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Inositols and carbohydrates in different fresh fruit juices
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Abstract

Juices from different fresh fruits (grapefruit, lemon, lime, mandarin, orange, guava, kiwifruit, apple, mango, peach, pear,
pineapple, banana, bilberry, raspberry, strawberry, redcurrant and grape) were prepared in the laboratory. Inositols were analysed
by GC as their trimethylsilyl derivatives; their identities were confirmed by GC-MS and retention of pure standards. Myo-inositol
was present in most juices, (excepting those of redcurrant and banana, where no inositols were detected) varying from traces in
raspberry up to 153 mg/100 g in kiwifruit. Chiro-inositol was present in all examined citrus juices and ranged from 7 mg/100 g in
lemon up to 108 mg/100 g in mandarin. Scyllo-inositol was present in both grapes and citrus juices, appearing as traces in orange

and attaining 15 mg/100 g in grapefruit.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Nutritionally, fruit juices are an important source of
energy in the form of sugars glucose, fructose and su-
crose being the most abundant in fruit and fruit prod-
ucts. It is well known that the compositions of fruit juice
vary according to varieties or species of fruit, with ma-
turity, and as a result of environmental and climatic
effects of the growing season (Brown, Katz, & Cohen,
1988). Inositols are present in the vegetable kingdom as
minor components of plants, and some of them have
positive physiological effects in humans (McLaurin,
Golomb, Jurewicz, Antel, & Fraser, 2000; Nestler, Ja-
kubowicz, Reamer, Gunn, & Allan, 1999).

Mpyo-inositol is a minor component of fruits (Belitz &
Grosch, 1997; Bieleski, Clark, & Klages, 1997). Scyllo-
inositol, which has been detected in grapes, has been
proposed, along with myo-inositol, to control the gen-
uineness of the concentrated rectified grape must (Mo-
netti, Versini, Dalpiaz, & Reniero, 1996; Versini, dalla
Serra, & Margheri, 1984); this proposal has been par-
tially adopted by the EC (European Union Regulation,
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1990) and only the presence of myo-inositol has been
finally considered as a quality parameter. Myo-inositol
content and myo-inositol/fructose ratio have been found
to provide information on the quality and genuineness
of orange juice (Villamiel, Martinez-Castro, Olano, &
Corzo, 1998). To the best of our knowledge, the pres-
ence of other inositols has not been reported in fruit
juices, although scyllo- and chiro-inositol have been
detected in ethanol stillage from citrus waste (Dowd,
Johansen, Cantarella, & Reilly, 1994).

In the present work the occurrence and contents of
inositols in fresh juices from different fruits have been
investigated in an attempt to contribute to the knowl-
edge of fresh juice composition. Major carbohydrates
have also been determined.

2. Materials and methods
2.1. Samples

Good quality ripe fruits were purchased at local
markets. Citrus juices (grapefruit, lemon, lime, manda-

rin and orange) were prepared using a domestic juicer
(Braun Citromatic). Guava, kiwifruit, apple, mango,
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peach, pear, pineapple, banana, bilberry, raspberry,
strawberry, redcurrant and grape juices were crushed
after removing skins (and seeds when necessary) and
centrifuged at 10,000 rpm during 20 min at 5 °C. The
supernatant was filtered to remove any suspended solid
material. Every juice was prepared from several indi-
vidual fruits.

2.2. Chromatographic analysis

0.5 ml of juice and 0.7 ml of phenyl-B-p-glucoside (1
mg/ml) were mixed and diluted to 25 ml with 70%
methanol; 0.5 ml of the solution was evaporated under
vacuum. Sugar oximes were formed using 2.5% hy-
droxylamine chloride in pyridine and heated to 75 °C for
30 min. After reaction, samples were persilylated using
hexamethyldisilazane (HMDS) and trifluoroacetic acid
(TFA) at 45 °C for 30 min (Brobst & Lott, 1966) and
centrifuged at 7000g for 5 min at 5 °C (Li & Schumann,
1981). Gas chromatographic separation was carried out
using a SPB-1 fused silica capillary column, 25 m x 0.25
mm i.d., 0.25 pm film thickness from Supelco (Belle-
fonte, PA), installed in a Perkin—Elmer Autosystem GC
equipped with a flame ionisation detector (Perkin—
Elmer, Norwalk, Con). The temperatures of injector and
detector were 250 and 280 °C, respectively; the oven
temperature was held at 200 °C for 20 min, programmed
to 270 °C at a heating rate of 15 °C min~! and held for
40 min. Nitrogen was used as carrier gas. Injections were
made in split mode, with a split flow of 20 ml/min.
Chromatographic peaks were measured using a Chrom-
Card 1.20 acquisition system (CE Instruments, Milan,
Ttaly). GC-MS analysis was carried out using the same
capillary column, installed in a HP5890 series with a
MD 5971 quadrupole mass detector (both from Hew-

lett-Packard, Palo Alto, CA, USA) working in EI mode
at 70 eV and using helium as carrier gas. Chromato-
graphic conditions were the same as above. Chromato-
graphic peaks were measured using HPChem Station
software (Hewlett-Packard, Palo Alto, CA, USA).

Kovats retention indices (/) were calculated from the
retention times of TMS oximes of disaccharides and
suitable n-alkanes. Hold-up time was measured by in-
jecting n-pentane.

Quantitative values were calculated from FID peak
areas. Standard solutions, containing different propor-
tions of each compound, were prepared to calculate
response factors (RF) relative to internal standard over
the expected range. Detection limit was calculated fol-
lowing the method described by Foley and Dorsey
(1984).

3. Results and discussion

Quantitative data (g/100 ml) of major carbohydrates,
along with the ratio glucose/fructose in the different jui-
ces studied, are given in Table 1. The amounts of glucose,
fructose and sucrose were very different, depending on
the type of fruit analysed. These data were broadly
similar to those reported by other authors for edible fruit
juices (Chan & Kwok, 1975; Belitz & Grosch, 1997; Lee
& Coates, 2000; Villamiel et al., 1998).

Kovats retention indices (/) and mass spectra of allo-,
muco-, chiro-, scyllo-, epi- and myo-inositol were deter-
mined. [ values were calculated at 180, 200 and 220 °C.
Table 2 shows 7 values for each compound at 200 °C
and their increments per 10 °C. Although elution orders
of all TMS ethers of inositols have been reported
(Sherman, Goodwin, & Gunnell, 1971), Kovats indices

Table 1
Contents (g/100 ml) of fructose, glucose and sucrose in fresh juices from different fruits
Sample Fructose Glucose Sucrose Glucose/fructose
Grapefruit 2.73+£0.01 2.66 +0.05 2.214+0.03 0.97
Lemon 0.52+0.04 0.50 £0.05 0.08 £0.01 0.96
Lime 1.18 +£0.40 1.41+£0.3 0.26 +£0.02 1.19
Mandarin 2.4440.07 2.22+0.05 6.16£0.46 0.91
Orange 1.90 +0.09 1.75+0.10 4.71+0.38 0.92
Grape 11.4£0.06 9.72+£0.01 0.03£0 0.85
Bilberry 4.91+0.36 4.80+0.30 0 0.98
Strawberry 2.08 +£0.02 1.82£0.01 1.73£0.10 0.88
Guava 2.74+£0.26 0.95+0.08 0.57+0 0.35
Kiwifruit 5.33+0.24 4.79+£0.23 0.66 £0.03 0.90
Apple 8.67+£0.30 2.62+0.09 2.04+0.10 0.30
Mango 2.47+0.15 0.26 £0.01 4.50 £0.06 0.11
Peach 1.05+0.08 0.69 £0.01 9.60 +0.40 0.66
Pear 11.2+4.10 1.35+0 0.26 £0.05 0.12
Pineapple 3.86 £0.19 3.51+£0.08 0.99 £0.07 0.91
Raspberry 2.51+£0.13 2.18+0.14 0 0.87
Banana 3.54+0.23 5.62+0 13.9+0 1.59
Redcurrant 4.46+0.18 3.66+0.14 0 0.82




Table 2
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Kovats retention indices (/) at 200 °C of trimethylsilyl-inositols and
their increments per 10 °C

Compound 1(200 °C) AI/10 °C
Allo-inositol 1944 1.75
Muco-inositol 1981 1.75
Chiro-inositol 2017 0.00
Scyllo-inositol 2085 3.25
Epi-inositol 2082 -0.75
Myo-inositol 2152 1.25

are only available for three of them (Binder & Haddon,

1984).

Fig. 1(a) and (b) show the chromatographic profiles
of grapefruit and guava juices, respectively. The identi-
ties were assigned by comparison of retention times with
standard substances and confirmed by GC-MS. Myo-
inositol was observed in all analysed samples except
redcurrant and banana juices. Scyllo-inositol was found
in grape and in all citrus juices, whereas chiro-inositol
was only present in raspberry and citrus samples. Other
inositols were not detected in any of the studied juices.

Inositol content is reported in Table 3. Myo-inositol
was present in variable amounts, from traces in rasp-
berry to 153 mg/100 ml in kiwifruit. This value was
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similar to that reported by Bieleski et al. (1997), al-
though we found that it was only 1.42% of soluble
sugars. Myo-inositol content in orange juice (146 mg/
100 ml) was within the ranges 119-162 and 130-170 mg/
100 ml reported by Villamiel et al. (1998) and Belitz and
Grosch (1997), respectively. Myo-inositol in grape juice
(16.0 mg/100 ml or 756 mg/kg sugars) was higher than
the minimum limit (750 mg/kg sugars) suggested by
Versini et al. (1984) to control the genuineness of must.
This compound was also previously found in other
fruits, such as guava (Mowlah & Itoo, 1982), lemon and
mandarin (Cataldi, Margiotta, & Zambonin, 1998),
peach (Nickel & Maruyama, 1983), pear (Akhavan,
Wrolstad, & Richardson, 1980) and strawberry (Macias-
Rodriguez, Quero, & Loépez, 2002). No data have been
found about myo-inositol contents in apple, bilberry,
mango and pineapple juices.

Scyllo-inositol ranged from traces in orange to 15.2
mg/100 ml in grapefruit; it was present in all citrus fruit
examined. Although scyllo-inositol has already been
detected in musts (Monetti et al., 1996; Versini et al.,
1984), no presence of this inositol has been previously
described in other juices.

Chiro-inositol varied from traces in raspberry to 108
mg/100 ml of mandarin. These levels are high enough to
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Fig. 1. Chromatographic profiles of TMS inositols and sugar oximes of guava (a) and grapefruit (b): (1) and (2) fructose; (3) chiro-inositol; (4) and
(5) glucose; (6) scyllo-inositol; (7) myo-inositol; (8) phenyl-pB-D-glucoside; (9) sucrose. Peaks eluting before fructose were carboxylic acids: (I) citric

acid; (IT) quinic acid.
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Table 3
Contents (mg/100 ml) of chiro-, scyllo- and myo-inositols in fresh juices
from different fruits

Sample Chiro-inositol Seyllo-inositol Myo-inositol
Grapefruit 28.6+0.07 15.24+0.64 114 +4.97
Lemon 6.76 +0.17 7.394+0.63 32.54+1.97
Lime 21.74+0.89 9.71+2.24 58.7+16.30
Mandarine 108 +£8.72 11.440.03 112+0.62
Orange 55.8+3.20 Traces 146 +10.61
Grape 0 8.04 £0.02 16.0+0.52
Bilberry 0 0 14.1+1.31
Strawberry 0 0 35.5+6.57
Guava 0 0 26.1 £1.45
Kiwifruit 0 0 153 +£2.59
Apple 0 0 41.3+1.08
Mango 0 0 26.6 £2.22
Peach 0 0 54.1+1.49
Pear 0 0 21.3+0.43
Pineapple 0 0 29.9+0.18
Raspberry Traces 0 Traces
Banana 0 0 Not detected
Redcurrant 0 0 Not detected

consider citrus as an interesting dietary source of chiro-
inositol. To the best of our knowledge this is the first
evidence of the presence and content of chiro-inositol in
fruit juices.

Although more research is necessary, besides some
nutritional interest, the above presented data could af-
ford important information on adulteration of fruit
juices. Thus, the presence of the three inositols: chiro-,
scyllo- and myo-inositol could contribute, together with
other parameters, such as citric acid, to the detection of
citrus in other kinds of juices.

Acknowledgements

This work was financed by Programa Nacional de
Medidas de Ayuda a la Apicultura (Project AP199-0166)
supported by the EU and Ministerio de Agricultura,
Pesca y Alimentacion of Spain and by Programa Nac-
ional de Alimentacion (CAL01-066-C7-5) supported by
Instituto Nacional de Investigacién y Tecnologia Ag-
raria y Alimentaria of Spain.

References

Akhavan, 1., Wrolstad, R. E., & Richardson, D. G. (1980). Relative
effectiveness of ion-exchange and lead acetate precipitation meth-
ods in isolating pear sugars and acids. Journal of Chromatography,
190(2), 452-456.

Belitz, H.D., Grosch, W. (1997). Quimica de los Alimentos [Food
Chemistry ], Acribia S.A., Zaragoza.

Bieleski, R. L., Clark, C. J., & Klages, K. U. (1997). Identification of
myo-inositol as a major carbohydrate in kiwifruit, Actinidia
deliciosa. Phytochemistry, 46(1), 51-55.

Binder, R. G., & Haddon, W. F. (1984). Analysis of O-methylinositols
by gas-liquid chromatography-mass spectrometry. Carbohydrate
Research, 129(1), 21-32.

Brobst, K. M., & Lott, C. E. (1966). Determination of some
components in corn syrup by gas-liquid chromatography of
trimethylsilyl derivatives. Cereal Chemistry, 43, 35-43.

Brown, M. B., Katz, B. P., & Cohen, E. (1988). Statistical procedures
for the identification of adulteration in fruit juices. In S. Nagy, J. A.
Attaway, & M. E. Rhodes (Eds.), Adulteration of Fruit Juice
Beverages. New York: Marcel Dekker.

Cataldi, T. R. 1., Margiotta, G., & Zambonin, C. G. (1998).
Determination of sugars and alditols in food samples by HPAEC
with integrated pulse amperometric detection using alkaline eluents
containing barium or strontium ions. Food Chemistry, 62(1), 109—
115.

Chan, H. T., Jr, & Kwok, C. M. (1975). Identification and
determination of sugars in some tropical fruit products. Journal
of Food Science, 40(2), 419-420.

Dowd, M. K., Johansen, S. L., Cantarella, L., & Reilly, P. J. (1994).
Low molecular weight organic composition of ethanol stillage from
sugarcane molasses, citrus waste, and sweet whey. Journal of
Agricultural and Food Chemistry, 42(2), 283-288.

EC Regulation, (1990). Community analytical methods which can be
applied in the wine sector No. 2676/90, September 17.

Foley, J. P., & Dorsey, J. G. (1984). Clarification of the limit of
detection in chromatography. Chromatographia, 18(9), 503-511.
Lee, H. S., & Coates, G. A. (2000). Quantitative study of free sugars
and myo-inositol in citrus juices by HPLC and a literature
compilation. Journal of Liquid Chromatography and Related

Techniques, 23(14), 2123-2141.

Li, B. W., & Schumann, P. J. (1981). Gas chromatographic analysis of
sugars in granola cereals. Journal of Food Science, 46(2), 425-427.

Macias-Rodriguez, L., Quero, E., & Ldpez, M. G. (2002). Carbohy-
drate differences in strawberry crowns and fruit (Fragaria x
ananassa) during plant development. Journal of Agricultural and
Food Chemistry, 50(11), 3317-3321.

McLaurin, J., Golomb, R., Jurewicz, A., Antel, J. P., & Fraser, P. E.
(2000). Inositol stereoisomers stabilize an oligomeric aggregate of
Alzehimer amyloid B-peptide and inhibit a B-induced toxicity.
Journal of Biological Chemistry, 275(24), 18495-18502.

Monetti, A., Versini, G., Dalpiaz, G., & Reniero, F. (1996). Sugar
adulterations control in concentrated rectified grape musts by finite
mixture distribution analysis of the myo- and scyllo-inositol content
and the D/H methyl ratio of fermentative ethanol. Journal of
Agricultural and Food Chemistry, 44(8), 2194-2201.

Mowlah, G., & Itoo, S. (1982). Guava (Psidium guajava L.) sugar
components and related enzymes at stages of fruit development and
ripening. Journal of Japanese Society of Food Science and Technol-
ogy, 29(8), 472-476.

Nestler, J. E., Jakubowicz, D. J., Reamer, P., Gunn, R. D., & Allan, G.
(1999). Ovulatory and metabolic effects of D-chiro-inositol in the
polycystic ovary syndrome. The New England Journal of Medicine,
340(17), 1314-1320.

Nickel, S. L., & Maruyama, T. (1983). Sugar content of commercially
processed peach pit kernels and shells. Deutsche Lebensmittel
Rundschau, 79(1), 19-20.

Sherman, W. R., Goodwin, S. L., & Gunnell, K. D. (1971). Neo-
inositol in mammalian tissues. Identification, measurement, and
enzymatic synthesis from mannose 6-phosphate. Biochemistry,
10(19), 3491-3499.

Versini, G., dalla Serra, A., & Margheri, G. (1984). Polialcooli e
zuccheri minori nei mosti concentrate rettificati. Possibili parametri
di genuinita? Vignevini (3), 41-47.

Villamiel, M., Martinez-Castro, 1., Olano, A., & Corzo, N. (1998).
Quantitative determination of carbohydrates in orange juice by gas
chromatography. Zeitschrift fur Lebensmittel Untersuchung und
Forschung A, 206(1), 48-51.



	Inositols and carbohydrates in different fresh fruit juices
	Introduction
	Materials and methods
	Samples
	Chromatographic analysis

	Results and discussion
	Acknowledgements
	References


