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Identifying Volatile Compounds Associated with Sensory and Fruit Attributes
in Diploid Actinidia chinensis( kiwifruit) Using Mutivariate Analysis

1 Introduction

Kiwifruit belong to the genus Actinidia ,which comprises more than 60 species native to large parts of
China and some neighbouring countries. All known species are dioecious and grow as long-lived , perennial ,
woody vines. The familiar green-fleshed kiwifruit of the cultivar ‘ Hayward’ belongs to the species A.
deliciosa( A. Chev. ) Liang et A. R. Ferguson and is grown commercially in many countries. Yellow-fleshed
cultivars of A. chinensis Planch. are grown widely in China and increasingly in other kiwifruit producing
countries. The ¢ Hayward’ cultivar is characteristically described by consumers as having a fresh, sweet
and acid flavour, while the commercial yellow-fleshed A. chinensis cultivar ‘ Hortl6 A’ ( marketed as
ZESPRI® GOLD Kiwifruit) is described as having sweet, banana and blackcurrant-like flavours ( Jaeger
et al.,2003).

* JHAE# , E-mail ; Canhong. cheng@ plantandfood. co. nz



Flavour is a key aspect of fruit quality and is generally defined as a combination of aroma and taste
sensations. While the roles of sugars and acids in taste are well known and described, the volatile
compounds that contribute to flavour and odour are more difficult to define. Many of the earlier studies on
kiwifruit aroma focused on the composition of volatile compounds. Up to 90 volatiles were identified from
fruit of ‘ Hayward’ ( Young et al.,1983; Young and Paterson, 1985 ; Takeoka et al., 1986 ; Paterson et al.,
1991 ; Young and Paterson, 1995 ; Young et al., 1995; Perera et al., 1998 ). Between 40 and 80 volatiles
were detected from fruit of A. arguta genotypes ( Matich et al.,2003 ). Hex-E2-enal was identified as the
major component in mature fruit of ‘ Hayward’ but on further ripening, ethyl butanoate began to dominate
the profile ( Bartley and Schwede, 1989 ). Young et al. (1995 ) reported that the sweetness of ripe
‘ Hayward’ kiwifruit was associated with high concentrations of esters,which account for up to 85 % of the
total volatiles in kiwifruit ( Crowhurst et al., 2008 ). In the vyellow-fleshed cultivar ‘ Hortl16A ’ |
acetaldehyde , hexanal ,hex-E2-enal and ethyl butanoate were found to be important contributors to aroma
(Friel et al.,2007).

However, because many volatile compounds are not flavour active in a particular product, one of the
major difficulties in studying odour is the determination of those compounds that make a real contribution to
the flavour of food ( Mistry et al., 1997 ). Odour activity values (OAVs) are used to estimate the odour
contribution of individual food volatiles, and are calculated as the ratio between the concentration of an
individual substance in a sample and the threshold concentration of that substance (i. e. , the minimal
concentration that can be detected by the human nose) ( Rothe and Thomas, 1963 ). Buttery (1993 ) found
that of 400 volatiles identified in tomatoes, only 16 reached their OAVs. Hundreds of volatiles have also
been identified in apple ( Dixon and Hewett, 2000 ) and strawberry ( Dirinck et al., 1981 ; Pérez et al.,
1996 ) ,but of these,only a small proportion was classified as  character impact’ volatiles. Of 60 volatiles
identified from ‘ Hayward’ kiwifruit using GC/MS-O( gas chromatography/mass spectrometryolfactometry ) ,
only 30 were odour-active ( Frank et al.,2007 ). Hex-E2-enal ( ‘ marzipan, sweet’ ) had the greatest odour
impact, followed by 1-penten-3-one ( ‘ plastic, herbal, glue, kiwifruit-like ’ ) and hexanal ( ‘ green, fresh
crushed leaves’ ). In ‘ Hayward’ essence and puree,hex-E2-enal was perceived by GC-O as imparting a
fruity , strawberry and cherry flavour (Jordan et al.,2002).

Olfactometry is thus a valuable tool as it allows a complex volatile mixture to be separated temporally
into individual compounds, but it does not take account of the complexity of human sensory perception
(Frank et al.,2007 ). Sensory evaluation methods offer an organized way to collect information on the
sensory attributes of food samples as perceived by the human senses. To take into account the multivariate
nature of the data, multivariate chemometric data analysis techniques ought to be applied ( Daszykowski
et al.,2007 ). Thus, a complementary approach to studying flavour is to use multivariate statistics to
identify associations between sensory and chemical data that may indicate potentially important flavour
volatiles that contribute most to the sensory experience. This approach recognizes that while individual
flavour components are responsible for taste and odour, the total sensation determined from sensory analysis
results from the integration of all the individual flavour stimuli in a mixture ( Rouseff and Leahy, 1995 ;
Frank et al.,2007). This type of approach has been used in studies of tomato, where relationships between
sensory attributes and volatiles have been identified using multiple linear regression ( MLR) ( Baldwin
et al., 1998 ; Tandon et al.,2003) and PCA ( Krumbein et al.,2004 ).

Variation has been reported in the quantity of volatiles in thirteen apple cultivars( Young et al.,2004)
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and six apricot cultivars( Guillot et al.,2006). Lépez et al. (1998 ) found that odour components varied in
class and quantity in two apple cultivars and were associated with sensory properties characteristic of each
cultivar. During fruit ripening,a number of different biosynthetic pathways are involved in volatile synthesis
( Dixon and Hewett, 2000 ; Gonzalez-Agiiero et al.,2009 ; Zhang et al.,2009 ). These have not been fully
described ,but appear to be common to different fruits( Dixon and Hewett,2000). To date,only a few genes
that directly influence fruit flavour biogenesis have been reported , including alcohol dehydrogenase (ADH2)
in tomato( Speirs et al., 1998 ) , terpene synthases in strawberry ( Aharoni et al., 2004 ) , antisense ACC
(1-aminocyclopropane carboxylic acid ) oxidase and alcohol acyltransferase ( AAT) in apple ( Schaffer
et al.,2007 ; Souleyre et al.,2005; Li et al., 2006 ) and lipoxygenase ( LOX ) in kiwifruit ( Zhang et al.,
2009).

In an ever more competitive and global market, flavour quality is increasingly important to consumers.
Therefore ,knowledge of kiwifruit flavour is of utmost importance in developing new cultivars. While studies
of the composition of volatile compounds have detected up to 90 volatiles in kiwifruit cultivars and
genotypes , there are only a few published studies on *flavour impact’ volatiles related to sensory attributes
in ‘ Hayward ’ ( Frank et al., 2007 ; Jordan et al., 2002 ). Moreover, because of the large number of
volatiles , the assessment of the volatiles contributing to flavour within breeding populations is especially
challenging. Therefore, the main goal of this study was to evaluate multivariate analyses of associations
between volatiles, sensory and fruit attributes to identify potential key impact volatiles that make a
substantial contribution to the flavour and odour of A. chinensis fruit, using 24 genotypes representing the
diversity of taste and fruit characteristics in a breeding population. The study also aimed to identify
economic and efficient breeding methods for improving flavour volatiles and superior parents for use in our

breeding programme.

2 Materials and methods

2.1 Plant material

Twenty-four genotypes of diploid A. chinensis were sampled in April 2001 and were numbered from P1
to P24. Twenty-two were seedlings chosen from among 289 females in a population derived from a factorial
mating design(3 females X 13 males) ,planted in 1994 at the Te Puke Research Centre ,New Zealand. The
other two genotypes were female parents of this population, Female B ( P23 ) and Female C ( P24 ),
respectively. The third female parent, Female A, was missing from our study. The three female parents( A ,B
and C)were selected as testers based on results from previous studies( Cheng et al.,2004 ). Both Female A
and Female B had moderate dry matter( DM ) and soluble solids content( SSC). Female C was ‘ Hort16A” |
a yellow-fleshed cultivar with large fruit renowned for their good flavour( Jaeger et al.,2003 ). The 13 male
parents were selected randomly from our germplasm collection. The 22 seedling genotypes were selected to
be broadly representative of the population,based on the first two principal components( PCs) derived from
14 variables analysed in a previous study ( Cheng et al., 2004 ). The variables included four sugars
(fructose, glucose , sucrose and myo-inositol ) , three organic acids ( malic, quinic and citric ) , fruit pH,
titratable acidity,vitamin C and four fruit characters ( fruit number per vine, fruit weight, DM and SSC at
eating ripeness) . The two PCs were associated with the traits “sweet taste factor” and “sour taste factor” ,
and accounted for 50.7 % of the total variance. The 22 genotypes selected showed extreme differences in
combinations of the two PCs. This approach was expected to maximise the discrimination of phenotypes
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among vines in this population.

From 50 to 60 fruit were harvested at random from each vine when the mean SSC of a three-fruit
sample reached 10 %. SSC and DM were measured at harvest as described in Cheng et al. (2004 ). The
remaining fruit were cool stored at 1.5 °C before sensory and chemical analyses were performed.

2.2 Fruit sampling and chemical analysis

After 1 month of storage,fruit were removed from the cool store and ripened at 20 °C for 3 ~5 days.
Fifteen fruit( firmness 0.5 ~0.7 kgf) from each vine were selected for sensory analysis. Each end of each
fruit was sampled for SSC, and a longitudinal slice (1/3) was removed for chemical analysis. One half of
this slice was used for sugar( fructose , glucose , sucrose and myo-inositol ) and acid ( malic, quinic and citric
acids ) analysis and the other half was sampled for volatile analysis. The remaining part of the fruit was used
for sensory analysis ( see below ). The fruit samples for sugar and acid analysis were frozen in liquid
nitrogen immediately and stored at — 20 “C prior to analysis. The individual sugar and acid contents were
measured by GLC ( gas-liquid chromatographic ) analysis as described by Cheng et al. (2004 ).

For volatile analysis, the methods of Matich et al. (2003 ) were used with minor modifications.
Headspace volatiles released from 1 to 1.5 g of the pulped tissue were collected with a Chromosorb 105
absorbent trap(100 mg per trap) for 15 min at 23 °C at a flow rate of 25 ml min ~'. The sampled traps were
stored at —15 C and analysed using GC-MS(HP5890-VG70)with a DB-wax column( J&W,30 m x 0. 25 mm
x0.25 wm) ,within 2 weeks. Peaks were identified and quantified as described by Matich et al. (2003).
All analyses were performed on triplicate tissue samples.

2.3 Sensory analysis

A panel of eight in-house assessors, trained to evaluate the flavour of kiwifruit, was selected ( Marsh
et al.,2006 ; Wang et al.,2010). Sensory analysis was performed in a sensory panel room at 20 °C. Sensory
attributes were recorded for sweet taste,sour taste, ‘ Hort16A’ -like flavour and odour and ethyl butanoate
flavour and odour. The attribute intensities were recorded on 150 mm unstructured line scales anchored at
zero for absent and 150 for extreme, using CompusenseTM 5 sensory software. The attributes were
calibrated using ‘ Hortl6A’ fruit for both ‘ Hort16A’ -like flavour and odour(100) ,20 g1 ' and 40 g1~
sucrose solutions for sweet taste(40 and 100, respectively) ,and 1 g 1 ™' malic acid solution for sour taste
(115)as in Marsh et al. (2006 ). Sensory samples of fruit were presented monadically to panellists stem-
end up in coded plastic créme cups. Each sample was cut into three slices. The stem end and middle slice
were used for odour and flavour assessment, respectively. The remaining third was used for texture
assessment ( data not shown). The eight assessors analyzed 24 genotypes of kiwifruit during six sessions.
The final sensory data were averaged across the eight assessors.

2.4 Statistical and multivariate analysis

In this study, there were 72 volatile compounds ( attributes) , but only 24 genotypes ( observations ) .
Thus, the dimensions of the data matrix were 24 x 72. For PCA , the correlation matrix for the data was
singular and some scoring coefficients were zero( Daszykowski et al.,2007). To overcome this problem,the
volatile data were regrouped , using hierarchical clustering of variables as implemented by PROC VARCLUS
( SAS Institute Inc. ,2003) ,based on a phenotypic correlation matrix between volatiles estimated by PROC
CORR. The VARCLUS procedure divided volatile variables into hierarchical clusters. Four clusters were
arbitrarily chosen,to make the number of volatile attributes within the cluster equal to or less than the
number of observations (24 ) ( Anderberg, 1973 ). The four clusters had 19, 13,20 and 19 volatiles,
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respectively( Table 1). In Cluster 1, because four ketones ( 2-methylpentan-3-one , 4-methyl-2-hexanone,,
4-methylpentan-2-one and 5-methylhexan-2-one ) and butyl acetate were found only in P2, some scoring
coefficients of the PCA were zero because of the singular correlation matrix. Thus, only butyl acetate was
included in Cluster 1 for PCA ( Table 1). A PCA was carried out on the volatiles in each of the four
clusters , using the PRINCOMP procedure of SAS( SAS Institute Inc . ,2003). In accordance with Morrison
(1990) , the analysis was performed on standardised data. The un-rotated structure of each analysis was
used to interpret the meaning of the components because the emphasis was on ordination rather than
structure explanation. To minimize the number of principal components used for each character
( ¢ parsimony”’ ) ( Morrison, 1990 ) , we set the cut-off at 70 % of the total variance. This meant it was
necessary to consider only 14 principal components( PCs) for all four clusters( Table 2).

Multiple linear regressions ( MLR ) of DM, sugars, acids and sensory attributes were conducted as a
function of the 14 PCs,to explore associations between volatile compounds, sensory and fruit attributes and
to identify potential key °flavour impact’ volatiles of fruit of A. chinensis. MLR was carried out using
PROC REG with the STB( standardized ) option of SAS( SAS Institute Inc. ,2003). A standardisation for
the regression coefficient( STB) is the process whereby raw data are transformed into new variables with a
mean of 0 and a standard deviation of 1. DM and SSC were very highly correlated and showed very similar
correlations with other taste and fruit characters( Cheng et al. 2004 ) . Therefore , this study reports only the
relationship between DM and volatiles. The combined analysis of PCA and MLR enabled 13 potential key
‘flavour impact’ volatiles in A. chinensis fruit to be identified. Another PCA was carried out with only the
13 volatiles, to enable differentiation of genotypes. The parsimony criterion subsequently led to the first two
PCs being used. MLRs of sensory attributes were conducted as a function of the two PCs of key volatiles , to

specify the relationship between key volatiles and sensory attributes and to identify superior parents for

flavour breeding.

Table 1 Occurrence and relative abundance of volatile compounds found in 24 genotypes of Actinidia chinensis

— Occurrence Mean Minimum Maximum ‘Hort16A’ ——
(genotypes) /(ngg™' FW) /(ngg™' FW) /(ngg™' FW) /(ngg™' FW)
Aldehyde
Acetaldehyde 15 6.37 0 42.27 5.28 4
Propanal 24 3.97 0.83 7.83 3.60 1
Butanal 22 0.9 0 2.60 0 2
2-methylbutanal 3 0.21 0 2.54 0 1
Hexanal 24 128.95 3.94 616.98 28.24 4
Hex-E3-enal 22 4.76 0 23.93 0 4
Hex-Z3-enal 21 19.84 0 433.16 0 3
Heptanal 23 2.93 0 11.42 1.82 1
Hex-Z2-enal 22 11.74 0 39.01 4.45 4
Hex-E2-enal 24 686.48 17.35 2484.81 123.50 2
Octanal 24 4.87 0.98 22.86 2.06 3
Nonanal 15 10. 86 0 34.30 0 2
Decanal 20 17.00 0 78.05 0 3
Benzaldehyde 24 2.26 0.40 19.22 1.01 1




