Journal of Fruit and Ornamental Plant Research Voal. 14 (Suppl. 2), 2006

CHANGESIN SUGAR AND ACID COMPOSITION OF
‘AMBRA’" NECTARINES DURING SHELF LIFE BASED
ON NON-DESTRUCTIVE ASSESSMENT OF
MATURITY BY TIME-RESOLVED REFLECTANCE
SPECTROSCOPY

Sanu Jacob'*, Maristella Vanoli*, Maurizio Grassi’,
Anna Rizzolo?!, Paola Eccher Zerhini?,
Rinaldo Cubeddu?, Antonio Pifferi?,
Lorenzo Spinelli2 and Alessandro Torricelli?

1CRA - IVTPA lIstituto Sperimentale per la Valorizzazione Tecnologica dei Prodotti
Agricoli, via Venezian 26, Milan, ITALY
ANFM-Dipartimento di Fisicaand IFN-CNR, Politecnico di Milano
piazza Leonardo da Vinci 32, Milan, ITALY

*Corresponding author: e-mail: sanu.jacob@unimi.it

(Received June 16, 2005/Accepted December 1, 2005)
ABSTRACT

One of the non-destructive techniques which have been developed to estimate
fruit quality is time-resolved reflectance spectroscopy (TRS). TRS measures the
absorption (p,) and scattering (1) of pulses of laser light passing through the fruit.
The absorption coefficient at 670 nm coincides with the absorption peak of
chlorophyll, and has been used to estimate maturity of nectarines at harvest and to
predict their softening rate during shelf life. A relatively low p, a 670 nm indicates
that the fruit is more mature and that it will soften earlier, whereas arelatively high
at 670 nm indicates that the fruit is less mature and that it will soften later. The aim of
this research was to study the relationships between maturity of nectarines at harvest
time as measured by TRS and its sugar and organic acid composition during shelf life.
Nectarines of the cultivar ‘ Ambra’ were harvested on the second commercial picking
date (July 5, 2004). The fruit were sorted by size and were measured for their
absorption coefficient (pg) using TRS at 670 nm. Fruit of each maturity class were
randomized among the different samplings, so that the fruit from whole range of U,
was represented in each sample. Total soluble solids (TSS), titratable acidity (TA),
sugarsand organic acids were measured at harvest time and at various times during
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shelf life at 20°C. Data were statistically elaborated using step-wise multiple linear
regression analysis. p, had significant effect on the sugar and acid contents of fruit.
As the fruit matured on the tree, total soluble solids, total sugars, the proportion of
sucrose, the proportion of malic acid and the proportion of quinic acid increased. On
the other hand, the proportion of fructose, the proportion of sorbitol, total acids and
especially the proportion of citric acid decreased. During shelf life at 20°C, total acids
decreased, and sugars were less affected. Therefore, individua fruits can be sorted
according to fruit quality by using TRS to measure p, at harvest time.

Keywords: Prunus persica [L.] Batsch, nectarines, maturity, non-destructive
technology, time-resolved reflectance spectroscopy, soluble solids, sugars, acids

INTRODUCTION

Peaches and nectarines (Prunus persica [L.] Batsch) are valued for their
characteristic flavour and taste. Because the fruits do not uniformly mature on
the tree at the same time, they have to be harvested in severa batches
according to various maturity indices. A good harvesting index for peaches
and nectarines is the background skin colour, which turns from green to
yellow as chlorophyll content decreases (Delwiche and Baumgardner, 1985;
Eccher Zerbini et a., 1994).

However, many of the newer cultivars have a red blush, which masks the
background colour, making it virtually impossible to visualy determine the
maturity stage. In peaches and nectarines, maturity is said to be the stage
when fruit reaches a sufficient development while on tree. On the other hand,
ripening of peaches and nectarines are specificaly storage associated changes
that transform a mature fruit into one ready to eat (Crisosto, 1994). Hence,
maturity at harvest determines the quality of fruit when it reaches the
consume.

When the harvest date is postponed, fruit mass increases by two to ten
grams aday. Thereis aso an increase in sugar and flavour components (Bassi
et al., 1995; Rizzolo et d., 1993; Vanoli et a., 1993; Haji et al., 2004). As the
fruit mature on the tree, glucose and fructose are converted into sucrose, the
predominant sugar in the ripe fruit (Kobashi et a., 1999; Moriguchi et a.,
1990). There is also an increase in malic acid and a decrease in citric acid
(Meredith et al., 1989; Vanoli et al., 1993).

Many non-destructive techniques have been developed in order to
ensure maximum fruit quaity. Time-resolved reflectance spectroscopy
(TRS) has been used to estimate the maturity of nectarines at the time of
harvest and to predict their softening rate during shdlf life. TRS measures
the absorption (g and scattering coefficient (us') of pulses of laser light passng
through the fruit. The absorption coefficient a 670 nm relates to the absorption
pesk of chlorophyll and can be used to estimate maturity in nectarines. A
relatively low p, a 670 nm indicates that the fruit is more mature and that it will
soften earlier, whereas ardatively high p, at 670 nmindicates that the fruit isless
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mature and that it will soften later (Eccher Zerbini et al., 2003, 2005, and 2006).
The am of this research was to study the relationships between the maturity of
nectarines a harvest as measured by TRS and their sugar and organic acid
composition during shelf life.

MATERIAL AND METHODS

In 2004, nectarines of the cultivar ‘ Ambra were harvested on the second
commercia picking date (July 5). The nectarines were collected from a
commercial orchard in Faenza, near Ravenna, Italy.

After picking, the fruits were sorted into two size classes:

e Larger (sizeA): 73.0to 79.9 mm in diameter; and
o Smadller (size B): 67.0to 72.9 mm in diameter.

At harvest, 180 fruits of each size were individually weighed and
measured using TRS at 670 nm. The absorption coefficients were ranked, and
the fruits were divided into three maturity classes: high, medium and low.
Fruitsin each maturity class were randomized among the different samplings,
so that fruit from whole range of . was represented in each sample.

Fruit were analyzed after 20, 26, 45, 69, 93 and 117 hours at 20°C. At
each time of analysis, two replicates of five fruits per size and maturity class
were used; the fruits from each replicate were sliced, pooled, immediately
deep frozen, and kept at -20°C until analysis. The data recorded at each time
of analysisincluded total soluble solids (TSS), titratable acidity (TA), sugars,
and organic acids.

Sucrose, glucose, fructose, sorbitol, quinic acid, malic acid and citric acid
were measured using HPLC (Forni et a., 1992 and Vanoli et al., 1993). Data
were recorded as g/100 g fresh weight. Total sugars and total acids were
computed as the sums of the individual sugars and acids. The proportions of
each individual sugar or acid to the total sugars or acids were also calculated.

Data were statistically elaborated using multiple linear regression analysis
(PROC REG, SAS/STAT, SAS Ingtitute Inc., Cary, NC, 2004). While running
PROC REG, an automatic step-wise procedure was used.

In addition to the automatic procedure, some aternative models were
evaluated by changing the set of variables in the model. The models were
selected according to two criteria: higher R? and simplicity. Only variables
significant at P < 0.05 were included in the final equations.

First, because all dependent variables in our model equation suggested
alinear trend, Equation 1 was used to study the effect of p,, fruit mass (M)
and time (t) on TSS, TA, total sugars, individual sugars, total acids and
individual acids:

y=a+bx +b,x,+bx; +b,x,x, +bx x, +b,.x,x, @

J. Fruit Ornam. Plant Res. vol. 14 (Suppl. 2), 2006: 183-193 185



S. Jacob et al.

where y is the dependent variable (sugar or acid content); x;, x,, x; are the
independent variables (u, fruit mass and time, respectively), x;x,, x;x; and
Xx2x3, are the interactions between independent variables, the parameters b; are
the coefficients of the independent variables, and « is the intercept.

However, when the results were more closely examined, total acids and
the proportion of sorbitol followed alogarithmic trend as a function of time as
described in Equation 2:

Y =a+bx, +b,x,+by(109,x5) + b, X,X, +bipx,(10Q, X3) + byex,(100,x; ) @

The proportion of citric acid showed a non-linear progression, with a steep
rise up to a value of p, of 0.12cm™, a which point it levelled off.
Mathematically, either a second degree polynomia equation or a logistic
equation could fit the data observed.

With the second degree polynomial equation, the proportion of citric acid
would decrease at higher values of p, characteristic for immature fruits. With
the logistic equation, the proportion of citric acid would become asymptotic at
higher values of p. On the other hand, the proportion of citric acid would
decrease more steeply at lower levels of p,with the polynomial model, but
less and less steep with the logistic model. From a physiological point of
view, the logistic model seemed to be more reasonable, at least for the values
of paobserved. The logistic model aso had a higher R%. Therefore, Equation 3
was used to describe trends in the proportion of citric acid:

Cit
Cit = —— % —— (3)
1+ ebm.ua+c

where Cit isthe proportion of citric acid, Cit,,, isits maximum level, b, isthe
coefficient of p,and ¢ isthe constant.

Because Equation 3 is non-linear, the data for citric acid were elaborated
using non-linear regression (PROC NLIN, SAS/STAT, SAS Ingtitute Inc.,
Cary, NC, 2004).

RESULTS

Average fruit mass was 166 grams for the larger size class and 134 grams
for the smaller size class. There was a negative correlation between fruit mass
and pa (r=-0.46). The higher the fruit mass, the lower the p. and
consequently, the more mature the fruit.

There was a very strong positive correlation between TA and total acids
(r=0.85). There was also a very strong positive correlation between TSS and
total sugars (r =0.73). The results for regression analysis are presented in
Table 1.
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The coefficients of determination (R? were not very high, and were lower
for sugars than for acids. This indicates that a large amount of variability
could not be explained by the independent variables.

TSS, total sugars and the proportion of sucrose increased as p, decreased, that
is, as the fruit matured. On the other hand, the proportion of fructose and the
proportion of sorbitol decreased (Fig. 1 ¢ and g). The proportion of glucose did
not change with

TSS, total sugars, the proportion of sucrose and the proportion of sorbitol
increased with increasing fruit mass, whereas the proportion of glucose and
the proportion of fructose decreased (Tab. 1).

Theinteraction of fruit mass and p,was statistically significant with TSS,
total sugars, and the proportion of sorbitol, al of which increased with
increasing mass. However, this increase was higher at lower values for p, for
TSS and total sugars, and at higher values of p, for sorbitol.

Sugar composition changed sightly during shelf life. The proportions of
glucose and fructose increased, while the proportions of sucrose and sorbitol
decreased (Fig. 1). There was no significant change in TSS and total sugars.

On the other hand, there was a significant decrease in TA and tota acids
during shelf life, mainly because of a decrease in both citric and malic acids
(data not shown). The proportion of malic acid decreased while the proportion
of quinic acid increased (Fig. 2).

The increase in the proportion of quinic acid during shelf life was higher
at lower values of p, that is, in mature fruit.

The proportion of citric acid did not change much as a function of time,
rather than as a function of p. The proportion of citric acid decreased
markedly at values of i, lessthan 0.12 cm %, that is, in mature fruit (Fig. 2g).

Total acids decreased with decreasing p., whereas the proportions of malic
and quinic acids increased.

In less mature fruit with a higher p,, totd acids increased and the
proportion of quinic acid decreased with increasing fruit mass. The proportion
of malic acid increased with increasing fruit mass only in mature fruit with
lower vaues for .

DISCUSSION

With TRS, individua fruits can be sorted for fruit quality on the basis of
sugar and acid composition. Furthermore, measuring p. a 670 nm separates the
effects due to maturation on the tree from the effects due to ripening during shelf
lifeat 20°C.

Both fruit mass and p, were measured at harvest. Any differences in pa
among individual fruits at harvest time were due to the process of maturation on
the tree. Therefore, any differencesin sugars or acids that are related to p,are due
to pre-harvest factors. The same holds true for the fruit mass.
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Table 1. Parameters estimated by regression (see equation 1, 2 and 3) and R? of selected models for sugar and acid variation in
function of absorption coefficient at 670 nm (), fruit mass(my,;,), time at 20°C (t) and their interactions. Variables with non significant
coefficient (such as mgit X t) were excluded from the model. All the regressions and al the parameters included in the equation are
significant at level <0.05

Coefficients of independent variables

Dependent Variables Constant R?

Ha[cm™] t[h Mirit [] Logd Ha X Mt HaX t Citmax
TSS[°Brix] - - 0.017 - -0.074 - - 85 0.45
Total Sugars - - 0.026 - -0.047 - - 4.2 0.51
[9/100 g FW]
Sucrose [%)] -15.1 -0.017 0.049 - - - - 70 0.47
Glucose [%0] - 0.006 -0.025 - - - - 12.9 0.33
Fructose [%0] 7.85 0.016 -0.029 - - - - 16.4 0.55
Sorbitol [%] - - - -0.260 0.020 - - 25 0.56
TA [meg/100g FW] - -0.034 - - 0.22 - - 16.4 0.70
Total Acids
[9/100 g FW] - - 0.001 -0.149 0.019 - - 14 0.78
Quinic [%] - 0.064 - - -0.118 0.28 - 153 0.71
Malic [%)] - -0.024 0.096 - -0.764 - - 40.2 0.66
Citric [%)] -32.3 - - - - 49 114 0.74
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Figure 1. Predicted values of total sugars and percentages of glucose, fructose,
sucrose and sorbitol from the regression parameters estimated in Table 1. Points are

the observed data and lines are the predicted values
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Figure 2. Predicted values of total acids and percentages of malic, citric and quinic
acids from the regression parameters estimated in Table 1. Points are the observed
data, and lines are the predicted values
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On the other hand, differences in sugars or acids that are related to the
amount of time the fruit are kept at 20°C are due to ripening during shelf life.
In fruit that were mature and had a higher mass a harvest, the total sugars and
the proportion of sucrose were higher, while the proportions of glucose and
fructose were lower. This confirms that the total amount of sugars increased
and that glucose and fructose were converted into sucrose while the fruit
matured on the tree (Kobashi et al., 1999; Moriguchi et a., 1990).

During shelf life, this process was reversed. Sucrose was hydrolyzed to
glucose and fructose without change in the total sugar content. In one study on
peaches, this occurred only after four weeks of storage at 0°C, and did not
occur during shelf life at 20°C (Robertson et a., 1990).

Sorbitol and sucrose are the main translocation products of photosynthesis
(Bieleski and Redgwell, 1985). However, in our study, sorbitol was present in
low amounts, whereas sucrose was present in high amounts. Both sorbitol and
sucrose increased with increasing fruit mass. However, sorbitol decreased as
the fruit matured, whereas sucrose increased. Therefore, Equation 1 can be
used to predict the changes in sugar composition during early stages of fruit
maturation, only if maturity at harvest time measured by p, a 670 nm is
considered.

Total acids decreased both during the maturation of fruit on tree and during
shelf life. The proportion of citric acid decreased and the proportion of mdic acid
increased with increasing fruit maturity at harvest time, which agrees well with
previous studies (Meredith et a., 1989; Vanali et d., 1993). In less mature fruit,
citric acid was the most abundant organic acid, and malic acid the second most
abundant organic acid. In more mature fruit, malic acid was the most abundant
organic acid.

Acid composition may influence the consumer perception of fruit quality.
Therefore, individua fruits can be sorted according to fruit quaity by measuring
u, a harvest time. Citric acid masks the taste of sucrose and fructose, whereas
malic acid enhances the taste of sucrose (Schifferstein and Fritjers, 1990; Bonnans

and Noble, 1993; Pangborn, 1963; Fabian and Blum, 1943). Our results indicate

that fruit with alower p, at harvest time could be perceived as sweeter because of
the higher sugar content and the lower percentage of citric acid. On the other
hand, fruit with ahigher u, would be perceived as more sour.
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ZMIANY SKEADU CUKROW | KWASOW
W NEKTARYNACH ‘AMBRA’ PODCZAS OBROTU
TOWAROWEGO W ODNIESIENIU DO
NIEDESTRUKCY JNEGO OKRESLANIA DOJRZALOSCI
Z WYKORZY STANIEM SPEK TROSKOPI| FALI
ODBITEJW FUNKCJ CZASU

Sanu Jacob, Maristella Vanoli, Maurizio Grassi,
Anna Rizzolo, Paola Eccher Zerbini,
Rinaldo Cubeddu, Antonio Pifferi, Lorenzo Spinelli
i Alessandro Torricelli

STRESZCZENIE

Dojrzatos¢ nektaryn podczas zbioru wptywa na cechy jakosciowe owocow
w trakcie obrotu towarowego, decydujac o zadowoleniu konsumentéw. Nowa
niedestrukcyjna, optyczna metoda, spektroskopia fali odbitej w funkcji czasu (TRS),
stosowana dla materiatdw o wysokim stopniu rozproszenia optycznego, takich jak
owoce, umozliwia petnag charakterystyke optyczna, przedstawiona w postaci
wspodtczynnikéw absorpcji (u1g) i odbicia (us'). Stosunkowo wysokie wartosci p, przy
670 nm, w poblizu piku charakterystycznego dla chlorofilu, wiaza si¢ z owocami
mato dojrzatymi, podczas gdy nizsze wartosci p, wskazuja na owoce bardzig
dojrzate.

Celem pracy byto zbadanie zaleznosci pomigdzy dojrzatacia owocow podczas
zbioru okreslam z zastosowanie TRS, a skladem cukréw i kwasdw w nektarynach
przetrzymywanych w temperaturze pokojowej. Nektaryny ‘Ambra’ zebrano w 2004
roku w okresie drugiego terminu zbioru handlowego i stosujac TRS zmierzono p,
przy 670nm. Owoce podzielono losowo na rozne grupy reprezentujace pelten zakres
K, Analizowano zawartos¢ ekstraktu (TSS), kwasowos¢ miareczkowa (TA) oraz
sktad cukrow i kwasow organicznych w owocach podczas zbioru i przetrzymywanych
w temperaturze 20°C. Dane zostaly przetworzone przy uzyciu krokowe
wieloczynnikowej regresji liniowe] i wykazaly, ze p, byt istotnie zwiazany z
zawartoscig cukrow i kwasow w owocach. Wraz ze zmnigjszaniem si¢ wartosci g, tj.
w miare dojrzewania owocow na drzewie, zwiekszata si¢ zawartos¢ ekstraktu, cukrow
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ogolnych, procentowy udziat sacharozy, kwasu jabtkowego i chinowego, a zmniejszat
sie procentowy udziat fruktozy i sorbitolu, oraz ogllna zawartos¢ kwasow,
a szczegblnie kwasu cytrynowego. W miarg wydluzania czasu przechowywania
w temperaturze 20°C ogllna zawartos¢ kwasdw zmnigjszda Sie, podczas gdy
zawartos¢ cukrow byta bardzig stabilna. Podsumowujac nalezy stwierdzi¢, ze
stosujac spektroskopig fali odbitg) w funkcji czasu i mierzac wspdtczynnik p, przy
670 nm w momencie zbioru, mozna wysel ekcjonowa: owoce o réznej jakosci.

Stowa Kkluczowe: Prunus persica [L.] Batsch, nektaryny, dojrzatos¢, technika

niedestrukcyjna, spektroskopia fali odbite) w funkcji czasu, zwiazki rozpuszczalne,
cukry, kwasy
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