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Abstract

In this study, the effects of storage, geographic origin, and distribution of
sugars and vitamin C in kiwifruits were examined. Analyses were carried
out using an HPLC-DAD system. The main sugars in Hayward and Kramer
varieties of kiwifruits were fructose (34.8 and 41.1 g/L) and glucose (35.2
and 40.3 g/L), respectively. The sugar concentrations were higher in Hayward
compared to the Kramer variety. Ascorbic acid concentrations were measured
to be around 0.6, and there were no significant differences between Hayward
and Kramer varieties. We demonstrated that the concentrations of sugars and
vitamin C varied depending on the geographic origin of the samples. These
compounds' concentrations were higher in the Sardinia and Tuscany regions
compared to Corsica, suggesting that abiotic and biotic factors can influence
the organoleptic characteristics of the product. We also observed that sugars
and vitamin C were more concentrated in the outer part of the kiwifruits than
the inner part. Lastly, kiwifruits appeared to be better preserved in a chamber
at 0°C than at 4°C.
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Introduction

The Actinidia genus (Actinidiaceae family) comprises approximately
50 species that originate from southwest China. Kiwifruit is a classic
climacteric fruit, and the optimal storage conditions vary depending on
the species [1]. Kiwi trees, belonging to the aforementioned family and
genus, are dicotyledonous sub-shrubs (height: 1-3 m) with white flowers
(blooming period: June to July) that grow naturally in Corsica (altitude:
0-600 m) [2]. They are primarily cultivated in New Zealand, Australia,
California, and the Mediterranean basin [3,4]. Kiwifruit production is
a thriving agricultural activity in Corsica, accounting for up to 10% of
the total French production [5,6]. The ability to determine the optimal
harvesting time based on the desired storage duration represents valuable
commercial knowledge [7,8]. Fruit storage significantly impacts its quality,
particularly its organoleptic properties. Kiwifruits can be harvested when
they are physiologically mature but not fully ripe, as they continue to ripen
during storage. However, if harvested too early or when almost ripe, they
quickly soften during storage, which is undesirable [9]. Rotting during this
period leads to substantial economic losses. The typical storage period
for fresh kiwifruits in the market is about 4-6 months [10,11], and it is
presumably related to the onset of starch hydrolysis and the accumulation

of soluble sugars in the fruit [12].

Kiwifruit contains significant amounts of acids, sugars, vitamins,
polysaccharides, and minerals [13]. Investigating the composition and
sugar concentrations in kiwifruits is crucial for assessing their quality.
It is also relevant to analyze organic acids and phenolic compounds, as
they can influence the fruit's organoleptic characteristics. The balance
between soluble sugars and non-volatile organic acids plays a major
role in determining the flavor of the fruit flesh [14]. Other factors such
as storage conditions, climatic elements, and the physiological stage at
harvest also influence the physical and sensory properties of kiwifruits
and recent studies on kiwifruit storage have focused on various aspects
aimed at improving quality and extending the shelf life of these delicate
fruits [15-17].

The main sugars found in kiwifruits are glucose, fructose, and sucrose
[18]. In recent years, there has been growing interest in kiwifruit production
due to its high antioxidant capacity [19]. Kiwifruit is also widely recognized
as an excellent source of vitamin C [20]. Hayward is the reference variety
and the most commonly cultivated one, producing large fruits with tangy
flesh. They can be harvested from November to January. On the other hand,
the Kramer variety is less well-known and described, but new varieties hold
significant economic potential and could exhibit diverse and interesting
characteristics such as fruit and flesh color, flavor, skin texture, fruit size,
resistance to pests and diseases, and length of the harvest period.

The objective of this study is to assess the concentrations of sugars
and vitamin C in the Hayward and Kramer varieties, evaluate the impact
of storage and geographic origin on these parameters, and analyze the
distribution of sugars and vitamin C within the kiwifruit.

Materials and Methods
Plant material

Kiwifruits of the Hayward and Kramer varieties (Actinidia deliciosa
var. Hayward and var. Kramer) were collected from a plantation located in
San Giuliano, Corsica, France (42° 17'N, 9° 32' E). The units were selected
randomly. The soil pH in the plantation was measured at 6.30, and the
trees were seven years old. Microjet irrigation was employed. A total of
150 units of each variety were harvested on November 15th when they
reached maturity.

After sampling, the kiwifruits were placed in an icebox to maintain
their freshness during transportation to the laboratory. In the laboratory,
half of the fruits were used immediately for the analysis of sugars and
ascorbic acid. The remaining 75 fruits were divided into two groups, with
40 fruits stored in a chamber at 0°C and 35 fruits stored in a chamber at
4°C for a duration of 5 months. The hygrometry levels were maintained
between 90% and 95%.

Kiwifruits from Tuscany and Sardinia were collected from plantations in
these regions. Fifty units of the Hayward variety were harvested at maturity
on November 15th. The soil pH in Tuscany and Sardinia was measured
at 6.7 and 6.9, respectively, and the trees' ages were 10 and 15 years,
respectively. Microjet irrigation was also utilized in these plantations. The
Tuscany and Sardinia kiwifruits were directly processed into juice for the
analysis of sugar and ascorbic acid concentrations at maturity.

The kiwi juice was extracted using a rotor machine and filtered through
a series of steps, including centrifugation, Buchner funnel filtration, and a
final filtration through a 0.45 pm membrane. Various analyses of sugars
and ascorbic acid were conducted at maturity based on the following
factors: i) kiwifruit varieties, ii) geographic origin of the units, iii) inner and
outer parts of fruits (for the Hayward variety), and iv) temperature storage
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after five months. The analysis of sugars and vitamin C was performed
using High-Performance Liquid Chromatography (HPLC) coupled with a
Diode Array Detector (DAD). Each analysis was performed in five replicates.

HPLC system analysis

A Perkin-Elmer 200 series system consisting of a binary pump (LC
200), an injector (20 pL injection loop) and a degasser (series 200) was
employed. For sugars characterization, analyses were carried out on an
Aminex HPX 87C (Biorad, France) column (300 mm x 7.8 mm; particle size
9 pum) eluted isocratically with 100% water (Milli Q) at a flow rate of 0.6
mL.min-1 for 20 min. The oven temperature was set at 85°C. Detection was
performed on refractometer detector (LC 200). The analysis of ascorbic
acid was made using an Aminex HPX 87H (Biorad, France) column (300
mm x 7.8 mm; particle size 9 pym) eluted isocratically with 100% water/
sulfuric acid (0.008 N) at a flow rate of 0.6 mL.min-1 also for 20 min. Oven
temperature was set at 35°C. Detection was performed at a wavelength of
245 nm by a Diode Array Detector (DAD LC 200).

Chemicals and standard solutions

Glucose, fructose, sucrose, and ascorbic acid standard compounds
were acquired from Sigma-Aldrich (France). External calibrations
were carried out for each compound analyzed in this study using the
aforementioned apparatus. Calibration curves were established using a
minimum of five data points. Linear regression analysis was performed for
each calibration curve, and the determination coefficients (R?) ranged from
0.989 to 0.995, indicating excellent repeatability of the system.

Statistical analysis

Significant differences for statistical analysis were determined using
one-way Analysis of Variance (ANOVA). ANOVA was employed when
the necessary conditions were met, namely, the normal distribution of
means and homogeneity of variances between means, as determined
by the Shapiro-Wilk test and Bartlett test, respectively. Differences were
considered significant when p<0.05. Whenever a significant difference
was detected, Tukey's HSD post-hoc comparison technique was applied
to identify which groups were statistically distinct. The Pearson Test
was utilized to examine the correlation between two variables. The same
statistical tests were employed for analyzing this dataset [21].
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Results and Discussion

The sugars (fructose, glucose, and sucrose) and vitamin C in the
kiwifruits were isolated and quantified using HPLC-DAD. The concentrations
of sugars in extracts from ripe Hayward and Kramer fruits were as follows:
34.8 g.L"and 41.1 g.L" for fructose, 35.2 g.L " and 40.3 g.L™" for glucose,
and 19.8 g.L" and 16.3 g.L" for sucrose, respectively. Glucose and
fructose were found to be the predominant sugars in both varieties of
kiwifruits, while sucrose was present in a much smaller proportion. These
findings are consistent with previous studies [17,18,22]. The total sugar
concentrations in the samples at maturity (including sucrose, fructose,
and glucose) ranged from 86.4 + 4.5 ¢.L "' to 101.2 + 5.8 g.L™' for Hayward
and Kramer, respectively. Our study indicates significant differences
between the two varieties, with higher sugar concentrations observed
in extracts from Hayward kiwifruits (Table 1, ANOVA, p<0.05). The lower
total sugar content in Kramer kiwifruit extracts may contribute to their
reduced commercialization compared to the other variety. Additionally,
the concentration of ascorbic acid was determined and showed variations
ranging from 0.57 + 0.02 g.L " t0 0.58 + 0.02 g.L" for Hayward and Kramer,
respectively. There were no significant differences between the two
varieties in terms of ascorbic acid concentrations. However, substantial
variations in sugars were observed, which can be attributed to factors such
as ripeness, storage methods, and growing conditions [23].

The sugars concentration is significantly impacted by the geographic
origin of harvested samples. We observed that the sugars concentration in
fruit flesh is higher in Sardinia and Tuscany regions than in Corsica (Figure
1, Tukey test p<0.05). These contents are affected by environmental and
cultivation practices (e.g., temperature, light intensity, cultivar, rootstock,
mineral nutrition, water availability and maturity degree) [24]. These
differences on the sugar and vitamin C contents according to the sampling
locations can be linked to these conditions. Another example showed
conventionally grown fruit also had greater soluble solids, fructose and
glucose contents than the other kiwifruits [25]. Glucose and fructose
concentration is 49.3 + 0.5 g.L"" and 51.2 £+ 1.7 g.L™" for the two regions,
4251+ 0.7 g.L" and 43.0 £+ 0.5 g.L" in Corsica. Sucrose concentration
is superior in Sardinia (p<0.05). Vitamin C is more important in Tuscany
originated kiwifruits (p<0.05). There is no significant difference in the
concentration of vitamin C from Sardinian and Corsican kiwifruits (p>0.05).

Table 1. Concentration of sugars and ascorbic acid (g.L") from Actinidia deliciosa var. Kramer and Hayward.

Glucose Fructose Sucrose Total sugar Ascorbic acid
Kramer 35.2+1.06° 348 +1.04 16.3+0.50? 86.4 + 4.50° 0.58 £ 0.02°
Hayward 40.3+1.21° 41.1+1.24° 19.8 £ 0.60° 101.2 + 5.80° 0.57 +0.02°
Note: #* significant difference according to varieties, Anova, p<0.05.
150 - g/L
g/l Fig. 1.A a a Fig.1.B
b 0.8 a
100 - I b b
0.6 -
1 I
Glucose Fructose Sucrose Total 0 T T
Tuscany Corsica Sardinian

Figure 1. Concentration of sugars and vitamin C from Actinidia deliciosa var Hayward (bars indicate the standard error) according to the stations after 5
months of storage at 0°C Note: *®: significant difference according to varieties, Tukey test, p <0.05, with a > b). (M) Tuscany, () Corsica, () Sardinian.
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Analysis of sugars and ascorbic acid in inner part and outer part from
Hayward kiwifruit

The quality of kiwifruit is very much related to its sugar content; we
investigated the distribution of sugars in the whole fruit (Figure. 2). Fruits
have two main parts, with one corresponding to the internal part of the pulp
containing the seeds (inner part), and the other representing the outer part
with the pulp between the epidermis and the inner part. The results shown
on Figure 3 indicate that glucose and ascorbic acid is homogeneously
distributed in the kiwifruit. Indeed, there is no significant difference
between the inner and outer part of the kiwifruit (Figure 3, (p<0.05)). The
same results were observed by Selman for total vitamin C concentrations
with the same concentration in the skin, the outer pericarp and the inner
pericarp [23]. However, we observe significant differences in the content
of fructose and sucrose in kiwifruit (p<0.05). The outer part of the fruit
has a higher concentration of sugars. Our results are similar with those
reported in the literature [23]. Burdon et al., showed a higher glucose and
fructose concentration in the outer pericarp than the inner pericarp [26].
However, for valorization of kiwifruit, it doesn't seem necessary regarding
sweetness (quality criteria) to segregate the different parts of the fruit.

Evolution of sugars and vitamin C during storage (cold storage at 0°C
and 4°C)

The ability to assess the optimal time for harvest in accordance with

- . a
Witamin C 2
Sacchaross
b
Frudose
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the desired duration of storage is of considerable commercial value.
Sugars concentrations increased with storage time until 5 months (Figure
3 p<0.05). The same results were reported by Barboni, et al. [5]. We
observed that the concentration of total sugars is greater when the kiwifruit
is stored at 4°C than at 0°C (p<0.05). The storage temperature influenced
on the storage time. But this difference is not the same according to the
separate sugars. Glucose and fructose concentrations were higher after 5
months of storage in comparison of their concentrations at maturity, but
there isn't significant difference between the storage at two temperatures
(p>0.05). The cold allows the fruits to keep longer. This is due to the
enzymes found naturally in the fruits. These become less active, or even
inactive, at temperatures below 3°C or 4°C. However, these enzymes allow
the fruit to ripen. Thus, the cold slows down the ripening metabolism. The
difference observed is on the sucrose concentration where it is greater
when the kiwifruit is placed at 4°C for 5 months (p<0.05). The time and
the method of storage (0°C or 4°C) affect the organoleptic quality and
thus the commercial interest of the kiwifruit. We observed the ascorbic
acid concentration is not statistically different (p>0.05) when the fruit is
at maturity or when the fruit is stored at 0°C for 5 months. Inversely, its
concentration is greater under storage condition at 4°C (p<0.05). Tavarini,
et al. examined the change in vitamin C according to the stage of maturity
of kiwifruit [27]. Generally, fresh fruits contain more vitamin C than those
cool stored [28].

Figure 2. Sugar and vitamin C concentrations in inner and outer pericarp of kiwifruits. Note: a,b: significant difference according to inner or outer pericarp, Anova

test, p<0.05, with a > b). (m) Inner pericarp, (=) Outer pericarp.
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Figure 3. Concentration of sugars and vitamin from Actinidia deliciosa var. Hayward during storage (bars indicate the standard error) Note: a,b: significant
difference according to storage, Tukey test, p < 0.05; with a > b > ¢). (M) Maturity, (®) Cold storage at 0°C, () Cold storage at 4°C.
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Conclusion

To conclude, in this study, HPLC-DAD was applied for the analysis of
sugars and organic acids present in kiwifruit. After measuring the sugars, it
was observed that fructose and glucose are the predominant sugars found
in kiwifruits. We observed that geographical origin plays a significant role,
with Italian kiwis exhibiting higher sugar content compared to kiwis from
Corsica. In terms of ascorbic acid levels, they were found to be higher
in Corsican kiwifruits. Furthermore, our study demonstrated that both
sugar and ascorbic acid are uniformly distributed throughout the kiwifruit
(both inner and outer parts). Finally, sugar concentrations increased over
storage time, and the storage method (0°C or 4°C) appeared to impact the
organoleptic quality and overall quality of the kiwifruit.

Funding

The authors thank the « collectivité de Corse » for funding this study.

References

1. Lim, S., et al. "Comparison of fruit quality and GC—MS-based metabolite
profiling of kiwifruit 'Jecy green’: Natural and exogenous ethylene-
induced ripening". Food Chem. 234(2017):81-92.

2. Maghdouri, M., et al. "Optimizing seed germination and seedling growth in
different kiwifruit genotype”. Horticulturae. 7(2021):314-324.

3. Matsumoto, S., and Obara, T. “Changes in chemical constituents of
kiwifruit during post-harvest ripening”. J Food Sci. 48(1983):607-611.

4. (2020) Food and Agriculture Organization of the United Nations Statistics
Database. FAOSTAT.

5. Barboni, T, et al. “Effect of cold-storage and ozone-treatment on
physicochemical parameters, soluble sugars and organic acids in
Actinidia deliciosa". Food Chem. 121(2010):946-951.

6. Santoni, F, et al. "Relationships between the leaf and fruit mineral
compositions of Actinidia deliciosa var. Hayward according to nitrogen
and potassium fertilization". Food Chem. 147(2014):269-271.

7. Goldberg, T, et al. "Quality of ‘Hayward' kiwifruit in prolonged cold
storage as affected by the stage of maturity at harvest”. Horticulturae.
7(2021):358-365.

8. Goldberg, T, et al. "Non-destructive measurement of fruit firmness to
predict the shelf-life of 'Hayward' kiwifruit". Sci Hortic. 244(2019):339-
342.

9. Burdon, J., et al. "Fruit maturation and the soluble solids harvest index for
‘Hayward' kiwifruit". Sci Hortic. 213(2016):193-198.

10.Antunes, M., and Sfakiotakis, EM. “Ethylene biosynthesis and ripening
behaviour of ‘Hayward' kiwifruit subjected to some controlled
atmospheres". Postharvest Biol Technol. 26(2002):167-179.

11.Barboni, T,, and Chiaramonti, N. "Use of deconvolution methods for the
analysis of sugars kiwi juice by HPLC". Chromatographia. 63(2006):445-
448.

Research Article

12.Burdon, J.,etal. "Soluble solids accumulation and postharvest performance
of 'Hayward' kiwifruit". Postharvest Biol Technol. 80(2013):1-8.

13.Zolfaghari, M., et al. "Physicochemical and enzymatic properties
of five kiwifruit cultivars during cold storage”. Food Bioproc
Technol. 3(2010):239-246.

14.Xiong, Y., et al. “Nutritional component analyses of kiwifruit in different
development stages by metabolomic and transcriptomic approaches”. J
Sci Food Agric. 100(2020):2399-2409.

15.Crisosto, CH., and Kader, AA. “Kiwifruit: Post-harvest quality maintenance
guidelines”. YUMPU. 8(1999):1-11.

16.Manolopoulou, H., and Papadopoulou, P. "A study of respiratory and
physico-chemical changes of four kiwi fruit cultivars during cool-
storage”. Food Chem. 63(1998):529-534.

17.Chiaramonti, N., and Barboni, T. "Ethylene emission and physicochemical
changes during cool storage of Kiwifruit”. Int J Food Sci Technol.
45(2010):513-1516.

18.Soufleros, EH., et al. “Instrumental analysis of volatile and other
compounds of Greek kiwi wine; sensory evaluation and optimisation of its
composition”. Food Chem. 75(2001):487-500.

19.Cassano, A, et al. “Integrated membrane process for the production of
highly nutritional kiwifruit juice”. Desalination. 189(2006):21-30.

20.Nishiyama, I., et al. "Sugar and organic acid composition in the fruit juice
of different actinidia varieties". Food Sci Technol Res. 14(2008):67-73.

21.Barboni, T, et al. "Effects of maturity degree and pressing mode on aroma
composition of clementine, mandarin and hybrids citrus juices”. Eur Food
Res Technol. 231(2010):379-386.

22.Walton, EF,, and Jong TM. “Growth and compositional changes in kiwifruit
berries from three Californian locations". Ann Bot. 66(1990):285-298.

23.Selman, TD. “The Vitamine C content of some kiwifruits (Actinidia
chinensis Planch, variety Huywards)". Food Chem. 11(1983):63-75.

24 Famiani, F, et al. "Yield affects qualitative kiwifruit characteristics and dry
matter content may be an indicator of both quality and storability". Sci
Hortic. 146(2012):124-130.

25.Nunes-Damaceno, M., et al. “A comparison of kiwi fruit from conventional,
integrated and organic production systems”. LWT - Food Sci Technol.
54(2013):291-297.

26.Burdon, J., et al. "The susceptibility of kiwifruit to low temperature
breakdown is associated with pre-harvest temperatures and at-harvest
soluble solids content Author links open overlay panel". Postharvest Biol
Technol. 43(2007):283-290.

27.Tavarini, S., et al. "Antioxidant capacity, ascorbic acid, total phenols
and carotenoids changes during harvest and after storage of Hayward
kiwifruit". Food Chem. 107(2008):282-288.

28.Lee, SK., and Kader, AA. "Pre-harvest and post-harvest factors influencing
vitamin C content of horticultural crops”. Postharvest Biol Technol,
20(2000):207-220.

Cite this article: Barboni, T, et al. Characterization of sugars from Hawyards and Kramer Kiwifruits: Influence of storage, geographic origin, distribution of
sugars and Vitamin C in the Kiwifruit. J Biol Todays World, 2023,12(5), 001-004



https://www.sciencedirect.com/science/article/pii/S0308814617307422
https://www.sciencedirect.com/science/article/pii/S0308814617307422
https://www.sciencedirect.com/science/article/pii/S0308814617307422
https://www.mdpi.com/2311-7524/7/9/314
https://www.mdpi.com/2311-7524/7/9/314
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1983.tb10800.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1983.tb10800.x
https://www.sciencedirect.com/science/article/abs/pii/S0308814610001044
https://www.sciencedirect.com/science/article/abs/pii/S0308814610001044
https://www.sciencedirect.com/science/article/abs/pii/S0308814610001044
https://www.sciencedirect.com/science/article/abs/pii/S0308814613014192
https://www.sciencedirect.com/science/article/abs/pii/S0308814613014192
https://www.sciencedirect.com/science/article/abs/pii/S0308814613014192
https://www.mdpi.com/2311-7524/7/10/358
https://www.mdpi.com/2311-7524/7/10/358
https://www.sciencedirect.com/science/article/abs/pii/S0304423818306678
https://www.sciencedirect.com/science/article/abs/pii/S0304423818306678
https://www.sciencedirect.com/science/article/abs/pii/S0304423816305295
https://www.sciencedirect.com/science/article/abs/pii/S0304423816305295
https://www.sciencedirect.com/science/article/abs/pii/S0925521402000406
https://www.sciencedirect.com/science/article/abs/pii/S0925521402000406
https://www.sciencedirect.com/science/article/abs/pii/S0925521402000406
https://link.springer.com/article/10.1365/s10337-006-0780-3
https://link.springer.com/article/10.1365/s10337-006-0780-3
https://www.sciencedirect.com/science/article/abs/pii/S092552141300032X
https://www.sciencedirect.com/science/article/abs/pii/S092552141300032X
https://link.springer.com/article/10.1007/s11947-008-0114-6
https://link.springer.com/article/10.1007/s11947-008-0114-6
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.10251
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.10251
https://www.yumpu.com/en/document/read/38416599/kiwifruit-postharvest-quality-maintenance-guidelines-carlos-h-
https://www.yumpu.com/en/document/read/38416599/kiwifruit-postharvest-quality-maintenance-guidelines-carlos-h-
https://www.sciencedirect.com/science/article/abs/pii/S030881469800017X
https://www.sciencedirect.com/science/article/abs/pii/S030881469800017X
https://www.sciencedirect.com/science/article/abs/pii/S030881469800017X
https://hal.science/hal-00506462/
https://hal.science/hal-00506462/
https://www.sciencedirect.com/science/article/abs/pii/S0308814601002072
https://www.sciencedirect.com/science/article/abs/pii/S0308814601002072
https://www.sciencedirect.com/science/article/abs/pii/S0308814601002072
https://www.sciencedirect.com/science/article/abs/pii/S0011916406000701
https://www.sciencedirect.com/science/article/abs/pii/S0011916406000701
https://www.jstage.jst.go.jp/article/fstr/14/1/14_1_67/_article/-char/en
https://www.jstage.jst.go.jp/article/fstr/14/1/14_1_67/_article/-char/en
https://link.springer.com/article/10.1007/s00217-010-1283-x
https://link.springer.com/article/10.1007/s00217-010-1283-x
https://academic.oup.com/aob/article-abstract/66/3/285/185628
https://academic.oup.com/aob/article-abstract/66/3/285/185628
https://www.sciencedirect.com/science/article/abs/pii/0308814683901176
https://www.sciencedirect.com/science/article/abs/pii/0308814683901176
https://www.sciencedirect.com/science/article/abs/pii/S0304423812003846?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304423812003846?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0023643813001539
https://www.sciencedirect.com/science/article/abs/pii/S0023643813001539
https://www.sciencedirect.com/science/article/abs/pii/S0925521406002353
https://www.sciencedirect.com/science/article/abs/pii/S0925521406002353
https://www.sciencedirect.com/science/article/abs/pii/S0925521406002353
https://www.sciencedirect.com/science/journal/09255214
https://www.sciencedirect.com/science/journal/09255214
https://www.sciencedirect.com/science/article/abs/pii/S0308814607008096
https://www.sciencedirect.com/science/article/abs/pii/S0308814607008096
https://www.sciencedirect.com/science/article/abs/pii/S0308814607008096
https://www.sciencedirect.com/science/article/abs/pii/S0925521400001332
https://www.sciencedirect.com/science/article/abs/pii/S0925521400001332

