressure, and the residue wacs dissolved in z mipimal quantity of
deionised water, trensferred to preweighed containers and freeze

dried., The =lcohol-~insoluble materisl was similarly freeze dried.

Results and digcussion.

The water-soluble HMW comnounds of green and roasted coffee
beans have been reported to be proteins and a ronge of pelysaccharides.
These proteine have been reported to be insoluble in 80 ethanol (49).
and polysaccharides sre classieally considered to be aleohol-insoluble.
It was therefore assumed, that treatment of the crvde HNW material
with 97/ ethanol would precipitate the proteins and polysaccherides,

and the absence of alcohol-soluble HMW material from the zgreen heans



Teble 23 The vields of non-dialysable material isolated from ~reen and rozsted coffee beans.

- et

Variety of coffee bean Yield %

and the desree of roast (ereen bean dmb)

Total water—soluble Aleohol-insoluble Alechol-soluble
material naterial material
Green | 7.3 = 9.2 6.3 - 7.6 Trace
1 15.6 - 17.0 12,7 - 14,2 Trace
Arabica, 2 19,0 - 19.7 12.7 = 15.0 0.7 ~ 0.9
Seo Paulo 3 4.3 - 17.8 9.5 - 10.4 3.2 = 3.7
16.6 -~ 16,8 10.9 - 11.9 1.3 - 1.5
Green 5.8 - 6.3 4,9 - 5.2 Trace
1 3.2 — 6.7 1.9 - 4.7 Trace
Robusta, 2 11.9 - 14.8 8.0 = 8,4 1.2 = 1.3
Ghana 3 12.0 = 17.9 10,7 = 13.5 2.9 - 3.8
4 15.7 = 16.9 14.1 - 14,7 1.0 -~ 1.4
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and the first degree roasts supports this sssumption. The vield of
water=soluble HMW material (See Pable 23) from the green beans can
be accounted for by water-zsoluble protein (about 3% dmb) (49. 50),
and water-soluble polysaccharide (up to 4% amb) (42, 99). The
decrease in water-soluble HNW nmaterial from Robusta beans after the
first degree roast was probably due to the insolubilisation of
protein. The larse iner2ass in watar-soluble, alecohol-insoluble
materiel during the early stages of roasting could have been due to
degradation and solubilis=tion of water-insoluble, structursl
polysaccherides,

The meterial isolated from the green beans was white and
flaky alter freegze drying, but that from the rossted bean was darker

and much more powdery.

R OF THE JTANCES.

1. Develomment of 2 hydrolvsis system to relesgse nhenolic compounds.
Introduction.

Kloeking et al (55) employed SN NaOH, 170°, 24 hours to
release phenolic compounds from coffee "humic acids." Coulson gf 31
(200) vsed 6% HCl, 1000, 24 hours during investigation of "humic =cids"
from soils, Iiodel system experiments have shown that heating caffeic
acid with an organic acid st 180° for five minutes causes extonsive
degradation of caffeiec seid, It was assumed that the hydrolysis
systems used by Klocking gt gl and Coulson gf gl would be too

severe and likely to produce misleadinzg artefacts. The following
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ailder hydrolysis systems were devised and investigated,

Hydrolvsis svstems.

1, 2n He1, 110°, 1 hour. 6. 2 NaOH, 110°, 1 hour.

2, 2§ Hcl, 110°, 2 hours. 7. 2N NaoH, 110°, 2 hours.
3, 2N HC1, 110°, 6 hours. 8. 2N NaOH, 110°, 6 hours.
4, 2N HC1, 110°, 24 hours. 9. 2N N=OH, 110°, 24 hours.

5. 6% Ac1, 110°, 15 minutes.  10. 5K NaOH, 110°, 15 minutes.

Yrogedures.

The hydrolyses were performed in serev=capped test tubes
using 10mg samples of caffeic acid or fervlie acid, and 2ml of the
appropriate acid or slkali. After hydrolysis the phenolic compounds
wvere extracted into 0.25ml n-butyl acetate, and this solution was
examined for the presence degradation products by using the TLC

Vs

system chloroform, acetic acid, water 4:1:1 . and silica gel

Plates, The more succesgsful hydrolysis systems were applied to 3CQ.

Agsults ~n” disgusgion.

From all eaffeic acid hydrolysis systems 1t was poss?ble
to separate at least four degradation products, which corresponded
to Spots 1, 2, 4 and 5§ obtained from several caffeic acid model
systems, (See Pig 12). The 24 hour hyirolysis systems contained

no caffeic aecid, and the & hour hydrolysis systems contained only s
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trace, 4lkali produced essentially the same results. Ferulie
acid yielded the degradation produects that were found in several
of the fervlic acid=contazining model systems. Hydrolysis systems
1, 2, 6 and 7 were repeated using an atmosphere of nitrogen, but
the degradation products were still produced, Hydrolysis of 3CQ
by svstems 1, 2, 6 and 7 gave the rance of products obtained from
caffedie aecid, =nd thus sueggested that 3CQ was hydrolysed to caffeic
acid end quinie acid,

Systems 1, 2, 6 and 7 were tested on a sample of the alcohol-
soluble HIW material, Systems 2 z2nd 7 yielded the range of
dezradation products typical of caffeic acid or 3Cq. A similar
pattern, but lower yields was obtained with svstems 1 and 6., 3Since
these relatively mild hydrolysis systems produced artefacts it was
concluded that the hydrolysis svstems of Coulson gt al (200) and
Klocking et g1 (55) were far toosevere for e satisfactory
investigation of the HIW materisl isolated from roasted coffee beans.

Hvdrolysis system 2 was chosen for further work since it
wes known that any nolysaccharides that were present would be hydrolysed
at the same time as the phenols, and any sugars released would
remain in the ajueous phase after extraction of the phemolic compounds

inte n-butyl acetate.

2. Hvdrolveig of the MW materigl isolated from sreen snd roasted

coffee beans.

Semples of alcohol-soluble and alcohol-insoluble FIIW
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material isolated =s previously described from each sample of beans,
Silica gel G TTC plates, Those for examination of suecars

were prevared with 0,1l sodium metsbisulphite solution. (See

Appendix B).

Solvent svstems.

1. Chloroform, azcetic acid, water 4:1:1} v/v for phemolic compounds.

2, Chloroferm, methanol, 17% ammonia 2:2:1 v/v 29 used by Hassan

for amine acids,

3. Butan-2-one, acetic acid, water 60:10:15 v/v as used by Hassan

for svgars,

Locatine Rescents.
DSA for phenols.
Ninhydrin Reegent for smino compounds.

Alpha-naphthol in 66 sulphuric acid for sugars.

Stendard Sclutions.

Arabinose, galactose, glucose, mannose, rhamnose

Smg/rml aqueous.

Progedure.

The hydrolysis system developed in the preceding section
was used with 10mg samples of each-*lcohol=-soluble and alcohol-

insoluble HMW material. The released phenolic compounds extracted
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gnto 0,25ml n-butyl acetate. Samples of caffeic acid (10mg),
ferulie actid (10mg) and 309 {20mz) were hydrolysed as controls.

The organic phase was removed by s Pasteur pipette end examined
by TLC,

Bach aqueovus phease was evaporated to drymess at reduced
pressure and the residue dissolved in a minimal quantity of deionised
water, Up to ]I)’d.of these solutions was spotted onto =
chromatogram and examined with the Alpha-naphthol Reagent., Those
solutions that gave a positive response with this reagent were
examined by TLC using bisulphite-impresmated silica gel plates and
solvent gystem 3,

To release zmino compounds a stazndard protein hydrolysis
waes used ie 10mg sample with 2ml 6N HC1, 1100, 24 hours, under a
nitrogen atmosnhere, The hydrolysate was evaporated to dryness
under reduced pressure and the residve dissolved in a minimal
quantity of deionised water. Those snlutions that were positive to
the Ninhvdrin Reagent were examined by TLC on silica gel using

solvent system 2,

Results snd discussion.

Each protein hydrolvsate yielded eirht amine compounds,
and it was apparent that seversl spots were impure, The yield of
amino ecompounds was higher from the Arabica HITW material than from
the Robusta., The 2leohol-insoluble material showed a gradual
decrease in yield of amino compounds durings the roasting cyele,
but the alcohol-soluble material showsd a severe decrease from the

second to third degree roasts and then a further small decrease in
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the fourth derree roasts. These amino compounds were not investigated
further.

The surar releasing hydrolyses of the alcoholesoluble
naterisl were negative to the =<X-naphthol reasent and were not
investigated further, The alcohol~insoluble material yielded two
sugars which corresponded with galactose and mannose. (See Table 24),
Water-soluble polysacchsarides containing these sugars have been

reported by many workers (31, 34, 39, 40, 42, 44, 19°, 201-203),

Dable 24 Gugars yeleased by hvdrolysis (24 Hel, 110°, 2 hours)
from alcohol-ingoluble HMW materisl of sreen and roasted
coffee besns. TLC on bisulphite-imoresmated (0.1M)

silica rel in golvent svsfem butan-c-one, acefic zcid,
witor 60:30:72 7/ Located with nauhihol sulniuric
acid reszent.
S 0 Rf x100 and colour with the
SLapig ar Alpha-naphthol Reagent.
Standard
green 20 purrple 33 red
il 21 purple 34 red
Avadbiea 2 22 purple 35 red
Sao Paule 5 22 purple 25 red
4 20 purple 35 red
green 21 purple 32 red
il 21 purple 35 red
Robusta 2 22 purple 36 red
Ghana g 20 purple 35 red
4 23 purple 35 red
Arabinose 44 blue
Galactose 24 purple
Glucose 28 deep purple
lMannose 34 red

Rhannosge 60 red
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Only a trace of phenolie compounds were released from
the aleohol-insoluble material, but 2 hirsh yield was obtained from
the alcohol-soluble fraction, eleven components were separated by
TLC, and nine of these were found in one or more of the control
hydrolyses, (See Table 25), but Spots E and € were not. However,

2]ll eleven hycdrolysate components were found amongst the
derradation products of the various model systems, Spots E and G
correspondins to Spots 3a and 5 (See Table 18 and Pig 12). The
presence of Svots B and G in the hydrolysates of the aleohol-soluble
HDIW materiszl and the roasted model sysiems, and their absence from
the control hydrolyses, suggested that the two compounds were not
hydroly=is artefacts. Therefore, it is possible that the other
hydrolysis products were not necessarily hydrolysis artefacts, but
had been bound in that form to the HNW material.

The intensity of the spots released from the alecohol-
soluble MY materisl were compared with the intensity of the spots
from a rance of loadings of the control hydrolyses. It was demonstrated
that the third and fourth degree roast alcohol=~soluble HHW material
contained the equivalent of 50-607° 00 acids, and the second degree
roast 25-3C¢° CQ acids. The materiasl from the Arabica Sao Paulo
cont=ined only a very faint trace of FQ aeids, bdut the third and
fourth degree Robusta Ghana roasts yielded 1-3¢%, These hydrolysates
were complex mixtures, prodbably containing amine compounds and
perhaps sugars in addition to the pherolie compounds. The
model systems demonstrated thet such compounds react together
when heated resulting in a destruction of the phenolic component
and it vas assumed that the yield of phenolic materiasl from the

hydrolysates was low due to loss by interaction. Similarly the



Table 25 Rf values of phepolic comnounds released by hvdrglvsis alcohol-soluble W material, znd from the contraol

hydrolvees. Evirolvsis conditions 2N HCl, 110%, 2 hours.

TLC on Silica ~el usines solvent system chloroform, zcetic acid, water 4:1:1 v[g_.

— -

Spot Identification Rf x100 of the produects from
This Hodel* Alcohol~soluble Caffeic 3CQ Feruliec ggi::idoiiiiogsihen
Expt. Systens W material control control control
A 1 0507 06 06 Red
B 2 12-16 12 14 Red
C 2a 2224 22 Orange
D 2 23=30 28 238 Red
E 3a 4344 Yellow
w 49 43=51 50 43 Red
G 5% 60=64 Red
H 676
X : T=69 67 Red
~76
J : (Gl 7 Yellow
= 86 Red
) N
C 91-93 90 Yellow
L 10 94=08 G4 Red

* See Table ‘18 and Fig 12.
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failure to deteet sugars in the hydrolysate was not proof of the
absence of polysaccharide in the HIIW material.

Osmotic pressure measurement* shoved that the aleohol-
soluble FIIW material had a molecular weicht in excess of 20,000.
Microanalysis* showed that the alcohol-soluble material from the
second degree roasts contained ahout 20% nitrogen and that the
third and fourth degree roasts contained about 5% nitrogen (See
Table 26), This fall in nitrogen content paralleled the yields of
hydrolyaable amino compounds and was the reverse of the yields of
hydrolysable phenolie compounds, Sivetz (204) used a Nitrogen to
protein conversion factor of 6.25 for green coffee bean protein,
indicating a protein-nitrozen content of about 16%, Using this
convergion factor it was caleulated that the alcohol-soluble HIW
material from the second degree roasts contained 63-66% protein
ie a protein: non-protein ratio of approximstely 2:1, The HMA
naterial from the third and fourth degree roasts contained 28«3 #
protein, a 1:2 nrotein: non-protein rstio. These deduced protein

contents are in good acreement with the ealeulated phenol contents.

Osmotic pressure measurement and microanalyses by courtesy

of the licroanalysis Leboratory.
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Table 26 lidcroanglvses of fhe alcoliol-golukle MY materigl

isolated frow roansted ‘rabica and Robusts heans
(corrected for ash content.)

Arabica . . Rodbusta
50 5N P % M gH
Sao Paulo Ghana
Roast 2 53.2 10.51 7.10 Reast 2 51.7 10.13 6.82
3 50.9 5.03 5.43 3 49.0 4,95 5.06
4 51.1 4.52 5.01 4 50,7 4.73 5.10

The applicability of this conversion ratio to “roasted
protein" is dehstable, end it is possible that some of the nitrogen
determined by microanalvsis is non-protein nitrosen, Therefore,
the deduced vvotein: non-nratein ratios are only approximate,
However, the general trend of the results sugcested that the alcohol-
soluble IW material was tanned protein(s). Forsyth et al (205)
reported that tanned proteins were produveed during cacao curing,
end that as the phenolic content rose the water solubility of the
tanned materia)l fell, In the later stages of tanning they believed
that phenol-phenol polymerisation occurred without involving
additional protein. The HKW material was isolated from aquecus
extracts of the coffee beans and it was sssumed that severely tanned
proteins would not have been extracted, thus explainines the reduced

vield of alcohol-soluble HFIW material from the fourth degree roasts,
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THE GOMPONINTS OF THE OFFRE BRA THAT RIACT
ZITH THE ¥IR LS.
Introduction.

In Chapter 2, Section 7, it was reported that propanclic
extracts of oreen and roasted coffee beans contained several
components that reacted with the Wiesner Reagent. This reagent
(1% phloroglucinel in 12% hydrochloris acid = ir fuinre called
Wiesner Reagent A) has been reported to be apecific for aromatic
aldehydes (168), but a similsr reagent (phloreglucinecl in
concentrated hyrdrochlorie a6id) reacts with the fursnose form of
ketoses to vroduce 2 red colour (206). Before investigating the
Wiesner-sensitive compounde of the green bean it was necessary

to investigate the specificity of these reagents.

LIhe specificitv of the Wiesner Reazgenis.

daterials.

Wiesner Reagent A 1% phloroglucinel in 12% hydrochloric
acid,
Wiesner Reagent B 1¥ phloroglucinoel in concentrated

hydrochloric acid.

Stapdard Solutions.

Aromatic aldehydes and ketones Smg/ml in 70% prepan-~2-o0l.
Furans Smg/ml in 70% prepan~2-ol.

Fructess, sucrose, citric acid, Dl-malic zacid, malese ascid,
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maleic anhydride, Dl=tartaric ascid, sueeinic acid

5mng/ml agueous,

Bach stendard solution was spotted onto two silica gel
chromatograms and one chromatogram located with Wiesner Reagent A,

and the other with Wiesner Reasent B,

Results end discusglon.

The results are shown in Table 27. Aromatic ketones,
phenyl propsnal, saturated (tetrahvdro-) furans, furan-carboxylic
acids, Dl-malic acid, Dl=tartaric acid, maleic acid and succinie
2cid did not reaet with either Wiesner Resgent even after heating
the chromatosrams. A1]1 the aromatic aldehydes (including phenyl
ethanal), the furan aldehyfdes and maleic anhydride responded
immedietely with Wiesner Reagent A, and gave the same response with
WYiesner Reagent B, Fructose, suerose, citric scid, furan, 2-methyl
furan, 5-hydroxymethyl furen resvonded after heatins with Wiesner
Reagent A or rapidly in the cold with Wiesner Reagent B,

It has been reported that heating fructose in acid
conditions produces 5~hydroxymethyl-furan-2-aldehyde (207). This
substance gave an orange colour with both Wiesner Reagents, and it
was assumed that it was responsible for the positive response of
fructose and snerose.

The heating of citrie acid has been revorted %o produce

citraconic anhydride (S-methvl-furan-?,5-dione) (208). Since



Table 27 The srecificity of the Wiesner Rezsentg.
Conpound Wieansr Reggent A Wiesner Reagent B
Response and colour Response and colour
2HBZzAY Inmediste, red-—brown Imnedinte, red-brown
3HBzAY Imnediate, red=brown Inmediate, red-browvn
4HPzAL Tmmediate, red-browvn Immediate, red-brovm
2,4DHBzAlL Imnediate, red-brown Tomediate, red-browm
3,4DHEZA1 Ingediate, red-brown Jumediate, red-brown
3tBzAL Impredinte, red~brova Imnediate, red-browvm
ANBzAY Immedizte, red-brown Imnediate, red-browm
3,ADIBzAl Immediate, red-brown Immediate, red-brown
3,4,5TIBzAY Imnediate, red-brovn Innediate, red-brown
31, 4HBzAl Imnediate, red-brown Innediate, red-brovm
3H,4FBzA) Immediate, redebrovm Immediate, red-brown
345DM, 4B 241 Iumediate, red-browvn Innediate, red-bhrovn
4 isopropyl BzAl Immediate, red-brown Immediate, red-brown
3,4MNBzA) Tumedinte, red-brown Imnediate, red-~browm
Phenvl ethanal Inmediate, blue green Jrmediate, hlue-agreen
Phenyl propional Begative Negative
Bzil Irmediate, orange Immediate, orange
CAl Immediate, orange Tmmediate, orance
2HCAl Tmmediate, nurple Immediate, purple
3,41IDCAL Imnediate, purple Immediate, vpurple
liethyl phenyl ketone Negative Negetive
g::ggi vanilloyl) Negative Negative
Fethyl syrinzoyl) Negative Negative

ketone




Compound

Wiesner Reagent A
Response ~nd colour

Wiesner Reazent B
Resvonse and colour

Tetrahydrofursan

5-hydroxyme thyl-
tetrahydrofuran

Furan

Puran=2~carboxylic
acid

FPuran=?-aldehyde

5=hydroxymethvl-
furan-2-gldehyde

2=methyl furan

Sehydroxyme thvl-
furan

Furyl aerylic acid
Fructose

Sucrogse

Citric acid

Halic acid

Maleie acid
laleic anhydride
Tartarie acid

Succinic acid

Negative

Regative

Slow, green

Hegative

Rapid, blune

Rapid, orange

Slow, pink

Slow, green
Negative
Negative
Negative
Negative
Negative
Hegative
Rapid, orange
Negative

Negative

Negative

Negative

Repid, green

Negative

Immediate, blue

Immediate, orange

Raepid, pink

Rapid, rreen
Negative
Immediate, red
Inmediate, red
Orange

Negative
Negative
Immediate, orange
Negative

Negative
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paleie sphydride (#urnn-2;5~di°ne) resvonded readily with Wiesner
Reagent 4, it was assumed that citraconic anhydride reacted

ginilarly, accounting for the positive response by citric acid.

¢ 1071

9

1. Wiesner Reagent A ie not srecific for aromatic aldehydes,
It glso gives = positive response with furanic aldehydes and ketones
containing % econjugated double bonds, It must be assumed that other
compounds {excepting aromatic ketones) which have this structure
will also give a positive response.

2. Wiesner Reagent B or Wiesner Reagent A and heat, give
a positive response with compounds that are not furans but which ere
converted to sensitive furans by the action of the Reagent,

3. leither Wiesner Reagent reacts with aromatic ketones,
Therefores, a positive re=ponse to the Wiesner Reagent and at least
one other reliable phenol-specific reagent is indicative of an
aronstic aldehyde. The colour of this response bears a relationship
to the structures of the aldehyde which may be of diagnostic value,
(See Table 27},

4. Comparison of the struectures of the compounds examined
(Fig 20) shows that a positive response to Wiesner Reagent A was
coincident with the possession of at least 3 comjugated doubie bonds
of whieh at least one was provided by acartonyl group. Ko
explanations can be offered for the negative resnonse of the aromatic
ketones which had this structure, or for the positive response of

fursn, 2-methyl fursn, and S-hydroxymethyl furan which did not. It
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would not be vnreasonable to expect a positive response from other
groups of compounds vhich have thia strueture, but whieh were not

available to test, eg terpenes such as Vitamin A aldehyde,

Sxamimation b [LC of the comppnents of sreen and roassted caffee
heans that are sengitive to the dieaner .

The following sreen and roagsted beans ground to pass

20 mesh.
Arabica Santos, green, and roasts 1 to 4.
Arabica Sao Peulo, green, and roasts 1 to 4.
Robusta Ghana, green, and roasts 1 to 4.
Robusta Ugande, green, and roasts 1 to 4,

Silica gel G TLC plates.

PYP TLC plates.

Solvent Svetens,

1. Toluene, ethyl formate, formic scid 5:4:1 v/v.
2. Diethyl ether, petroleun ether (40°-60°) 5:2 7/ .
3. Butan=2-one, methyl phenyl ketone, 50% acetic acid 5:5:4 v/v

vsed for the FVP plates.
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Locatine Roaconts

Yieaner Reagents A and 3B.

DNPH Reagent.

DSaA.

Periodate Reagent 0.5%, and 5.0%.

Molybdate Reagent.

Standard Solutions.

Aromatic aldehydes in 705 propan-2-0l Sme/nl.

Furans in 70f% propan-2-01 Sme/ml.

Procefurs.

A 10.0z sample of each ground bean was extracted four
times with 100m)l aliquets of dilethyl ether, BREach extraction was
carried ovt in an operating fume cupboard. The extracts were bulked
and the solvent removed at reduced pressure. The residue was
dissolved in 2,0ml 7O propan-2-0l and trensferred to a small
glags vial,

These extracts were examined by TLC on FVP, and two
dimensionnlly on silica gel using the ethereal solvent first.
Location of the components was initially by UV fluorescence followed
as required by a chromogenic reagent. The standard compounds were

exanined by one dimensional chromatogrephy on silica gel.
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Regults and discvoaila.
cussion

Tahle 28 shows the Rf wvalues of the standard coemrounds

after silica gel chromatography, with reported Rf values from the

literature yhere available., Table 29 shows the Rf values, and

responses to the various locating reagents, of the cbmponents
seperated from the green beans by two dimensional chromatography.
Figures 20-23 are drawings of these chromatosrams.

Roezsting produced a background haze of DNPH-zsensitive
material (probzbly alivhatic carbonyls) and a tendency for the
Hiesner—sensitive spots to diffuse. However, the green bean
patterns svrvived roasting without any obviouvs gquantitative changces.

The Arabicas gave distinetly different patterns from the
Rebustas, but the members of esch group were similar. Tn addition
to the Wiesner-sensitive carbonyls {components 1-10) 2 total of
7 fluorescent compounds were noted. These were insensitive to the
location reagents available and their investigation wes considered
outside the scope of this work.

Components 1, 3 and 6 appear to be phenolic aldehydes
sinee they responded %o DSA, but these substances did not correspond
to any of the availsble standards. Consideration of the information
obtained from the locatine rearents, and from the literature suggests
that components 3 and 6 are coniferaldehyde (3M,4HGA1) and sinapaldehyde
(3,5m,4HC41 ) resnectively.

Chromatosraphy on PVP separsted two larpe DNPH and Wiesner
Reagent-sensitive bands from all samples, with Rf values of 0.52 and

0.65. These brnds were almost certaimiy miwtures, but since the



Table 2% QOne dimengional TIC of siandard sromafic aldghvdes and

furans on Jilica ~el in the solvents diethyl ether.
etroleun ether 5:2 7/ (2) and toluene. ethrl formate,
formic ncid 5:4:] vz_ (1), Located by Wissner Reacent
A or B*,
Standard Rf x100
Solvent 1 Solvent 2
2HB7AL 43-47 (69) 44=46
34BzAl 5659 33-40
AWBZAl 52-55 2124
2,4DHBzA1 57-60 (55) 2230
3,4DHBzA1 33-43 (39) 07
3MBzAl 7075 67-70
AMBzAY 7276 64-T70
3,4D)BzAY 59 (50) 1620
3M,40BzAY 53=57 20=-28
4M,3HBzal 53=53 14-16
3,50, 4HBzA1 5657 10=-14
Phenyrl ethanal 73=30 53
4 isopropyl BzAl B6=29 86
cal 75-30 (67) 76
2MCAL T6=30 TO=T75
3,4MDCAYL 80=32 T2~T7
* Furan 72 10
Puran-2-aldehyde 76 50
S~hydrozy-nethyl-~-furan~2-aldehyle 60-64 65
* 2apethyl furan 75 38
* hohydroxymethyl furan s 48
lialeic anhydride (Furan-2,5—dione) 30 00

The values given in brackets are taken from the results of

Van Sumere ¢t gl. (185).



Iable 29 The comvonents of syeen and rossted coffee beans sewsrated by tuo dimensional TIC on Silice ced G uging

toluene, elivl formete. formic acid 5:4:1 /g and dlethyvl ethex. wetrolewm ether (40°-60°) 5:2 /v as solvents.
Syot numbé;T- Periodate liesner Rf %3100 solvent
and sample * 0.5¢ 5.0 DSA Eea;:ntB DIPE Muorescernce 1 2 Probable Identity
A B C D
1 1.‘-b***44- - - “ Dréwﬁ Yellow ’ Orange - 00 46=48 . A¥0ﬂftic sldehvde
2 2 - - - Yellow Orange  Yollow 03=0G6 5O=52 Carronyl
5 T ReA Red Brovn Purvle with Orange Purple 00 54=56 Coniferaldehyde
red helo
A A - - - Yellow Orance  Yellow 00 65=67 Carbonyl
5 5 - - - Yellow Orange - 40-42 6264 Carbonyl
6 6 Yellow  Yellow  Pink Blue Orance  Yellow 40=44  30=36 Sinapaldehyde
7 L = - Orange Orange - 84=85 8690 Carbonyl
8 - - - Yellovw Orange - 14=17 62=65 Carbonyl
9 = - = Yellow Oranece  Yellow 60~62 T4-75 Carbonyl
10 . = = Orange Orange  Yellow 30~32 65=68 Carbonyvl
11 A = = - E Yellow 12-14 54-56 Non~carbonyl
12 12 - - - - - Yellow 30=36 6&67-T0 Non=carbonyl
13 13 e = e e - Yellow 67-~70 83=85 Non=carbonyl
14 - = - - - Pink 14=17 62-65 Non—carbonyl
15 = 2 = = = Yellow 30=32 b65=0T7 Nonecarbonyl
16 - = - - - Blue 66=69 65=67 Non-carbonyl
17 = . - - - Yellow 55=59 74-78 Hon-carbonyl
From the References
literatures:-
Coniferaldehyde Yellow Red=14lac Blue~green 51 (168)
Sinapaldshyde Rose Lilac Werk - (185)
vellow=green

* Key:~ A = Arablca Santos, B = Arabics Sao Paulo. C = Robustza Ghana. D = Robusta Uganda,
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upper band was sensitive to the Periodate Reagent and DSA, it was
assumed to contain the phenolie compenents., Reference to Table 15
shows that aromatic aldehydes containing one hydroxyl eroup e=n be
expected to h=ve an Rf value in the range 0.65~0.80., This
information is in zgreement with the suspected presence of
coniferaldehyde ani/er sinapaldehyde. Since by PVP chromatography
only one DSA-sensitive band was located it would appear that Spot 1
from the two dimensional plates also contained one hydroxyl, This
compound was insensitive to the Periodate Reasent and therefore it
can be deduced that no methoxyl groups were present in the positions
ortho- and para- to the hydroxyl. From the information available
it was not possible to reach any more positive conclusions about
the strueture of this compound,

Comnonents 2, 4, S5 and 7=10 could not be identified., It
is possihle that they are terpenes gince meny such compounds are

found in essential oils.

Conclusions.

t.Green coffee beans contain s range of compounds that are
sensitive to the Wiesner Reagents. These substances survive
roasting, Arabicas contain a wider range and greater quantity
then Robustas.

2.Tvwo of the components appear to be coniferaldehvie (present
in a1) four besns) and sinapmsldehyde (present only in the Arabicas).

It is pnssible that the Arabicas also contain another monohydroxy

aromstic aldehyde.
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GIRERAL DISCUSSION.

Examination of the phenclie components of two green
Arabicas and two green Robustess by the Differential Technigue showed
that the total CQ and FQ scids content was in the range 5.8=9.3% (dmb).
Robustas contained more CQ acids (7.8-8,0% dmb) than Arabicas (5,6~
6.2 émb), and similarly more FQ acids (0.8-1.%> dmb compared to
0.23=0.25% dmb),

Examination of these same beans, quantitatively and
chromatographically, after subjecting each to four degrees of roasting
showed that both tyves of bean suffered a very similar progressive
loss of CQ scida, In the case of the Robusta Uganda this loss was
655, and in the other three cases about 80%. In contrast the FQ
acids showed very little loss. This retention of FQ acidg leads
to roasted Robusta beans having a considerably greater content of
depsides than =n Arabica bean subjected to the same desree of roast.

The quantitative results obtained by previous workers are
vary 2imiler if allovances are made for the natural variations in
raw meterials, and the inherent limitations of their techniques. This
point has been fully discussed in Chapter 2, Section 6.

Aqueous extracts from roasted Arabica beans have been
shown to have a lower pH value than similar extracts from roasted
Robusta bveans (13, 74, 192, 209, 210) despite the hisher content of
phenolic acids present in the Robusta beans, At least a portion of
the depsides of green coffee beansz is present as a potassium and
caffeine complex. Smith (29, 30) has reported that the 3CQ caffeine

potassium salt is more heat stable than the free acid, and the
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stability of the phenolic portion of this complex is supported by

the results of the model systems (See Tabdle 19). Sueh salts present
in the ro=sted bean will not contridbute to the acidity of agueous
extracts or brews and their preferential retention after roasting
could explain the apparently anomalous relationship between extract
pH value and eontent of phenolie ‘'acids.,! Hassan (192) velieved that
the lover oH value of Arabica extracts was due to a greater content
of non~pheneclic acids produced by sugar pyrolysis.

The results obtained by examining model systems containing
phenolic compounds showed that caffeic acid was more heat sensitive
than 3C4. In the essentially anhvdrevs model systems 3CQ did not
hydrolyse to caffeic acid and guinie acid, but when heated with
dilute hydrechloriec acid at moderate temperatures hydrolysis readily
occurred, Hassan (192) reported that sufficient moisture was present
in the coffee bean during the early stages of roasting for sucrose
hydrolysis to oceur., It is regsonable fto assume that the heat
sengitive CQ acids would initielly degrade by hrdrolysis to caffeic
ecid and ovinie acid. Caffeic acid did not accumulate in the
hydrochloric acid hydrolyses but degreded further, Similar degradation
of caffeic mcid in the anhydrous model systems and its absence from
the rossted bean suggest that such a degradation occurs during roasting
of coffee beans,

Lacl: of material prevented 2 comparison in model systems
of the heat sensitivities of FQ acids snd CQ acids. When ferulic
acid was heated in a2 model syatem with another organic acid it was
less heat sengitive than caffeic acid. These resuits suggest that FQ

acids will be less heat sensitive than CQ acids, and support the



122

results obtained by quantitative and chromatographic examination of
coffee bean extracts,

TLC of the roasted organic acid-containing model systens
demonstrated a range of caffeic scid and ferulic acid degradation
products., Amongst the former were thought to be pyrogalloel, pyrogallic
acld, and verhaps protocatechuic acid and aldehyde, Amongst the
latter were thousght to be 4=hydroxybenzoic acid and methyl vanilloyl
ketone, MNethyl vanilloyl ketone and protocatechuic sldehyde have
previonsly been reported as ferulic acid and caffeic acid degradation
products respectively (29, 111, 148). Hogl (111), and Smith (29)
believed that pyrogallel was a chlorogenic acid degradation product
derived frem the quinie acid moiety. Detectien of pyrosailel in
roasted model systems containing caffeic acid or 3CQ, but not quinie
acid svogests that the caffeie acid is a more likely origin.

‘When depsides were heated in 'dry' model systens and
hydrolysis did not oeccur, traces of three desradation products were
found after triple development of the chromatograms., The evidence
of the loeating reagents suggested they might contain a pyrogallol
unit (3,2,5THBz), and it is possible that a pyrogalloyl quinic acid
depside was produced by = reaction paralleling the production of
pyrogallic acid from caffeic acid. ILorant {182} reported that heating
300 at 260° produced a depside of caffeic acid and 3-hydroxybenzoic
aecid, Corse gt al (177) revmom+sd that 503 when heated in acidie
eonditione gave rise to its lactone (Hausehild's Substance,) It is
possible that Lorant's Depside and Heuschild's Substance were produced
by heating the model systems but it was not possible to establish the

presence or absence of such products in the roasted bean,
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The only phenolic degradation products that could be
denonstrated in the roasted bean were traces of pyrogallol and
pyrogallic acid and not the range *to be expected if depside hydrolysis
and cinmemic aci? degradation had occurred as ohserved in the model
systems, Dialvsis of an aqueous extract from the roasgted coffeec beans
yielded tanned protein(s)} {molecular weaight in excess of 20,000) which
contained hydrolysable phenolic compounds, The increase from a trace
to about 60, closely paralleled the loss of depsides during roasting,
and it is suggested that depsides and/or depside degradation products
are consumed by interaction with proteins. The amount of tanned
protein isolated could not account for all the depsidic material
that had been lost, but it is sugrested that some water-inseluble
tanned vprotein remeined unextracted (See Pig 24)., The maximum yield
of tanned protein{nearly 4% green bean dmb) compared favourably with
the 5, yields of water-soluble ‘humic acids' reported by Klocking gt 21
(55) and Obenaus (197).

Xlocking ef gl reported the presence of six hydrolysable
vhenolic comnounds and identified caffeic acid, 4=hydroxybenzoic acid
and catechol. The current investigation confirmed the presence of
caffeic acid and 4-hydroxyhenzoic acid, but not catechol zmongst the
eleven products detected., The range of vhenolic compounds released
from the MW material by hydrolysis was very similar to the degradation
products found in various model systems. Two vroducts of the HMW
hrdrolyses were not found in the hydrolysis controls, and therefore
were not artefaects. It is possible therefore that the other nine
products were not artefacts, but had arisen via depside degradation,

and then been incorperated into the tanned protein.,
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Amongst the tanned protein hydrolysis products were
traces of two ferulic acid {(or FQ) desradation products. TYield of
thege was far less than yield of CQ degradation products esnecially
in the esse of Arabicas., This observation is consistent with the
recorded stability of ferulic acid (and FQ acids) compared with
caffeic acid and CQ acids, and with the lover content of monomethyl
ethers in Arabica beans.

The weicht loss noted for caffeic acid, ferulie acid and
300 heated alone in mode) systems indicates the produection of some
volatiles, slthoush these would net necessarily have been phenolic,
Walter and Weidemann (67) revorted that 26 phenolie compounds have
been detected in coffee volatiles by various workers, and these
volatiles included nine aromatic carbonyls (e carbonyls with =
benzene nueleus). Pypker and Brouwer (211) rexorted thet headspace
volatiles of a Robusta coffee contained a greater auantity of phenols
than an Arabica coffee *(See Table 30). This observation is probably
related to the greater destruction of depsides ocevrring when Robustas

are roasted,

"Table 30 Some phemols nregent in coffee headsnage volstilgs.

(After Pypker and Brouwer)(211)
Relative Content (Approximate)®

Compound.

Arabice Robusta
4-vinyl puaiacol. 660 5,500
d-ethvl suaiacol, 12 15
4-vinyl catechol. 300 45
Phenol., 25 45
Guatiacol, 35 45

——

% Deduced from a CLC peak areas.
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Compounds of this type are typical of wood smoke (139,183),
and the aroma of smoked foods (212), and 4-vinyl phenol has dbeen
reported to impart a smoky aroma %o popcorn (213). It is suggested
that this tvpe of phenol has a completely different role in aroma
nuality compared with phenolic carbonyls, and that it may impart a
smoky and verhaps unpleasant aroma to roasted coffee beans, especially
in the case of Robusta besgns.

Radtke {122-124) examined coffee volatiles by separating
them into four fractions - acids, nitrogenous compounds, phenols, and
carbonyls,. Nixing the isolated phenols and carbonylse, or carbonyls
and nitrogenous compounds gave aromas reminiscent of coffee end
indicated the importance of such classes of compound in coffee aroma,
Aassan (192) believed that the provortions of these classes, and
pethaps the proportions of individusl components within a class, was
of rreater importance in determining the arcoma quality then was the
total quantity of such compounds. Hassan reported that roassted
Arabica volatiles had a greater content of carbonyls than roasted
Robusta volatiles and he felt that this difference was partislly
responsible for the more pleasant aroma of Arabica coffses.

When this information 12 considered along with the
gqusntitative results of Pyvker and Brouwer (211) it is reasonable to
suzrest that the different aromas of roasted Arabicas and Robustas
are paertially dve to the different proportions of phenols and carbonyls
present in the volatiles,

Four aromatic zldehydes have been reported in roessted
barley volatilegs., Two of these, vanillin and protocatechuic aldehyde,
were thousht to make a very important snd desirazble contridbution to

the character of the aroma (149. 231),
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During the course of this current research, methyl vanilloyl
ketone has been detected a3 a degradation produet of ferulic acid, and
a trace has been detected in roasted coffee beans., liethyl vanilloyl
ketone is the ketone correspondinzg to the aldehyde vanillin, and has
a very similar aroma, Protocatechiiic aldehyde might =2lso be present
in the reocasted coffee bean, but this could not be demonstrated with
certainty. It is possible that these phenolic aldehydes make an
imporisnt and desirable contribution to the aroma of coffes, as well
as barley.

Green Arabica beans were found to contain three cinname
aldehydes, tentatively identified as conifersldehyde, sinapaldehyde
and a nmonohydroxy cinnsmaldehyde. Only conriferaldehyde, at a much
lJover level, was found in Robustas. These aldehydes were showm to
survive roasting with little guantitative change, an ability probably
related to their high boiling point. (See Table 31).

Cinnamaldehydes and bengaldehvdes have heen reported to
be components of the essential cils of many spices and beverages
(7124-229, See Teble 31)., Vanillin, found in the vanilla bean is a
perticularly gzood example. It is suggested that similar cinnamaldehydes
and benzaldehydes present in coffee beans would make a pleasant
contribution to the arome of the coffee.

Tt has bheen revorted that a high liquoring quality of
roasted coffee bheans is related to & high content of sldehydes in the
green coffee beans (104—106). Although these workers did net specify
what type of aldehyde was involved, it is possible that benzaldehydes

and cinnamaldehydes were responsible,



Tahle 31 Lhe Oceurrence of benzaldshvdes and cinnamaldehvdes in esge-tial oils.
Substance Found in
M.Pt B.Pt Botanical Name Privial Name % omb Reference
Benzaldehyde ~56° 179° Perilla spo. 0.4-1.3 214
Selicylaldehyde) -11° 197° Tos % 215
2BBzA)
4MBzAY 119° 4 Thea sinensis Tea 216
4=-anisaldehyde) 1° 248° Qcipum hogilicum Sweet Basil 2.0 217
AlBzAl
Vanillin, 3M4HBzAl 84° 285° Aracus aromaticus Vanilla bean 218
jantac) ) & 55 Aacla maxmelog
4~isopropyl BzAl) Gorr (Aviacese) 219
Dehydrocuminal ) = - Surdnun evminum Cumin Seed 2.0=4,0 220
4=-igsopropenyl Bzal) Homalonema aromatics
Schott. 4.17 228
Phenyl ethanal = = Lorine lon-ifolis
Yall. Dipsaceae 12.6 221
Rpae teniitz 222, 22%
Tagetes minuta L, 215
Cinnaraldehyde -7.5° 252° Thea ginensis Tea 216
Cinnamonum gov. Cinnamon, Cassia 224, 225
2MCAY - 295o Cacasaia Cassia 225
ANCAL 58° = e 226, 227
Ocimum bagilicum Swveet Basil 4.0 217
Artemlsla dracunculus Tarragon G
Coniferaldehyde) 83° . onum 30D, Cinnamon 229

314 HCAL
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Keilgaard gngg_(?BO) has reported that the taste threshold,
in beer, for cinnamaldehyde and several other aromatic aldehydes is
about 1 ppm, It wovld appear therefore that only traces of
benzaldehydes and cinnamaldehydes need be present to have an effect
on the taste and aroma of coffee brew,

It is suggested that the substituted cinnamaldehydes,
detected in 2reen Arabica coffee beans at a higher lovel than in green
Robusts coffee beans, i3 one faetor which contributes to the higher
quality of roasted Arsbica coffees. Intesrating this hypothesis with
the findines of Hassan, and Pypker and Brouwer, suggests the following
requirements for a high quality green coffee beazn:-

1« A hich sugar, low arine acid content to give a hisgh yield of
volatile carbonyls.

2., Low depside content to give a low yield of 'smoky' phenols.

3. A high cinnamaldehyde content.

Further support for the importance of the cinnamaldehydes
can be obtained from reports by Ray (1660) and Ellison(1968), 21though
neither c¢an be considered of a truly scientifie nature,

Ray reported (232) "Those who go about the country looking
for plants, 3f they happen upon acid or nasty tasting beer, can
improve it best for the palate and digestion by an infusion of the
Common Wormwood."” The Common Wormwood Artemisia absimthum is closely
related to i, dracugeulus or Tarrason which has been reported to

contain 4-methoxy cinnamaldehyde (219).

Bllison (234) states "Black coffee or cocoa stirred with
sticks of einnamon bark is imparted with a very pleasant flavour and
aroma." Cinnamonum sppe have been reported to contain cinnamaldehyde,
2=nethoxy cinnamaldehyde, 4-methoxy cinnamaldehyde and coniferaldehyde

(224-227, 229),
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SQUCLUSIOLS

Green Arabica coffee beans have a lower content of

caffeoylouinic acids and feruloylguinie acids, than

green Robusta coffee beans.

The feruloylguinie acids are quite stable during roasting

compared to the caffeoylguinie acids.

Degradation of these depsides heated in model systems is

catalysed by other green bean components,

Degradation of these depsides heated in model systems gives

rise tn a rance of non-volatile phenolic compounds, and

volatile compoundsg some of which mey be phenolic.

Similar degradation occurs during the roasting of the

coffee bean, and the bulk of the phenclic degradation

products are consumed by interaction with proteins.

Green Arabica coffee Dbeans contain three substituted

einnamaldehydes, probably coniferaldehyde, sinapaldehyde,

and a hydroxycinnameldehyde, which sre suffieiently

non-volatile to survive roasting. Green Robusta coffee

beans contain only a smaller quantity of coniferaldehyde.

A hish guelity green bean has cortain basic reguirements:-

(1) Eigh sugar:amino acid content siving a high yield of
volatilae carbonyls.

(2) Low depside content giving a2 low yield of 'smoky'
volatile phenols.

{3) A hish content of non-volatile einnameldehydes.
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SUGGESTICHS FOR FUTURS 'IORK.

e It would be very informative to examine Arabica and Robusta
beans {end Liberica if available) to deternine the proportions of

amino acids, sugers, CQ and FQ acids, and cinnameldehydes.

2. Subsequantly to roast these beans and to determine the
proportions of carbonyls and phenols present in the volatiles, The
beans could te roasted in a closed system and the volatiles drawn
through a series of traps contsining for exnample DNPH and the Periodate
Reagent, Reversing the order of these reagents mizht serve to cive

some jindication of the proportion of phenolic carbenyls to'smoly’
phenols.

Alternatively, use could be made of an aqueous earbonyl-
free solution of poly-N-vinyl pyrrolidone (of a lower degree of
polymerisation than the insoluble form used for TLC) to trap the
phenolie volatiles,

It micsht be possible to examine this selution
spectrophotometrically or colorimetrically aftsr treatment with
periodate,

3. The green coffee bean "essentisl o0ils" should be isolated
and the components characterised by GLC and MS., There may be
components other than cinnamaldehydes which contribute to the

better quality of Arabica beans, eg terpenes,

4. lodel systems of the type describad in this thesis

should be examined in much grester detail. It is possible that
eadjusting the roasting conditions might increase the yield of phenolic
aldehydes at the expense of 'smoky' phenols. This may sugrest some

modification that could be made to green coffee beans.
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The phenolie components of green and roasted, Aradbica
and Robusta coffee beans were extracted, quantitated colorimetriecally,
and examined chromatographically, Green Robusta beans had a sgreater
content of enffeoylquinie acid®and feruleylouinic acids then green
Armbic beans, Roastins ceusel a progressive loss of 65-80% of the
caffeoylquinic acids, but the feruloylquinie acids were not
detectnblv destroyed. After a given desree of roast, Robusta beans
had a hizher content of phenolic comvounds than Arebieca beans.

To further study the effect of heat on this type of
phenolic compound a series of model systems were prepared and heeted
et 180° for five to twenty minutes. The effect of includinz certain
other green bean components was also examined. Tha heated model
systeng were exemined gravimetriecally, colorimetrically ang
chrometographically. Of the fifteen phenolie degradation products
separated by chrometography, eight were identified, but only two of
these were found in the roasted beans.

The water-soluble high molecular weight components of
green and roasted beans were extracted and purified by dialvsis., The
freeze-dried materiel was fractionated and the fractions examined
by hvdrolyeis and thin layer chromstogrephy for the presence of
svwgrrs, amino compounds and phenolic compounds. The alcochol-insoluble
fraction contained surars and amino compounds, and the alcohol-soluble
fraetion contained amino compounds and phenolic compounds, The

content of phenolic compounds in this fraction increased during

roasting.
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The minor phenolic compenents of the green and roasted
bean were exarined chromatographically. Structure-specific loecating
reacents were employed in an attempt to characterise them, and the
specificity of the Wiesner Reagent was investigated. This reagent
was found {0 react with certain furans ss well as aromatic rldehydes.
Three cinnamaldehydes were tentatively identified in green Arabica
beans, only one of which was found in Robusta beans, Their behaviour
durings roasting was investisated,

Dvrine the course of this work twn new ftechnicues were

developed, These weres-

1. A colorimetric reagent for guvantitation of certain phenolie
comnounds, and for spot location in chromatography.
2. An adsorbant(poly—N—vinyl pyrrolidone)for thin layer

chromatogranhic separstion of phenolic compounds,

To facilitate the investigation of the high molecular
weisht components a continuwous, semi-avtomatic, preparative,

thin-f41m, countercurrent dislyser was desisned and comnissioned.
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AEPENDICES.
Arpenddx A.
1. Xreparation of Locating Reszents.

A, Periodate Reagent O.Eii gpd 5,0,

Dissolve the apvropriate qusntity of analytical grade

potassiun metaperiodate in deionised water.

B. lolvbdate Reazent (170).

Ta prepare 1 litre of reagent dissolve the following
in deionised water:-

1. 6.5 sodiur molybdate N82N004 2H20.

2. 8.02z disodimm hydrogen phosphate Ha2HPO4 2H20.

3. 743z sodium dihydrogen phosphate NaH, PO, 2H20.

C. Diazotised Sulphanilic Acid Rearzent (167).
Add freshly prepared sodium nitrite (5&} 25ml), slovly

at 0% +o 5.0ml sulphanilic acid solution (O.9g sulphanilic acid
digsolved in 9ml concentrated hylrochloric ascid diluted to 100ml
with deionised water),

Air dry the plates after spraving.

D. Dinitrophenvlhvdrezine Reagent (DNPH) (192).

Dissolve 2,4 dinitrophenylhydrazine (2£) in 180m1

concentrated hrdroechloric acid and dilute to one litre, The DNPH

147

ls slow to dissolve - the resgent should be filtered before use to

remove particles which may clag the spray nozzle.
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E. HYiesner Reagent 4 and B (168, 206).
Disselve 1g phloreglucinol (2,4,6THBz) in 100ml 127
hydrochloric scid to prepare Reagent A, For Reagent B, use
eoncentrated hydrochloric acid, This reagent turns yellow, and then

red Auringe storage, and should be discarded if discoloured.

1. Reazent of Swaim and Hilljs (170).

Vanillin (3MAHEBzA1) (3%) dissolved in TO¥ sulphuric

ecid,

2. Reagent dgveloved during this vroiect.

Vanillin (1%) dissolved in 12% hydrochloric acid.
If the reasent becomes discolouvred during storage, it should be

discarded.,

Tahle 32 Response of gtandard compounds to Varillin Reazent 2.

Compound Colour Response (yug)

2,4 DHBA resorcylic aeid faint red

3,5 DHBA rasoreyliec zecid faint red

2,6 DHBA resoreylic acid faint red

2,4 DHBzAl resorcylaldehyde faint red

2,4 DHBz resorcinol rod

2,4,6 THBg phlorozlucinol red

3,4,5 THBz pyrosallol faint purple

3,4,5 THBA pyroratliie aeid faint purple




Dissolve ig d

90m1 s'ulrhuric acid (

*"wu:i e

Il III -

T
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aopendix B.
Frenaration of TLC Pl-tes.

1. Plain Silice =gl G plates.

Silica el G (BDE or Merck) (30g) was mixed with 65ml
deionised water and mixed at high speed in a homogeniser for about
thirty seconds, This slurry was rapidly transferred to a proprietry
TLC spreader and a layer of 250 nm applied to five 20cm x 20cm plates,
(or ecuivalent number of smaller plates). If a2 deeper layer was
roquired the cusntities were adjusted accordingly.

The plates were slloved to dry at roem termpersture for
20=30 minutes and then heated at 100° for 15-20 minutes. These
plates were stored in a desicecator until reguired., After prolonged

storage the plates were reactivated before use,

2. Bisulphite imprecmated platgs.

These were prepared using C.1ll sodium metabisulphite

instead of deicniaed water,

3. Poly-li-vinvl-prrrolidone plstes.

Insoluble FPVP {(12,.0¢) and CaSO4%H20 (2.4¢) were mixed
thorourhly in the drv and then homogenised with 96ml deionised water
for 1-1) minvtes, The slurry was spread over five 20cm x 20cm plates
to a depth of 500 nmn. The plates were =1lowed to dry for 1 hour at
room temverature, then heated at 110° for 15-20 minutes, They wore

stored in a desiccator until regquired.
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Arpendix C.

Ereparation of the diglvser.

10.

Soak eirshteen inehea of 8/32% dfameter *Visking' dialysis tubing
in water wntil plieble,

Pass one end carefully throuch the PTFE washer, silicone rubber
ring and the plastie screw cap.

Moisten a tapered glass tube and insert casrefully into the dialysis
tubing and through the plastic cap, rubber ring and PTFE washer,
Insert this assenbly into the condenser jacket. This is the
assembly stage shown in the diagrenm.

serev the plastic cap loosely onte the condenser body.

Remolisten the free end of the dislysis tubing and repeat step 2,
Repeat step 3.

Repeat step 4.

Adjust the dislysis tubing so that it is not twisted, =nd not in
eontact with the sides of the condenser jacket. The dialysis
tubing must bz kept damp or it will tear.

Connect one of the tapered glass tubes to the peristaltic pump

and the reservoir containing the maferial to be dialysed. Connect
tubing from the other tapered glass tube back te the same reservoir.
Similarly connect the inlet and outlet of the condenser jacket to
the peristaltic »ump and solvent reservoir, Arranpge the supplies

to 2llow couvntercurrent flow of solvent and materisl to be dialysed.
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Make final adjustments to dialysis tubinz and tichten the screw
earys.

Switeh on the peristeltic pump,.

Top up the level of solvent as necessary. Dilute the retentate
=8 required for sasy rumping. Diffusion inte the T0% propan=2-nl

conecentrates the retentate,
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Arpendix D.
The cquantitation of i i d 2 gof beans.
Introduction.

Aceording to Pearl (235), liemin is a system of tri-
dimensional polymers vwhich permeate the membranous polysaccharide
and the spaces between plent cells, Lirnin cennot be fully defined
chemieally, but is known to consist of a group of amorphous
chemically~related aromstic substances. Since this substance cannot
be chemicelly defined, only aprroximste methods are available for
its quantitation, Pearl (235) reported that the best methods
available are bansed on the insolubility of lirsnin in concentrated
sulphuric acid, and the simplest of this type is the Russian

Standard Method,

Zhe Rugsian Standard Method for the determinatign of li-min in woody
materials. (235).

Treat the sample (lg) with hot distilled water (lOml) and
allow to stand for fifteen minutes, Hydrolwse with 867 sulphuric acid
(25m1) at room temperature for three hours. After hydrolysis dilute
the suspension with 250ml water and boil for five minutes, Filter
the susvension throuch & sintered glass filter, wash the precipitate

and dry to constant weight. The residue iz assumed to be 1i-min.
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Ma gg r"i als .
Ground green Robusta Ugande 4 ¥ 1,0002
Ground roasted Robusta Uganda 4 x 1.000g
Skim milk powder 2 x 1,000g

4nalytical erade Sulphuric acid 36/ V/v

Aesulis and digcusgion.

Lisnin is found in woody tissues, which are dead, snd in
vaseular tissues which are proesent in 211 plant material. In woody
tissues the protoplast has been destroyed and the »rotein content
ie very low, verhaps zero, Vasculzr tissne is associated with
living tissue which will contain 2z certain amount of protein, This
<2 the form in which l1limmin may be expected in the coffee bean, along
with protein 10-14% (dmb) (35, 38, 44). It was felt that a method
designed for {tissues of low protein content mizcht not be suitable
for examining tissues of high vprotein content, so skim miltk powder
(approximately 339 protein) was used as 2 contrel.

The results are set out in Teble 33, The milk vowder appeared
to contain £lishtly more liomin than the sreen or rossted coffee beans.

Since milk powrder does not contain lisnin one must assume
that som= comvonent of skim milk powder interferes in this techaique,
and that & similar interference could have occurred with the coffee
bean gamples., It was decided that a2 detailed investigation of the
nethods of lionin determinztion wss outside the scope of this project,

and no further action was taken in this respect.
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Table 33 The lisnin concent of green and rogsted coffee beans

Lienin Content (% dmb)

Sample and
replicate number, Range liean
3reen Robusta Ugande 1 22.0
2 17.2
20.45
2 19,5
A 23.1
Roasted Robusta Uganda 1 24..5
2 22.0
23,02
3 2%.7
4 21.9
Skim ilk Powder 1 23.5
22,80
(Control) 2 23,5

This technigue is not suitable for determinine 1i-min in

coffee beans or in other protein-rich materials,
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hppendix K.

Laboretory rogstine Qf goffee beans.

A hend=operated, gas-heated, laboratory coffee roaster
was employed to prepere all the roasted samples used during the
course of this work. The roaster (Tvpe 260, capacity 3 lb.) was
supplied by Uno Limited of London. The gas jet adjustment was
carried out by the menufacturer before despatch, and no further
adjustments were made.

The roaster, with the zas jets burning, was operated for
about five minvtes in order to heat to nermal roasting temperature
before the sreen coffee beans were placed in the roasting chamber,
The degree of roast was asgessed visually - a task which required
a little vractice - and when reasting was considered to be comrlete
the gas jets were ghut off, and the beans discharmed into the
cooling tray. Cooling was speeded by exposure to & blast of cool

air from s fan,
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