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Characterization of pineapple derivates is achieved using several parameters and 
comparisons with natural samples. Eleven types of physico-chemical measure- 
ments are carried out on each sample: “Brix, pulp, titratable acidity, pH, organic 
acids, free sugars, vitamin C, form01 index, ash, minerals and pectic substances. 
This allows 23 parameters to be studied. Samples analysed include: fresh pine- 
apple juice (home-made), pineapple commercial juices and nectars. Statistical 
correlation analysis and principal components analysis (PCA) show that the 
organic acids, sugars, potassium levels and form01 index are the most useful 
parameters for quality control analysis of pineapple juices and nectars. 

INTRODUCTION 

Pineapple fruit is consumed either fresh or in the pro- 
cessed form. Pineapple juices and nectars are generally 
prepared by redilution of concentrates imported from 
different countries of tropical or subtropical areas. In 
Europe, commercial juices are made 100% from con- 
centrate and nectars are considered to have at least 
40% of juice. 

Many analytical and statistical methods have been 
proposed for the characterization of fruit derivates; 
generally, the concentrations of different elements are 
measured and those results compared to a data base 
analyzing natural samples (Aristoy et al., 1989; Krueger 
& Krueger, 1992; Richard et al., 1984). This comparison 
can be done using different statistical tests (Brown & 
Cohen, 1983; Lifschitz et al., 1971; Richard et al., 
1984). This study is aimed at reducing the number of 
explanatory parameters on pineapple juices and nectars 
composition, and finding a specific quality index 
(Camara, 1992; Hodgson & Hodgson, 1993). 

MATERIAL AND METHODS 

Samples 

1. Natural pineapple juice (home-made) (ZN): five 
batches of freshly extracted juice were analysed (five 
fruits each batch). 

2. Pineapple commercial juices: 100% made from 

*To whom correspondence should be addressed. 
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concentrate. Samples from five different producers 
(three batches each), tetrapack-packaged, were 
tested. 

3. Pineapple nectars, made from concentrate, at least 
40% juice. These were from four different producers 
packed either in glass bottles or small cans, three 
batches each. 

Table 1 shows the commercial samples’ abbreviations 
used in this study. 

Methods 

The following determinations were carried out: pulp; 
‘Brix, soluble solids, by refractometric method; pH; 
titratable acidity, reported as citric acid (AOAC, 1984); 
organic acids: citric and malic acid by HPLC (Camara, 
1992); sugars: fructose, glucose and sucrose by HPLC 
(Camara, 1992); pectic substances (Blumenkrantz & 
Asboe-Hansen, 1973); form01 index (Camara, 1992); 
vitamin C by fluorimetric method (Brubacher, 1985); 
ash (AOAC, 1990); mineral elements: Na, K, Ca, Mg, 
Cu, Fe, Mn and Zn by atomic absorption spectropho- 
tometry (Torija, 198 1); phosphorus by calorimetric 

method (Camara, 1992). 

Statistical analysis 

Correlation analysis 
This was done taking as statistically significant those 
correlations with a significance level p < 0.05 (based on 
the Student’s t distribution), with a confidence level of 
95% (Lebart, 1985; STSC, 1986). 
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Table 1. Abbreviations used in this study for commercial samples 

Producers Samples Packaging system 

Tetrapack Glass bottles 

0 Juice 100% zo - 

1 Juice 100% Zl 
Nectar 

2 Juice 100% 22 
Nectar NC2 

3 Juice 100% 23 
Nectar NC3 

4 Juice 100% 24 
Nectar NC4 

5 Juice 100% z5 
Nectar NC5 

Z, juice 100%; N, nectar; NC, nectars packaged in glass bottles; NL, nectar packaged in small cans. 

Small cans 

- 

NLl 

NL2 

NL3 

- 

NL5 

Multivariate principal components analysis (PCA) 
This was based on the correlation analysis and computer- 

ized in the statgraphic program, (Lebart, 1985; STSC, 
1986). 

RESULTS AND DISCUSSION 

All tables show the mean value of three analyses (X) 
and standard deviation n- 1 (SD) of the results obtained 
from different batches of each sample analysed. 

The pH, acidity, organic acids, vitamin C and form01 
index results are shown in Table 2 related to natural and 
commercial pineapple juices and Table 3 related to nectars. 
Pineapple juice pH is also known to vary with growing 
location, harvest time, fruit maturity and other similar 
factors which affect the fruit (Hodgson & Hodgson, 
1993). All the samples analysed had pH levels similar 
between themselves and similar to natural juice (ZN: 
3.660 of pH), except the juice 24 with a pH of 4,260. 

In all the commercial juices analysed the ratio total 
organic acids/titratable acidity was close to 1, except in 
the Zl sample. 

For commercial nectars this ratio was close to 1 only 
in samples NLl, NC5 and NL5. It is notable that citric 
acid may legally be added to nectars. 

Fresh pineapple juice has a citric acid/malic acid 
ratio close to 2, as in most of the commercial samples, 
except 22, NL2, NC2 and NLl (Camara, 1992; Hodg- 
son & Hodgson, 1993; Krueger & Krueger, 1992). 

All the samples analysed had lower levels of vitamin 
C than the natural juice (ZN: 84.2 mg ascorbic acid/100 
ml) as this vitamin can easily be destroyed by the tech- 
nological process applied. The juice ZO and most of 
the nectars analysed were labelled as containing added 
vitamin C or ascorbic acid. 

Commercial juices show similar form01 indices as 
natural juice (ZN: 12.378), excepting for sample 23 
with a form01 index below RSK values. Only the nectars 
NLl, NC2, NL5, NC5 have the correct form01 index 
(40% of natural juice, 4.95). 

If we considered the ratio “Brix/acidity, often used 
for industrial classification of these products, the high 

levels found in the commercial juices are caused by a 
low acidity of these products compared with natural 
juice. Nectars have also higher levels of “Brix, by the 
addition of carbohydrates, and lower levels of acidity 
than natural juice. 

In Table 4 and 5 are shown the “Brix, pulp, sugars 
and pectic substances of the juices and nectars. 

Natural juice (ZN) and commercial samples (juices 
and nectars) show similar levels of “Brix (ZN: 11.8 
“Brix), that means that carbohydrates has been added 
to correct the effect of the concentrate dilution on this 
parameter. The pulp and pectic substance levels of 
natural juice (ZN) are higher than in juices and nectars 
analysed; the difference is a consequence of the extrac- 
tion procedure applied. 

The total sugar content of samples analysed ranged 
from 8.50% of ZN to 12.8% of NC4; these values are 
similar to those observed by Li & Schuhmann (1983). 

Sucrose is the main sugar in natural (ZN: 4.13 g 
sucrose/100 ml) and in commercial juices (Hodgson & 
Hodgson, 1993). Fructose and glucose are present in 
these samples in similar proportions (1: 1) (Krueger & 
Krueger, 1992). The sample 22 glucose and fructose 
contents relative to sucrose are unusually high. The 
sugar levels of nectars analysed are variable; most of 
them mentioned in their labels the addition of glucose. 

Ash, and mineral element results are shown in Table 6, 
for natural (ZN) and commercial juices and in Table 7 
for nectars. It is noteworthy that mineral concen- 
trations of pineapple juices vary with the composition 
of growing soil and the irrigation water. 

Both natural (ZN: 0.386 g ash/100 ml) and commer- 
cial juices, show similar levels of ash which are higher 

than nectars, (except 22: 0.163 g ash/100 ml with lower 
levels), because nectars contain only 40% of natural 
juice. The major mineral elements are K, Mg, P, Cu and 
Zn, but 22 and 23 mineral values are below normal for 
K (Krueger & Krueger, 1992). 

To conduct the correlation analysis, the mean values 
of variables: “Brix, vitamin C, form01 index, pH, ash, 
potassium, fructose, glucose, sucrose, citric acid, malic 
acid, pectic substances and pulp,shown in Tables 2-7, 
were used. 
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Fig. 1. Principal components analysis of the composition of 
natural pineapple juice, commercial juices and nectars. Biplot 

of first two principal components. 

The correlation matrix (Table 8) between variables 
shows significant correlations between most of the vari- 
ables considered. Only vitamin C showed no significant 
correlations with any of the other parameters considered. 

The PCA (Fig. l), based on the correlations men- 
tioned above, allows reduction of the number of 
explanatory variables of the experimental results; the 
lines intersecting at (0,O) represent the experimental 
variables. 

The first two axes of the main plane represent 67% 
of the variance of the system; the percentage of vari- 
ance explained by each component is shown in Table 9. 

Table 9. Percentage of variance explained by each component 

Component Percent of Cumulative 
number variance percentage 

1 4653080 4653080 
2 21.37120 67.90799 
3 10.33326 78.23525 
4 9.15722 87.39247 
5 6.96209 94.35456 
6 2.27845 96.63301 
7 1.33963 97.97264 

; 0.61609 0.75634 98.72898 99.34507 
10 0.39073 99.73580 
11 0.15855 99.89435 
12 0.06699 99.96134 
13 0.03845 99-99979 
14 0.0002 1 100~00000 

The samples closest to the natural juice (ZN) are the 
juices ZO, Zl and 24. They are characterized by high 
levels of acids and minerals. The juices 22 and 23 are 
represented closer to their corresponding nectars (NC2, 
NL2, NC3, NL3). Samples NC4, NC5 and NL5 are 
represented together in the main plane and character- 
ized by high levels of sugars. Nectar NLl showed inde- 
pendent behaviour and is the nectar closest to natural 
juice, which indicates a similar composition. 

CONCLUSIONS 

The fresh pineapple juice is characterized by high levels 
of pulp, acids, sucrose and potassium. The commercial 
juices ZO, Zl and 24 show similar composition to natural 
juice; on the other hand, the juices 23 and especially 
22, show similar compositions to nectars; this could 
indicate processing and storage abuse and also adult- 
eration. The nectar NLl show independent behaviour 
and can be considered as the nectar with a composition 
most similar to natural juice. 

Vitamin C, Na and Fe are not useful parameters for 
characterization of pineapple juices and nectars. 

The statistical analysis elucidated as useful quality 
indices for pineapple juices and nectars: 

- ratio of citric acid/malic acid = 2. 
- ratio of fructose/glucose = 1. 
- potassium and form01 index values. 
- fructose + glucose/sucrose = 1 ( only for juices). 
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