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ABSTRACT 

A simple and rapid gas-liquid chromatographic method for the simultaneous determination of 
aliphatic mono-. di- and tricarboxylic acids, cyclic acids (shikimic + quinic), aromatic acids and sugars, all 
as trimethylsilyl derivatives in a single solution, was developed. Optimum conditions for the simultaneous 
derivatization and for the quantitative evaluation of organic acids and sugars were established. Reproduc- 
ibility data showed that 0.25-l pg of the characteristic acids of apples in the presence of a 700-2500.fold 
excess of sugars can be determined with a relative standard deviation (R.S.D.) of 10.7% or less. The main 
components (malic acid, fructose, glucose and sucrose) were determined with an R.S.D. of 4.0% or less. 

INTRODUCTION 

Usually carboxylic acids and sugars, present in fruit juices and related samples, 
have been determined separately, applying different conditions. Suggested methpds 
are mainly enzymatic [l-4] and chromatographic procedures [5-141, commonly used 
in parallel. Recently, some attention [9,10,12-141 has been paid to their simultaneous 
determination: the major organic acids and sugars in apple juice and cider [9] and in 
cucumber fermentations [lo] have been determined by high-performance liquid chro- 
matography (HPLC), and in grape musts 1121, propolis [13] and birch sap [14] as 
trimethylsilyl (TMS) derivatives by gas-liquid chromatography (GLC). However, 
with one exception [14], the components to be measured were present in nearly the 
same concentration range. 

In this paper we describe a technique, based on trimethylsilylation and GLC, 
which makes possible the simultaneous determination of sugars and acids. This meth- 
od has been applied to the determination of the main components of apple and its 
products (apple juice, clarified apple juice, concentrate). 

EXPERIMENTAL 

Materials and reagents were of analytical-reagent grade from Reanal (Buda- 
pest, Hungary), Fluka (Buchs, Switzerland) and Serva (Heidelberg, F.R.G.). 

Golden Delicious apple (sample l), apple juice (sample 2) clarified apple juice 
(sample 3) and concentrate (sample 4) were obtained from the Nagykirrijs Canning 
Factory (Nagykbrbs, Hungary), henceforth referred to as the Factory. Sample 1 was 
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made in our laboratory by pressing ground apple through gauze, and was analysed 
without further treating. Sample 2 was prepared in the Factory: ground apples were 
treated with enzymes, using Phylazim C (1000 g per 1000 kg of apple) and Pectinol 
Ml7 (200 g per 1000 kg of apple), both for 15-20 min. Sample 3 was the clarified 
version (Bentonite, Needer, IBS) of sample 2. Sample 4 was obtained from sample 3, 
concentrating it until the dry matter content was 6870% (w/w). 

Prepurution @the TMS oxime qf TMS derivatives 
Various amounts of organic acids (7.5 . 10m5-3.0 . 1O-4 g) and the same 

amounts of sugars (0.12 g of fructose, 0.045 g of glucose, 0.045 g of sucrose) in model 
solutions. or the corresponding amounts of samples l-4 (1.5-2 g), were evaporated to 
dryness in a rotary evaporator at 50-60°C. The dehydrated residues were treated with 
3.0 cm3 of pyridine (containing 1.25 g of hydroxylamine hydrochloride per 100 cm3) 
and were heated for 30 min at 75°C. The cooled samples were then trimethylsilylated 
with a mixture of 5.5 cm3 of hexamethyldisilasane (HMDS) and 0.6 cm3 of trifluoro- 
acetic acid (TFAA) in 1 5-cm3 Reacti-vials for 60 min at 100°C. Thereafter the filtered 
solutions were evaporated to 1.5-1.8 cm3 in a rotary evaporator at 50-60°C. The 
residues were transferred quantitatively to 3-cm3 Reacti-vials with 0.9 cm3 of HMDS 
and 0.1 cm3 of TFAA and diluted to 3-cm3 volume with dichloromethane. Note: 
because in apple samples the sugars are present at greatly higher concentrations than 
acids, usually the sugar contents were calculated from a 50-fold diluted stock solu- 
tion. 

Separation cf TMS oxime or TMS derivatives 

The gas chromatograph used was a Chromatron Model G.C.H.F. 18.3 in- 
strument equipped with a Aame ionization detector and stainless-steel columns (3 m 
x 4 mm I.D.) were used. The packing material was 15% Dexsil GC 300 on 80-IOO- 

mesh Chromosorb W AW DMCS purchased from Applied Science Labs. (State Col- 
lege, PA, U.S.A.). 

The temperatures of the injection and detector ports were 380 and 4OO”C, re- 
spectively. With a temperature programme from 60 to 360°C at lZ”C/min and a hold 
at 360°C for 5 min, it required 30 min to elute the TMS oxime and TMS derivatives of 
organic acids and sugars. The flow-rate of nitrogen was 60 cm3/min. 

RESULTS AND DISCUSSION 

Derivatization and GLC conditions 
Derivatizution. In order to achieve quantitative derivatization simultaneously 

with organic acids and sugars (without any side-reactions), further studies were need- 
ed to establish the optimum reaction time and temperature for trimethylsilylation and 
the appropriate GLC parameters. 

As is known [15], the common parameters for both oximation and trimethylsi- 
lylation of sugars are a reaction time of 30-60 min and a temperature of 70-75°C. 
These conditions proved to be satisfactory for the quantitative silylation of the ali- 
phatic series of acids (Cr-CZ2 fatty acids, C,-C,, dicarboxylic acids), but not for the 
various aromatic and phenolic acids. 

Hence a systematic study was carried out with sugars (fructose, glucose. su- 
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crose) and with the most difficult to derivatize organic acids such as ferulic, caffeic 
and chlorogenic acid (henceforth referred to as phenolic acids) as a function of the 
trimethylsilylation temperature (75, 100 and 125°C) and reaction time (10, 30,60 and 
120 min). 

The results obtained showed that following to our derivatization protocol, even 
the sensitive sugar derivatives remain intact under the most severe conditions (125°C 
120 min). For the trimethylsilylation of phenolic acids, in order for them to be eluted 
in a single peak they require a temperature of 100°C and a reaction time of 60 min, or 
125°C and 20 min; with a shorter reaction time (lOO”C, 30 min) or at lower temper- 
ature (75°C 60 min), all three acids emerge in at least two peaks, probably owing to 
their partially derivatized hydroxyl group(s). 

The proposed method is the first for the simultaneous determination of sugars 
and acids in the same stock solution in extremely different concentration ranges, 
owing to the important discovery that the silylated solutions of acids and sugars can 
be evaporated, without any irreversible alterations to the derivatized compounds, to 
one fifth of their original volume. In order to determine also the minor components of 
apple samples, l-2 g of the 13315% dry matter-containing juice are evaporated and 
derivatized, with a proportionately increased amount of reagents (see Experimental). 

GLC. With a view to establishing the optimum GLC conditions, 2- and 3-m 
packed columns coated with 3% SE-30, 3% SP 2250 and 15% Dexsil 300 GC were 
tested. It was found that the 3% SE-30-coated columns gave an unsatisfactory resolu- 
tion of acids and on the 3% SP 2250 columns citric acid could not be separated from 
fructose. Hence, as shown repeatedly in the past [15-181, 15% Dexsil 300 GC as 
support material furnished the best separating conditions also for the major sugars 
and characteristic acids of apples (it should be noted that this applies only with 
packed columns). 

Reproducibility study 
The reproducibility and the usefulness of the proposed method were shown by 

the results with model solutions (Table I, Fig. la) and by the composition of the 
Golden Delicious apple juice samples (Table II, Fig. lb). The reproducibility mea- 
surements showed a relative standard deviation (R.S.D.) of d 10.7% for minor acids 
and ~4.0% for the main components such as malic acid and sugars. 

Composition qf apple samples 
The sugar and acid contents of crude apple juices (samples 1 and 2) prepared in 

our laboratory (sample 1) and processed in the Factory (sample 2), and the composi- 
tion of the clarified (sample 3) and concentrated (sample 4) versions of the Factory- 
made juice (sample 2) were measured as TMS derivatives (Table II). 

Before the comparative evaluation of the sugar and acid contents of samples 
14, it should be noted that in this connection (different places of preparation, clar- 
ification, concentration) no literature data were available. However, a number of 
publications [l-l 3,191 have dealt with differences that can be attributed to the variety, 
geographic origin, storage history, etc., of apple (juice) samples. Thus, in addition to 
comparing our results achieved with samples l-4 with each other, the composition of 
sample 1 was also compared with the results of Lee and Wrolstad [19] obtained with 
laboratory-prepared juices of Golden Delicious apples. 
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10 !I a 

b I__ 
Ret.Time(min) 8 14 20 25 

Temp.lY) 204 228 300 360 

Fig. 1, Chromatograms of TMS and/or TMS oxime derivatives of acids and sugars obtained with (a) a 
model solution and (b) an apple sample (sample 2). Peaks: I = lactic acid; 2 = oxalic acid; 3 = sorbic acid; 
4 = benzoic acid; 5 = succinic acid; 6 = fumaric acid; 7 = malic acid; 8 = tartaric acid; 9 = pimelic acid, 
10 = arabinose, 11 = shikimicacid + rhamnose, 12 = citric + quinicacids, 13 = fructose, 14 = glucose, 
15 = C,, fatty acids, 16 = caffeic + ferulic acids, 17 = C,, fatty acids, 18 = sucrose, 19 = chlorogenic 

acid. 

As can be seen, the main differences in the compositions of samples l-4 can be 
related to the place of preparation (sample 2, increased lactic acid and decreased 
rhamnose and sucrose contents), probably owing to the fact that in the Factory the 
bacteria for lactic acid fermentation are immediately available. 

Smaller changes can be observed during the clarification procedure (sample 3, 
decreased oxalic and malic acid contents) and/or as a result of the concentration step 
(sample 4, decreased lactic acid, arabinose, fructose and glucose contents). 

The basic point in the comparison of the composition of sample 1 with the 
acid/sugar contents of three other Golden Delicious apple juices (Golden Delicious 
‘81 WA, Golden Delicious ‘82 WA and Golden Delicious Mexico, i.e., varieties l-3, 
henceforth referred to as vl, v2, vj) could be” their very similar total malic acid 
contents (samples 1=4.35 g per 1000 g; v1 =4.07, v2 = 5.33 and v3 =4.61 g/l). The 
fructose, glucose and sucrose contents of samples 1, vr, v2 and v3, which in that order 
were fructose= 6.4 per 100 g, 8.61, 7.88 and 7.26 g per 100 ml, glucose=2.5 g per 100 
g, 3.64,2.75 and 2.55 g per 100 ml and sucrose = 2.3 g per 100 g, 0.20, 1.53 and 2.96 g 
per 100 ml, were found to be much more variety-dependent than the total malic acid 
contents. 

Similar results were obtained in the comparison of the fumaric acid (sample 
1 = 1.3 mg per 100 g, vr =O.Ol, v2 = 0.04 and v3 = 0.17 mg per 100 ml), quinic + citric 

’ As our values were normalized to 13.5% (w/w) dry matter contents whereas those of Lee and 
Wrolstad [I91 were normalized to 12.5-C Brix. 



206 M. MORVAI, I. MOLNAR-PERL 

TABLE II 

SUGAR AND ORGANIC ACID COMPOSITION OF THE GOLDEN DELICIOUS APPLE SAM- 
PLES (SAMPLES I-4) MEASURED AS TMS OXIME OR TMS DERIVATIVES 

Details as in Table I. Samples 14 were prepared as described under Experimental. 

Compound Sample No 

I 2 3 4 
_ 

Crrrhoxylic acids 
Lactic 
Oxalic 
Sorbic 
Succinic 
Fumaric 

Malic 
Tartaric 
Pimelic 
Citric + quinic 
C,, alkanoic + alkenoic 
C,, alkanoic + alkenoic 
Caffeic + feruhc 
Chlorogenic 

6.4 7.9 7.7 7.3 
0.53 0.59 0.49 0.49 
0.70 0.68 0.70 0.68 
0.42 0.42 0.42 0.42 
1.3 1.5 1.6 1.5 

435 432 420 397 
5.0 4.6 4.3 4.3 
2.9 3.1 2.9 2.8 

66 70 60 61 
1.7 1.9 1.8 1.8 
4.9 5.1 5.4 5. I 
0.29 0.29 0.29 0.29 
4.0 4.2 5.2 4.5 

Total amount, mg per 100 g sample“ 525.1 532.3 507.4 487.2 

Sugars 
Arabinose 
Rhamnoseb 
Glucose 
Fructose 
Sucrose 

51 44 48 37 
52 35 35 37 

2.5 2.6 2.6 2.3 
6.4 6.3 6.4 5.6 
2.3 1.8 1.7 1.7 

Total amount, g per 100 g sample” 11.3 IO.8 10.8 10.4 

a Expressed on the basis of a dry matter content of 13.5% (w/w). The measured dry matter contents 
of samples I-4 were (1) 15.4%, (2) 13.8%, (3) 13.3% and (4) 78.0%. 

* Calculated as rhamnose, also containing some shikimic acid. 

acids (sample I= 66 mg per 100 g, v1 = 236, v2 = 186 and v3 = 58 mg/ml) and chloro- 
genie acid contents (sample 1 = 4.0 mg per 100 g, vi = 3.15, v2 = 3.53 and v3 = 63.2 mg 
per 100 ml). 

In this paper both the general applicability with a study of model solutions 
(Table I) and a particular application with the analysis of apple samples (Table II) 
have been presented. The extension of the method to show its usefulness in the analy- 
sis of other natural matrices is in progress. 
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