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A study was conducted comprising of four widely divergent genetic materials of tomato viz. BCT- 111 rin possessing specific 
mutant genes and CLN B, Patharkutchi, BCT-53 are normal lines without possessing specific genes in Central Research 

Farm, Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India during autumn-winter (2018‒19 to 2019‒20) aimed to 
evaluate genotype level variation due to rin gene in both homozygous and heterozygous condition for different characters. Three 
hybrids viz. BCT-111 rin×CLN B, BCT-111 rin×Patharkuchi, BCT-111 rin×BCT-53 were developed involving BCT-111 
rin and normal 3 genotypes. The seven genotypes including the parental lines and hybrids exhibited wide range of variations 
in different traits namely, plant height (84.59‒106.94 cm), number of days to first flowering after transplanting (25.7‒41.26), 
number of flower clusters plant-1 (18.21‒25.69), number of flowers cluster-1 (5.73‒8.48), number of fruits plant-1 (49.22‒76.02), 
fruit weight (37.89‒97.50 g), equatorial diameter (24.71‒52.60 mm), polar diameter (26.00‒47.81 mm), locule number fruit-1 
(2.48‒3.96), pericarp thickness (4.94‒6.84), fruit yield plant-1 (2.93‒4.07 kg), total soluble solids (3.95‒6.21° brix), total sugar 
content (1.43‒3.47%), reducing sugar (1.21%‒2.58%), titratable acidity (0.36%‒0.64%), ascorbic acid content (25.66‒34.76 mg 
100 g-1 fresh weight), lycopene content (0.38‒4.16 mg 100 g-1 fresh weight) and β-carotene (0.24‒0.60 µg 100 g-1 fresh weight). 
In the genotype possessing the ripening inhibitor rin gene in homozygous condition, fruit did not ripe and lycopene biosynthesis 
was severely reduced. However, in heterozygous condition, lycopene biosynthesis was almost normal which amply justified the 
possibility of utilizing the genotype possessing ripening inhibitor rin gene for development of commercial hybrids of tomato. 
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1.   INTRODUCTION

Tomato (Solanum lycopersicum L.) belongs to the 
nightshade family Solanaceae which is believed to 

consist of 96 genera and over 2800 species distributed in 
three subfamilies, Solanoideae (to which Solanum belongs), 
Cestroideae and Solanineae (Knapp et al., 2004). The 
cultivated tomato is widely grown around the world and 
constitutes the major input for the agro-based industry. It 
is also the second most consumed vegetable after potato. 
Genetic determinants of nutritional quality have long 
been studied. However, it is only recently that these studies 
have largely focused on single, or at most, a handful of 
metabolites, such as carotenoid content in tomato (Liu et 
al., 2003). Hence, there has been much renewed interest 
in the possibility of breeding not only higher yielding but 
also better quality crops. A typical tomato fruit contains 
intermediate levels of vitamin C, carotenoids, provitaminA, 
but because of the volume of fresh tomato and tomato 
products which are consumed, tomatoes make important 
contribution to the dietary intake (Stommel, 2007, Causse 
et al., 2007). Tomato as an importantsource of anthocyanins 
in human food has also been discussed recently (Atanassova 
et al., 2010).
Today, fruit quality is the major focus of most tomato 
breeding programmes because of several recent studies 
highlighting the nutritional importance of lycopene, 
flavonoids, and chlorogenic acid in the human diet (Devaux 
et al., 2005, Dixon, 2005, Niggeweg et al., 2006, Rein et al., 
2006). The major fruit quality traits of interest to both fresh 
market and processing tomato industries being fruit size, 
shape, total soluble solids, lycopene, β-carotene, firmness and 
flavour while the other important fruit quality characteristics 
include pH, titrable acidity and vitamin contents (Foolad, 
2007). Lycopene makes up approximately 80‒90% of the 
total carotenoids in common cultivars of tomatoes (Shi 
and Le Maguer, 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 (Sessoet al., 2005). 
Other carotenoids present in ripe tomato fruits include 
β-carotene and small amounts of phytoene, phytofluene, 
d-carotene, z-carotene, neorosporene and lutein (Khachik 
et al., 2002). β-carotene is the carotenoid recognized as a 
nutrient in tomato fruit due to its provitamin A activity. 
Each year, 750 million people suffer from vitamin A 
deficiency and a single serving of tomato products can 
supply in excess of 30% of recommended daily allowances. 
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 desirable rank (Clement et al., 2008). Tomato 
has a very short shelf life due to its perishable nature. Short 
shelf life coupled with improper processing facilities results 
in heavy socio-economic loss (Roy and Karmakar, 2019). 
Delay ripening of fruit or fruit development delays (Wang 
et al., 2019) plays significant role in shelf life of tomato.
Hence, as a time demanding breeding strategy of improving 
tomato for enhanced product quality utilizing ripening 
inhibitor (rin) mutant gene to gain both domestic as well 
as international market share as large as possible and 
availability throughout the year, the following objectives 
viz. Study on genotype level variation due to rin (ripening 
inhibitor) gene in homozygous as well as heterozygous 
condition compared to normal, non-mutant genotypes 
for different plant morphological, fruit and fruit quality 
characters have been framed in the present investigation.

2.   MATERIALS AND METHODS

The field experiments were conducted during October 
November of 2018‒19 to 2019‒20 at Central Research 

Farm, Gayeshpur, Bidhan Chandra Krishi Viswavidyalaya, 
Nadia, West Bengal, India. Four widely divergent genetic 
materials of tomato viz., BCT-111 rin possessing rin 
(ripening inhibitor) gene and normal lines without 
possessing specific genes viz., CLN B (heat tolerant and 
low in carotenoid pigment), Patharkutchi (local adaptable 
cultivar medium in carotenoid pigment) and BCT-53 (high 
yielding line with appreciable fruit quality). Following 
three hybrids were developed through Conventional 
hybridization method involving BCT-111 rin and three 
normal genotypes viz. BCT-111 rin×CLN B, BCT-111 
rin×Patharkutchi and BCT-111 rin×BCT-53. The fruits 
developed by hybridization were harvested at ripe stage. 
After keeping those fruits in ambient condition for 4‒5 
days for completion of physiological maturity of the seeds, 
the seeds were extracted by fermentation method. The seeds 
were dried in shade and in sun, both and stored in desiccators 
for further use. Then evaluation of the hybrids alongwith 
their parental lines were done following randomized block 
design with three replications keeping 30 plants replication-1 

with a spacing of 60×60 cm2. Standard crop husbandry 
procedure along with general plant protection measure 
was followed during the experiment andfive random plants 
from each genotype were selected for recording the data 
on different characters. 5 fruits from each of the 5 plants 
genotype-1 were sampled periodically at advanced turning 
stage and kept in the room temperature condition till the 
fruits did ripe completely. After taking the morphological 
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characters of fruit viz., fruit weight (g), equatorial diameter 
(mm) and polar diameter (mm), the fruits were cut into two 
halves and pericarp thickness (mm) and locule number was 
recorded. The cut fruits were used to make replication-wise 
composite sample to estimate the following fruit quality 
characters on fresh weight (FW) basis. Total soluble solids 
(TSS) was determined by hand refractometer and expressed 
as °Brix.Total sugar content (%) and Reducing sugar (%) 
were estimated by Anthrone method as per Dubois et al. 
(1956).Titratable acidity (%)was estimated as per Sadasivam 
and Manickam (1996) which provides a measure of organic 
acids in the fruits (expressed as % anhydrous citric acid).
Ascorbic acid content (mg 100 g-1 fresh weight, FW) was 
estimated by titration with 2.6-dichlorophenolindophenol 
sodium salt solution (Anonymous, 1990). For Lycopene 
content (mg 100 g-1 fresh weight, FW) and β-carotene (mg 
100 g-1 fresh weight, FW)content, homogenized tomato 
pulp from the composite sample was utilized to determine 
the amount of lycopene spectrophotometrically (Davies, 
1976). Standard Statistical and biometrical analysis was 
done in the present investigation.

3.   RESULTS AND DISCUSSION

The results are presented and discussed here under 
3.1.  Genotype level variation due to rin gene in both homozygous 
and heterozygous condition for different characters
3.1.1.  Ripening inhibitor (rin) mutant
BCT-111rin genotype was semi-determinate in growth 
habit with normal green leaf. According to Dellapenna 
et al. (1989) and Giovannoni et al. (1995), the associated 
macrocalix mutation (mc) additionally with rin mutation 
displayed enlarged sepals and loss of inflorescence 
determinacy, forming shoots at the end of inflorescence, 
which led to the expression of semi-determinate growth 
habit.  No anthocyanin pigment was visible on stem and 
petiole. Immature fruits were uniformly light green in colour 
due to the comparatively low production of chlorophyll 
pigments. Most characteristic feature of the rin genotype 
was increased size of sepals; green fruit colour at maturity 
which later turned bright yellow and ripening was retarded 
for long period. The fruits contained very low lycopene 
content of 0.38 mg 100 g-1 fresh weight as against the 
average of 3.56 mg 100 g-1 fresh weight in three non-mutant 
normal genotypes (Table 2). It was also recorded earlier 
that the rin mutation decreased lycopene content even in 
the heterozygous form (Giovannoni et al., 2004, Leseberg 
et al., 2008).
3.1.2.  Chief characteristic features of the genotypes possessing 
rin gene
The genotype possessing the rin mutant gene was semi-
determinate in growth habit with normal green foliage.  
Most characteristic feature of the rin genotype was increased 

size of sepals; green fruit colour at maturity, which later 
turned bright yellow and fruit, did not turn characteristic 
red in colour.  
3.1.3.  Heterozygosity for rin gene
In the present study, 3 hybrids developed through crossing 
the genotype  possessing rin gene in homozygous condition 
(rin/rin) and 3 non-mutant normal parental lines in 
Line×Tester (Mutant×Non-mutant hybrid) mating design  
were evaluated for plant, fruit and fruit quality characters. 
Hence, all the hybrids were heterozygous for the rin gene 
(rin/Rin- -).
3.1.4.  Mean performance
Mean of the plant, fruit, fruit quality and other characters 
viz., plant height (cm), primary branches plant-1, days to 
first flowering after transplanting, span of flowering, flower 
clusters plant-1,  flowers per cluster, fruits plant-1,  fruit 
weight (g), equatorial diameter (mm),  polar diameter (mm), 
locule number fruit-1, pericarp thickness (mm),  seeds per 
fruit, fruit yield plant-1 (g), total soluble solids (°brix), total 
sugar content (%), reducing sugar (%), titratable acidity (%), 
ascorbic acid content (mg 100 g-1 fresh weight), lycopene 
content (mg 100 g-1 fresh weight) and β-carotene (mg 
100 g-1 fresh weight), of the 4 parental line and their three  
mutant×non-mutant hybrids  has been presented in Table 
(1 and 2).					   
The 7 genotypes under study including the parental lines 
and hybrids exhibited wide range of variations in ten 
quantitative traits namely, plant height (84.59‒106.94 cm),  
number of primary branches plant-1 (8.26‒10.12), number 
of days to first flowering after transplanting (25.7‒41.26), 
span of flowering (35.61‒47.66), number of flower clusters 
per plant (18.21‒25.69), number of flowers cluster-1 
(5.73‒8.48),number of fruits plant-1 (49.22‒76.02),  fruit 
weight (37.89‒97.50 g),  equatorial diameter (24.71‒52.60 
mm),  polar diameter (26.00‒47.81 mm), locule number per 
fruit (2.48‒3.96), pericarp thickness (4.94‒6.84),  number 
of seeds fruit-1 (26.32‒102.00) fruit yield plant-1 (2.93‒4.07 
g), total soluble solids (3.95‒6.21 °brix), total sugar content 
(1.43‒3.47%), reducing sugar (1.21%‒2.58%), titratable 
acidity (0.36‒0.64%), ascorbic acid content (25.66-34.76 
mg 100 g-1 fresh weight), lycopene content (0.38‒4.16 
mg 100 g-1 fresh weight) and β-carotene (0.24‒0.60 mg 
100 g-1 fresh weight), of the 4 parental line and their three  
mutant×non-mutant hybrids. In the genotype possessing the 
ripening inhibitor rin gene in homozygous condition, fruit 
did not ripe and lycopene biosynthesis was severely reduced. 
However, in heterozygous condition, lycopene biosynthesis 
was almost normal which amply justified the possibility of 
utilizing the genotype possessing the ripening inhibitor rin 
gene for the development of commercial hybrids of tomato. 
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Table 1: Mean of different quantitative characters in the parental lines and hybrids
Genotypes Plant 

height 
(cm)

Branch-
es  

plant-1

Days 
to first 

flowering

Span of
Flower-

ing

Flower 
cluster
plant-1

Flower
clus-
ter-1

Fruits
plant-1

Fruit 
weight

(g)

Equatorial 
diameter

(mm)

Polar 
diameter

(mm)
BCT-111 rin 84.59b 8.6ab 36.39b 47.66a 20.82ab 8.48a 49.22c 97.5a 52.6a 47.02a

CLN B 85.47b 10.12a 32c 43.02bc 18.21b 7.42a 76.02a 37.89e 24.71d 26c

Patharkutchi 106.94a 10.04ab 39.25ab 35.61d 24.84ab 7.69a 56.09bc 76.17b 41.5c 35.5b

BCT-53 98.96ab 9.44ab 41.26a 37.07d 25.69a 7.83a 60.67b 82.47b 42.82bc 47.81a

rin×CLN B 98.19ab 8.63ab 25.7d 47.53a 18.62b 5.73a 60.9b 49.73d 43.45bc 43.99a

rin×Patharkutchi 97.59ab 8.26b 29.21cd 39.85cd 18.68ab 5.75a 50.36c 65.26c 48.53ab 46.16a

rin×BCT-53 86.12b 8.73ab 26.33d 45.86ab 19.24ab 5.87a 55.75bc 61.68c 45.23bc 43.28a

SEm± 4.07 0.31 0.68 0.73 1.19 0.48 4.73 1.90 0.99 0.97
CD (p=0.05) 11.62 0.90 1.94 2.08 3.41 1.39 13.49 5.42 2.84 2.79

Table 2: Mean of different fruit quality characters in the parental lines and hybrids
Genotypes Locule

no.
Peri-
carp 

thick-
ness

(mm)

Seeds
fruit-1

Fruit 
yield

plant-1 
(kg)

TSS
(°Brix)

Total 
sugar
(%)

Re-
ducing 
sugar
(%)

Acid-
ity
(%)

Lyco-
pene
(mg 

100 g-1)

β-carotene 
(µg 100 

g-1)

Ascorbic 
acid con-
tent (mg 
100 g-1)

BCT-111 rin 2.48e 6.84a 97.02a 4.07a 3.95c 1.61bc 1.46bc 0.36c 0.38d 0.24c 25.66b

CLN B 2.67de 4.94d 72.93b 3.02a 4.4bc 1.43c 1.21c 0.48b 2.66c 0.5ab 27.19b

Patharkutchi 3.62ab 5.76bc 102a 3.66a 6.21a 3.47a 2.58a 0.64a 4.16a 0.57a 27.36b

BCT-53 3.09cd 6.38ab 96.37a 3.78a 4.58b 2.19bc 1.76bc 0.63a 3.87ab 0.6a 29.98ab

rin×CLN B 3.96a 5.62cd 37.32c 2.93a 4.11bc 1.94bc 1.65bc 0.45bc 2.16c 0.37bc 32.02ab

rin×Patharkutchi 3.91a 5.63cd 33.55c 3.39a 4.23bc 2.29b 2.14ab 0.51b 3.66ab 0.46ab 30.06ab

rin×BCT-53 3.34bc 5.69bc 26.32c 3.2a 4.31bc 2.15bc 1.78bc 0.47b 3.43b 0.52ab 34.76a

SEm± 0.08 0.12 2.74 0.20 0.10 0.13 0.12 0.02 0.12 0.02 1.20
CD (p=0.05) 0.23 0.34 7.83 0.58 0.29 0.38 0.34 0.06 0.34 0.08 3.42

4.   CONCLUSION

In the genotype possessing the ripening inhibitor rin 
gene in homozygous condition, fruit did not ripe and 

lycopene biosynthesis was severely reduced. However, in 
heterozygous condition, lycopene biosynthesis was almost 
normal which amply justified the possibility of utilizing the 
genotype possessing the ripening inhibitor rin gene for the 
development of commercial hybrids of tomato. The hybrid 
BCT-111 rin/rin×Patharkutchi following by BCT-111 rin/
rin×BCT-53 showed ample promise for further utilization.

5.   REFERENCES

Ansari, M.S., Gupta, N.P., 2003. A comparison of 
lycopene and orchidectomyvsorchidectomy alone in 
the management of advanced prostate cancer. BJU 
International 92, 375–378.

Anonymous, 1990. Official methods of analysis of the 
association of official analytical chemists(15th edn.).In: 
Helrich, K. (Ed.). AOAC, Inc., Arlington, Virginia, 
USA.

Atanassova, B., Balacheva, E., Kartzeva, T., Hazra, P., 2010. 
Tomato (S. lycopersicum L.) – A source of carotenoids 
and anthocyanins in human food. In: Proceding of  
Sixth International Congress Pigments in Food, 
Budapest, Hungery, June 20–24, 34–37. 

Causse, M., Damidaux, R., Rousselle, P., 2007. Traditional 
and enhanced breeding for quality traits in tomato. 
In: Razdan, M., Mattoo, A.K. (Eds.), Genetic 
improvement of Solanaceous crop. V. 2. Tomato.  
Science Publishers, USA.,153‒192. 

Clement, A., Dorais, M.,Vernon, M., 2008. Multivariate 
approach to the measurement of tomato maturity 
and gustatory attributes and their rapid assessment 

565



© 2023 PP House

by vis-NIR spectroscopy. Journal of Agricultural Food 
Chemistry. Journal of AgriculturalFood Chemistry 
56(5), 1538‒1544. 

Clinton, S.K., 1998. Lycopene: chemistry, biology, 
and implications for human health and disease. 
NutritionReview 56, 35–51. 

Davies, B.H., 1976. Carotenoids. In: Goodwin, T.W. (Ed.), 
Chemistry and biochemistry of plant pigments. 
Academic Press, London, 39‒365. 

Dellapenna, D., Lincoln, J.E., Fischer, R.L., Bennett, A.B., 
1989.  Transcriptional analysis of polygalacturonase 
and other ripening associated genes in Rutgers, rin, nor, 
and Nr tomato fruit. Plant Physioogy 90, 1372‒1377.

Devaux, M.F., 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 Biology and Technology 37, 209–221.

Dixon, R.A., 2005. Engineering of plant natural product 
pathways. Current Opinion in Plant Biology 8, 
329‒336.

Dubois, M., Gilles, K.A., Hamilton, J.K., Robers, P.A., 
Smith, F., 1956. A colorimetric method for the 
determination of sugar.  Analytical Chemistry 28, 
350‒356.

Foolad, M.R., 2007. Genome mapping and molecular 
breeding of tomato. International Journal of Plant 
Genome 1, 1–52.

Giovannoni, J., Noensie, E.N., Ruezinsky, D.M., Lu, X., 
Tracy, S.L., Ganal, M.W., Martin, G.B., Pillen, K., 
Alpert, K., Tanksley, S.D., 1995. Molecular genetic 
analysis of the ripening-inhibitor and non-ripening 
loci of tomato: a first step in genetic map-based 
cloning of fruit ripening genes. Molecular and General 
Genetics 248, 195–206. 

Giovannoni, J., Tanksley, S.D., Padmanabhan, V., Ruezinsky, 
D., Vrebalov, J., White, R., 2004. Rin gene compositions 
and methods for use thereof. US Patent No. 6787687 
issued 07 September 2004.

Giovannucci, E., 2002. A review of epidemiologic studies of 
tomatoes, lycopene, and prostate cancer. Experimental 
Biology and Medicine 227, 852–859. 

Giovannucci, E., Ascherio, A., Rimm, E.B., Stampfer, 
M. J., Colditz, G. A.,Willett, W.C., 1995. Intake of 
carotenoids and retinol in relation to risk of prostate 
cancer. Journal of the National Cancer Institute 87, 
1767‒1776

Helyes, L., Pek, Z., Lugasi, A., 2006. Tomato fruit quality 
and content depend on stage of maturity. Horticultural 
Science 41(6), 1400‒1401.

Khachik, F., Carvalho, L., Bernstein, P.S., Muir, G.J., Zhao, 

D.Y., Katz, N.B., 2002. Chemistry, distribution and 
metabolism of tomato carotenoids and their impact 
on human health. Experimental Biology and Medicine 
227, 845‒851.

Knapp, S., Bohs, L., Nee, M., Spooner, D.M., 2004. 
Solanaceae - a model for linking genomics with 
biodiversity. Comparative and functional Genomics 
5, 285–291.

Leseberg, C.H., Eissler, C.L., Wang, X., Johns, M.A., 
Duvall, M.R., Mao, L., 2008. Interaction study 
of MADS-domain proteins in tomatoJournal of 
Experimental Botany 59, 2253‒2265.

Liu, Y.S., Gur, A., Ronen, G., Causse, M., Damidaux, R., 
Buret, M., Hirschberg, J., Zamir, D., 2003. There is 
more to fruit colour than candidate carotenoid genes. 
Plant Biotechnology Journal 1, 195–207.

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 instrumentscompatible with chromatographic 
separation. Proteomics 6, 41–53.

Rein, D., Schijlen, E., Kooistra, T., Herbers, K., Verschuren, 
L., Hall, R., Sonnewald, U., Bovy, A., Kleemann, R., 
2006. Transgenic flavonoid tomato intake reduces 
Creactiveprotein in human C-reactive protein 
transgenic mice more than wild-typetomato. The 
Journal of Nutrition 136, 2331–2337.

Rissanen, T.H., Voutilainen, S., Nyyss¨onen, K., Salonen, 
R., Kaplan, G.A.,Salonen, J.T., 2003. Serum lycopene 
concentrations and carotid atherosclerosis: The Kuopio 
Ischaemic Heart Disease Risk Factor Study. American 
Journal of Clinical Nutrition 77, 133–138.

Roy, A., Karmakar, A., 2019. Use of Aloe Vera Gel 
Coating as Preservative on Tomato. International 
Journal of Bio-resource and Stress Management, 
10(5), 461–466. HTTPS://DOI.ORG/10.23910/ 
IJBSM/2019.10.5.2019.

Sadasivam, S., Manickam, A., 1996. Biochemical methods 
(2ndedn.). New Age International Publisher, New 
Delhi, 187‒188.

Sesso, H.D., Buring,  J.E., Zhang, S.M., Norkus, E.P., 
Gaziano, J.M., 2005. Dietary and plasma lycopene 
and the risk of breast cancer. Cancer Epidemiological 
Biomarkers Preview 14, 1074‒1081.

Shi, J., Le Maguer, M., 2000. Lycopene in tomatoes chemical 
and physical properties affected by food processing. 
Critical Review of Food Science and Nutrition 40, 
1–42.

Stacewicz-Sapuntzakis, M., Bowen, P.E., 2005. Role of 
lycopene and tomato products in prostate health. 

566

International Journal of Bio-resource and Stress Management 2023, 14(4):562-567



© 2023 PP House

Biochemicaet Biophysica Acta 1740, 202‒205.
Stommel, J.R., 2007. Genetic enhancement of tomato 

fruit nutritive value. In: Razdan, M. (ed.), Genetic 
Improvement of Solanaceous crop. V. 2. Tomato. 
Science Publishers, USA, 193‒238. 

Wang A., Chen, D., Ma, Q., Rose, J.K.C., Fei, Z., Liu, 
Y., 2019.  The tomato high pigment1/damaged dna 
binding protein 1 gene contributes to regulation of 
fruit ripening. Horticulture Research 6, 15–10.

Wu, K., Jr. Erdman, J.W., Schwartz, S.J., Platz, E.A., 
Leitzmann, M., Clinton, S.K., DeGroff, V., Willett, 
W.C., Giovannucci, E., 2004. Plasma and dietary 
carotenoids, and the risk of prostate cancer: a 
nested case-control study. Cancer Epidemiological 
Biomarkers Preview 13, 260‒269.

Mukhia et al., 2023

567


