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Abstract. Fruit of four clingstone peach [Prunus persica (L.) Batsch.] seedling populations, 54 advanced selections,
and the cultivars Allgold and Goldilocks were analyzed for sugar content, soluble solids concentration (SSC), and
acidity. Sucrose, glucose, fructose, and sorbitol were identified and quantified by high pressure liquid chromatography
(HPLC) analysis. Variation was found for all the sugars between the seedling populations. Comparison of the means
for the advanced selections with ‘Goldilocks’ indicates that progress has already been made toward selection for a
sweeter peach. Glucose, fructose, sorbitol, SSC, and acidity (citric) differed significantly for two harvest years, while
sucrose and total sugar concentrations showed no significant yearly variation. A fruit maturity study revealed no
significant changes in SSC, percentages of glucose, fructose, and total sugar during ripening on the tree. Acidity and
percent sorbitol decreased, while the sugar : acid ratio and percent sucrose increased with increasing maturity. Broad-
sense heritability of SSC, acidity, and sugar : acid ratio bad values >0.72, while values for individual sugars and
total sugars were much lower. Transgressive segregation for each sugar was found in seedling populations.
Consumer concerns about additives in processed food prod-
ucts are stimulating processors to develop “all natural-nothing
added” products. A recent objective of the Arkansas peach
breeding program is to develop processing peach cultivars with
higher levels of natural sugars to obviate the necessity of adding
sugars during processing.

Most studies (Allen, 1932; Bigelow and Gore, 1905; Cul-
pepper and Caldwell, 1930; Deshpande and Salunkhe, 1964;
Haller and Harding, 1939; Moriguchi et al., 1990; Nightingale
et al., 1930; Robertson and Meredith, 1988; Sweeney et al.,
1970; Thompson and Whittier, 1912; Wrolstad and Shallenber-
ger, 1981) have shown that the major sugar in ripe peach fruit
is sucrose, followed by the reducing sugars (glucose and fruc-
tose), and lower amounts of sorbitol (Moriguchi et al., 1990;
Robertson and Meredith, 1988; Wrolstad and Shallenberger,
1981). Trace amounts of maltose, galactose, and xylose have
also been reported (Wrolstad and Shallenberger, 1981). Fruc-
tose has been reported to be sweeter than sucrose by as much
as 1.8 times (Doty, 1976), while glucose is reported to be less
sweet than sucrose (Pangborn, 1963; Yamaguchi et al., 1970).
Robertson and Meredith (1988) found that “high-quality” peaches
contained a higher percentage of fructose and lower percentages
of glucose and sorbitol than “low-quality peaches.” Sugar con-
tent and SSC of peaches are known to be influenced by position
of the fruit in the canopy (Dann and Jerie, 1988; Marini, 1985),
crop load (Culpepper and Caldwell, 1930; Marini, 1985), prun-
ing practices (Coe, 1933), and yearly climate (Culpepper and
Caldwell, 1930; Haller and Harding, 1939; Sweeney et al.,
1970).
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This study was undertaken to: 1) identify and quantify sugars
present in peach fruit in seedlings and selections in the Arkansas
breeding program, 2) determine year-to-year variations in sugar
content of selected genotypes, 3) examine the change in con-
centration of individual sugars as fruits mature from the mature-
green to the full-ripe stage on the tree, and 4) estimate herita-
bility of sugar content for peach breeding.

Materials and Methods

This study involved sugar analysis of fruit from four peach
seedling populations (average of 39 trees per population) and
54 clonal selections in the Arkansas breeding program. ‘Gol-
dilocks’ was also included as it is an important commercial
cultivar grown in Arkansas for processing into baby food. ‘All-
gold’ and selection A-219 were used for a study of sugar changes
during maturation.

Fruit was harvested in 1988 from trees located at the Univ.
of Arkansas Fruit Substation, Clarksville, Ark. In 1989, seed-
ling population 8302 was again harvested along with its parents
(A-18 and A-175). The two harvests of seedling population
8302 were used to determine year-to-year variation in sugar
content. Clemson color chips were used to determine stage of
ripeness of the fruit (Delwiche and Baumgardner, 1985). Peaches
for the sugar content study were harvested at the firm-ripe stage
as determined by Clemson color-chip #6. A minimum of nine
peaches was harvested for each tree from its periphery at a
height of ≈ 1.5 m.

Peaches for the fruit maturity study were harvested at Clem-
son color-chip #l, #3, and #6 along with peaches at a pre-1
stage and a post-6 stage. A peach was classified as pre-1 when
it was greener than the #l color-chip. A post-6 peach was one
that was more yellow than the #6 color-chip, but was still
slightly green along the suture. Five trees each of ‘Allgold’ and
A-219 were harvested.

All peaches were frozen immediately after harvest to facilitate
transport to the Univ. of Arkansas at Fayetteville and stored
frozen until analysis.

HPLC was used to identify and quantify the sugars in the

Abbreviation: SSC, soluble solids concentration.
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fruits, according to Lingle and Dunlap (1987). Nine peaches
were divided into three samples consisting of three peaches each.
One core was removed from the equator of each peach opposite
the suture. The three cores making up a sample were combined
and then ground in a laboratory blender with 1 ml of cold 50
mM K-phosphate (pH 7.5) buffer/g fresh weight. The puree was
centrifuged at 15,000x g at 4C for 15 min. The resulting su-
pernatant was filtered through a 0.45 µm nylon 66 filter
(Schleicher and Schuell, Keene, N.H.). The filtrate was frozen
for HPLC analysis at a later date.

Just before HPLC analysis, the filtrate was thawed. Sugars
were separated using a Benson carbohydrate BC-100 Ca++ col-
umn (Alltech, Deerfield, Il.) maintained at 85C. The solvent
was distilled-deionized water at a flow rate of 1.0 ml·min-1. A
2-µl sample was injected into the HPLC for analysis. Sucrose,
glucose, fructose, and sorbitol were identified and quantified by
comparison with peaks produced by a known standard sugar
solution. A fifth peak that eluted before the sucrose peak was
not identified. It was determined that the peak could not have
been produced by raffinose, stachyose, maltose, or maltotriose.

SSC was determined for each peach and each combined sam-
ple using a table top refractometer (Erma, Tokyo, Japan). Ti-
tratable acidity was determined for each sample using 0.1 N
NaOH with an endpoint of pH 7.0. and converted to percent
98
citric acid. From these data, the sugar : acid ratios were cal-
culated.

Broad-sense heritability was calculated for the seedling pop-
ulations and the advanced selections. Only one tree of each
genotype was available for harvest for this study. Three samples
were taken from each tree. The total variation for a trait was
partitioned into among and within trees. An estimate of upper-
limit for broad sense heritability was obtained by dividing the
variance component for trees by the sum of the tree and within
tree components.

The data were analyzed using the statistical analysis system
(SAS) for personal computers. Means were compared by t-tests
using the PDIFF option of LSMeans statement in PROC GLM
of SAS. Differences were declared significant if P ≥ 0.05.
Analysis of variance showed no difference for SSC measure-
ments between the individual measurements within a sample
and the combined measurement for a sample.

Results and Discussion

Variation was found for all the variables measured on the
advanced selections. ‘Goldilocks’ was below the mean of the
advanced selections for all of the individual sugars and total
sugars (Table 1). This difference indicates that progress has
already been made toward selection for a peach with a higher
sugar content. Selection A-266 had the highest percent sucrose
at 3.67% and the highest percent total sugar at 8.32%, which
were much higher than the mean of all advanced selections
(2.21% for sucrose and 5.64% for total sugars). A-208 had the
highest percentage of glucose and fructose. A-207, at 1.50%,
had almost a 4-fold higher level of sorbitol than the group mean.

‘Goldilocks’ was below the general mean for SSC and acidity
(Table l), with its sugar : acid ratio ≈50% higher than the
overall mean. A-320 had the highest sugar : acid ratio at 71.6,
and the lowest acidity at 0.22%.

A-207 and A-208 had the highest acidity. These are non-
melting nectarines resulting from hybridization of canning cling-
stone peaches and nectarines. The exceptionally high acidity of
these selections may indicate an inherent difference between
peach and nectarine.

Significant variation was found among the seedling popula-
tions for all the characteristics measured (Tables 2 and 3). Fruc-
tose had the least amount of variation, with only population
8302 being significantly different from the other populations.
When averaged across the populations, sucrose accounted for
≈40% of the total sugar, glucose and fructose were each about
25%, and sorbitol made up the remaining 10%.

There were significant differences between all the populations
J. Amer. Soc. Hort. Sci. 118(1):97-100. 1993.



for SSC (Table 3). There was less variability for acidity and the
sugar : acid ratio. Population 8320 had the highest SSC and
sugar : acid ratio.

Sugar content of seedling trees in population 8302 was com-
pared to the parent trees in 1989. The seedling population had
individuals with a higher percentage of each individual sugar
J. Amer. Soc. Hort. Sci. 118(1):97-100. 1993.
than either parent (Fig. 1). Such transgressive segregation in-
dicates that it should be possible to select individual seedlings
in a segregating population with higher sugar content than con-
tained by either parental genotype.
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Year-to-year variations in sugar and acid content were eval-
uated for seedling population 8302. SSC, acidity, sugar : acid
ratio (Table 4) and percent glucose, fructose, and sorbitol (Table
5) differed significantly between the two harvest years. The
percentage of sucrose did not show yearly variation, suggesting
that sucrose content is influenced less by environmental varia-
bles than the other forms of sugar. There was also no significant
difference in percent total sugar. Year-to-year variation in the
percentage of sugar may be explained by the differences in
climate and crop load between the 2 years. Culpepper and Cald-
well (1930) determined that these were the most important fac-
tors in year-to-year differences in sugar content of peach.

A maturity study was conducted with ‘Allgold’ and selection
A-219 to determine changes in sugars as the fruit ripened on
the tree. Since no significant genotype interactions were found,
the data for the two genotypes were combined. SSC did not
change significantly from the pre-1 stage through the post-6
stage of maturity (Table 6). Acidity showed a gradual decrease
with advancing maturity and the sugar : acid ratio showed a
significant increase with increased maturity. This result indi-
cates that the increase in perceived sweetness of the peach as it
ripens is due to a decrease in acidity rather than an increase in
SSC.

Sucrose was the major sugar at all stages of fruit maturity
(Table 7). Other studies (Bigelow and Gore, 1905; Moriguchi
et al., 1990; Nightingale et al., 1930; Thompson and Whittier,
1912) have found that sucrose is the major sugar in mature peach
fruits, but that the concentration of reducing sugars (fructose
and glucose) is higher in immature fruit. The percentage of
sucrose showed no significant change from the pre-1 stage through
stage 3 (Table 7). Between stage 3 and stage 6 there was a
significant increase in sucrose, with no further significant changes
occurring through the post-6 stage. Sucrose accounted for 42%
of the total sugar at the pre-1 stage and increased to 55% in the
post-6 stage.

The percentage of sorbitol did not change significantly from
pre-1 to stage 1 (Table 7), but a significant decrease occurred
between stages 1 and 3. For the remainder of the ripening period
there were no significant changes. Sorbitol decreased from 9.1%
of total sugars at stage 1 to 6.5% at maturity. Moriguchi et al.
(1990) reported that the concentrations of sorbitol remained con-
stant at 4% of the total sugar throughout maturation.

The percentage of glucose, fructose, and total sugar did not
change significantly throughout ripening. This finding agrees
with findings for glucose and fructose by Moriguchi et al. (1990).

Broad-sense heritability for sugar and acid components were
calculated for the seedling populations and the advanced selec-
tions (Table 8). Only one tree of each genotype was available
for harvest; therefore, the environmental variability likely was
underestimated. These values are useful as they give an estimate
of maximum heritability. The heritability for SSC, acidity, and
sugar : acid ratio were all fairly high (> 0.72). This value in-
dicates that it should be possible to select for these character-
100
istics based on plant phenotype. The heritabilities for the individual
sugars and percent total sugar were lower. Despite these low
values, there is enough variation present that genetic advance
should be possible. The transgressive segregation that was found
for all the sugars also indicates that it is possible to select for
high sugar content in most segregating peach seedling popula-
tions.
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