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The principal phenolic constituents of apple juice and eiders are phenolic acids, 
catechins, phloridzin and procyanidins’.‘. Typical examples are shown in Fig. 1. 
These compounds, particularly procyanidins, are important for their contribution to 
flavour and to oxidative browning, but until recently they have been very difficult to 
quantify in apple juices or eiders without pre-treatment. The method described here 
enables the direct determination of these components, which greatly assists the study 
of rapid enzymic browning_ 

Separation of apple phenolics 

Although it is possible to separate the procyanidins, epicatechin and phloridzin 
in apple juice and cider extracts by reversed-phase high-performance liquid chroma- 
tography (HPLC) in acidified water-methanol gradients with detection at 280 mn3vJ, 
analysis of complete juices or eiders is not possible without modifying the method_ 
This is because large amounts of phenolic acids are eluted in a non-ionic form at 
similar retention times to procyanidins of interest. Fig_ 2 demonstrates the inter- 
ference caused by phenolic acids at pH 2.5. 

The pk; of chIorogenk acid5 is 3.5 and its retention time is thus pH-dependent 
in the range pH 1.5-5.5. It is therefore possible to take advantage of a pH shift during 
the run to improve the resolution of procyanidins and so to permit the analysis of 
complete cider or juices. By operating the column initially at pH 7.0 the phenolic 
acids are quickly eluted in an ion&d form, but by reverting to pH 2.5 for the re- 
mainder of the run the procyanidins are eluted free from interference. Fig. 3 shows 
the improvement which is possibIe by this technique. For example, cu. 50 ppm of 
procyanidin B2 may now be detected in a Cox apple juice even in the presence of 300 
ppm of chlorogenic acid. Since the phenoiic acids are eluted close to the void volume 
with other non-phenolic materials, it is advisable to re-run the sample at pH 2.5 
throughout if it isnecessary to quantify these acids, and in this case to monitor at 320 
mn where interference from catcchins and procyanidins is efkctively nil. 

It has been found that buffer salts must be kept to a minimum if good pro- 
cyanidin peak shape is to be maintained_ The pH of the neutral eluent is not critical so 
long as it is above pH 5-5, which can be maintained by adding a trace of ammonia to 
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Fig. -I. Separation of phenofics in unoaidised Dabinett appie juice by the pH shift technique_ Conditions as 
in Fig_ 3. 

EXPERIMEXT_AL 

A Spectra-Physics SP SOOOA machine was used. with detection at 250 nm 
suppremented by a variable-wavelength LC3 detector (Pye Unicam)_ The column was 
100 x 5 mm I-D_ (Shzndon) packed in this laboratory with Spherisorb 5 Hexyl 

Fig_ 5. Se_pamtion of phenoks in o.tidisecl Dabiett apple juice by the pH shift technique. Conditions as jti 
Fi_e 3_ 
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TABLE I 

PERCENTAGE COMPOSiTION OF THE SOLVENT 

rline 

Imw 
A (uarer. B (medmzol) C (water. 
pH ZJ-) pH 7-O) 

0 

3 
3.1 

23 
33 
35.9 
36 
40 
45 

0 

0 
95 
75 * 
2 
2 
0 
0 
0 

2 

5 
25 
9s 
98 
98 
9s 
2 

98 
95 
0 
0 
0 
0 
2 
2 

95 

(Phase Separations) and operated at 45°C. Sensitivity was 0.02-O. 16 a-u.F_w depend- 
ing on the sample, and 20 or 50 ~1 of juice or cider was injected_ Solvent A was 
charcoal-filtered and de-ion&d (Else) water brought to pH 2.5 with CCI_ 0.1 o/0 per- 
chloric acid; solvent B was methanol redistilled from KOH; solvent C was water 
neutral&d to pH 657.0 with ammonia. The flow-rate was 1.5 ml/mm and the 
solvent gradient was as shown in Table I_ 

After the run, a further 30 ml of starting solvent was pumped to ensure com- 
plete neutrality. All solvents and samples were filtered through 0_45qm HATF mem- 
branes (1Millipore) before use (FHUP for methanol). 

Preparation of apple juice 
Typically, one apple of the cider variety “Dabinett” was chilled to 4°C for 

several hours and then extracted in a domestic juice extractor consisting of a grater 
plate and basket centrifuge (Motthnex). Part of the juice was collected into a helium- 
filled tube, centrifuged briefly, and filtered through a 0.45qm membrane before direct 
injection into the machine. Since the cider apple polyphenoloxidase is tightly mem- 
brane bound6, this prevented any oxidation and resulted in a water-white juice. The 
remainder ofthe juice was allowed to brown naturally in the presence of its solids and 
was centrifuged and filtered for analysis after 1 h. 
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