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JOURNAL OF LIQUID CHROMATOGRAPHY, 6(S-2), 153-178 (1983) 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY IN OENOLOGY 

M.E. Evans 

Private Mail Bag, Glen O s m n d  P.O. 
The Australian Wine Research Institute 

South Australia , Australia 5064 

IMROINCl'ION 

I n  t h i s  review I have included every reference I have been able t o  

f i n d  i n  which h.p.1.c. has  been used i n  analysing wines and musts. C l e a r l y  

an article such as t h i s  m u l d  be i n c o q l e t e  i f  allied f i e l d s  l i k e  brewing, 

food chemistry, and phytcchemistry =re ignored. I have t h e r e f o r e  used my 

d i s c r e t i o n  i n  s e l e c t i n g  from t h e  huge number of  publ ica t ions  i n  these  

areas those papers which seem t o  rn l i k e l y  to be of value to  c e n o l q i s t s .  

ORGANIC ACIIjs 

1 

separated organic  acids on Aminex A25 r e s i n  i n  t h e  

A review of ana lys i s  of organic  a c i d s  i n  wine has appeared . 
2 Pahwr  and L i s t  

f o n m t e  form, e l u t i n g  with aqueous sodium fmmte and using R . I .  

de tec t ion .  The ac ids  wre trapped on a s h o r t  colunn of t h e  saw r e s i n  

which was then washed with water p r i o r  to  e l u t i o n  of fne acids onto  t h e  

s2parat ion colurm. Rapp and Ziegler3 descr ibed separa t ion  of citric, 

mlic, tartaric, and succ in ic  acids on kninex A6 r e s i n  e l u t i n g  with an 

i sobuty l  acetate- isobutyl  alcohol--mtpr mixture and using R . I .  de tec t ion ;  
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154 EVANS 

with wines enrichment with ion exchange r e s i n  w a s  necessary. The sams 

authors  used an anion exchange r e s i n  to s p l i t  wine i n t o  a c i d  and 

n e u t r a l  f r a c t i o n s ,  then analysed each f r a c t i o n  with a cation exchanqe 

r e s i n  column e l u t i n g  with aqueous re thanol  and w i n q  R.I. detec t ion .  The 

n e u t r a l  f r a c t i o n  contained sugars ,  e thanol ,  glycerol, and butane 2,3 - 
diols and the  acid f r a c t i o n  the wine acids .  Rajakkyla 

acids, includinq t h e  major w i n e  acids, on Aminex HPX - 87 r e s i n  a t  65' 

e l u t i n g  with 0.01N H3FQ4 and employing de tec t ion  a t  210nm. The author  

has seen chromatogram of wines and of standard mixtures of acids using 

e s s e n t i a l l y  the  same condi t ions as Rajakkyla, separa t ions  were e x c e l l e n t  

and mst of the  other U.V. absorbing matsriaLs from t h e  wine e l u t e d  he€ore 

t h e  acids. The wines *re s i n p l y  f i l t e r e d  before  i n j e c t i o n  and several 

hundred sanples werz run without d e t e r i o r a t i o n  of t h e  colum 

p e r f o r m c e  . 

4 

5 separated organic  

6 

7 

(styrene-divinylbenzenel r e s i n  e l u t i n q  with pH 2.6 buf fer  and de tec t inq  a t  

210nm. Separation of a s tandard mixture was e x c e l l e n t  but  a chromatcqram 

of a Cal i fornian wine m s  congested i n  t h e  region around tartaric acid. 

Gump and KupinaR invest iqated a n a l y ~ e s  of gluconic  and o t h e r  wine acids 

both on a C-18 column and on Aminex 50W x 4,  with R.I. detect ion.  

Schneyder and Flak concentrated acids from w i n e  on hwatit M5020 r e s i n  

then separated them M a C18 mlwn e l u t i n g  wi th  a phosphate buffer  and 

w i n g  R.I. detect ion.  Jeur ing  et allo separated malic and citric acids 

by direct i n j e c t i o n  of filtered apple j u i c e  onto  a C-8 mlurm, e l u t i n g  

with phosphate buf fer  and enp1oyit-q d e t e c t i o n  a t  220m. Bush et a 1  

s i m i l a r l y  separated C2 - C5 f a t t y  acids on a C18 mlurm using a 

phosphate buffer  containing 10% m t h a n o l  wi th  de tec t ion  a t  210m. Droz and 

Tanner" separated acids i n  f r u i t  ju ices  and wine on a C18 mlunn 

Lee separated wine acids on a column of rnacroporous poly 

9 

11 
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HPLC IN OENOLOGY 155 

e lu t ing  with an aqueous buEfer containing KH2FQ4, Bu4N PO4 and 

H P 4  and enploying detection a t  225nm. Gonnet and MarichS3 

investigated the  chromatoqraphy of w i n e  acids usinq a var ie ty  of reverse 

phase columns and solvents but decided that t h e  best separation they 

obtained was unsatisfactory. S t ah l  and Laub14 determined acids i n  wines 

and f r u i t  juices on a o o l m  of microcrystalline ce l lu lose  e lu t ing  with 

e thyl  acetate-n-propanol-water and using conductivity, U.V., R.I., and pH 

detectors in  series. Stah l  et all5 ccmpared t h i s  mthod with o f f i c i a l  

methods of analysis and obtained g o d  agreement. Israelianl‘ discussed 

br i e f ly  the application of h.p.1.c. to wine analysis and separated wine 

acids on an ion exchange column. F r i k r g ”  separated low m.wt. acids (as 

-11 as saccharinic acids, alQnic acids, and mnosacharides) in  various 

systems including wines and discussed potent ia l  applications i n  the  food 

industry with special reference to winemking. 

The above mthods a l l  use R.I. or shor t  wavelength U.V. detection. 

In  t h e  authors experience R.I. detection can give solvent and other peaks 

which may in te r fe re  with the  peaks of in te res t .  For exanple when using a 

Waters Rad-Pak C-18 mlurm with a phosphate kuffer of pH 2.6, water gives 

a negative pak very close to tartaric acid, reducing the  height of the 

latter peak. Short mvelength U.V. is ahsorbed by m y  wine ccnponents and 

broad peaks e lu t ing  a f t e r  the acids can delay injection of t h e  next 

sample. 

A number of other rethcds of detection have been described which 

may writ investigation for  w i n e  acids. Fs r ino t t i  et all8 separated 

various shor t  chain acids on a C18 m l m  with aqueous ace ton i t r i l e ,  the 

e f f luen t  was mixed with hramcresol purple and the  absorbance a t  425nm was 

mnitorerl, it is c h i d  that t h i s  mthod is t e n  times mre sensit ive than 

using U.V. absorbance at 205nm. Cochrane and Hillman’’ separated anions 
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156 EVANS 

on a VyaoC 302 colm, e l u t i n g  with .005M potassium hydrogen phtha la te ,  

t h e  e l u a t e  was monitored a t  302m and t h e  ions wre seen as peaks of 

decreased U.V. absorbance. Buytenhuis” used a similar p r i n c i p l e ,  

e l u t i n g  anions from anion exchange r e s i n  wi th  mobile phases of  high 

r e f r a c t i v e  index to  increase t h e  d i f fe rence  i n  R.I. betmen the e luant  and 

the e l u t e d  ions. 

Organic acids i n  wines can be separated with Dionex Ion 
Chr-tcqraphsZ1, these  are very c o s t l y  however. Iclo.lnar et a1 22 

described a siinilar system i n  which t h e  suppressor colurm can be a n i t t e d ,  

though at scm loss of baseline s t a b i l i t y .  Both these  systems use 

conduct ivi ty  de tec t ion .  

Organic acids can also he analysed a f t e r  derivatisation and much 

e x c e l l e n t  wrk has been published using t h i s  approach. Methylanthracene 

der iva t ives23  for fluorescence detection and napthyl & r i v a t i ~ e s ~ ~  f o r  

U.V. detect ion m y  be prepared by reaction of acids with d iazo  

d e r i v a t i s i n g  agents. Napthacyl” and phenacyl 26-31 d e r i v a t i v e s  have 

been descrikd, these  have very high U.V. absorbance and are r e a d i l y  

separated by n o r m 1  and reverse phase chromatography. Crown e t h e r  

c a t a l y s t s  28r29 enable dibasic acids to be e s t e r i f i e d  and such a catalyst 

has been used by Gonnet and Marichy3’ as a basis €or m a l y s i n g  acids i n  

wines by reverse phase chrcsnatography. Potassium f l u o r i d e ,  which is 

cheaper than crown e t h e r s ,  can also b? used t o  catalyse phenacyl ester 

formation 30r31 however it d ~ e s  n o t  br ing about e s t e r i f i c a t i o n  of 

tartaric, mlic, and succ in ic  acids under mnditions which e s t e r i f y  acetic 

and benzoic 

The author33 has found t h a t  4) -tosyloxy acetophenone (prepared 

frun styrene glycol by t o s y l a t i o n  and oxida t ion)  is a u s e f u l  a l t e r n a t i v e  

to phenacyl branide as it is widely separated frcm the latter ccrrpound i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



HPLC I N  OENOLOGY 157 

reverse phase chrmtography. This is advantageous where the  phenacyl 

ester of interest and phenacyl branide chranatograph close together. A l s o  

the  tosy l  compound is not lachrimatory. 

Organic acids m y  also be derivatised with 4 - b r m t h y l - 7 -  

mthaxycoumarin 34-36 and the derivatives can be separated by reverse 

phase chrarratcgraphy with fluorescence detection. Again the use of crown 

ether  ~ a t a l y s - ~ ~  makes possible derivatisation of dicarboxylic acids. 

S h h z u  and Wai~anabe~~  separated organic acids i n  wines and 

musts by a new h.g.1.c. mlyser using 'a highly spec i f i c  and highly 

sensit ive detection mthod'. 

Monk et  a13' have separated w i n e  acids by l o w  pressure 

chrcmatography on Emex 50W x 2 eluting with d i lu t e  butyric acid and using 

conductivity detection. 

BENZOIC, SORBIC, ASCORBIC, AND ISOASCORBIC ACID 

McCalla e t  a13' analysed sorbic acid i n  w i n e  on an anion 

exchange a l u m  eluting with a borate buffer and enploying detection at 

254nm. E i s e n k d s s  e t  a14' and Clasodonte et a141 determined sorb ic  

acid i n  Wine i n  the presence of benzoic acid. J ? r ~ e h l i c h ~ ~  cptimised 

reverse phase separatian of benzoic acid and sorb ic  acid from each other 

and f ran  the matrix in wine and i n  cherry and sauerkraut juices. 

KubotaQ3 determined sorbic acid on an anion exchange colunn with a 

phosphate buffer and U.V. detection. 

B u i - N g ~ y e n ~ ~  determined ascorbic and isoascorbic acids on a 

LiChrasorb NH2 calm using aqueous acetonitrile containing KH2 Po4. 

Dennison et a145 enployed a similar s y s t e m  with methanol i n  place of 

ace ton i t r i l e  to determine ascorbic acid and demy ascorbic acid. The 
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158 EVANS 

latter ccmpound was reduced by DL hcmcys te ine  to ascorbic acid before  

analysis .  Geigert et a14' analysed ascorbic and isoascorbic acids on a 

Waters Carbhydra te  ana lys i s  colurrn e l u t i n g  with aqueous a c e t o n i t r i l e  

containing phosphate buffer. 

Palmer and separated sugars  i n  deionised grape j u i c e  

on Aminex Ql5OS K+ at 60° e l u t i n g  with mter. Rapp et a148 analysed 

w i n e  €or sucrose, qlucose, f ruc tose ,  qlycerol and e thanol  by direct 

i n j e c t i o n  onto a column of Aminex A6 r e s i n  and e l u t i n g  with water. Rapp et 

a14' used t h i s  method to s tudy  t h e  inversion of sucrose in grapes. 

Shimazu et a150 analysed sugars ,  polyols and e thanol  i n  wine and 
2+ m u s t  on a Diaion CIbo8S (Ca 

mlno and oliqosaccharides  i n  beer and wort M Aminex HPX-42 r e s i n  a t  8S0 

e l u t i n g  with water. Dunsmire and Otto5* described a genera l  procedure 

f o r  analysing sugars  i n  a v a r i e t y  of mtrices using a 

~ n d a p a k / C a r b o h y d r a t e  colurrn e l u t i n g  with aqueous a c e t o n i t r i l e .  Wng- 

chong and MartinS3 used a similar method with E low programing to speed 

analysis, these authorsS4 also examined ion exchanqe r e s i n s  f o r  sugar 

separations and obtained e x c e l l e n t  reso lu t ion  on Aminex Q15OS(K ) at 

60'. e lu t inq  with water.  Czernv et a155 determined suqars  and polyols 

i n  foods with a)1Bandapak/Carbohydrate colurrn e l u t i n g  with aqueous 

a c e t o n i t r i l e .  Palla56 separated sugars  on )&xkhpak C18 e l u t i n g  with 

water. Flak57 removed acids f r a n  wines with ion  exchange r e s i n  i n  t h e  

acetate form then separated t h e  suqars  on e i t h e r  a p&ndapak/CarbohNrate 

colurm or an amino bonded column. Muller and SiepeS8 separated sugars  on 

1 r e s i n  column. Schmidt et alS1 determined 

+ 
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HPLC I N  OENOLOGY 159 

LiChrosorb NH and rwocrprrended e t h y l  acetate-acetons-water as a less 

t o x i c  a l t e r n a t i v e  t o  aqueous a c e t o n i t r i l e .  A i t ~ e t m u l l e r ~ ~  described a 

m t h c d  f o r  t h e  analysis of sugars  and g lycero l  on silica, e l u t i n g  w i t h  

aqueous a c e t o n i t r i l e  containinq an amine nndifier, t h i s  is chin& to s h o w  

advantages Over a bonded MI2 packinq u*lilst qiving similar separat ions.  

Johncock and Wagstaffe6' used A i t z e t n u l l e r s '  re thcd  and discussed t h e  

sources  of baseline i n s t a b i l i t y  i n  R. I .  de tec t ion  and t h e  need far 

thermostat t ing the various parts of t h e  c h r m t o g r a p h  to obta in  increased 

s e n s i t i v i t y  . 

2 

Goiffon et a16* analysed glycerol and suqars  i n  wines on an 
63 anino bonded column e l u t i n q  with aqueous a c e t o n i t r i l e .  S t a h l  et a1 

using a m l m  of rnicrccrystal l ine c e l l u l o s e ,  a mbile phase of e t h y l  

acetate-n-propyl alcohol-water, and R.I .  and microadsorbtion detectors 

analysed wines for polyhydric alcohols. The sam mlunn could be enploysd 

to determine C1C5 mnohvdric  a lcohols  usinq benzene as t h e  eluent. 

Iverson and B u e n ~ ~ ~  using a mthd s i m i l a r  t o  that of P h r  and 

B r a n d s 4 '  conpared h.p.1.c. and g.1.c. for analysis of sugars  and 

concluded t h a t  h.p.1.c. vas both quicker and mre accurate .  

A l l  the methods in t h i s  sec t ion  used R . I .  detec t ion .  It should be 

noted t h a t  sugars  can be detected also with s h o r t  wvelength  U.V. although 

the  problems mentioned i n  t h e  s e c t i o n  on acids would apply with sugars 

also. 

BIOGENIC AMINES 

Subden et a165 described a m t h o d  for determining histamine i n  

wine as its o-phthaldialdehyde d e r i v a t i v e  on a p d a p a k  C18 colunn 
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160 EVANS 

e l u t i n g  with a phosphate buffer  i n  aqueous acetonitrile and with de tec t ion  

a t  200nm and 220nm. The s m  group reported66 r e s u l t s  obtained with 

Canadian wines. Buteau e t  d7 l o o k e d  a t  t h e  s t a b i l i t y  of t h e  o- 

phthaldialdehyde complex and showed that a f t e r  d e r i v a t i s a t i o n ,  

a c i d i f i c a t i o n  or e x t r a c t i o n  i n t o  e t h y l  acetate was d e s i r a b l e  to prevent a 

rapid decrease i n  ahorbane. Bat tag l ia  and Froehlich6' determined 

histamine i n  wine by dansylat ion,  separation on Spherisorb 5Si and 

f l w r i m t r i c  detect ion.  This mthod was later extended6' to incorporate 

a s t e p  gradien t ,  t h i s  separated mre than 20 bioqenic m i n e s .  Woidich e t  

a170 analysed biogenic m i n e s  i n  wines with a L i q u h a t  11 amino acid 

analyser. 

O k a ~ ~ t o  et a l ' l  analysed acetaldehyde i n  wines as its l u t i d i n e  

der iva t ive  on e i t h e r  a 3-amincpropyltriethoxysilane treated silica mlunm 

or a b n d e d  amino colunn, e lu t ing  with ethanol-hex- and wi th  U.V. or 

Eluorescence detect ion.  Suzu&i and Maruyarna7* determined aldehydes by 

i n j e c t i n q  them i n  aqueous so lu t ion  i n t o  a heated column of  2,4- 

dinitrophenylhydrazine on elite which was mnnected to  the h.p.1.c. 

colurm, wines analysed t h i s  way s h o d  acetaldehyde levels of 2 4 - 1 0 ~ / 1 .  

Numxous publications have dealt with determination of carbonyl 

colrpounds as their 2 , 4ilinitrophenylhydrazones. S e l i ~ n ~ ~  showd t h a t  t h e  

reaction ktwen c a r h y l  rompounds and 2,4-dinitrophenylhydralline is an 

equilibrium h i c h  on a macroscale is driven to mrrplet ion by p r e c i p i t a t i o n  

of t h e  product. On a microscale the  reac t ion  may not  qo to m l e t i o n  due 

to the hydrazone r a i n i n g  i n  solut ion.  The reac t ion  m y  be driven to 
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nPLc IN OENOLOGY 161 

-letion by addition of an innniscible orqanic phase to extract the 

product. Selim's mthod appears quite suitable for determination o€ 

carbonyl carrpomds in w i n e s .  2,4-Dinitrophenylhydrazones are readily 

separated by reversed phase chromatography 73-76 . 

Carbonyl compounds in her have been detected down to .1 ug/l by 

low pressure distillation and trapping in 2,4-dinitrophenylhydrazine 

solution followed by reverse phase chromatoqraphy, and also by a 

combination of steam distillation and liquid-liquid extraction follmd by 

reaction with o-nitrobenzylhydraxylamine and reverse phase chrmtcqraphy. 

The latter rea5ent is claim to be superior to 2,44initrophenylhydrazine 

as a derivatising reagent. 

PHENOLIC COMPOUNDS 

Anthocyanidins and Anthocyanins 

Manley and Shubiak7' separabd the 3-glucosides of mlvidin, 

petmidin, and peonidin an Pellidon (polyamide bonded onto qlass beads) 

elutinq with chloroform-mthanol. In all later reports of antbyan( id)in 

separations reverse phase chromatography has been the mthcd of choice. 

Adamovics and Stermitz" separated delphinidin, cyanidin and 

pelargonidin (and also the 3-0-rutinosides of rpsrcetin, kaenpferol, and 

isorhametin) on a C18 colurm eluting with aqueous mthanolic acetic acid. 

Wilkinson et a181 separated the anthocyanidins on a pondapak C18 colurm 

also using aqueous mthanolic acetic acid. Akavia and Strack" reported 

that this separation could not be achieved on other reverse phase colunns 

and reccmwnded the use of aqueous acetonitrile containing 1.5% H P 4  
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162 EVANS 

as t h e  mnbile phase. Akavia e t  a183 also described a m t h c d  far 

ident i fy ing  an t lmyanina  by following t h e  apwarance and disappearance of 

t h e  p r d u c t s  of qraded acidic hydrolysis. William e t  a184 separated 

anthocyanidin 3-qlucosides, 3, S-diqlucosides, and t h e i r  p-courmaryl 

der iva t ives  on a pbndapak C18 colurm. Wulf and NaqelS5 obtained 

exce l len t  separat ions of anthocyanidin 3-glucosides and t h e i r  acetate, 

cowrate, and caf feoa te  der iva t ives  on a o c t a d e c y l s i l y l  column, they  also 

examined t h e  products of a l k a l i n e  hydrolysis  and deqradation t o  aid i n  

i d e n t i f i c a t i o n  of t h e  p iqmnts .  McCloskey and Yenqoyan" s t u d i e d  w i n e  

colour durinq aginq but t h e  referencee7 qiven for t h e i r  chrcmatographic 

m t h d  is not a v a i l a b l e  t o  t h e  author. P e r g i w a n n i  and Volontorio 

separated anthocyanins with a formic acid-water-mthanol gradient on a 

PBondapak C18 column or a LiChrcsorb W18 column, and the aqlycones with 

89 mthanol-ter-acetic acid on t h e  pBondapak C18 column. Bertrand et a1 

used e s s e n t i a l l y  t h e  Sam condit ions to fol low changes i n  anthocyanin 

leve ls  during f e m n t n t i o n s  of Cabernet Sawignon and Merlot grapes. 

Preston and Ti*rlakegO separated t h e  f l a v i l i u m  and chalcone € o m  of 

mlvidin 3-glucmside and 3,S-diglucoside on a colurm of Spherisorb kxyl 

e l u t i n q  with a qradien t  of aqueous m t h a n o l  containing .6% of  p e r c h l o r i c  

acid. Israelian" analysed anthocyanins on a C18 colm. 

88 

Other Phenolics 

Wulf and Nagelgl separated phenolic acids and D-catechin on a 

C18 m l m  with acetic acid-mthanol-water eluants. They also 

c h r m t o g r a p h e d  f lavanoids and f lavanoid glycosides but conplete 

resolution ww not possible as sorne groups of canpounds, e.g. aglycones 

and mnoglucosidee, overlapped. Ong and Nagel '* separated caf feoyl ,  p- 
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caumry1,and feruoyl esters of tartaric acid M a C18 colurm with mter- 

acetonitrile-H3J?04 mixtures and also describedg3 changes i n  levels 

of these canpounds during mtu ra t ion  of White Riesling grapes. Nagel et 

alg4 used a similar mthod to examine hydroxycinnamic esters of tartaric 

acid in grapes and wines f r an  the  Pac i f ic  Northwest of the  U.S.A. Nagel 

and WUlfg5 followed changes in the concentrations of various phenolics 

during the  aging of Cabernet Sawignon and -lot wines. Using a Cl8 

calm hydroxycinnamic esters were eluted with water-acetonitrile-acetic 

acid, Anthocyanins and polyneric pigrnents with mter-acetone-acetic acid, 

and e thy l  acetate extractable phenolics with wa te r - ace ton i t r i l e - a t i c  

=id adjusted to pH4. A t  pH4 the hydraxycinnamic esters eluted rapidly and 

did  not in te r fe re  with examination of other phenolics in the  extract. W u l f  

and -elg6 used preparative reverse phase chranatography with recycling 

to isolate flavanoids from Cabernet Sauvignon and Merlot wines, and 

Baranowski and -elg7 similarly isolated hydraxycinnamic esters from 

w h i t e  Riesling graps. 

s y ~ v n d s ~ ~  par t ly  decolourised wine with 50W x 8 res in ,  then 

analysed the organic acids by the mthod of P a b r  and Lis tL ,  whilst  t he  

phenolic acids -re either extracted with ether or in to  acetone a f t e r  

sa tura t ing  the  wine with sa l t , t hen  analysed by reverse phase 

chranatography. Okamura and Watanabe 99,100 10oked a t  phenolic 

consti tuents of w i n e  and m u s t  on a C18 column e lu t ing  with a mthanol ic  

aqueous phosphate kuffer, t h e  e f f ec t  of phenolic acid esters of tartaric 

acid on w i n e  qua l i ty  was investigated. Nickenig and Pfe i l s t icker  

fractionated oxidised wine on Sephadex G25 and examined the. fractions for 

phenolics with a water-mthanol-acetic acid gradient on a Nucleosil-7 C8 

m l m ,  using an es te rase  to cleave e thyl  hydroxycinnamtes. On t h e  sam 

101 
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column dicarboxylic acids wre separated by e l u t i o n  with .3% phosphoric 

acid and detect ion at 195 and 220 m. 

D-ntlo2 determined chlorogenic acid i n  grape j u i c e  and wines,  

inter a l i a ,  by enzymic cleavage f o l l o w d  by chranatography of the  

l ikera ted  c a f f e i c  and quin ic  acids on a LiChrcsorb a 1 8  column. 

Sl inkardlo3 used h.p.1.c. annng o ther  techniques to study phenolics of 

grape skins .  

Villenewe et allo4 described a genera l  procedure for analysing 

p l a n t  phenolics by reverse  phase c h r m t c g r a p h y  with ethanol-water-acet ic  

acid mixtures, changes i n  phenolic acids i n  grape juice during storage 

wre f o l l o w d .  Murphy and Stutte”’ separated various s u b s t i t u t e d  

kenzoic and cinnamic acids on a p Bondapak C18 m l m  using gradien t  

e l u t i o n  with m i x t u r e s  of n-butanol-mthanol-water and acetic acid 

containing arrmonium acetate. The latter conpound inhib i ted  intrarrolecular  

bonding and made poss ib le  separation o f  a l l  1 3  acids examined. Krause and 

Strack”‘ separated a range of hydroxycinnamic ac id  derivatives on an 

RP8 column with grad ien t  e l u t i o n  using aqueous m t h a n o l i c  acetic acid or 

citrate txffer i n  place of acetic acid, ( b u t  note that Waters Associates 

statelo7 t h a t  citrate buffers  should n o t  be used with t h e i r  reverse 

phase mlurms). It WLS found that varying the  proportion of acetic acid i n  

t h e  so lvent  produced mrked changes i n  retention tiires and s e l e c t i v i t y  

which can be used to optimize separat ions.  

The separations described above a l l  used alkylsilyl bonded column 

packinqs ht other bonded materials can also be ut i l i sed .  Vanhaelen and 

Vanhaelen-Fastr61°8 used an alkylphenyl colunm with a gradient of water, 
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ethanol, and acetic acid to resolve various aromatic acids and phenolics. 

A l s o  s m  flavonoids were separated with isocratic elution. The authors 

note that ethanol gives be t te r  separations than does mthanol.  N a g e l s  et 

allo9 chrmtcqraphed  glucose- and quinic ac id-c imamtes  and benzoates 

on both -8 and d i o l  colurms. The d i o l  colunn gave separations s imi la r  t o  

adsorbtion chromatography but without the  sens i t i v i ty  to water shown by 

alumina and silica colms. The elution order ms not s i q l y  the reverse 

of t ha t  given by the RP8 column, thus of fe r ing  a d i f f e ren t  se lec t iv i ty .  A 

preliminary separation on ECTEOLA ce l lu lose  (separation based on charge 

differences a t  pH7) was a useful adjunct to the  hplc separations. Becker 

et all1’ used an aqueous ace ton i t r i l e  gradient on a Lichrasorb NH2 

column to separate the polar flavonoids isoorientin 3’-0- and 4’-0- 

glucosides .which m e  not resolved on LiChrosorb WE. 

Wurroughll’  analysed phenolics f r an  hops and barley on a 

v d a p a k  C18 mlunm and found tha t  €or separating flavonol glymsides 

tetrahydrofuran as t h e  organic modifier gives be t te r  resolution than 

ace ton i t r i l e  although the latter solvent gives better resolution than 

methanol. 

I n  one of the few reports of h.p.1.c. of phenolics which d id  not 

r e l y  on U.V. detection R o s t o n  and Kissinger112 used electrochemical 

detection and showd tha t  the current-potential responses of eluted 

canmunds can be used as an a id  i n  identification. Similarly Sontaq e t  

examined electrochemical detection fo r  m t h y l  and e thyl  esters of 

various hydroxycinnamic acids, the esters of d i f f e ren t  acids are oxidised 

at d i f fe ren t  potentials qivinq scope for se lec t ive  detection. The e t h y l  

and e thyl  esters of each acid are axidised a t  the sam potential .  Galensa 
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and Herrmann '14,115 separated flavones, flavanols, and flavanones by 

acetylation followed by c h r m t q r a p h y  on LiChrosorb S i  60, e lu t ing  with 

various m i x t u r e s  of organic solvents. O f  interest i n  connection with t h i s  

mthod is t h e  observation of Coutts et 

acetylated i n  aqueous solution with quant i ta t ive  recoveries. 

t h a t  phenols m y  be 

There has h e n  an increased in te res t  recently in the  role o€ 

procyanidins in  and it is apprapriate to  note here h.p.1.c. 

of these a n p u n d s  although rmst publications have been in non-oenological 

areas. Leal'' separated cider procyanidins by reverse phase 

chrcmatography using aqueous E t h a n o l  containing perchloric Kid as the 

W i l e  phase. The sarne author subsequently reported120 t h e  use of 

Snyders prmedurps to cptimise separation of procyanidin oliganers showing 

tha t  shallow gradients are required and t h a t  a sharp increase in  solvent 

strength e lu tes  oxidised materials as a f a i r l y  sharp band. This may be 

useful i n  studyinq these in t rac tab le  mat5rials. Lea also suggested 

tha t  Snyders procedures could be used to  estimte mlecu la r  w i g h t s  of 

procyanidin polymers. 

I 

120 

1 

Jerumanis121 separated plyphenol o l i g m r s  using a gradient of 

acetic acid in  water and a C18 column. O l i g a e r s  isolated from beer showed 

very rapid deplyrtrrisation. Mulkay et 

isolate polyrrers the  structures of which e r e  then elucidated by 

acetylation and n.m.r. spectroscopy. Kirby and analysed beer 

polyphenols an Spherisorb S50DS with a water-mthanol-KH2 W4 gradient 

and found only mnaners and d i m r s .  Jade-St r id  and ~ $ l l e r l ~ ~  

separated barley procyanidins with an aqueous acetic acid gradient on a 

pcndapak phenyl colunm. Wilson125 analysed phenols fran apple juice 

used Jerumanis' nethod to 
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ranging frcm d h r i c  to hep tan tdc  procyanidins by n o m l  phase 

chranatography on a bonded Ch colm. The procyanidins Ere separated into 

groups according to  their degree of polymrisa t ion  i n  t h i s  way. The 

ismers i n  each group Ere then  resolved with a C18 colm using mthanol- 

water-KH2 w4. 

T a k a h a ~ h i l ~ ~ ~ l ~ ~  described analysis of w i n e  fo r  aflatoxins,  

normal or reverse phase chrcunatography w e  suitable ht reverse phase was 

preferred, fluorescence and U.V. absorbance detection here both enployed. 

Takahashi and developed a general mthod fo r  aflatoxins in  

foods and beveages including wines.  Wei and Chanq’*’ analysed w i n e s  on a 

Uporasil column a f t e r  clean up on silica q e l  and by th in  layer 

chrcmatography. Sripathomswat and Thasnakorn13’ used h.p. 1.c. i n  studies 

of aflatoxin producing fungi i n  a range of foodstuffs including wine. 

AMINO ACIDS 

Ishida e t  separated amino acids i n  grape juice on a stronq 

acid resin column with fluorescence detection after reaction with sodium 

hypcchlorite then with Z-~~ercaptcethanol and o-phthaldialdehyde. C a s o l i  

and Colagrande 132’133 determined amino acids i n  s p a r k l i n q  wines by 

dansylation followed by reverse phase chrcmatography usinq a carrplex 

acetonitrile-water-phosphoric acid-acetic acid qradient and fluorescence 

detection. S c h ~ s t e r ’ ~ ~  analysed f r ee  amino acids and several vitamins in  

heveraqes (and intravenous solutions) on an amino bonded column e lu t ing  

with an aqueous acetanitrile phosphate h f f e r  and detectinq the amino 
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acids a t  200m. Martin e t  determined amino acids i n  wines and 

m u s t s  as t h e i r  dansyl  derivatives which w3re separated an a r a d i a l l y  

conpressed reverse phase column using gradient e l u t i o n  and f luorescence 

de t s c t i o n  . 

vialle et maswed htaine i n  wine and b e t  sugar on a 

bonded M~ ~ ~ l u r r m  e l u t i n g  with aqueous a c e t o n i t r i l e  and using R . I .  

detect ion.  I n i t i a l  sample cleanup was  carried o u t  on two ion exchange 

colurrnv. Tyson et 

using a s i z e  exclusion column. P r o t e i n  can h o e v e r  be determined f a r  more 

cheaply by low pressure chromatography 138t139. Tenenbaum and Martin 

used h.p.1.c. to determine saccharin i n  alcoholic bverages. 

determined soluble pro te in  i n  wine and must 

140 

Rhys-Williams and S l a ~ i n ' ~ ~  determined m t h y l  a n t h r a n i l a t e  i n  

grape beveraqes by reverse phase chromatcqraphy with f luorescence 

de tec t ion .  Qureschi et 

Ear purines ,  pyrimidines, nuc lemides ,  nucleot ides ,  phenolics, and 

pyrazines. It m s  found t h a t  addi t ion  of 1.5% acetic a c i d  to  the mbile 

phase sharpened t h e  peaks but  l a r g e r  m u n t s  inpaired t h e  reso lu t ion .  

descr ibed a method of analysing beverages 

Micali e t  analysed a lcohol ic  and rmn a lcohol ic  beveraqes 

fcx B asarone by steam d i s t i l l a t i o n  and e x t r a c t i o n  f o l l o w d  by reverse  

phase chrcmatgraphy with f l u o r i m t r i c  de tec t ion .  

Steuerle'" determined a r t i f i c i a l  dyes on a LiChrceorb NH2 

column. An aqueous so lu t ion  of the dyes was purrped throuqh the mlurm, 

t h i s  concentrated t h e  dyes i n  a narrow hand a t  the tcq of t h e  column. 'The 
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unadsorbed materials =re mshed off with acetonitrile-water-acetic acid 

then the dyes Ere  e l u t e d  with a pH qradient. Recwery of L-Red-12 from a 

spiked wine was quantitative. Martin et 

includinq those often found i n  wines, by reverse phase chromatoqraphy arid 

qradient e lu t ion  a f t e r  preliminary separation by adsorption onto -1. 

analysed acid f a s t  dyes, 

Jeuring et and Frishkorn et all4’ determined fur fura l  

and hydroxymthyl fur fura l  i n  s p i r i t s  by reverse phase chromatography. 

Sponholz and L a m b ~ r t y ~ ~ *  determined styrene in  wine by d i r e  

in jec t ion  onto a LiChrosorb RP8 colm, elu t ion  with aqueous mthanol and 

detection a t  254nm. Jakob and Schaefer14’ extracted styrene in to  

cychohexane then chromatographed the  extract on an MY Poras i l  calm, 

elu t ing  with mlohexane  and mnitor ing  a t  254nm. 

Lazzarini e t  all5’ examined wines for imidazolidine-2-thione ( a 

degradation product of scme fungicides 1 by extraction with mthylene 

chloride f r an  salt saturated wine  and chromatography of the extract on 

alumina. In a later f r an  the same group reverse phase 

chromatagraphy was used. Caccialanza et alls2 also determined 

imidazolidine-2-thione by reverse phase chranatography. 

Toussaint and WalkerlS3 used l iquid chromatography to clean up 

cyclohexane extracts of wine, elutinq polycyclic arana t ic  hydrccarbons as 

a qroup f a r  subsequent analysis by qas l iqu id  chromatoqraphy. - 
I thank Patrick W i l l i a m s  and Virginia Westd for their valuable 

assistance i n  the preparation of t h i s  review. 
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