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Abstract

Association of 12 fruit characters viz., fruit weight, polar
diameter of fruit, equatorial diameter of fruit, locule number
per fruit, pericarp thickness, TSS, lycopene, â carotene, total
sugar, reducing sugar, titrable acidity and ascorbic acid
contents of the fruit have been studied utilizing average
data over two years on 12 widely divergent genotypes of
tomato to determine important selection indices for
enhancing fruit quality characters in tomato. Correlation and
path coefficient analyses confirmed that medium sized fruits,
fewer locules, thick pericarp, high total soluble solids and
medium titrable acidity level in the fruits should be
considered as the most important selection indices for
enhancing lycopene, â carotene and ascorbic acid contents
in the fruit.
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Introduction

The cultivated tomato (Solanum lycopersicum L.) is
widely grown around the world and constitutes a major
agricultural industry and it is the second most consumed
vegetable after potato. It is one of the most important
vegetable crops grown in both temperate and tropical
regions of the world. Ripe tomatoes contain high
concentrations of several nutritive quality compounds
particularly carotenoids such as lycopene and â carotene
(provitamin A) and vitamin C (Beecher, 1998). The
compositional fruit quality of tomato is receiving
increasing interest, particularly given the results of recent
studies highlighting the nutritional importance of
lycopene, flavonoids, and chlorogenic acid in the human
diet (Devaux et al., 2005; Dixon, 2005; Niggeweget al.,
2006; Rein et al., 2006). Lycopene makes up
approximately 80-90 % of the total carotenoids in
common cultivars of tomatoes (Shi and Le Maguer,
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2000), the pigment that gives tomato its red color. There
is considerable interest in the dietary role of lycopene in
inhibition of heart disease (Rissanen et al., 2003) and
reducing the risk of certain cancers, including prostate
cancer (Clinton, 1998; Ansari and Gupta, 2003;
Giovannucci, 2002; Wu et al., 2004; Stacewicz-
Sapuntzakis and Bowen, 2005) and breast cancer (Sesso
et al., 2005). Other carotenoids present in ripe tomato
fruits include â carotene and small amounts of phytoene,
phytofluene, dcarotene, z-carotene, neorosporene, and
lutein (Khachiket al., 2002). It has been amply justified
that total soluble solids content which contain 50%
carbohydrates (Helyes et al., 2006) is the most important
indicator of the taste of tomato and the fruits containing
soluble solids above 4.5°Brix could be placed in the most
desirable rank (Clement et al., 2008). Today, fruit quality
is a major focus of most tomato breeding programs, the
major fruit quality traits of interest to both fresh market
and processing tomato industries being fruit size, shape,
total solids, lycopene, â carotene, firmness, nutritional
quality and flavour and other important fruit quality
characteristics include pH, titratable acidity and vitamin
contents (Foolad, 2007). Hence, the present investigation
was outlined to study the association of 12 fruit
characters including 7 quality characters utilizing the
pooled data over two years on 12 widely divergent
genotypes to frame selection indices for enhancing fruit
quality characters in tomato.

Materials and Methods

The field experiments were conducted in two consecutive
years (2009-2010 to 2010-2011) at the Central Research
Farm, Gayeshpur, Bidhan Chandra KrishiViswavidyalaya,
West Bengal, India situated at 22°57’N lat and 88°20'E
long with an average altitude of 9.75 m above the mean
sea level employing 12 varieties and breeding lines viz.,
Berika , FEB-2,  BCT-115,  CLN B , CLN R, Patharkutchi,
BCT-53, BCT-119, BCT-111rin, Alisa Craig, Alisa Craig
hp and Alisa Craig ogc (Table 1).



68 Akhtar and Hazra : Selection indices for enhancing fruit quality characters in tomato

These genotypes were grown during autumn–winter
season under the average day temperature range of 22.5º
to 31.9ºC and night temperature range of 8.4º to 22.4ºC,
the average day/night being 27.6º/15.1ºC in randomized
block design with 3 replications keeping 20 plants per
plot at 60 x 60 cm spacing.

Five random plants per replication were selected to
record the observations on different fruit characters.
Three ripe fruits from the 5 randomly selected plants
per plot were harvested to record fruit weight (g),
equatorial diameter (cm) and polar diameter (cm) while
pericarp thickness (cm) and locule number were
recorded after cutting those fruits into two halves. These
15 cut fruits per replication were utilized to make
composite sample per replication for estimation of 7
fruit quality traits viz., TSS, lycopene, â carotene, total
sugar, reducing sugar, titrable acidity and ascorbic acid
contents of fruits following standard biochemical
methods (Sadasivam and Manickam, 1996) in the
Department of Vegetable crops, Bidhan Chandra Krishi
Viswavidyalaya.

Data recorded for 12 fruit characters in two years were
averaged and used for analysis of variance. Phenotypic
and genotypic correlation coefficients were calculated
following Al-Jibouri et al (1958) and path analyses were
done as per Dewey and Lu (1959).

Results and Discussion

Correlation coefficient

The intensity and direction of association among the
characters can conveniently be measured by genotypic
and phenotypic correlation coefficient. In fact,
knowledge of genotypic interrelationship between
characters is also of theoretical interest because

genotypic correlation may be derived from genetic
linkage, pleiotropy or developmentally induced
relationship between components, which are only
indirectly the consequence of gene action (Adams,
1967). The phenotypic and genotypic correlation
coefficients for most of the pair of characters
corresponded closely indicating little influence of
environment on the correlated response on most of the
pair of fruit and fruit quality characters (Table 2). It
appeared that fruit weight, fruit diameters (polar and
equatorial) and pericarp thickness are linearly correlated
characters because of significant and positive
correlations among themselves which has found ample
support from the earlier report of Padma et al. (2002).
Locule number was found uncorrelated with pericarp
thickness (rP = 0.22) while, significant negative
correlations between locule number and pericarp
thickness was recorded in other study (Kumar and
Tewari, 1999). Significant and positive correlations
between locule number and fruit weight and diameters
in the present investigation did not find support from
the earlier findings of Kurian and Peter (1997). These
discrepancies in character association in the present
investigation with regard to some such earlier studies
arose due to different set of genotypes under study.

No fruit morphological characters viz., fruit weight,
diameters, locule number and pericarp thickness did
register any significant correlations with any of the seven
fruit quality characters suggesting different physiological
mechanisms and genetic control for fruit morphological
and fruit quality characters. On the other hand, canonic
correlation estimated by do Amaral Junior et al. (1997)
showed that fruit weight was positively correlated with
soluble solids, ascorbic acid and â carotene contents.
Correlations between locule number and TSS, lycopene,
â carotene and total sugar content was negative but non-

Table1. Genotypes of tomato employed in the investigation
Genotype (Variety/line) Specific character or gene in it Source 
Berika High lycopene  containing variety Institute of Physiology and Genetics, Bulgarian academy of 

Science, Sofia, Bulgaria 
FEB-2 Early blight resistant variety I.A.R.I., New Delhi 
BCT-115 Dark green and high pigmented line containing dg gene United States Department of Agriculture, USA. 
BCT-119 High pigmented line containing hp gene United States Department of Agriculture, USA 
CLN B Heat tolerant line low in carotenoid pigments AVRDC, Taiwan 
CLN R Heat tolerant line low in carotenoid pigments AVRDC, Taiwan 
BCT-53 High yielding line developed by selection from a material 

collected from Assam 
Dept. of Vegetable crops, B.C.K.V., Mohanpur, West Bengal 

Patharkutchi Old, popular and adaptable cultivar of West bengal Dept. of Vegetable crops, B.C.K.V., Mohanpur, West Bengal 
BCT-111rin Very slow ripening genotype containing  rin gene M. K. Banerjee, former Professor, Dept. of Vegetable 

Science, HAU, Hisar 
Alisa Craig Old variety Institute of Physiology and Genetics, Bulgarian academy of 

Science, Sofia, Bulgaria 
Alisa Craig hp An isogenic line of Alisa Craig with hp gene Institute of Physiology and Genetics, Bulgarian academy of 

Science, Sofia, Bulgaria 
Alisa Craig ogc An isogenic line of Alisa Craig with ogcgene Institute of Physiology and Genetics, Bulgarian academy of 

Science, Sofia, Bulgaria 
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significant and between locule number and reducing
sugar, titrable acidity and ascorbic acid content was
positive but non-significant. Number of fruit locules was
inversely correlated to lycopene, soluble solids, â
carotene and ascorbic acid contents as recorded by do
Amaral Junior et al. (1997) somewhat supported the
present findings.

Total soluble solids content of the fruit emerged as the
most important fruit quality character which influenced
other important quality traits because of its highly
significant and positive correlations with lycopene
content (rP = 0.63), â carotene content (rP = 0.52),
reducing sugar content (rP = 0.81) and titrable acidity
(rP = 0.59). Reducing sugar content also registered
significant and positive correlation with lycopene content
(rP = 0.52) and titrable acidity (rP = 0.51). Macua et al.
(2007) reported that there was a link between higher
degrees Brix values (high TSS content) and higher
lycopene content. According to Stommel et al., (2005)
â carotene and lycopene are the principal carotenoids in
tomato fruit that impart colour. High â carotene
genotypes contained higher levels of sugars and soluble
solids and equal or higher titrable acidity than the red-
pigmented cultivars. These two earlier reports highly
supported the present findings.

To address the question of the role of sugars in
controlling carotenoid accumulation, Telef et al. (2006)
cultured fruit pericarp discs (mature green fruits) in
vitro in the presence of various sucrose concentrations.
A significant difference in soluble sugar content was
achieved depending on external sucrose availability.

Sucrose limitation delayed and reduced lycopene and
phytoene accumulation, with no significant effect on
other carotenoids. Chlorophyll degradation and starch
catabolism were not affected by variations of sucrose
availability. The reduction of lycopene synthesis
observed in sucrose-limited conditions was mediated
through metabolic changes illustrated by reduced hexose
accumulation levels. He suggested that the modulation
of carotenoid accumulation by sucrose availability
occurs at the metabolic level and involves the differential
regulation of genes involved in carotenoid biosynthesis.
The findings of do Amaral Junior et al. (1997) that
multilocular fruits had higher ascorbic acid contents than
bilocular fruits , which in turn tended to have more
lycopene amply supported significant and positive
correlation between lycopene and ascorbic acid contents
(rP = 0.52) emerged in the present investigation.Very
high, significant and positive correlation (rP = 0.95)
between lycopene and â carotene contents in the present
investigation amply suggested that high lycopene
precursor might have increased the accumulation of â
carotene in tomato fruit because â carotene is found
downstream of lycopene in the carotenoid biosynthetic
pathway. Results of the experiment conducted by Obasi
and Okoh (2006) showed that total carotenoids and
lycopene contents were positively correlated with each
other at all stages of fruit ripening in all cultivars which
corroborated to the present findings.

Path coefficient

Linear correlation between any two characters may

Table 2. Phenotypic (P) and genotypic (G) correlation coefficients over two years

*= Significant at 5% level of significance

 Polar 
diameter 

Equatorial 
diameter 

Locule 
no. 

Pericarp 
thickness TSS Lycopene 

content 
β carotene 
content 

Total sugar 
content 

Reducing 
sugar Acidity Ascorbic 

acid 
Fruit 
weight 

P 0.896* 
G 0.868 

P 0.858* 
G  0.839 

P 0.637* 
G 0.624 

P 0.665* 
G 0.642 

P -0.080 
G -0.071 

P 0.223 
G 0.203 

P 0.144 
G 0.134 

P -0.227 
G -0.218 

P 0.044 
G 0.014 

P -0.056 
G -0.051 

P -0.260 
G -0.161 

Polar 
diameter 

P 1.000 
G 1.000 

P 0.773* 
G 0.733 

P 0.519* 
G 0.509 

P 0.665* 
G 0.627 

P -0.252 
G -0.215 

P -0.028 
G -0.015 

P -0.124 
G -0.121 

P -0.222 
G -0.179 

P -0.200 
G -0.199 

P -0.326 
G -0.312 

P -0.373 
G -0.333 

Equatorial 
diameter  P 1.000 

G 1.000 
P 0.768* 
G 0.728 

P 0.622* 
G 0.574 

P -0.220 
G -0.215 

P -0.075 
G -0.042 

P -0.082 
G -0.081 

P -0.204 
G -0.179 

P -0.036 
G -0.035 

P 0.096 
G 0.091 

P -0.323 
G -0.312 

Locule no.   P 1.000 
G 1.000 

P 0.224 
G 0.207 

P -0.144 
G -0.137 

P -0.244 
G -0.229 

P -0.264 
G -0.259 

P -0.173 
G -0.130 

P 0.118 
G 0.112 

P 0.137 
G 0.133 

P -0.369 
G -0.323 

Pericarp 
thickness    P 1.000 

G 1.000 
P 0.196 
G 0.193 

P 0.265 
G 0.247 

P 0.210 
G 0.209 

P -0.227 
G -0.256 

P 0.096 
G 0.091 

P -0.047 
G -0.026 

P -0.201 
G -0.186 

TSS     P 1.000 
G 1.000 

P 0.637* 
G 0.623 

P 0.523* 
G 0.508 

P 0.055 
G 0.520 

P 0.816* 
G 0.764 

P 0.593* 
G 0.572 

P 0.381 
G 0.366 

Lycopene      P 1.000 
G 1.000 

P 0.956* 
G 0.949 

P 0.092 
G .082 

P 0.521 
G 0.422 

P 0.364 
G 0.328 

P 0.520* 
G 0.515 

β carotene       P 1.000 
G 1.000 

P 0.090 
G .077 

P 0.439 
G 0.341 

P 0.391 
G 0.297 

P 0.495 
G 0.488 

Total sugar        P 1.000 
G 1.000 

P 0.201 
G 0.138 

P -0.029 
G -0.014 

P 0.515 
G 0.340 

Reducing 
sugar         P 1.000 

G 1.000 
P 0.541 
G 0.536 

P 0.569 
G 0.556 

Acidity          P 1.000 
G 1.000 

P 0.206 
G 0.201 
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present a confusing picture because any character may
exert simultaneous influence on many characters of the
plant. Path coefficient analysis is more useful in
establishing direct and indirect relationship among any
characters, which is more realistic interpretation
regarding influence of a character on a particular trait.
The path coefficient analysis using phenotypic correlation
coefficient among pair of characters depicting direct
and indirect effect on lycopene content has been
presented in Table 3. Mean residual effect was 0.012
suggesting the inclusion of 98% lycopene content
determining characters in this study which justified the
reliability of this study with the inclusion of these
characters.

The character which exerted the highest and positive
direct effect on lycopene content of fruit  was â carotene
content (0.637) followed by fruit weight (0.592), total
soluble solids (0.418), and ascorbic acid content (0.212)
indicating high importance of these characters for
developing the genotype with fruits containing high
lycopene content. Anitha et al. (2007) from path
analysis revealed that oxalates, acidity, ascorbic acid
and TSS had positive and high direct effects on lycopene
which was agreed well to the findings of the present
investigation.

Both polar and equatorial diameter registered appreciably
high negative direct effect on lycopene content which
imposed restriction on realizing high lycopene content
in big sized fruits. Direct effect of both locule number
(- 0.02) and pericarp thickness (- 0.03) on lycopene
content was very low although negative in direction
however, their indirect effect via fruit weight was
appreciably high and positive.

The present analyses confirmed that medium sized fruits,
fewer locules, thick pericarp, high total soluble solids
and medium titratable acidity content should be
considered as the most important selection indices for
enhancing lycopene, â carotene and ascorbic acid
contents in the fruit.
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lkjka’k

VekVj esa 12 Qy ?kVdksa ;kuh Qy Hkkj] Qy dk /kzqoh; O;kl] Qy
dk Hkwe/; O;kl] izfrQy izdks’B dh la[;k] Qy fHkfRr dh eksVkbZ]
Qqy foys; Bksl] ykbdksihu] chVk dSjksfVu] dqy “kdZjk] ?kVko
“kdZjk] fo”ys’k.kh; vEyrk ,oa Qy ,LdkfcZd vEyrk dh ek=k dk
ekiu yxkrkj 2 o’kksZa rd dqy 12 fofo/k tuunzO;ksa dks lekfgr
dj fd;k x;kA ftlls egRoiw.kZ p;u lwpdkad dk fu/kkZj.k Qy
xq.kksa ds òf) gsrq fd;k tk ldsA lg lEcU/k ,oa iFk xq.kkad
fo”ys’k.k ls irk pyk fd e/;e Qy vkdkj] de izdks’B] Qy
fHkRrh eksVkbZ] mPp dqy foys; Bksl] ,oa Qy esa e/;e fo”ys’k.kh;
vEyrk dks ykbdksihu] fcVk&dSjksfVu rFkk ,LdkfcZd vEyrk ds
mUu;u gsrq lcls egRoiw.kZ p;u lwpdkad dks lekfgr djuk
pkfg,A

References

Adams MW (1967) Basis of yield component compensation in
crop plants with special   reference to field bean (Phaseolus
vulgaris). Crop Sci. 7: 505-510.

Al-Jibouri HA, Miller PA, Robinson HF (1958) Genotypic and
environmental variance and covariances in an upland cotton

Table 3.  Phenotypic path analysis over two years

Residual effect= 0.0123

Character Fruit 
weight 

Polar 
diameter 

Equatorial 
diameter 

Locule 
no. 

Pericarp 
thickness TSS β carotene Total 

sugar 
Reducing 
sugar Acidity Ascorbic 

acid 

Phenotypic 
correlation 
with 
lycopene 
content 

Fruit weight 0.592 -0.132 -0.190 -0.016 -0.025 -0.034 0.092 0.000 -0.012 0.001 -0.055 0.223 
Polar 
diameter 0.531 -0.147 -0.171 -0.013 -0.025 -0.105 -0.079 0.000 0.053 0.008 -0.079 -0.028 

Equatorial 
diameter 0.508 -0.114 -0.222 -0.019 -0.023 -0.092 -0.052 0.000 0.010 -0.002 -0.069 -0.075 

Locule no. 0.377 -0.077 -0.170 -0.025 -0.008 -0.060 -0.168 0.000 -0.031 -0.003 -0.078 -0.244 
Pericarp 
thickness 0.394 -0.098 -0.138 -0.006 -0.037 0.082 0.134 0.000 -0.025 0.001 -0.043 0.265 

TSS -0.048 0.037 0.049 0.004 -0.007 0.418 0.333 0.000 -0.215 -0.015 0.081 0.637 
β carotene 0.085 0.018 0.018 0.007 -0.008 0.219 0.637 0.000 -0.116 -0.010 0.105 0.956 
Total sugar -0.135 0.033 0.045 0.004 0.008 0.023 0.057 -0.001 -0.053 0.001 0.109 0.092 
Reducing 
sugar 0.026 0.029 0.008 -0.003 -0.004 0.341 0.280 0.000 -0.264 -0.014 0.121 0.521 

Acidity -0.033 0.048 -0.021 -0.003 0.002 0.248 0.249 0.000 -0.143 -0.026 0.044 0.364 
Ascorbic 
acid -0.154 0.055 0.072 0.009 0.007 0.159 0.316 -0.001 -0.150 -0.005 0.212 0.520 

 



Vegetable Science, Vol. 42, January - June 2015 71

cross of inter-specific origin. Agron. J.50: 633-636.
Anitha P, Sharma RR,  Tiwari RN, Sureja AK (2007) Correlation

and path analysis for some horticultural traits in tomato.
Indian J. Hort. 64: 90-93.

Ansari MS, Gupta NP (2003) A comparison of lycopene and
orchidectomyvsorchidectomy alone in the management of
advanced prostate cancer. BJU Int. 92:375–378.

Beecher GR (1998) Nutrient content of tomatoes and tomato
products. Proc. Soc. Exp. Biol. Med. 218: 98-100.

Clement A, Dorais M, Vernon M (2008) Multivariate approach
to the measurement of tomato maturity and gustatory
attributes and their rapid assessment by vis-NIR
spectroscopy. J. Agric. Food Chem. 56: 1538-1544.

Clinton SK (1998) Lycopene: chemistry, biology, and implications
for human health and disease. Nutr.Rev.56: 35–51.

Devaux MF, Barakat A, Robert P, Bouchet B, Guillon F, Navez
B, Lahaye M (2005) Mechanical breakdown and cell wall
structure of mealy tomato pericarp tissue. Postharvest
Biol.Technol. 37: 209–221.

Dewey DR, Lu HK (1959) A correlation and path-coefficient
analysis of components of crested wheat grass production.
Agron.J. 51: 515-518.

Dixon RA (2005) Engineering of plant natural product pathways.
Curr.Opin. Plant Biol. 8: 329–336.

do Amaral Junior AT,  Casali VWD, Cruz CD,Finger FL (1997)
Simple and canonic correlation among morphological,
agronomic and fruit quality characters in tomato.
Horticultura Brasileira 15: 49-52.

Foolad MR (2007) Genome Mapping and Molecular Breeding of
Tomato. Int. J. Plant Genomics.1: 1–52.

Giovannucci  E (2002) A review of epidemiologic studies of
tomatoes, lycopene, and prostate cancer. Exp. Biol. Med.
227: 852–859.

Giuliano G, Aquilani R, Dharmapuri S (2000) Metabolic
engineering of plant carotenoids. Trends Plant Sci. 5: 406–
409.

Helyes L, Pek Z, Lugasi A (2006) Tomato fruit quality and content
depend on stage of maturity. Hort Sci. 41: 1400-1401.

Khachik  F, Carvalho L, Bernstein PS, Muir GJ, Zhao DY, Katz
NB (2002) Chemistry, distribution, and metabolism of
tomato carotenoids and their impact on human health. Exp
Biol Med (Maywood). 227: 845–851.

Knapp S, Bohs L, Nee M, Spooner DM (2004). Solanaceae-a
model for linking genomics with biodiversity. Comp.Funct.
Genome 5: 285–291.

Kumar TP, Tewari RN (1999) Studies on genetic variability for
processing characters in tomato. Indian J. Hort. 56: 332-
336.

Kurian A, Peter KV (1997)  Association of fruit shape index and
quality characters in tomato.  Indian J. Genet. 57: 82-86.

Macua JI, Lahoz I,  Garnica J, Santos A, Armendariz R (2007)
The influence of planting time on the lycopene content of
commercial tomato varieties for industry from the Ebro
Valley. Acta Hort. 758: 315-319.

Niggeweg R, Kocher T, Gentzel M, Buscaino A, Taipale M, Akhtar
A, Wilm M (2006) A general precursor ion-like scanning
mode on quadrupole-TOF instruments compatible with
chromatographic separation. Proteomics 6: 41–53.

Obasi MO, Okoh BA (2006) Effects of variety and different
stages of fruit ripening on quality traits of tomato (Solanum
lycopersicum (L.)Karst). J. Sustainable Agril. Environ.8:
29-38.

Padma E,  Ravisankar C, Srinivasulu R (2002) Correlation and
path coefficient studies in tomato (Lycopersicon esculentum
Mill).  J. Res. ANGRAU  30: 68-71.

Rein D, Schijlen E, Kooistra T, Herbers K, VerschurenL, Hall R,
Sonnewald U, Bovy A, Kleemann R (2006) Transgenic
flavonoid tomato intake reduces Creactive protein in human
C-reactive protein transgenic mice more than wild-type
tomato. J. Nutr. 136: 2331–2337.

Rissanen TH, Voutilainen S, Nyyss¨onen K, Salonen R, Kaplan
GA, Salonen JT (2003) Serum lycopene concentrations
and carotid atherosclerosis: The Kuopio Ischaemic Heart
Disease Risk Factor Study.  Amer. J. Clin. Nutr. 77:133–
138.

Sadasivam S, Manickam A (1996) Biochemical Methods (2ndedn.).
New Age International Publisher, New Delhi, pp. 187-
188.

Sesso HD, Buring JE, Zhang SM, Norkus EP, Gaziano JM (2005)
Dietary and plasma lycopene and the risk of breast cancer.
Cancer Epidemiol., Biomarkers Prev. 14: 1074–1081.

Shi J, Le Maguer M (2000) Lycopene in tomatoes chemical and
physical properties affected by food processing. Crit. Rev.
Food Sci.  Nutr. 40: 1–42.

Stacewicz-Sapuntzakis M, Bowen PE (2005) Role of lycopene
and tomato products in prostate health. Biochem. Biophys.
Acta. 1740:  202–205.

Stommel J, Abbott JA, Saftner RA, Camp MJ (2005). Sensory
and objective quality attributes of beta-carotene and
lycopene-rich tomato fruit. J. Amer. Soc. Hort. Sci. 130:
244-251.

Telef N, Stammitti BL, Mortain BA, Maucourt M, Carde JP,
Rolin D, Gallusci P (2006) Sucrose deficiency delays
lycopene accumulation in tomato fruit pericarp discs. Plant
Mol. Biol.62: 453-469.

Wu K, Erdman JWJr,  Schwartz  SJ, Platz  EA, Leitzmann M,
Clinton SK, DeGroff V, Willett WC, Giovannucci E (2004)
Plasma and Dietary Carotenoids, and the Risk of Prostate
Cancer: A Nested Case-Control Study. Cancer Epidemiol.,
Biomarkers Prev.13: 260–269.


	11 Full Length_1110 F

