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HERITABILITY AND VARIANCE COMPONENTS OF 

ANTIOXIDANTS IN GUAVA FRUITS 

 
INTRODUCTION 

 
 Health functional properties in fruits and vegetables are of great interest to 

consumers and researchers because several epidemiological studies have indicated 

that frequent consumption of fruits and vegetables is associated with lower risk of 

various chronic diseases such as atherosclerosis, cancer and neurodegenerative 

diseases (Acheson and Williams, 1983; Steinmetz and Potter, 1991; Block et al., 

1992; Joshipura et al., 1999; Liu et al., 2000; Zhang et al., 2000). These preventive 

effects appear to be related to various antioxidants such as ascorbic acid, vitamin E, 

phenolic compounds and carotenoids, which are contained in fruits and vegetables 

(Klein and Kurilich, 2000).  

 
 Breeding plant cultivars with high antioxidant content and other nutritional 

values is an increasingly important objective for plant breeders. Guava fruit is a good 

source of natural antioxidant compounds such as ascorbic acid (Wilson, 1980; Adsule 

and Kadam, 1995; Nakasone and Paull, 1998), carotenoids (Wilberg and Rodriguez-

Amaya, 1995; Mercadante et al., 1999; Setiawan et al., 2001), phenolic compounds 

such as quercetin, gallic acid, ellagic acid (Seshadri and Vasishta, 1964; Misra and 

Seshadri, 1968), and flavonoids (Miean and Mohamed, 2001). Its fruit extracts have 

showed exceptionally high antioxidant capacity (Jimenez-Escrig et al., 2001; Leong 

and Shui, 2002; Guo et al., 2003, Thaipong et al., 2005, 2006). In addition, guava is 

very diverse crop species (Wilson, 1980; Jagtiani et al., 1987; Nakasone and Paull, 

1998); which facilities the development of guava cultivars with high level of health 

related functional compounds and excellent taste using traditional breeding methods.  

 
 The success of breeding depends on knowledge of the genetic for the trait of 

interest and of the impact of environmental parameters on its expression. Estimations 

of the heritability and variance components of a trait help in developing the most 

effective breeding strategies. The heritability and environmental factors of important 
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reproductive and vegetative characters have been estimated for various fruit crops 

such as sweet cherry (Hansche et al., 1966), strawberry (Hansche et al., 1968), 

Japanese pear (Machida and Kozaki, 1975), European pear (Bell and Janick, 1990), 

persimmon (Yamada et al., 1994), peach (Hansche et al., 1972; De Souza et al., 

1998a, 1998b), blueberry (Connor et al., 2002a, 2002b, 2002c), blackberry (Connor et 

al., 2005a), raspberry (Connor et al., 2005b, 2005c) and guava (Thaipong and 

Boonprakob, 2005, 2006). Also, correlations among traits are very important for any 

breeding program. Selecting a trait might increase other positively correlated traits or 

decrease other negatively correlated traits. Knowledge of correlations among traits is 

an imperative for early selection because some traits are complicated and expensive 

for direct determination. Correlations among traits have been reported in several fruit 

and nut crops such as pecan (Thompson and Beker, 1993), peach (De Souza et al., 

1998a, 1998b), hazelnut (Yao and Mehlenbacher, 2000) and guava (Thaipong and 

Boonprakob, 2006). 

 
The information on the heritability, environmental influence and correlations 

of the traits is important for breeding programs. A guava-breeding program in 

Thailand was initiated in 1999 by the Department of Horticulture, Kasetsart 

University, Kamphaeng Saen Campus. The main objectives are to develop new 

cultivars with superior fruit quality such as high nutritional values, resistance to biotic 

and abiotic stresses, and to study of genetic variation of important traits. In guava, the 

heritability was estimated for several vegetative characters (Keawduang, 2003) and 

several fruit traits (Thaipong and Boonprakob, 2005, 2006) but not for antioxidant 

properties. There is little understanding on genetic and environmental factors 

affecting antioxidants in fruit tree crops. Most reports were of berry fruits (Connor et 

al., 2002a, 2002b, 2002c; Finn et al., 2003; Connor et al., 2005a, 2005b, 2005c). 
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OBJECTIVES 

 
The objectives of this research were to 1) estimate narrow-sense heritability of 

seven antioxidant traits: antioxidant activity, ascorbic acid, total phenolics, catechin, 

quercetin galactoside, quercetin glucoside and quercetin rhamnoside, by regression of 

offspring means on midparent values; 2) estimate repeatability for the traits using data 

collected on both parental genotypes and families; 3) estimate variance components 

for the traits using data collected on both parental genotypes and families; 4) estimate 

genetic and phenotypic correlations for these traits; 5) estimate response and 

correlated response to selection; and 6) discuss the implications of these estimates in 

guava breeding program. 
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LITERATURE REVIEW 

 
Diversity, origin and distribution of guava 

 
 More than 80 genera and 3,000 species are members of Myrtaceae. Among 

these genera, Psidium is the most important for cultivation and consists of more than 

150 species (Cobley, 1956). Ploidy level ranges from diploid (2n = 2x) to octoploid 

(2n = 8x) (Atchison, 1947; Smith-White, 1948). Guava (Psidium guajava L.) is the 

most valuable cultivated species. Its haploid chromosome number is 11 (n = x = 11) 

and ploidy level is diploid (2n = 2x). Most commercial cultivars are diploid 

(Atchison, 1947; Smith-White, 1948; Hirano and Nakasone, 1969); although there are 

a few triploid commercial cultivars (Srisuwan, 2003). Guava varies greatly in growth 

habit: vegetative and reproductive characters, both within and among species (Jagtiani 

et al., 1987; Adsule and Kadam, 1995; Nakasone and Paull, 1998). 

 
 Guava is native to tropical America (Cobley, 1956) and presently found 

distributed throughout tropical and subtropical regions. Guava fruit is commercially 

important in India, South Africa, Florida, Hawaii, Egypt, Brazil, Colombia, the West 

Indies, Cuba, Venezuela, New Zealand, the Philippines (Yadava, 1996), Vietnam (Le 

et al., 1998) and Thailand (Tate, 2000). It was introduced to Thailand in early 1700’s. 

Guava plants can grow well in most Thai areas and produce flowers and set fruits 

throughout a year.  

 
Potential of guava production in Thailand 

 
 Although guava is not listed among the most important tropical fruit crops in 

Thailand, it has a high commercial value. Over 167,000 metric tons from a production 

area of 73,000 rai (11,680 ha) located mainly in the central and western parts of the 

country (Department of Agriculural Extension, 2007) is produced annually. More than 

90% of the production is for fresh consumption of which around 3,380 metric tons 

was exported to 26 countries in 2006 (The Customs Department, 2007). Lower grade 

fruits are processed to juices, pickled, dried or canned. 
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Guava is a popular tropical fruit crop for fruit growers because orchard 

establishment and maintainance are affordable-7,000 Baht/rai (43,754 Baht/ha) in first 

year and 2,800 Baht/rai (17,500 Baht/ha) in next years, guava plants can fruit within 8 

to 9 months after planting, guava plants have wide adaptation, and its fruit can be 

used for fresh consumption and various processing uses. Also, it is highly accepted by 

consumers and markets due to its year round availability, affordable price, excellent 

transportation and handling properties, and high nutritional value. 

 
Developing guava cultivars in Thailand 

 
Since the origin of guava is in tropical and subtropical America (Cobley, 

1956), all cultivars in Thailand were introduced from other countries. Eary 

introduction and subsequence seed propagation resulted in well adapted and extensive 

distributed genotypes commonly called ‘Keynok’. Guava has become an important 

tropical fruit crop in Thailand since 1974. In that year, a few genotypes with high 

eating qualities were introduced from Vietnam. Although some of the Vietnamese 

genotypes are still important commercially, there are some cultivars developed in 

Thailand that are being used as well. 

 
Guava is an excellent tropical fruit model for breeding and genetic study 

because flowering can be easily induced for making a cross, a fruit contains many 

seeds, the plants are small, easily propagated by cutting, and some seedlings can fruit 

within 8 to 9 months after planting. A guava breeding program was initiated at the 

Department of Horticulture, Kasetsart University, Kamphaeng Saen campus, Nakhon 

Pathom, Thailand, since 1999. The objective is to develop new cultivars with superior 

fruit qualities such as high ascorbic acid, high soluble solids, high nutritional value 

and resistance to biotic and abiotic stresses. In addition, the program activities include 

study of genetic parameters such as heritability and repeatability of both reproductive 

and vegetative traits. 
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Free radicals  

 
It is a contradiction that oxygen, which is considered as essential for life, is 

also reported to be toxic. Its toxicity is because of the process that unleashes free 

radicals. Free radicals are unstable, highly reactive and energized molecules having 

unpaired electrons. Reactive oxygen species (ROS) or active oxygen species are 

oxygen-containing molecules, which are both radicals and non-radicals. Examples of 

oxygen derived free radicals include super oxide (O2
-), hydroxyl (OH-), peroxyl 

(ROO-), hydroperoxyl (HOO-) and alkoxyl (RO-) radicals (Kaur and Kapoor, 2001). 

Some important non-radicals are hydrogen peroxide (H2O2), singlet oxygen (1O2) and 

lipid hydroperoxide (LOOH). Free radicals seek out electrons from other molecules to 

become stable. Therefore, free radicals attack other molecules such as lipids, sugars, 

proteins and DNA. In short term, DNA and cell membranes are damaged (Halliwell et 

al., 1995) and in the long term period, free radicals induce cell senescence, various 

cancers and heart disease (Ames, 1983). Some free radicals arise normally during 

metabolism. Sometimes, the body’s immune system’s cells purposefully create them 

to neutralize viruses and bacteria (Kaur and Kapoor, 2001). However, various 

environmental stresses such as metals, cigarette smoke, pollution and radiation can 

also generate free radicals. Therefore, free radicals on one hand can create beneficial 

effects but can also induce harmful oxidation and cause serious cellular damage, if 

generated in excess. However, free radicals are neutralized by natural antioxidants 

such as ascorbic acid, vitamin E, carotenoids and phenolic compounds. 

 
Antioxidants 

 
Epidemiological studies found that high consumption of fresh fruits and 

vegetables can reduce the risk of various chronic diseases such as atherosclerosis, 

cancer and neurodegenerative disease (Acheson and Williams, 1983; Steinmetz and 

Potter, 1991; Block et al., 1992; Joshipura et al., 1999; Liu et al., 2000; Zhang et al., 

2000). A possible cause of this effect is the high level of antioxidants formed in many 

fruits and vegetables. Antioxidants such as vitamins, phenolics and carotenoids 

protect against oxidative stress induced by free radicals and reactive oxygen species.  
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1.  Vitamins 

 
Ascorbic acid (vitamin C) is a water soluble white crystal which commonly 

is in the mono-anion (ascorbate) form in the body (Halliwell, 2000). Ascorbic acid is 

a cofactor of various enzymes such as hydroxyphenylpyruvate dioxygenase, 

prolyl/lysyl hydroxylase and is important in iron metabolism (Halliwell, 1999). 

Ascorbate has been well studied in its role as an antioxidant and appears to serve in 

several physiological functions including 1) preventing free-radical-induced damage 

to DNA (Fraga et al., 1991), 2) quenching oxidants which can lead to the 

development of chronic diseases such as atherosclerosis and cataracts (Mares-

Perlman, 1997; Block, 1999), 3) improving endothelial cell dysfunction (Levine et al., 

1996), and 4) decreasing LDL-induced leukocyte adhesion (Lehr et al., 1995). In 

addition, acorbic acid reduces the activity of various non-free radicals such as 

hypochlorous acid, ozone and nitrate (Halliwell, 1996, 1999). 

 
Vitamin E is one of the most important natural lipid soluble antioxidants 

that inhibit fatty acid peroxidation in vegetable oils and acts as free radical quencher. 

Vitamin E is synthesized only by plants and is an important dietary nutrient. 

Tocopherols and tocotrienols are the compounds exhibiting vitamin E activity. 

Although both tocopherols and tocotrienols come in four forms (α, β, γ and δ), α-

tocopherol has been the main focus of research because it is the predominant form in 

human and animal tissues; while γ-tocopherol is a strong antioxidant for oxidation 

sensitive fatty acid in vegetable oil products (Kamal-Eldin and Appelqvist, 1996). 

However, the other tocopherols and tocotrienols are receiving increased attention 

(Stone and Papas, 1997). A major antioxidant function of vitamin E in humans is the 

inhibition of lipid peroxidation; however, it also traps singlet oxygen and nitrogen 

reactive species (Meister, 1994). 

 
2.  Phenolic compounds 

 
Phenolic compounds are secondary metabolites that are most abundant in 

fruits (Macheix et al., 1990; Amiot et al., 1997). The major groups of phenolics in 

fruits are hydroxybenzoic acid such as p-hydroxybenzoic acid; hydroxycinnamic acid 
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such as chlorogenic acid; coumarins such as scopolin; naphthoquinones such as 

juglone; xanthones such as mangiferin; stilbenes such as resveratrol; flavonoids such 

as catechin, quercetin, anthocyanin; isoflavonoids such as daidzein; lignin and tannin. 

These phenolic compounds contribute greatly to fruit color, flavor and odor. In 

addition, the significance of phenolics as antioxidants has been suggested by several 

research groups (Amiot et al., 1997; Prior et al., 1998; Kalt, 2001), and may reduce 

the risk of cardiovascular disease (Schramm and German, 1998). Miller and Rice-

Evans (1997) reported that flavonoids may increase the stability of ascorbate. The 

major classes of flavonoids in fruits are flavanol such as catechin; flavone such as 

rutin; flavonol such as quercetin; flavanone such as naringenin and anthocyanin such 

as cyanidin (Heim et al., 2002). 

 
3.  Carotenoids 

 
Carotenoids are plant pigments that provide the yellow, orange and red 

colors seen in many fruits and vegetables (Britton, 1995; Olson and Krinsky, 1995). 

Carotenoids are water-insoluble and usually located in membrane structures in 

chloroplast of green tissue or the chromoplasts of yellow, orange or red tissue. 

Carotenes (carotenoid hydrocarbons) and xanthophylls (carotenoid bearing oxygen) 

are the two groups of carotenoids that can be found in all plant parts. Carotenoids in 

fruits and vegetables contribute the main dietary source of vitamin A precursors. β-

carotene, a common plant carotenoid, appears to act as an antioxidant that interferes 

with free radical oxidations such as lipid peroxidation, that are a feature of many 

degenerative diseases. Many epidemiological studies have indicated that diets rich in 

carotenoids are correlated with the lowest risks of cancer (Block et al., 1992; 

Steinmetz and Potter, 1991) or chronic disease (Kohlmeier and Hastings, 1995; 

Moriguchi et al., 1996).   

 
Antioxidants in guava 

 
 Guava is a fresh fruit crop, which contains high levels of antioxidant 

compounds and other nutritional values. Its fruits contain high ascorbic acid content 

(50-300 mg/100 g fresh weight) (Thaipong and Boonprakob, 2005), which is 3 to 6 
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times higher than the content in orange. Carotenoids in a red flesh Brazilian guava 

identified were as phytofluene, β-carotene, γ-carotene, lycopene, β-cryptosanthin, 

rubixanthin, cryptoflavin, lutein and neochrome (Mercadante et al., 1999), whereas 

only β-carotene and lycopene were identified from ripe pink-fleshed guava (Wilberg 

and Rodriguez-Amaya, 1995). Setiawan et al. (2001) reported that guava was found 

to be excellent sources of provitamin A carotenoids among 18 selected Indonesian 

fruits. Phenolic compounds such as myricetin and apigenin (Miean and Mohamed, 

2001), ellagic acid, and anthocyanin (Misra and Seshadri, 1968) were also found high 

in guava fruits. Guava juice showed high antioxidant activity (Jimenez-Escrig et al., 

2001; Leong and Shui, 2002; Guo et al., 2003; Thaipong et al., 2005, 2006). Guava 

fruit showed a 2-fold higher antioxidant activity level in the skin than in the flesh 

(Suwanphong, 2007). When compared with 27 other selected fruits in Singapore 

markets, guava was in the high antioxidant activity group along with plum, 

strawberry, seedless grape, starfruit and salak. Forty-eight percent of the antioxidant 

activity was contributed by ascorbic acid (Leong and Shui, 2002).  

 
Factors affecting to phenotypic expression 

 
 Phenotypic expression of a quantitative trait is controlled by polygenes, 

environments, and interaction of genes and environments (Falconer and Mackay, 

1996), which is written as 

 
P = G + E + GE                                               … (1) 

 
where P is phenotypic value, G is genotypic value, E is environmental value, 

and GE is an interaction of genotype by environment. 

  
Variation of phenotypic expression of a quantitative trait in a population is 

caused of variation of genotype (the genetics of each genotype in the population), 

variation of environments (environment of each genotype in the population), and 

variation of genotype by environment interaction, which is written as 

 
VP = VG + VE + VGE                                           … (2)                        
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when VP is phenotypic variance, VG is genotypic variance, VE is environmental 

variance, and VGE is genotype by environment interaction variance. 

 
 The equation shows that the phenotypic expressions of a quantitative trait 

depend on the genotype, the environment, and the interaction of the genotype with the 

environment. The influence of each of these components varies with the fruit 

examined and also with the population and environments. These variance components 

were studied in fruit breeding programs such as strawberry (Hansche et al., 1968; 

Shaw, 1991), peach (Hansche et al., 1972), pear (Bell and Janik, 1990), persimmon 

(Yamada et al., 1994), blueberry (Connor et al., 2002c; Finn et al., 2003), blackberry 

(Connor et al., 2005a) and guava (Thaipong and Boonprakob, 2005), in an effort to 

optimize breeding strategy.  

 
Heritability and repeatability 

 
 Heritability is the proportion of genotypic variance to phenotypic variance. 

The heritability of a trait is a specific value for a population in an environment 

(Falconer and Mackay, 1996). Therefore, the similarity between populations and 

environments should be considered when the heritability of a trait was compared 

across crops or environments. 

 
Most commercially important fruit quality traits are quantitatively inherited. 

Their phenotypic expressions are controlled by polygenes and highly influenced by 

environments (Falconer and Mackay, 1996; Lynch and Walsh, 1998). Knowledge of 

the expression of quantitative traits helps in selecting an efficient breeding strategy 

including breeding and evaluation methods. The heritability and environmental 

factors of important reproductive and vegetative traits have been estimated for various 

fruit crops such as sweet cherry (Hansche et al., 1966), strawberry (Hansche et al., 

1968), Japanese pear (Machida and Kozaki, 1975), European pear (Bell and Janick, 

1990), persimmon (Yamada et al., 1994), peach (Hansche et al., 1972; De Souza et 

al., 1998a, 1998b) and guava (Thaipong and Boonprakob, 2005, 2006). But there are 

few studies that reported the genetic study on antioxidants in fruit crops and most are 



 11

of berry crops such as blueberry (Connor et al., 2002a, 2002b, 2002c), blackberry 

(Connor et al., 2005a) and raspberry (Connor et al., 2005b, 2005c).  

 
The phenotypic variance can be partitioned into variances within and between 

individuals when a trait is repeatedly measured on each individual. Repeatability is a 

ratio of the between individual variance to the phenotypic variance. Repeatability 

estimates are useful for making predictions on progress in measurement, determining 

an upper limit of heritability, and predicting future performance from past records 

(Becker, 1984; Falconer and Mackay, 1996). Knowledge of the repeatability of 

quantitative traits helps in selecting efficient breeding strategies, including optimal 

sample size and evaluation methods. Several fruit breeding programs such as sweet 

cherry (Hansche et al., 1965), persimmon (Yamada et al., 1993), strawberry (Sacks 

and Shaw, 1994), apricot (Akca and Sen, 1995), peach (De Souza et al., 1998b) and 

guava (Thaipong and Boonprakob, 2006) used the benefits of repeatability. 

 
Phenotypic and genetic correlations 

 
Phenotypic correlations between traits are the phenotypic value of one trait in 

an individual correlated with the phenotypic value of another trait of that individual. 

These correlations can be due to both environmental effects and genetic effects. The 

genetic cause of correlation can be pleiotropy (that genes affect more than one 

character) or may be due to linkage disequilibrium. This needs not be constant across 

genes: some genes can cause positive pleiotropy and others negative pleiotropy. The 

environment is a cause of correlation in so far as two traits are influenced by the same 

differences of environmental conditions. The correlation resulting from environmental 

causes is the overall effect of all the environmental factors that vary; some may tend 

to cause a positive correlation, others a negative correlation. If two traits have low 

heritabilities, the phenotypic correlation is determined mainly by the environmental 

correlation; if both traits have high heritabilities, the genetic correlation is more 

important (Falconer and Mackay, 1996). Phenotypic and genetic correlations among 

traits are very important for any breeding program. Selecting a trait might increase 

other positively correlated traits or decrease other negatively correlated traits. In either 
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situation, selection procedures become more efficient when strong correlations are 

taken into account.  

 
Response to selection and correlated response to selection 

 
 The response to selection is the difference of mean phenotypic value between 

the offspring of the selected parents and the whole of the parental generation before 

selection. A main use of heritability is for predicting the response to selection. The 

heritability used in the prediction can be estimated by any methods such as an 

offspring-midparent regression. In general, the prediction of response is valid for only 

one generation of selection as the heritability is expected to change in each generation 

(Falconer and Mackay, 1996). 

 
Selection on one trait will often result in response for another trait. This is 

genetic correlations. It is caused by the changes in the breeding value of the selected 

trait being correlated with changes in the breeding value of the other trait. Selection 

on one trait can cause an apparent selection differential at another trait, because of 

both the genetic and environmental correlations. Sometimes it is easier to get a 

response to selection for a trait by selecting on a correlated trait instead. This is the 

case when the heritability for the secondary trait is smaller or when it is easier or less 

expensive to measure (Falconer and Mackay, 1996). Thus, the response of a 

correlated trait can be predicted when the genetic correlations and the heritabilities of 

two traits are known. Examples of using knowledge of response to selection and 

correlated response to selection in applied plant breeding programs for fruit crops are 

rare (De Souza et al., 1998a, 1998b). 
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MATERIALS AND METHODS 

 
Materials 

 
A total of 13 parental genotypes consisted of seven white-fleshed dessert type, 

two maroon-fleshed dessert type, two pink-fleshed dessert type and two pink-fleshed 

processing type (Table 1); and a forty full-sib controlled crosses involving the 13 

parental genotypes made in 2000 (Table 2) were used. 

 
Table 1  Parental genotypes used for producing 40 guava families for analyzing 

heritability, variance components and phenotypic and genetic correlations of 

seven antioxidant traits in guava. 

 
No. Name Type Notes 

1 ‘Klom Salee’ Dessert White-fleshed, commercial cultivar 

2 ‘Klomsalee Seethong’ Dessert White-fleshed, commercial cultivar 

3 ‘Khoa Um-porn’ Dessert White-fleshed, commercial cultivar 

4 ‘Yen Song’ Dessert White-fleshed, commercial cultivar 

5 ‘Paen Yak’ Dessert White-fleshed, commercial cultivar 

6 ‘Paen Seethong’ Dessert White-fleshed, commercial cultivar 

7 ‘Na Suan’ Dessert White-fleshed, commercial cultivar 

8 ‘Daeng Siam’ Dessert Maroon-fleshed, local cultivar 

9 ‘Philippines’ Dessert Maroon-fleshed, local cultivar 

10 ‘Keynok Daeng’ Dessert Pink-fleshed, local cultivar 

11 ‘Keynok Rayong’ Dessert Pink-fleshed, local cultivar 

12 PC13-10 Processing Pink-fleshed, advanced selection 

13 G097 Processing Pink-fleshed, advanced selection 
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Table 2  Forty families used for analyzing heritability, variance components and 

phenotypic and genetic correlations of seven antioxidant traits in guava. 

 
No. Hybrid No. Hybrid 

1 ‘Klom Salee’ × ‘Klomsalee Seethong’ 21 ‘Na Suan’ × ‘Paen Yak’ 

2 ‘Klom Salee’ × ‘Paen Seethong’ 22 ‘Daeng Siam’ × ‘Na Suan’ 

3 ‘Klom Salee’ × ‘Khoa Um-porn’ 23 ‘Daeng Siam’ × ‘Philippines’ 

4 ‘Klom Salee’ × ‘Daeng Siam’ 24 ‘Daeng Siam’ × ‘Paen Seethong’ 

5 ‘Khoa Um-porn’ × G097 25 ‘Daeng Siam’ × ‘Khoa Um-porn’ 

6 ‘Khoa Um-porn’ × ‘Paen Yak’ 26 ‘Philippines’ × ‘Keynok Daeng’ 

7 ‘Khoa Um-porn’ × ‘Keynok Daeng’ 27 ‘Philippines’ × ‘Khoa Um-porn’ 

8 ‘Khoa Um-porn’ × PC13-10 28 ‘Philippines’ × PC13-10 

9 ‘Yen Song’ × G097 29 ‘Keynok Daeng’ × PC13-10 

10 ‘Yen Song’ × ‘Na Suan’ 30 ‘Keynok Daeng’ × ‘Klom Salee’ 

11 ‘Yen Song’ × ‘Daeng Siam’ 31 ‘Keynok Daeng’ × ‘Yen Song’ 

12 ‘Yen Song’ × ‘Philippines’ 32 ‘Keynok Daeng’ × ‘Daeng Siam’ 

13 ‘Paen Yak’ × PC13-10 33 ‘Keynok Rayong’ × ‘Klom Salee’ 

14 ‘Paen Yak’ × ‘Daeng Siam’ 34 PC13-10 × ‘Klom Salee’ 

15 ‘Paen Yak’ × ‘Philippines’ 35 PC13-10 × ‘Yen Song’ 

16 ‘Paen Yak’ × ‘Keynok Daeng’ 36 PC13-10 × ‘Daeng Siam’ 

17 ‘Paen Seethong’ × ‘Philippines’ 37 G097 × ‘Daeng Siam’ 

18 ‘Paen Seethong’ × ‘Yen Song’ 38 G097 × ‘Philippines’ 

19 ‘Paen Seethong’ × ‘Keynok Daeng’ 39 G097 × PC13-10 

20 ‘Paen Seethong’ × PC13-10 40 G097 × ‘Keynok Daeng’ 
 

Methods 

 
Parental plants propagated by air layering were planted at 4 × 4 m spacing in 

1999. All of the 40 crosses used were made in 2000. The seedlings were transplanted 

in 2001 with 0.5 × 3 m spacing. Five healthy, fruiting full-sib offspring were chosen 

from each of the 40 crosses. Full-sib progenies were randomly chosen without 

knowledge of antioxidant compounds of either the parents or the offspring. 
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All offspring and parents used are available in the breeding program at the 

Department of Horticulture, Kasetsart University, Kamphaeng Saen campus, Nakhon 

Pathom. The offspring and parental plants were grown separately in an experimental 

field of the University. Nakhon Pathom province locates in the central part of 

Thailand. Its elevation and latitude are 99°58′ E and 14°01′ N, respectively. The soil 

type of both parental and progeny field is clay loam. The parental plants are irrigated 

by sprinkler system, while the progeny plants are irrigated by furrow. 

 
Sample collection 

 
Guava fruits were harvested in 2005 (summer season) and in 2006 (rainy 

season). The ages of the progeny and parental plants were three and five, and four and 

six years in 2005 and 2006, respectively. The environmental conditions in 2005 

(March to June) and in 2006 (July to October) had daily average max/min air 

temperature of 35/25°C and 33/25°C, daily average max/min RH of 95/52% and 

94/60%, total precipitation of 258 mm and 628 mm, and daily average saturated light 

duration of 7 h d-1 and 5 h d-1, respectively (Source: Nakhon Pathom Meteorological 

Station, 2007). 

 
Three fruits from each of 13 parental genotypes and three mixed fruits from 

each of five trees from each of 40 families were randomly chosen when the fruits 

were ripe. The changing in skin color was used as harvesting indicator. White-fleshed 

fruits were harvested when their skin color changed from dark green to light green, 

maroon-fleshed fruits were harvested when their skin color changed from dark 

maroon to light maroon, and pink-fleshed fruits were harvested when their skin color 

changed from dark green to yellow green. About 100 g flesh was kept at –20°C after 

the central pulp was removed until extraction. 

 
Extractions 

 
Fruit extracts for ascorbic acid analysis were obtained by homogenizing 3 g of 

guava tissue (pulp and peel) in 20 ml cold solution of 3% (w/v) oxalic acid plus 8% 

glacial acetic acid (v/v) until uniform consistency, using an Ultra-Turrax homogenizer 
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(T25, Ika Works Inc, U.S.A.). The homogenates were centrifuged at 15,000 rpm at 

4°C for 10 min. The supernatants were recovered and ascorbic acid immediately 

measured. 

 
Fruit extracts for total phenolics, flavonoid compounds and antioxidant 

activity analysis were prepared using the method of Swain and Hillis (1959) with 

some modifications (Thaipong et al., 2006). Three grams of guava tissue were mixed 

with 20 ml methanol and homogenized using the Ultra-Turrax homogenizer. The 

homogenates were kept at 4°C for 12 h and then centrifuged at 15,000 rpm for 20 min 

using a vacuum micro centrifuge (J2-21, Beckman Instruments Inc, U.S.A.). The 

supernatants were recovered and stored at -20°C until analysis. 

 
Antioxidant activity determination 

 
The ferric-reducing antioxidant power (FRAP) assay was used to determine 

antioxidant activity. The procedure was followed by the method of Benzie and Strain 

(1996) with some adaptations as described by Thaipong et al. (2006). The stock 

solutions included 300 mM acetate buffer (3.1 g C2H3NaO2·3H2O and 16 ml C2H4O2), 

pH 3.6, 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mM HCl, and 20 

mM FeCl3·6H2O solution. The fresh working solution was prepared by mixing 25 ml 

acetate buffer, 2.5 ml TPTZ solution, and 2.5 ml FeCl3·6H2O solution and then 

warmed at 37ºC in an incubator (1000CP, Contherm, New Zealand) before using. 

Fruit extracts (150 μl) were allowed to react with 2850 μl of the FRAP solution for 30 

min in the dark condition. Readings of the colored product [ferrous tripyridyltriazine 

complex] were then taken at 593 nm using a spectrophotometer (Spectronic 20 

Genesys, Spectronic Instruments, U.S.A.). The standard curve was linear between 3 

and 800 μM ascorbic acid. Results were expressed in ascorbic acid equivalent (AAE; 

μM/g fresh weight). Additional dilution was needed if the FRAP value measured was 

over the linear range of the standard curve. 
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Antioxidant content determinations 

 
1.  Ascorbic acid 

 
Ascorbic acid content was determined using the 2, 6-dichlorophenol-

indophenol titration method described in Association of Office Analytical Chemists 

(1996). L-ascorbic acid was used to prepare a standard solution (1 mg/ml). The 

ascorbic acid concentration was calculated by comparison with the standard and 

expressed as mg/100 g fresh weight. 

 
2.  Total phenolics 

 
Total phenolics content was determined by the Folin-Ciocalteu method 

(Swain and Hillis, 1959) with some adaptations as described by Thaipong et al. 

(2006). The 150 μl of extract, 2400 μl of nanopure water, and 150 μl of 0.25 N Folin-

Ciocalteu reagent were combined in a plastic vial and then mixed well using a Vortex. 

The mixture was allowed to react for 3 min then 300 μl of 1 N Na2CO3 solution was 

added and mixed well. The solution was incubated at room temperature (26ºC) in the 

dark for 2 h. The absorbance was measured at 725 nm using the spectrophotometer. 

The results were expressed in gallic acid equivalents (GAE; mg/100 g fresh weight) 

using a gallic acid (0.001-0.125 mg/ml) standard curve. Additional dilution was done 

if the absorbance value measured was over the linear range of the standard curve. 

 
3.  Flanovoid compounds 

 
Flavonoid compounds were identified and quantified by high performance 

liquid chromatography (HPLC) according to the methodology proposed by Lister et 

al. (1994) and Awad et al. (2000) with some adaptations. Extracts were filtered 

through a 0.45 μm nylon membrane filter before injecting onto a HPLC system 

(Agilent 1100 Series, Agilent Technologies, Germany). A C18 column (BETASIL C18: 

220 mm × 4.6 mm, ThermoHypersil-Keystone, U.S.A.) with a guard column 

(UNIGUARD, Thermo Electron Corporation, U.S.A.) was used. Samples of 10 μl 

were injected onto the column which was maintained at 30°C. The flow rate was 

maintained at 1 ml/min. Mobile phases used for gradient consisted of solvent A (10% 
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acetic acid in HPLC water grade) and solvent B (acetonitrile). Eluted components 

were performed at 280 nm for catechin and 366 nm for quercetin glycosides. 

 
For catechin, the initial condition began at 92:8 (v:v) solvent A: solvent B 

and was maintained for 5 min. The condition was changed to 70:30 (v:v) solvent A: 

solvent B and gradient was linearly changed to 92:8 (v:v) solvent A: solvent B in 5 

min, and the final gradient was held for 5 min. 

 
For quercetin glycosides (galactoside, glucoside and rhamnoside), the 

gradient began at 86:14 (v:v) solvent A: solvent B and linearly changed to 90:10 (v:v) 

solvent A: solvent B in 5 min, and was held for 5 min. The condition was changed to 

80:20 (v:v) solvent A: solvent B and was linearly changed to 86:14 (v:v) solvent A: 

solvent B in 5 min. The final gradient was held for 5 min.  

 
The chromatogram peaks of individual compounds were identified by 

comparing retention time with those of authentic compounds. Standards used to 

identify the HPLC data were catechin, quercetin galactoside, quercetin glucoside and 

quercetin rhamnoside. Concentration of each compound was calculated using a 

standard curve of each compound (0.001-0.02 mg/ml) and expressed as mg/100 g 

fresh weight. 

 
Data analysis 

 
1.  Variance components 

 
The data obtained from the parental genotypes and from the progenies were 

used to estimate variance components. The statistical model is  

 
Pijk = µ + gi + yj + (gy)ij + eijk                                 … (3) 

 
where Pijk is the phenotypic value of the kth observation of the ith parental 

genotype or family in the jth year, µ is overall mean, gi is the genetic effect of the ith 

parental genoytype or family, yj is the year effect, (gy)ij is the genotype by year 

interaction effect and eijk is the error component. 
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The VARCOMP procedure of SAS version 8 for Windows (SAS Institute, 

1997) was used to estimate variance components. All effects in these models were 

assumed to be random. The data set for the family analysis was slightly unbalanced, 

as some selected offspring died in the second year. The coefficients for the expected 

mean squares were generated by the GLM procedure. The significant levels of the 

components and mean squares were determined using the GLM procedure. 

 
2.  Heritability 

  
In the following description, ‘offspring mean’ refers to the averaged value 

of offspring in the full-sib family derived from a cross. 

  
Narrow-sense heritability (h2) estimates were obtained using offspring 

mean (O) on midparent (MP) regression, where h2 = cov (O, MP)/var (MP) (Falconer 

and Mackay, 1996). The regression coefficient or slope of the regression lines 

provided estimates of heritability, and the standard errors of the slopes provided 

standard errors of the heritability estimates. The regression procedure (PROC REG) 

of the SAS program (SAS Institute, 1997) was used to regress offspring means on 

midparent values for each of the seven antioxidant traits. An appropriate linear model 

showed the offspring-midparent regression analysis, which is written as  

   
Oi = α + βompMPi + εi                                        … (4) 

 
where Oi was an offspring mean of the cross ith, MPi was an average of 

male and female phenotype or midparent of the cross ith, α was the intercept of the 

equation, βomp was the regression coefficient or slope of the equation and εi was 

residual deviation. 

 
In this case, βomp was the proportion of covariance between offspring and 

mid-parent to the variance of midparent, which was written as 

 

VAR(MP)
MP)COV(O,βomp =                                            … (5) 
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The regression coefficient (βomp) of the equation represented narrow-sense 

heritability or the proportion of additive genetic variance to the phenotypic variance. 

The heritability of the traits was estimated using the data from each of the two years, 

and from combined data with individual and mean values. 

 
3.  Repeatability 

 
Analysis of variance using either family mean and year or individual 

paraental genotype and year as random effects was used to calculated repeatability. 

The statistical model is  

 
Pij = µ + gi + yj + eij                                          … (6) 

 
where Pij is the phenotypic value of the ith parental genoytype or family in 

the jth year, µ is overall mean, gi is the genetic effect on the parental genotype or the 

family basis, yj is the year effect, and eij is the residual effect. From this model, 

repeatability was estimated as 

 

y
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ityrepeatabil
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=                                      … (7) 

 
where σ2

g is the variance between parental genotypes or families, σ2
e is the 

residual variance, and ny is the number of year evaluated. 

 
4.  Optimal sample size of measurements 

  
The relative efficiency of measurements (REM) was estimated to obtain 

the optimal sample size for evaluating guava fruit traits and is written as 

 

R1)(k1
kREM
−+

=                                           … (8) 

 
where k is the number of measurements (fruits) and R is the repeatability 

value. The repeatability estimates on the parental genotypes basis were used.  
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In this research, optimal sample size was preferred when the relative 

efficiency increased by less than 10% with an additional measurement. 

  
5.  Phenotypic correlations 

 
Pearson’s correlation coefficients (r) were calculated for phenotypic 

correlation using the PROC CORR procedure of SAS (SAS Institute, 1997). The 

phenotypic correlation coefficients (rp) among traits were estimated on a family mean 

basis from two years. The formula is 

 

YX
P σσ

Y)COV(X,r =                                             … (9) 

 
where the COV (X, Y) term is the covariance between trait X and Y, and 

the σx and σy terms are the standard deviation of the trait X and Y, respectively.   

 
6.  Genetic correlations 

 
Genetic correlation coefficients (ra) were estimated using mid-parent values 

and offspring means as described by Becker (1984) and Falconer and Mackay (1996). 

The formula is 

 

)Y,COV(Y)X,COV(X2
)Y,COV(X)Y,COV(X

r
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1221
a

×

+
=                              … (10) 

   

where the COV (X, Y) terms are the ‘cross-covariances’. The cross-

covariances were calculated from trait X in the parents and trait Y in the offspring 

[COV (X1, Y2)] as well trait Y in the parents and trait X in the offspring [COV (X2, 

Y1)]. The COV (X1, X2) and COV (Y1, Y2) terms are the offspring-parent covariances 

for trait X and Y, respectively. 

 
Approximate standard error for the genetic correlation (

ar
σ ) was calculated 

from the genetic correlation coefficients, the narrow-sense heritability estimates of the 
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traits, and the standard error of the heritability estimates (Falconer and Mackay, 

1996). The formula is 

 

2
Y

2
X

hh
2
a

r hh

σσ

2
r1

σ
2
Y

2
X

a

−
=                                         … (11) 

  
7.  Prediction of response and correlated response to selection 

 
The prediction of response to selection was made with the formular 

 
RS = ih2SP                                                 … (12) 

 
where RS, the expected response per generation, is the difference in mean 

phenotypic value of the progeny resulted from randomly mated of selected parents 

and the population mean (parental generation) before selection; i, the selection 

intensity, is the average superiority in phenotypic value of the individuals selected as 

parents expressed in standard deviations from the population mean (Falconer and 

Mackay, 1996); h2 is the heritability of the trait interested; and SP is the phehotypic 

standard deviation of the parental generation before selection. The selections were 

estimated considering that the upper 5% of individuals were selected based on their 

phenotypes and allowed to randomly mate inter se. 

 
The correlated response can be predicted when the narrow-sense 

heritability and the genetic correlation between the traits are known with the formular 

 
CRY = ihxhyraSPy                                                                … (13) 

 
where CRY is the expected correlated response per generation on trait Y 

due to direct selection on trait X, i is the selection intensity, hx and hy are the sqared 

root of the heritability for trait X and Y; respectively, ra is the genetic correlation 

between trait X and Y, and SPy is the phenotypic standard deviation for trait Y. 
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RESULTS AND DISCUSSION 

 
Results 

 
This research emphasized on genetic study of antioxidant traits in guava. 

Seven antioxidant traits consisting of antioxidant activity, ascorbic acid, total 

phenolics, catechin, quercetin galactoside, quercetin glucoside and quercetin 

rhamnoside were accessed. More than 99% of the total antioxidant activity in guava 

fruit is hydrophilic type (Thaipong et al., 2005). Ascorbic acid and total phenolics, 

which are known as hydrophilic antioxidants, are the major contributors to the 

antioxidant activity (Thaipong et al., 2005, 2006). Total phenolics may associate with 

several phenolic compounds such as flavonoids. The other four traits are all member 

of flavonoids which is a major group of phenolic compounds in fruits (Macheix et al., 

1990; Amiot et al., 1997).  

 
Variation of antioxidants 

  
Catechin (peak 1) and the three quercetin glycosides [galactoside (peak 2), 

glucoside (peak 3), and rhamnoside (peak 4)] were determined by HPLC at 280 nm 

(Appen. Fig. 1) and 366 nm (Appen. Fig. 2), respectively. The chromatographic 

profiles showed other peaks that might be other important flavonoids in guava fruits 

but they were not studied in this work. Maroon-fleshed genotype (Appen. Fig. 1b, 2b) 

seems to have greater levels and more types of flavonoid compounds than that of 

white (Appen. Fig. 1a, 2a) and pink-fleshed (Appen. Fig. 1c, 2c) genotypes. 

 
The 13 parental genotypes were diverse for all seven antioxidant traits. The 

mean values from two years for antioxidant activity (μM AAE/g) varied from 10.0 for 

‘Paen Seethong’ to 21.4 for ‘Daeng Siam’, a 2.1 fold variation; for ascorbic acid 

(mg/100 g) varied from 74 for ‘Keynok Daeng’ to 216 for ‘Khoa Um-porn’ (2.9-fold); 

for total phenolics (mg GAE/100 g) varied from 162 for ‘Keynok Daeng’ to 278 for 

‘Keynok Rayong’ (1.7-fold); for catechin (mg/100 g) varied from 64 for G097 to 499 

for ‘Daeng Siam’ (7.8-fold) (Table 3); for quercetin galactoside (mg/100 g) varied 

from 20 for G097 to 678 for ‘Daeng Siam’ (33.9-fold); for quercetin glucoside 
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(mg/100 g) varied from 16 for ‘Keynok Rayong’ to 226 for ‘Philippines’ (14.1-fold); 

and for quercetin rhamnoside (mg/100 g) varied from 5 for ‘Yen Song’ to 151 for 

‘Keynok Rayong’ (30.2-fold) (Table 4). 

 
All of the parental genotypes showed considerable change for some traits 

between 2005 and 2006, but the mean values among all parental genotypes showed 

slight change between the two years. The mean values of each parental genotype and 

of among all parental genotypes for antioxidant activity, ascorbic acid, total phenolics 

and catechin are presented in Table 3; and for quercetin galactoside, quercetin 

glucoside and quercetin rhamnoside are presented in Table 4. 

  
Antioxidant activity (μM AAE/g) ranged from 10.3 for ‘Paen Seethong’ to 

22.8 for ‘Keynok Rayong’ in 2005; and from 6.9 for ‘Keynok Daeng’ to 27.1 for 

‘Daeng Siam’ in 2006. Ascorbic acid (mg/100 g) ranged from 82 for ‘Keynok Daeng’ 

to 237 for ‘Keynok Rayong’ in 2005; and from 66 for ‘Keynok Daeng’ to 222 for 

‘Khoa Um-porn’ in 2006. Total phenolics (mg GAE/100 g) ranged from 158 for 

‘Klomsalee Seethong’ to 307 for ‘Keynok Rayong’ in 2005; and from 157 for 

‘Keynok Daeng’ to 309 for ‘Daeng Siam’ in 2006. Catechin (mg/100 g) ranged from 

55 for ‘Khoa Um-porn’ to 503 for ‘Philippines’ in 2005; and from 74 for G097 to 589 

for ‘Daeng Siam’ in 2006. Quercetin galactoside (mg/100 g) ranged from 14.5 for 

PC13-10 to 615 for ‘Philippines’ in 2005; and from 16.2 for ‘Khoa Um-porn’ to 825 

for ‘Daeng Siam’ in 2006. Quercetin glucoside (mg/100 g) ranged from 14.0 for 

‘Klomsalee Seethong’ to 232 for ‘Philippines’ in 2005; and from 13.0 for ‘Khoa Um-

porn’ to 228 for ‘Daeng Siam’ in 2006. Quercetin rhamnoside (mg/100 g) ranged 

from 5.7 for ‘Klom Salee’ to 205 for ‘Keynok Rayong’ in 2005; and from 3.1 for 

‘Yen Song’ to 116 for ‘Keynok Daeng’ in 2006.    

  
The mean values among all 13 parental genotypes in 2005 and 2006 were 14.0 

and 14.8 μM AAE/g for antioxidant activity, 146 and 144 mg/100 g for ascorbic acid, 

206 and 216 mg GAE/100 g for total phenolics, 173 and 214 mg/100 g for catechin, 

111 and 137 mg/100 g for quercetin galactoside, 49 and 54 mg/100 g for quercetin 

glucoside, 40 and 31 mg/100 g for quercetin rhamnoside, respectively. 
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Table 3  Values with standard errors of antioxidant activity, ascorbic acid, total 

phenolics, and catechin (top) and their means (bottom) for the 13 parents in 

2005 and 2006. 

 
AOA2 (μM/g) AA (mg/100 g) TPH (mg/100 g) CAT (mg/100 g) 

No.1 
2005 2006 2005 2006 2005 2006 2005 2006 

1 14.7 ± 0.8 13.5 ± 0.3 190 ± 6 162 ± 5 228 ± 8 218 ± 2 112 ± 16 152 ± 22 
 14.1 ± 0.6 176 ± 14 223 ± 5 132 ± 20 

2 10.5 ± 0.1 18.6 ± 1.5 83 ± 16 101 ± 6 158 ± 7 224 ± 19 114 ± 5 202 ± 30 
 14.6 ± 4.1 92 ± 9 191 ± 33 158 ± 44 

3 16.1 ± 0.3 13.9 ± 0.5 210 ± 6 222 ± 32 243 ± 6 232 ± 6 118 ± 13 132 ± 12 
 15.0 ± 1.1 216 ± 6 238 ± 5 125 ± 7 

4 13.9 ± 1.6 12.6 ± 1.3 164 ± 19 200 ± 9 204 ± 22 197 ± 18 97 ± 11 126 ± 17 
 13.2 ± 0.7 182 ± 18 200 ± 3 111 ± 15 

5 10.5 ± 0.6 11.4 ± 1.6 116 ± 9 133 ± 26 160 ± 7 183 ± 22 130 ± 34 169 ± 17 
 11.0 ± 0.4 125 ± 8 171 ± 11 149 ± 20 

6 10.3 ± 0.7 9.8 ± 0.3 90 ± 18 126 ± 22 169 ± 10 181 ± 8 116 ± 8 125 ± 25 
 10.0 ± 0.3 108 ± 18 175 ± 6 120 ± 5 

7 12.7 ± 0.3 13.9 ± 1.3 166 ± 20 101 ± 19 194 ± 6.7 170 ± 18 96 ± 16 152 ± 7 
 13.3 ± 0.6 133 ± 33 182 ± 12 124 ± 28 

8 15.6 ± 0.6 27.1 ± 3.1 156 ± 22 134 ± 46 238 ± 12 309 ± 30 408 ± 17 589 ± 94 
 21.4 ± 5.8 145 ± 11 274 ± 36 499 ± 91 

9 15.5 ± 0.6 17.1 ± 1.6 144 ± 6 133 ± 7 215 ± 7 245 ± 15 503 ± 52 452 ± 117 
 16.3 ± 0.8 139 ± 6 230 ± 15 477 ± 26 

10 11.9 ± 0.4 9.6 ± 1.7 82 ± 8 66 ± 10 166 ± 3 157 ± 20 161 ± 12 239 ± 58 
 10.8 ± 1.2 74 ± 8 162 ± 5 200 ± 39 

11 22.8 ± 0.7 15.4 ± 1.8 237 ± 38 173 ± 39 307 ± 9 248 ± 24 245 ± 15 274 ± 22 
 19.1 ± 3.7 205 ± 32 278 ± 30 260 ± 15 

12 12.0 ± 1.1 13.9 ± 0.5 85 ± 20 132 ± 8 183 ± 16 213 ± 12 97 ± 15 100 ± 6 
 12.9 ± 1.0 109 ± 24 198 ± 15 98 ± 1 

13 15.3 ± 1.4 15.5 ± 2.0 175 ± 20 190 ± 8 214 ± 19 233 ± 25 55 ± 18 74 ± 30 
 15.4 ± 0.1 182 ± 8 224 ± 9 64 ± 9 

Mean 14.0 ± 0.9 14.8 ± 1.3 146 ± 14 144 ± 12 206 ± 12 216 ± 11 173 ± 37 214 ± 41 
 14.4 ± 0.9 145 ± 12 211 ± 10 194 ± 39 

 
1 1 = ‘Klom Salee’, 2 = ‘Klomsalee Seethong’, 3 = ‘Khoa Um-porn’, 4 = ‘Yen Song’, 

5 = ‘Paen Yak’, 6 = ‘Paen Seethong’, 7 = ‘Na Suan’, 8 = ‘Daeng Siam’, 9 = 

‘Philippines’, 10 = ‘Keynok Daeng’, 11 = ‘Keynok Rayong’, 12 = PC13-10, and 13 

= G097. 
2 AOA = antioxidant activity, AA = ascorbic acid, TPH = total phenolics, and CAT = 

catechin. 
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Table 4  Values with standard errors of quercetin galactoside, quercetin glucoside, 

and quercetin rhamnoside (top) and their means (bottom) for the 13 parents 

in 2005 and 2006. 

 
Qgal2 (mg/100 g) Qglu (mg/100 g) Qrham (mg/100 g) 

No.1 
2005 2006 2005 2006 2005 2006 

1 21.3 ± 4.2 31.4 ± 2.2 14.6 ± 1.7 24.0 ± 0.2 5.7 ± 0.5 7.3 ± 2.0 
 26.3 ± 5.0 19.3 ± 4.7 6.5 ± 0.8 

2 17.0 ± 4.7 47.1 ± 16.7 14.0 ± 1.1 32.0 ± 9.4 9.6 ± 3.3 9.7 ± 0.5 
 32.1 ± 15.0 23.0 ± 9.0 9.7 ± 0.04 

3 28.2 ± 1.0 16.2 ± 6.1 20.2 ± 0.5 13.0 ± 1.4 9.6 ± 1.7 17.2 ± 2.9 
 22.2 ± 6.0 16.6 ± 3.6 13.4 ± 3.8 

4 24.4 ± 1.3 39.9 ± 7.5 18.6 ± 3.3 22.0 ± 3.3 6.2 ± 2.0 3.1 ± 0.3 
 32.2 ± 7.8 20.3 ± 1.7 4.6 ± 1.5 

5 19.7 ± 4.1 43.4 ± 11.1 18.9 ± 4.0 26.0 ± 4.4 6.4 ± 1.1 5.2 ± 1.2 
 31.6 ± 11.9 22.5 ± 3.6 5.8 ± 0.6 

6 18.0 ± 4.2 39.2 ± 12.4 28.3 ± 1.7 27.8 ± 5.6 21.6 ± 4.3 11.5 ± 3.3 
 28.6 ± 10.6 28.1 ± 0.3 16.6 ± 5.0 

7 20.4 ± 4.1 27.1 ± 8.8 19.7 ± 3.6 15.2 ± 2.3 7.4 ± 1.7 6.1 ± 2.6 
 23.7 ± 3.4 17.5 ± 2.3 6.8 ± 0.6 

8 531 ± 10 825 ± 135 187 ± 21 228 ± 46 14.1 ± 6.2 16.3 ± 3.1 
 678 ± 147 207 ± 21 15.2 ± 1.1 

9 615 ± 68 583 ± 176 232 ± 19 220 ± 70 23.9 ± 10.1 35.3 ± 8.1 
 599 ± 16 226 ± 6 29.6 ± 5.7 

10 54.8 ± 5.5 35.0 ± 9.9 27.3 ± 3.7 27.5 ± 5.7 79.1 ± 19.2 116.3 ± 18.5 
 44.9 ± 9.9 27.4 ± 0.1 97.7 ± 18.6 

11 63.3 ± 9.1 39.9 ± 7.2 16.6 ± 1.8 15.6 ± 4.5 205 ± 17.3 96.6 ± 12.7 
 51.6 ± 11.7 16.1 ± 0.5 151 ± 54 

12 14.5 ± 5.9 28.5 ± 2.7 26.2 ± 8.4 20.2 ± 2.5 56.6 ± 10.0 17.4 ± 2.8 
 21.5 ± 7.0 23.2 ± 3.0 37.0 ± 19.6 

13 17.4 ± 6.8 22.5 ± 5.0 17.5 ± 7.2 28.0 ± 1.2 80.3 ± 9.0 56.7 ± 8.2 
 19.9 ± 2.5 22.7 ± 5.3 68.5 ± 11.8 

Mean 111.1 ± 57.2 136.8 ± 71.2 49.3 ± 19.9 53.8 ± 21.0 40.4 ± 15.7 30.7 ± 10.2 
 123.9 ± 63.5 51.5 ± 20.4 35.5 ± 12.3 

 
1 1 = ‘Klom Salee’, 2 = ‘Klomsalee Seethong’, 3 = ‘Khoa Um-porn’, 4 = ‘Yen Song’, 

5 = ‘Paen Yak’, 6 = ‘Paen Seethong’, 7 = ‘Na Suan’, 8 = ‘Daeng Siam’, 9 = 

‘Philippines’, 10 = ‘Keynok Daeng’, 11 = ‘Keynok Rayong’, 12 = PC13-10, and 13 

= G097. 

2 Qgal = quercetin galactoside, Qglu = quercetin glucoside, and Qrham = quercetin 

rhamnoside. 
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Also, the 40 families were diverse for all seven antioxidant traits (Table 5). 

The mean values from the two years for antioxidant activity (μM AAE/g) varied from 

13.0 for progenies of ‘Philippines’ × ‘Keynok Daeng’ to 20.7 for progenies of ‘Yen 

Song’ × ‘Daeng Siam’, a 1.6 fold variation; for ascorbic acid (mg/100 g) varied from 

88 for progenies of ‘Philippines’ × ‘Keynok Daeng’ to 262 for progenies of ‘Daeng 

Siam’ × ‘Na Suan’ (3.0-fold); of total phenolics (mg GAE/100 g) varied from 193 for 

progenies of ‘Philippines’ × ‘Keynok Daeng’ to 286 for progenies of ‘Yen Song’ × 

‘Daeng Siam’ (1.5-fold); for catechin (mg/100 g) varied from 81 for progenies of 

PC13-10 × ‘Yen Song’ to 545 for progenies of ‘Daeng Siam’ × ‘Philippines’ (6.7-

fold); for quercetin galactoside (mg/100 g) varied from 24.8 for progenies of ‘Klom 

Salee’ × ‘Daeng Siam’ to 587 for progenies of ‘Daeng Siam’ × ‘Philippines’ (23.5-

fold); for quercetin glucoside (mg/100 g) varied from 14.5 for progenies of ‘Klom 

Salee’ × ‘Daeng Siam’ to 214.5 for progenies of ‘Daeng Siam’ × ‘Philippines’ (14.8-

fold); and for quercetin rhamnoside (mg/100 g ) varied from 5.9 for progenies of 

‘Klom Salee’ × ‘Khoa Um-porn’ to 136.3 for progenies of G097 × ‘Daeng Siam’ 

(23.1-fold). 

 
  Some offspring of 19 crosses had higher level of antioxidant activity (μM 

AAE/g) than that of their parents (bold mark) and some offspring of 21 crosses had 

higher level than that of one of their parents (underline mark) (Table 5). The 

progenies of cross number 11 (‘Yen Song’ × ‘Daeng Siam’) had the highest mean 

value of antioxidant activity level (20.7); followed by the progenies of cross numbers 

23 (‘Daeng Siam’ × ‘Philippines’) (20.4), 5 (‘Khoa Um-porn’ × G097) (19.6), 39 

(G097 × PC13-10) (19.6), and 22 (‘Daeng Siam’ × ‘Na Suan’) (19.4), respectively. 

 
Some offspring of 19 crosses had higher ascorbic acid content (mg/100 g) than 

that of their parents (bold mark) and some offspring of 20 crosses had higher ascorbic 

acid content than that of one of their parents (underline mark) (Table 5). The 

progenies of cross number 22 (‘Daeng Siam’ × ‘Na Suan’) had the highest mean 

value of ascorbic acid content (262); followed by the progenies of cross numbers 1 

(‘Klom Salee’ × ‘Klomsalee Seethong’) (242), 11 (‘Yen Song’ × ‘Daeng Siam’) 
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(241), 25 (‘Daeng Siam’ × ‘Khoa Um-porn’) (234), and 4 (‘Klom Salee’ × ‘Daeng 

Siam’) (229), respectively. 

 
Some offspring of 22 crosses had higher total phenolics content (mg GAE/100 

g) than that of their parents (bold mark) and some offspring of 18 crosses had higher 

total phenolics content than that of one of their parents (underline mark) (Table 5). 

The progenies of cross number 11 (‘Yen Song’ × ‘Daeng Siam’) also had the highest 

level of total phenolics content (286); followed by the progenies of cross numbers 23 

(‘Daeng Siam’ × ‘Philippines’) (277), 39 (G097 × PC13-10) (276), 22 (‘Daeng Siam’ 

× ‘Na Suan’) (276), and 5 (‘Khoa Um-porn’ × G097) (274), respectively. 

 
Some offspring of 12 crosses had higher catechin content (mg/100 g) than that 

of their parents (bold mark) and some offspring of 18 crosses had higher catechin 

content than that of one of their parents (underline mark) (Table 5). The progenies of 

cross number 23 (‘Daeng Siam’ × ‘Philippines’) had the highest mean value of 

catechin content (545); followed by the progenies of cross numbers 30 (‘Keynok 

Daeng’ × ‘Klom Salee’) (253), 3 (‘Klom Salee’ × ‘Khoa Um-porn’) (236), 2 (‘Klom 

Salee’ × ‘Paen Seethong’) (211), and 10 (‘Yen Song’ × ‘Na Suan’) (210), 

respectively. 

  
Some offspring of 20 crosses had higher quercetin galactoside content 

(mg/100 g) than that of their parents (bold mark) and some offspring of 18 crosses 

had higher quercetin galactoside content than that of one of their parents (underline 

mark) (Table 5). The progenies of cross number 23 (‘Daeng Siam’ × ‘Philippines’) 

also had the highest mean value of quercetin galactoside content (587); followed by 

the progenies of cross numbers 32 (‘Keynok Daeng’ × ‘Daeng Siam’) (96.9), 26 

(‘Philippines’ × ‘Keynok Daeng’) (92.5), 27 (‘Philippines’ × ‘Khoa Um-porn’) (88.6), 

and 5 (‘Khoa Um-porn’ × G097) (85.0), respectively. 
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Table 5  Mean values with standard errors of antioxidant activity, ascorbic acid, total 

phenolics, catechin and quercetin glycosides for the 40 families from 2005 

and 2006. 

 
No.1 AOA2 AA TPH CAT Qgal Qglu Qrham 

1 16.5 ± 0.4  242 ± 35 253 ± 13 192 ± 11 37.9 ± 6.4 23.8 ± 0.5 10.3 ± 4.9 
2 18.0 ± 0.7 186 ± 5 247 ± 4 211 ± 15 52.0 ± 9.8 34.9 ± 4.1 9.9 ± 2.8 
3 18.6 ± 0.9 200 ± 12 268 ± 26 236 ± 39 60.6 ± 25.4 33.2 ± 16.0 5.9 ± 0.1 
4 17.4 ± 3.0 229 ± 53 241 ± 26 132 ± 36 24.8 ± 2.5 14.5 ± 1.7 9.1 ± 2.2 
5 19.6 ± 2.6 177 ± 20 274 ± 13 116 ± 3 85.0 ± 16.0 50.4 ± 0.6 53.3 ± 5.5 
6 17.6 ± 0.2 196 ± 12 272 ± 15 203 ± 35 59.4 ± 13.0 43.0 ± 13.3 12.9 ± 0.9 
7 16.2 ± 2.4 151 ± 42 213 ± 25 172 ± 34 49.4 ± 17.4 32.0 ± 12.4 46.7 ± 8.0 
8 14.9 ± 0.3 147 ± 36 219 ± 5 145 ± 15 40.9 ± 7.7 24.4 ± 1.1 60.9 ± 4.1 
9 17.9 ± 1.1 186 ± 12 250 ± 9 99 ± 24 39.8 ± 5.9 30.9 ± 0.2 58.9 ± 3.6 

10 19.4 ± 0.9 210 ± 11 268 ± 28 210 ± 56 44.3 ± 8.4 27.5 ± 5.7 13.6 ± 4.1 
11 20.7 ± 0.4 241 ± 8 286 ± 2 167 ± 12 67.7 ± 2.2 31.5 ± 5.5 8.2 ± 1.2 
12 17.1 ± 1.2 217 ± 8 248 ± 7 109 ± 29 64.0 ± 5.5 34.5 ± 4.5 9.2 ± 3.9 
13 14.1 ± 1.3 96 ± 17 202 ± 19 104 ± 4 62.4 ± 14.1 35.0 ± 4.2 84.6 ± 1.0 
14 16.6 ± 1.5 216 ± 13 237 ± 5 128 ± 14 33.2 ± 4.3 26.7 ± 0.9 9.3 ± 2.8 
15 14.5 ± 1.3 147 ± 5 224 ± 18 144 ± 20 56.6 ± 9.3 40.7 ± 10.4 13.6 ± 2.2 
16 13.1 ± 0.4 99 ± 16 197 ± 1 175 ± 11 49.0 ± 15.7 32.5 ± 3.5 108 ± 28 
17 14.5 ± 0.4  147 ± 3 204 ± 15 115 ± 11 51.3 ± 19.9 39.8 ± 14.6 7.5 ± 1.1 
18 15.9 ± 0.2 186 ± 22 228 ± 18 152 ± 6 33.7 ± 13.6 27.7 ± 8.3 9.9 ± 1.1 
19 13.1 ± 2.3 101 ± 25 197 ± 27 140 ± 15 58.0 ± 8.7 33.5 ± 6.4 76.7 ± 7.3 
20 17.3 ± 0.6 137 ± 37 241 ± 11 142 ± 23 71.7 ± 18.6 39.9 ± 9.9 64.6 ± 12.7 
21 16.4 ± 0.6 212 ± 9 246 ± 5 180 ± 25 52.8 ± 6.5 38.4 ± 1.9 9.0 ± 1.7 
22 19.4 ± 2.0 262 ± 16 276 ± 17 123 ± 42 53.3 ± 24.3 27.5 ± 13.4 10.0 ± 1.6 
23 20.4 ± 0.1 184 ± 22 277 ± 1 545 ± 74 587 ± 16 214 ± 56 16.1 ± 1.1 
24 16.7 ± 0.8 192 ± 10 260 ± 21 141 ± 20 70.1 ± 9.9 44.6 ± 10.8 16.7 ± 5.1 
25 18.5 ± 1.5 234 ± 8 269 ± 16 114 ± 30 48.4 ± 5.0 27.0 ± 2.1  9.4 ± 1.5 
26 13.0 ± 1.2 88 ± 12 193 ± 11 168 ± 38 92.5 ± 26.9 46.2 ± 13.7 95.5 ± 14.1 
27 16.7 ± 1.5 187 ± 24 248 ± 17 148 ± 27 88.6 ± 23.8 50.5 ± 17.6 9.3 ± 3.5 
28 14.6 ± 0.2 113 ± 13 202 ± 2 103 ± 12 63.6 ± 8.2 37.2 ± 1.1 57.7 ± 6.3 
29 16.0 ± 0.2 123 ± 20 222 ± 10 147 ± 20 84.3 ± 2.1 39.6 ± 2.8 80.9 ± 9.7 
30 14.5 ± 2.4 104 ± 22 220 ± 38 253 ± 60 77.6 ± 8.7 39.4 ± 8.8 55.5 ± 13.7 
31 13.9 ± 1.6 125 ± 25 198 ± 31 187 ± 26 62.3 ± 14.6 31.1 ± 6.3 82.1 ± 28.1 
32 16.3 ± 1.1 140 ± 27 231 ± 20 189 ± 41 96.9 ± 42.1 45.0 ± 18.3 82.4 ± 21.4 
33 17.6 ± 1.0 204 ± 17 268 ± 24 195 ± 9 36.2 ± 0.7 22.9 ± 0.5 70.4 ± 13.2 
34 14.5 ± 0.2 149 ± 2 213 ± 9 134 ± 6 42.0 ± 7.3 26.0 ± 0.8 45.5 ± 9.6 
35 17.6 ± 2.3 168 ± 1 236 ± 14 81 ± 17 27.8 ± 11.7 25.0 ± 4.4 58.0 ± 15.0 
36 17.5 ± 0.2 145 ± 1 238 ± 9 124 ± 11  67.7 ± 0.2 33.3 ± 1.4 86.0 ± 9.4 
37 17.7 ± 0.7 183 ± 24 244 ± 2 102 ± 14 40.8 ± 14.7 28.2 ± 6.6 136 ± 28 
38 17.7 ± 1.3 160 ± 18 248 ± 28 90 ± 13 69.9 ± 21.0 45.3 ± 13.9 98.0 ± 4.8 
39 19.6 ± 2.0 198 ± 13 276 ± 25 94 ± 26 43.1 ± 3.1 30.9 ± 1.7 35.6 ± 2.4 
40 15.6 ± 0.7 142 ± 30 217 ± 20 106 ± 11 38.6 ± 4.0 26.7 ± 0.3 133 ± 11 

Mean 16.7 ± 0.3 171 ± 7 239 ± 4 158 ± 12 69.6 ± 13.6 38.4 ± 4.7 46.5 ± 6.1 
 
1 Listed by number as indicated in Table 2. 
2 AOA = antioxidant activity, AA = ascorbic acid, TPH = total phenolics, CAT = catechin, Qgal = 

quercetin galactoside, Qglu = quercetin glucoside, and Qrham = quercetin rhamnoside. 
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Some offspring of 21 crosses had higher quercetin glucoside content (mg/100 

g) than that of their parents (bold mark) and some offspring of 18 crosses had higher 

quercetin glucoside content than that of one of their parents (underline mark) (Table 

5). Again, the progenies of cross number 23 (‘Daeng Siam’ × ‘Philippines’) had the 

highest mean value of quercetin glucoside content (214); followed by the progenies of 

cross numbers 27 (‘Philippines’ × ‘Khoa Um-porn’) (50.5), 5 (‘Khoa Um-porn’ × 

G097) (50.4), 26 (‘Philippines’ × ‘Keynok Daeng’) (46.2), and 38 (G097 × 

‘Philippines’) (45.3), respectively. 

 

Some offspring of 14 crosses had higher quercetin rhamnoside content 

(mg/100 g) than that of their parents (bold mark) and some offspring of 21 crosses 

had higher quercetin rhamnoside content than that of one of their parents (underline 

mark) (Table 5). The progenies of cross number 37 (G097 × ‘Daeng Siam’) had the 

highest mean value of quercetin rhamnoside content (136); followed by the progenies 

of cross numbers 40 (G097 × ‘Keynok Daeng’) (133), 16 (‘Paen Yak’ × ‘Keynok 

Daeng’) (108), 38 (G097 × ‘Philippines’) (98), and 26 (‘Philippines’ × ‘Keynok 

Daeng’) (95.5), respectively. 

 

The changing pattern of families for all of the seven antioxidant traits was 

similar with the parents in that all of the families showed substantial change for some 

traits between 2005 and 2006, but the mean value among all 40 families did not 

change much between the two years. The mean value of each family and of among all 

40 families for antioxidant activity, ascorbic acid, total phenolics and catechin are 

presented in Table 6; and for quercetin galactoside, quercetin glucoside and quercetin 

rhamnoside are presented in Table 7. 

 

Antioxidant activity (μM AAE/g) ranged from 10.9 (8.4 to 14.5 for progenies 

of ‘Paen Seethong’ × ‘Keynok Daeng’) to 22.2 (17.3 to 31.6 for progenies of ‘Khoa 

Um-porn’ × G097) in 2005, and from 13.5 (11.7 to 18.2 for progenies of ‘Paen Yak’ 

× ‘Keynok Daeng’) to 21.6 (17.6 to 24.4 for progenies of G097 × PC13-10) in 2006.  
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Ascorbic acid (mg/100 g) ranged from 76 (57 to 94 for progenies of ‘Paen 

Seethong’ × ‘Keynok Daeng’) to 282 (241 to 311 for progenies of ‘Klom Salee’ × 

‘Daeng Siam’) in 2005, and from 100 (83 to 111 for progenies of ‘Philippines’ × 

‘Keynok Daeng’) to 278 (236 to 359 for progenies of ‘Daeng Siam’ × ‘Na Suan’) in 

2006. 

 

Total phenolics (mg GAE/100 g FW) ranged from 167 (80 to 145 for 

progenies of ‘Keynok Daeng’ × ‘Yen Song’) to 287 (223 to 399 for progenies of 

‘Khoa Um-porn’ × G097) in 2005, and from 199 (166 to 263 for progenies of ‘Paen 

Yak’ × ‘Keynok Daeng’) to 301 (255 to 336 for progenies of G097 × PC13-10) in 

2006. 

 
For the four flavonoid compounds (catechin, quercetin galactoside, quercetin 

glucoside and quercetin rhamnoside), the highest values of catechin, quercetin 

galactoside and quercetin glucoside were found in progenies of ‘Daeng Siam’ × 

‘Philippines’ in both years. 

 
Catechin (mg/100 g) ranged from 68 (50 to 87 for progenies of G097 × PC13-

10) to 471 (266 to 838 for progenies of ‘Daeng Siam’ × ‘Philippines’) in 2005, and 

from 64 (59 to 68 for progenies of PC13-10 × ‘Yen Song’) to 620 (265 to 1008 for 

progenies of ‘Daeng Siam’ × ‘Philippines’) in 2006. 

 
Quercentin galactoside (mg/100 g) ranged from 20 (9 to 37 for progenies of 

‘Paen Seethong’ × ‘Yen Song’) to 602 (307 to 1354 for progenies of ‘Daeng Siam’ × 

‘Philippines’) in 2005, and 16 (13 to 19 for progenies of PC13-10 × ‘Yen Song’) to 

571 (192 to 912 for progenies of ‘Daeng Siam’ × ‘Philippines’) in 2006. 

 
Quercetin glucoside (mg/100 g) ranged from 14 (6 to 26 for progenies of 

‘Daeng Siam’ × ‘Na Suan’) to 159 (65 to 387 for progenies of ‘Daeng Siam’ × 

‘Philippines’) in 2005, and 13 (7 to 22 for progenies of ‘Klom Salee’ × ‘Daeng Siam’) 

to 270 (108 to 440 for progenies of ‘Daeng Siam’ × ‘Philippines’) in 2006. 
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Table 6  Values with standard errors of antioxidant activity, ascorbic acid, total 

phenolics and catechin for the 40 families in 2005 and 2006. 

 
AOA2 (μM/g) AA (mg/100 g) TPH (mg/100 g) CAT (mg/100 g) No.1 2005 2006 2005 2006 2005 2006 2005 2006 

1 16.1 ± 1.1 16.8 ± 1.6 207 ± 11 276 ± 3 240 ± 14 267 ± 19 180 ± 13 203 ± 26
2 18.7 ± 1.6 17.3 ± 1.6 191 ± 17 181 ± 9 251 ± 20 243 ± 15 225 ± 30 196 ± 19
3 17.8 ± 1.1 19.5 ± 2.7 212 ± 35 188 ± 24 241 ± 15 294 ± 33 197 ± 30 275 ± 36
4 20.4 ± 0.9 14.5 ± 1.8 282 ± 12 176 ± 26 268 ± 10 215 ± 24 96 ± 10 168 ± 23
5 22.2 ± 2.7 17.0 ± 2.2 157 ± 11 197 ± 18 287 ± 32 261 ± 28 118 ± 23 113 ± 22
6 17.4 ± 1.2 17.7 ± 1.3 208 ± 18 185 ± 8 257 ± 16 287 ± 20 168 ± 32 238 ± 38
7 13.8 ± 1.0 18.6 ± 1.6 109 ± 11 193 ± 32 188 ± 13 239 ± 20 139 ± 15 206 ± 29
8 14.6 ± 1.2 15.2 ± 2.1 111 ± 14 182 ± 30 215 ± 18 224 ± 27 160 ± 29 131 ± 9
9 19.0 ± 1.0 16.8 ± 1.7 174 ± 18 199 ± 21 259 ± 13 241 ± 22 123 ± 14 74 ± 6

10 18.6 ± 1.5 20.3 ± 4.2 200 ± 11 221 ± 23 240 ± 21 296 ± 58 154 ± 15 267 ± 84
11 21.1 ± 1.5 20.3 ± 1.1 249 ± 7 233 ± 8 284 ± 12 288 ± 6 155 ± 30 178 ± 43
12 15.9 ± 1.1 18.3 ± 0.9 225 ± 24 210 ± 10 241 ± 17 255 ± 11 80 ± 18 138 ± 22
13 12.8 ± 1.8 15.4 ± 1.1 79 ± 20 113 ± 10 183 ± 22 221 ± 12 108 ± 5 100 ± 9
14 18.1 ± 0.5 15.1 ± 1.3 229 ± 17 204 ± 23 242 ± 6 233 ± 16 141 ± 17 114 ± 11
15 13.2 ± 0.6 15.8 ± 1.1 152 ± 17 142 ± 13 206 ± 9 242 ± 15 124 ± 21 164 ± 19
16 12.7 ± 1.2 13.5 ± 1.6 83 ± 16 114 ± 11 196 ± 17 198 ± 22 187 ± 19 164 ± 24
17 14.1 ± 0.9 14.9 ± 0.9 150 ± 16 143 ± 13 190 ± 12 219 ± 14 104 ± 27 126 ± 23
18 15.8 ± 1.6 16.1 ± 0.7 163 ± 14 208 ± 9 209 ± 20 246 ± 11 146 ± 26 159 ± 25
19 10.9 ± 1.1 15.4 ± 1.9 76 ± 7 126 ± 24 170 ± 17 224 ± 27 125 ± 14 155 ± 24
20 16.7 ± 2.3 17.9 ± 2.3 100 ± 25 173 ± 22 230 ± 25 252 ± 29 165 ± 26 119 ± 26
21 16.9 ± 1.2 15.8 ± 1.1 203 ± 23 221 ± 7 241 ± 14 251 ± 17 155 ± 15 205 ± 25
22 17.4 ± 0.8 21.3 ± 1.8 247 ± 30 278 ± 22 259 ± 12 292 ± 19 80 ± 12 165 ± 25
23 20.3 ± 1.7 20.5 ± 2.4 206 ± 18 161 ± 6 278 ± 18 276 ± 26 471 ± 102 619 ± 215
24 16.0 ± 1.1 17.5 ± 0.8 183 ± 23 202 ± 17 239 ± 13 281 ± 11 120 ± 19 161 ± 17
25 17.0 ± 1.3 20.0 ± 1.1 226 ± 20 242 ± 27 252 ± 17 285 ± 14 83 ± 12 144 ± 27
26 11.7 ± 0.5 14.2 ± 0.7 77 ± 10 100 ± 6 182 ± 9 204 ± 12 130 ± 33 206 ± 38
27 15.2 ± 1.8 18.3 ± 1.3 163 ± 24 211 ± 14 230 ± 26 265 ± 16 121 ± 35 175 ± 24
28 14.8 ± 1.1 14.4 ± 0.7 100 ± 3 126 ± 2 203 ± 13 200 ± 7 91 ± 15 115 ± 9
29 15.8 ± 0.8 16.2 ± 0.7 104 ± 16 143 ± 23 212 ± 9 232 ± 11 167 ± 14 128 ± 18
30 12.2 ± 1.0 16.9 ± 0.6 82 ± 10 127 ± 10 181 ± 14 258 ± 6 193 ± 26 312 ± 54
31 12.3 ± 0.9 15.5 ± 0.3 100 ± 12 150 ± 17 167 ± 10 228 ± 5 161 ± 18 214 ± 22
32 15.2 ± 1.0 17.4 ± 2.3 113 ± 19 167 ± 22 211 ± 13 252 ± 33 148 ± 21 230 ± 58
33 16.6 ± 1.0 18.7 ± 0.6 187 ± 13 221 ± 13 244 ± 16 292 ± 9 186 ± 16 204 ± 19
34 14.3 ± 0.7 14.7 ± 1.4 147 ± 8 150 ± 12 203 ± 10 222 ± 20 127 ± 33 140 ± 19
35 19.9 ± 1.3 15.2 ± 0.6 169 ± 24 167 ± 26 250 ± 15 222 ± 11 98 ± 21 64 ± 3
36 17.7 ± 2.3 17.3 ± 0.7 144 ± 11 146 ± 14 229 ± 25 247 ± 9 135 ± 20 112 ± 15
37 18.4 ± 0.7 16.9 ± 1.2 159 ± 18 207 ± 10 246 ± 7 241 ± 15 115 ± 17 88 ± 13
38 16.4 ± 0.6 19.0 ± 1.2 142 ± 17 178 ± 9 220 ± 7 275 ± 19 77 ± 10 103 ± 2
39 17.6 ± 1.4 21.6 ± 2.1 185 ± 33 210 ± 21 251 ± 17 301 ± 24 68 ± 7 120 ± 2
40 15.0 ± 0.8 16.3 ± 1.2 112 ± 10 173 ± 28 197 ± 10 237 ± 14 95 ± 4 117 ± 3

Mean 16.3 ± 0.4 17.1 ± 0.3 160  ± 9 181 ± 7 227  ± 5 250 ± 5 143  ± 10 173 ± 14
 
1 Listed by number as indicated in Table 2. 
2 AOA = antioxidant activity, AA = ascorbic acid, TPH = total phenolics, and CAT = 

catechin. 
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Table 7  Values with standard errors of quercetin galactoside, quercetin glucoside and 

quercetin rhamnoside for the 40 families in 2005 and 2006. 

 
Qgal2 (mg/100 g) Qglu (mg/100 g) Qrham (mg/100 g) No.1 2005 2006 2005 2006 2005 2006 

1 44.3 ± 13.9 31.5 ± 9.7 23.3 ± 5.6 24.2 ± 6.3 15.2 ± 0.8 5.4 ± 1.7 
2 61.7 ± 21.0 42.2 ± 10.2 38.9 ± 9.3 30.8 ± 4.7 12.7 ± 1.8 7.1 ± 2.5 
3 35.2 ± 13.0 86.0 ± 32.8 17.2 ± 3.3 49.2 ± 12.4 5.8 ± 1.8 6.1 ± 0.6 
4 27.2 ± 5.8 22.3 ± 9.1 16.2 ± 2.6 12.8 ± 4.5 11.3 ± 1.1 6.9 ± 1.3 
5 101 ± 37 69.0 ± 25.7 50.9 ± 10.7 49.8 ± 11.5 47.9 ± 8.7 58.8 ± 13.9 
6 46.3 ± 8.1 72.4 ± 21.6 29.7 ± 4.5 56.2 ± 12.8 13.8 ± 1.6 11.9 ± 1.1 
7 32.0 ± 5.1 66.7 ± 10.3 19.6 ± 2.1 44.4 ± 7.4 54.7 ± 29.4 38.7 ± 30.6 
8 33.2 ± 7.1 48.6 ± 17.5 23.3 ± 3.5 25.5 ± 5.5 64.9 ± 4.1 56.8 ± 12.2 
9 45.7 ± 13.8 34.0 ± 8.9 31.2 ± 4.8 30.7 ± 7.3 62.4 ± 8.8 55.3 ± 10.0 

10 35.9 ± 10.0 52.6 ± 21.5 21.8 ± 4.5 33.2 ± 13.4 9.6 ± 2.0 17.7 ± 11.2 
11 69.9 ± 14.0 65.4 ± 7.7 26.0 ± 3.1 37.0 ± 4.2 9.4 ± 0.7 7.0 ± 1.1 
12 69.5 ± 20.0 58.4 ± 7.3 29.9 ± 5.7 39.0 ± 5.0 13.2 ± 3.9 5.3 ± 0.9 
13 48.2 ± 10.6 76.5 ± 26.0 30.8 ± 2.6 39.2 ± 6.2 85.7 ± 11.7 83.6 ± 6.4 
14 37.5 ± 9.8 28.9 ± 2.4 25.8 ± 5.7 27.6 ± 3.0 12.1 ± 2.0 6.6 ± 1.8 
15 47.3 ± 8.0 65.9 ± 22.5 30.2 ± 3.2 51.1 ± 14.2 11.3 ± 0.9 15.8 ± 8.6 
16 64.8 ± 21.2 33.3 ± 2.8 35.9 ± 6.1 29.0 ± 3.1 137 ± 32.3 80.0 ± 23.2 
17 31.4 ± 7.6 71.2 ± 11.9 25.1 ± 5.7 54.4 ± 7.0 8.6 ± 1.0 6.5 ± 1.0 
18 20.1 ± 4.9 47.3 ± 9.8 19.4 ± 5.8 35.9 ± 6.3 11.0 ± 1.8 8.8 ± 1.5 
19 49.3 ± 9.8 66.7 ± 14.7 27.2 ± 4.6 39.9 ± 5.7 84.1 ± 45.3 69.4 ± 37.0 
20 53.1 ± 14.6 90.3 ± 19.9 30.0 ± 6.1 49.8 ± 10.9 77.4 ± 10.8 51.9 ± 4.7 
21 59.2 ± 10.0 46.3 ± 6.4 36.5 ± 4.0 40.3 ± 5.5 10.7 ± 0.5 7.3 ± 1.1 
22 29.0 ± 9.1 77.6 ± 16.0 14.1 ± 4.4 40.9 ± 6.5 8.4 ± 1.7 11.5 ± 2.5 
23 602 ± 192 571 ± 209 159 ± 61.8 270 ± 95.2 17.3 ± 3.4 15.0 ± 7.8 
24 60.1 ± 18.5 80.0 ± 17.9 33.8 ± 5.1 55.4 ± 7.6 21.8 ± 10.9 11.6 ± 1.6 
25 53.5 ± 14.4 43.4 ± 9.5 24.8 ± 4.2 29.1 ± 4.3 10.9 ± 1.7 7.9 ± 1.2 
26 65.6 ± 9.2 120 ± 31.8 32.5 ± 5.4 59.9 ± 11.8 110 ± 43 81.3 ± 41.5 
27 64.8 ± 14.2 112 ± 21.6 32.9 ± 8.0 68.2 ± 12.3 12.8 ± 4.1 5.8 ± 0.9 
28 71.8 ± 22.9 55.3 ± 10.9 36.1 ± 10.5 38.3 ± 5.8 64.0 ± 11.3 51.4 ± 5.8 
29 86.4 ± 28.2 82.2 ± 17.4 36.7 ± 6.4 42.4 ± 7.3 90.5 ± 14.3 71.2 ± 9.6 
30 68.9 ± 26.5 86.2 ± 8.6 30.5 ± 5.7 48.2 ± 3.3 69.2 ± 21.7 41.8 ± 21.3 
31 47.7 ± 13.9 76.9 ± 8.4 24.8 ± 5.1 37.3 ± 2.4 110 ± 44.8 54.0 ± 49.2 
32 54.8 ± 8.3 139 ± 64.8 26.7 ± 2.9 63.3 ± 27.2 104 ± 23.6 61.0 ± 52.5 
33 35.5 ± 5.2 36.9 ± 11.9 22.4 ± 2.8 23.5 ± 5.4 83.5 ± 34.8 57.2 ± 27.8 
34 49.3 ± 13.1 34.8 ± 8.2 26.8 ± 5.9 25.2 ± 4.1 55.1 ± 5.2 35.9 ± 6.2 
35 39.5 ± 12.8 16.1 ± 1.6 29.4 ± 3.7 20.6 ± 4.0 73.1 ± 9.1 43.0 ± 15.4 
36 68.0 ± 26.0 67.5 ± 21.7 31.9 ± 9.6 34.7 ± 4.3 95.4 ± 10.1 76.7 ± 31.5 
37 55.5 ± 13.1 26.1 ± 4.9 34.8 ± 4.2 21.6 ± 4.9 108 ± 18.2 165 ± 21.9 
38 48.8 ± 5.8 90.9 ± 22.8 31.4 ± 2.1 59.3 ± 19.4 93.3 ± 10.3 103 ± 18.0 
39 40.0 ± 5.1 46.2 ± 16.1 32.6 ± 6.3 29.3 ± 3.4 37.9 ± 8.6 33.2 ± 10.6 
40 42.6 ± 14.1 34.5 ± 10.4 26.4 ± 5.3 27.0 ± 5.8 144 ± 48.3 123 ± 21.6 

Mean 64.9 ± 14.0 74.3 ± 13.4 31.9  ± 3.4 44.9 ± 6.1 51.7 ± 6.6 41.4 ± 5.9 
 
1 Listed by number as indicated in Table 2. 
2 Qgal = quercetin galactoside, Qglu = quercetin glucoside, and Qrham = quercetin 

rhamnoside. 
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Quercetin rhamnoside (mg/100 g) ranged from 6 (0.1 to 11 for progenies of 

‘Klom Salee’ × ‘Khoa Um-porn’) to 144 (80 to 333 for progenies of G097 × ‘Keynok 

Daeng’) in 2005, and from 5 (4 to 8 for progenies of ‘Yen Song’ × ‘Philippines’) to 

165 (121 to 191 for progenies of G097 × ‘Daeng Siam’) in 2006. 

 
The mean values among all 40 families in 2005 and 2006 were 16.3 and 17.1 

μM AAE/g for antioxidant activity, 160 and 181 mg/100 g for ascorbic acid, 227 and 

250 mg GAE/100 g for total phenolics, 143 and 173 mg/100 g for catechin, 64.9 and 

74.3 mg/100 g for quercetin galactoside, 31.9 and 44.9 mg/100 g for quercetin 

glucoside, and 51.7 and 41.4 mg/100 g for quercetin rhamnoside, respectively. 

 
Variance components 

  
The expected mean squares for each source of variations included in analysis 

of variance (ANOVA) for the seven antioxidant traits based on the 13 parental 

genotypes (top) and the 40 families (bottom) are presented in Table 8.  

 
From the result of the ANOVA, the total variance is partitioned into the 

variance components associated with parent (σ2
parent) or family (σ2

family), year (σ2
year), 

parent by year (σ2
parent × year) or family by year (σ2

family × year) interaction, and among 

fruits within genotype (σ2
fruit) or among offspring within family (σ2

offspring). The σ2
fruit 

and the σ2
offspring are the error effect of the model for the parental genotype and family 

analysis, respectively. For the family basis, the data set was slightly unbalanced 

because some selected offspring died in 2006. 

 

 The ANOVA for antioxidant activity, ascorbic acid and total phenolics; and 

for catechin, quercetin galactoside, quercetin glucoside and quercetin rhamnoside are 

presented in Table 9 and 10; respectively, and their contributions to each component 

to the total variance are presented in Table 11 and 12, respectively. 
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Table 8  Expected mean squares (EMS) in ANOVA for calculating F values and 

variance components for seven antioxidant traits based on three fruits from 

each of 13 parents (top) and based on three to five offspring from each of 40 

families (bottom) for two years. 

 
Source d.f. EMS 

Parent 12 σ2
fruit + 3σ2

parent × year + 6σ2
parent 

Year 1 σ2
fruit + 3σ2

parent × year + 39σ2
year 

Parent × year 12 σ2
fruit + 3σ2

parent × year 
Fruit within parent 52 σ2

fruit 
   

Family 39 σ2
offspring + 4.38σ2

family × year + 8.76σ2
family 

Year 1 σ2
offspring + 4.38σ2

family × year + 172.82σ2
year 

Family × Year 39 σ2
offspring + 4.38σ2

family × year 
Offspring within family 279 σ2

offspring 
 

 
The year effect was significant for all traits on the family basis but was only 

significant for catechin on the parental basis. However, the σ2
year of the traits with 

significant year effect was very small for all traits: beween 0% for quercetin 

galactoside to 11.9% for total phenolics in the family analysis and only 3.1% for 

catechin in the parental analysis. The mean values among all 13 parental genotypes 

for catechin (mg/100 g) in 2006 (214) was higher than in 2005 (173) by over 30%, for 

quercetin rhamnoside (mg/100 g) in 2005 (40.4) was higher than in 2006 (30.7) by 

over 20%; while for the other traits had negligible change (less than 20%) between 

years (Table 3 and 4). The mean values among all 40 families for quercetin glucoside 

(mg/100 g) in 2006 (44.9) was higher than in 2005 (31.9) by around 30%, and for 

quercetin rhamnoside (mg/100 g) in 2005 (51.7) was higher than in 2006 (41.4) by 

around 20%; while for the other traits had negligible change beween years (Table 6 

and 7).  
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The genotype by year interaction was significant for antioxidant activity, total 

phenolics and quercetin rhamnoside; while the family by year interaction was only 

significant for antioxidant activity and ascorbic acid. The σ2
parent × year was relatively 

high for all of the significant traits: antioxidant activity (50.5%), total phenolics 

(18.6%) and quercetin rhamnoside (22.0%), but the σ2
family × year was relatively small 

for all of the significant traits: antioxidant activity (13.5%) and ascorbic acid (12.9%). 

The σ2
parent × year and the σ2

family × year for the other traits were relatively small (less than 

10%).    

 
The error effect on both the parent and family analyses was relatively high for 

most traits (more than 20%). The σ2
offspring was the highest component for ascorbic 

acid, total phenolics, quercetin galactoside and qurecetin rhamnoside. The σ2
offspring 

were much higher than the σ2
fruit for all traits except for ascorbic acid. The σ2

offspring 

were between 35.6% for ascorbic acid to 66.2% for antioxidant activity, while the 

σ2
fruit were between 8.2% for quercetin rhamnoside to 40.3% for ascorbic acid.  

  
Table 9  ANOVA showing mean squares (MS) and probabilities (P) of test statistics 

for antioxidant activity, ascorbic acid and total phenolics in the 13 parents 

(top) and in the 40 families (bottom). 

 
Antioxidant 

activity Ascorbic acid Total phenolics 
Source d.f. 

MS P MS P MS P 

Parent (P) 12 62.5 0.15  11698 <0.01  8294 <0.01 

Year (Y) 1 13.4 0.54  72 0.85  1980 0.33 

P × Y 12 33.4 <0.01  1984 0.13  1935 <0.01 

Error1 52 4.6   1258   719  

          

Family (F) 39 35.4 <0.01  17820 <0.01  6237 <0.01 

Year (Y) 1 61.8 0.04  38044 <0.01  45150 <0.01 

F × Y 39 14 0.02  2793 <0.01  1609 0.24 

Error2 279 8.7   1462   1381  

 
1 Due to among fruits within parent; 2 Due to among offspring within family. 
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Table 10  ANOVA showing mean squares (MS) and probabilities (P) of test statistics 

for flavonoids in the 13 parents (top) and in the 40 families (bottom). 

 
 Quercetin  

galactoside 
Quercetin 
glucoside 

Quercetin 
rhamnoside Source d.f. 

MS P MS P MS P MS P 

Parent (P) 12 116203 <0.01 314687 <0.01 32383 <0.01 11861 <0.01

Year (Y) 1 32950 0.02 12843 0.29 400 0.26 1852 0.33

P × Y 12 4504 0.39 10345 0.11 289 0.99 1786 <0.01

Error1 52 4146 6349 948  197 

    

Family (F) 39 44678 <0.01 55658 <0.01 6697 <0.01 4784 <0.01

Year (Y) 1 76974 <0.01 7606 0.04 14482 <0.01 9159 <0.01

F × Y 39 4947 0.22 1689 1.00 857 0.16 730 1.00

Error2 279 4193 4784 687  1500 
 
1 Due to among fruits within parent; 2 Due to among offspring within family. 
 

Table 11  Estimates of variance components for antioxidant activity, ascorbic acid, 

and total phenolics and their percent contribution to the total variance (in 

parenthesis) in the 13 parents (top) and in the 40 families (bottom). 

 
Source Antioxidant activity Ascorbic acid Total phenolics 

Parent (P) 4.85 (25.5) 1619 (51.9) 1060 (48.5) 

Year (Y) -0.51 (0)3 -49 (0) 1 (0) 

P × Y 9.6 (50.5) 242 (7.8) 406 (18.6) 

Error1 4.57 (24.0) 1258 (40.3) 719 (32.9) 
    

Family (F) 2.36 (18.4) 1746 (45.8) 534 (23.7) 

Year (Y) 0.25 (1.9) 216 (5.7) 267 (11.9) 

F × Y 1.74 (13.5) 490 (12.9) 95 (4.2) 

Error2 8.50 (66.2) 1357 (35.6) 1356 (60.2) 
 
1 Due to among fruits within parent; 2 Due to among offspring within family;  
3 Negative values were assumed to be zero. 

Catechin
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Table 12  Estimates of variance components for flavonoids and their percent 

contribution to the total variance (in parenthesis) in the 13 parents (top) and 

in the 40 families (bottom). 

 
Source Catechin Quercetin  

galactoside 
Quercetin 
glucoside 

Quercetin 
rhamnoside 

Parent (P) 18617 (78.8) 50724 (86.7) 5349 (84.9) 1679 (69.7) 

Year (Y) 729 (3.1) 64 (0.1) 3 (0.1) 2 (0.1) 

P × Y 119 (0.5) 1332 (2.3) -220 (0)3 530 (22.0) 

Error1 4146 (17.6) 6349 (10.9) 948 (15.0) 197 (8.2) 
     

Family (F) 4090 (43.5) 5449 (50.7) 587 (38.6) 1371 (46.7) 

Year (Y) 338 (3.6) -6 (0)  73 (4.8) 75 (2.6) 

F × Y -416 (0)  -172 (0) -136 (0) -152 (0) 

Error2 4979 (52.9) 5304 (49.3) 862 (56.6) 1488 (50.7) 
 
1 Due to among fruits within parent. 

2 Due to among offspring within family. 

3 Negative values were assumed to be zero. 

 
Correlation between years 

 
The 2005 and 2006 data were correlated for each trait on the basis of the 

parental values and the progeny means (Table 13). The correlation coefficients for the 

four flavonoids were higher than those for the other three traits, especially for 

antioxidant activity. The lowest correlation coefficient for parental values and 

progeny means was for antioxidant activity. The variance component estimates in the 

parents showed a relatively large genoytype by year interaction for this trait (Table 

11). The low correlation and relatively large genotype by year interaction component 

for antioxidant activity indicated the variation in evaluations for this trait from one 

year to the next. 
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Table 13  Correlation analysis of 2005 and 2006 data for seven antioxidant traits in 

guava. 

 
Correlation coefficients 

Trait 
Parent Family 

Antioxidant activity 0.32ns 0.45** 

Ascorbic acid 0.72** 0.74** 

Total phenolics 0.62** 0.58** 

Catechin 0.93** 0.86** 

Quercetin galactoside 0.96** 0.95** 

Quercetin glucoside 0.98** 0.92** 

Quercetin rhamnoside 0.81** 0.89** 
 
ns, **

 are non significant and significant difference from zero at P ≤ 0.01, respectively. 

 
Heritability 

 
For the purposes of discussion for the heritability and repeatability estimates, a 

value between 0.80 and 1.00 is considered high, a value between 0.50 and 0.79 is 

considered moderately high, a value between 0.20 and 0.49 is considered moderately 

low, and a value below 0.20 is considered low. 

 
All of the seven antioxidant traits were heritable, but the narrow-sense 

heritability estimates were quite different between single and combined years analysis 

for all traits (Table 14). The single year data analysis gave the highest and the lowest 

heritability estimates for all traits in which data in 2005 provided the highest and data 

in 2006 had the lowest values. Based on the lowest values, heritability of antioxidant 

activity, catechin, quercetin galactoside and quercetin glucoside were low, that of total 

phenolics was moderately low, that of ascorbic acid was moderately high, and that of 

quercetin rhamnoside was high. 

 
 The narrow-sense heritability estimates (h2) and standard errors for antioxidant 

activity were 0.72 ± 0.25 (P < 0.01) in 2005 (Appen. Fig. 3a), 0.23 ± 0.09 (P = 0.02) 

in 2006 (Appen. Fig. 3b), 0.34 ± 0.09 (P < 0.01) based on combined years with 
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individual values (Appen. Fig. 3c), and 0.55 ± 0.12 (P < 0.01) based on combined 

years with mean values (Appen. Fig. 3d). 

 

 For ascorbic acid, the h2 were 1.14 ± 0.22 (P < 0.01) in 2005 (Appen. Fig. 4a), 

0.67 ± 0.22 (P < 0.01) in 2006 (Appen. Fig. 4b), 0.94 ± 0.16 (P < 0.01) based on 

combined years with individual values (Appen. Fig. 4c), and 1.01 ± 0.21 (P < 0.01) 

based on combined years with mean values (Appen. Fig. 4d). 

 
 For total phenolics, the h2 were 0.87 ± 0.19 (P < 0.01) in 2005 (Appen. Fig. 

5a), 0.34 ± 0.15 (P = 0.03) in 2006 (Appen. Fig. 5b), 0.60 ± 0.12 (P < 0.01) based on 

combined years with individual values (Appen. Fig. 5c), and 0.69 ± 0.14 (P < 0.01) 

based on combined years with mean values (Appen. Fig. 5d). 

 
 For catechin, the h2 were 0.12 ± 0.11 (P = 0.28) in 2005 (Appen. Fig. 6a), 0.29 

± 0.13 (P = 0.03) in 2006 (Appen. Fig. 6b), 0.24 ± 0.08 (P < 0.01) based on combined 

years with individual values (Appen. Fig. 6c), and 0.22 ± 0.12 (P = 0.07) based on 

combined years with mean values (Appen. Fig. 6d). 

  
 For quercetin galactoside, the h2 were 0.28 ± 0.08 (P < 0.01) in 2005 (Appen. 

Fig. 7a), 0.21 ± 0.06 (P < 0.01) in 2006 (Appen. Fig. 7b), 0.24 ± 0.05 (P < 0.01) 

based on combined years with individual values (Appen. Fig. 7c), and 0.25 ± 0.07 (P 

< 0.01) based on combined years with mean values (Appen. Fig. 7d).  

 
 For quercetin glucoside, the h2 were 0.18 ± 0.06 (P < 0.01) in 2005 (Appen. 

Fig. 8a), 0.35 ± 0.10 (P < 0.01) in 2006 (Appen. Fig. 8b), 0.28 ± 0.06 (P < 0.01) 

based on combined years with individual values (Appen. Fig. 8c), and 0.27 ± 0.08 (P 

< 0.01) based on combined years with mean values (Appen. Fig. 8d). 

 
For quercetin rhamnoside, the h2 were 1.41 ± 0.19 (P < 0.01) in 2005 (Appen. 

Fig. 9a), 0.97 ± 0.21 (P < 0.01) in 2006 (Appen. Fig. 9b), 1.19 ± 0.14 (P < 0.01) 

based on combined years with individual values (Appen. Fig. 9c), and 1.37 ± 0.18 (P 

< 0.01) based on combined years with mean values (Appen. Fig. 9d). 
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Table 14  Narrow-sense heritability estimates with standard errors of the seven 

antioxidant traits based on single and combined years analysis. 

 
Heritability estimates 

Single year Combined years Trait 

2005 2006 Mean value Individual 
value 

Antioxidant activity 0.72 ± 0.25 0.23 ± 0.09  0.55 ± 0.12 0.34 ± 0.09 
Ascorbic acid 1.14 ± 0.22 0.67 ± 0.22  1.01 ± 0.21 0.94 ± 0.16 
Total phenolics 0.87 ± 0.19 0.34 ± 0.15  0.69 ± 0.14 0.60 ± 0.12 
Catechin 0.121 ± 0.11 0.29 ± 0.13  0.221 ± 0.12 0.24 ± 0.08 
Quercetin galactoside 0.28 ± 0.08 0.21 ± 0.06  0.25 ± 0.07 0.24 ± 0.05 
Quercetin glucoside 0.18 ± 0.06 0.35 ± 0.10  0.27 ± 0.08 0.28 ± 0.06 
Quercetin rhamnoside 1.41 ± 0.19 0.97 ± 0.21  1.37 ± 0.18 1.19 ± 0.14 
 n = 40 n = 40  n = 40 n = 80 

 

1 The heritability estimates were not different from zero. 

 
Repeatability 

 
 The expected mean squares (EMS) in the ANOVA for the seven antioxidant 

traits on the parental genotypes (top) and the family (bottom) basis used for 

calculating repeatability is presented in Table 15.  

 
Table 15  Expected mean squares (EMS) in ANOVA for calculating repeatability 

based on three fruits each of 13 parents (top) and on a mean each of 40 

families  (bottom) from two years. 

 
Source d.f. EMS 

Parent 12 σ2
error + 6σ2

parent 
Year 1 σ2

error + 39σ2
year 

Residual 64 σ2
error  

   
Family 39 σ2

error + 2σ2
family 

Year 1 σ2
error + 40σ2

year 
Residual 39 σ2

error  
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Repeatability estimates were relatively high for all traits on both the parental 

genotypes and on the family basis (Table 16). The values for all traits showed higher 

than that of the lowest, but being almost equal to the highest heritability estimates. 

The repeatability estimates on the basis of parental genotypes and family were 0.64 

and 0.60 for antioxidant activity, 0.71 and 0.83 for ascorbic acid, 0.72 and 0.73 for 

total phenolics, 0.90 and 0.90 for catechin, 0.97 and 0.97 for quercetin galactoside, 

0.93 and 0.88 for quercetin glucoside, and 0.88 and 0.94 for quercetin rhamnoside, 

respectively. 

 
Table 16  Mean squares and repeatability estimates for seven antioxidant traits based 

on parental (top) and family (bottom) analysis in guava. 

 
Mean squares 

Source d.f. 
AOA1 AA TPH CAT Qgal Qglu Qrham 

Parent 12 62.5  11698 8294 116203 314687 32383 11861 

Year 1 13.5  72 1980 32950 12843  400 1852 

Residual 64 10.0  1394 947 4213 7099 825 495  

Repeatability  0.64   0.71 0.72 0.90 0.94  0.93  0.88  

      

Family 39 8.3 4064 1426 11385 14702 1761 2939 

Year 1 14.0 8778 10442 17820 1762 3352 2121 

Residual 39 3.3 681 389 1169 394 215 180 

Repeatability  0.60 0.83 0.73 0.90 0.97 0.88 0.94 
 
1 AOA = antioxidant activity, AA = ascorbic acid, TPH = total phenolics, CAT = 

catechin, Qgal = quercetin galactoside, Qglu = quercetin glucoside, and Qrham = 

quercetin rhamnoside 

 
The repeatability of a trait is used to calculate the relative efficiency of 

measurement (REM) to determine the optimal sample size of measurement (Becker, 

1984). The optimal sample size of measurement was determined when an increase in 

relative efficiency of measurement was less than 10% when an additional 

measurement was included. The repeatability estimates on the parental genotypes 
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basis were used for calculating the relative efficiency of measurement. The optimal 

sample size for the four flavonoid compounds was only two fruits, for ascorbic acid 

and total phenolics was three fruits, and for antioxidant activity was four fruits (Table 

17). 

 
Table 17  Relative efficiency of measurements (REM) and optimal sample size of 

seven antioxidant traits in guava. 

 

Trait 
Relative efficiency 

with two fruits 

Relative efficiency 

with three fruits 

Optimal 

sample size 

Antioxidant activity 1.22 1.32 4 

Ascorbic acid 1.17 1.24 3 

Total phenolics 1.16 1.23 3 

Catechin 1.05 1.07 2 

Quercetin galactoside 1.03 1.05 2 

Quercetin glucoside 1.04 1.05 2 

Quercetin rhamnoside 1.06 1.08 2 
 

Phenotypic and genetic correlations 

 
For the purposes of discussion of both phenotypic (rp) and genetic (ra) 

correlation coefficients, a value between 0.70 and 1.00 is considered strong, a value 

between 0.50 and 0.69 is considered moderately strong, a value between 0.30 and 

0.49 is considered moderately weak, and a value below 0.30 is considered weak. The 

phenotypic (above diagonal) and genetic (below diagonal) correlation coefficients 

among all the seven antioxidant traits based on a family mean over two years are 

listed in Table 18. 

 
The largest positive correlation coefficients were between quercetin 

galactoside and quercetin glucoside (rp = 0.99) and the lowest was between total 

phenolics and quercetin galactoside (rp = 0.23). The strong positive correlation 

coefficients were among antioxidant activity, ascorbic acid and total phenolics (0.70 ≤ 

rp ≤ 0.91); and were among catechin, quercetin galactoside and quercetin glucoside 
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(0.80 ≤ rp ≤ 0.99). The moderately weak positive correlation was only between total 

phenolics and catechin (rp = 0.30). The relatively weak positive correlations were 

between antioxidant activity with catechin, quercetin galactoside and quercetin 

glucoside (0.27 ≤ rp ≤ 0.29); and were between total phenolics with quercetin 

galactoside (rp = 0.23) and quercetin glucoside (rp = 0.27). Ascorbic acid was 

positively correlated with total phenolics (rp = 0.77), but there was no significant 

correlation with any flavonoid compounds.  

 
Quercetin rhamnoside was negatively correlated with all traits even with other 

flavonoid compounds. The largest negative correlation was between quercetin 

rhamnoside and ascorbic acid (rp = -0.62) and the lowest negative correlation was 

between quercetin rhamnoside and catechin (rp = -0.24). The moderately weak 

negative correlations were between quercetin rhamnoside with antioxidant activity (rp 

= -0.37) and total phenolics (rp = -0.46).  

 
The genetic correlation coefficients among all traits were similar in magnitude 

or a little higher or lower than that of the phenotypic correlation estimates. The 

positive genetic correlation coefficients were ragned from 0.20 between ascorbic acid 

and quercetin glucoside to 1.01 between quercetin galactoside and quercetin 

glucoside. Quercetin rhamnoside was also negatively correlated with all traits. The 

largest negative correlation was between quercetin rhamnoside and ascorbic acid (ra = 

-0.65) and the lowest negative correlation was between quercetin rhamnoside and 

quercetin glucoside (ra = -0.23). 
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Table 18  Phenotypic (above diagonal) and genetic (below diagonal) with standard 

errors (in parenthesis) correlation coefficients based on a family mean from 

2005 and 2006. 

 
Trait1 AOA AA TPH CAT Qgal Qglu Qrham 

AOA  0.70**2 0.91** 0.27* 0.28* 0.29** -0.37** 

AA 0.96 
(0.01)  0.77** 0.05ns -0.01ns -0.02ns -0.62** 

TPH 0.99 
(0.002) 

0.94 
(0.02)  0.30** 0.23* 0.27* -0.46** 

CAT 0.39 
(0.13) 

0.24 
(0.26) 

0.37 
(0.13)  0.80** 0.80** -0.24* 

Qgal 0.51 
(0.09) 

0.32 
(0.18) 

0.43 
(0.09) 

0.86 
(0.04)  0.93** -0.10ns 

Qglu 0.48 
(0.11) 

0.20 
(0.23) 

0.36 
(0.11) 

0.84 
(0.06) 

1.01 
(0)  -0.12ns 

Qrham -0.32 
(0.08) 

-0.65 
(0.10) 

-0.42 
(0.07) 

-0.29 
(0.13) 

-0.38 
(0.09) 

-0.23 
(0.12)  

 
1 AOA = antioxidant activity, AA = ascorbic acid, TPH = total phenolics, CAT = 

catechin, Qgal = quercetin galactoside, Qglu = quercetin glucoside, and Qrham = 

quercetin rhamnoside. 
2 ns, *, **

 are non significant and significant difference from zero at P ≤ 0.05 and ≤ 0.01, 

respectively. 

 
Predictions of response to selection 

 
 Selection of the best 5% of the population as parents should lead to relatively 

rapid genetic gain for ascorbic acid, quercetin galactoside, quercetin glucoside and 

quercetin rhamnoside, but not much progress would be expected for antioxidant 

activity, total phenolics and catechin (Table 19).  

 
One generation of selection of independent selection would result in an 

increase of 1.5 μM AAE/g or 10.7% for antioxidant activity, of 61.0 mg/100 g or 

42.1% for ascorbic acid, of 26.1 mg GAE/100 g or 12.4% for total phenolics, of 34.5 

mg/100 g or 17.8% for catechin, of 99.2 mg/100 g or 80.1% for quercetin galactoside, 
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of 27.3 mg/100 g or 53.0% for quercetin glucoside, and of 89.0 mg/100 g or 250.3% 

for quercetin rhamnoside. 

  
Table 19  Predicted selection response and its percentage of the mean value (in 

parenthesis) for seven guava antioxidant traits evaluated for two years. 

 

Trait Heritability1 Mean 
Phenotypic 

standard 
deviation 

Predicted 
selection response2 

Antioxidant activity 0.23 14.4 3.2 1.5 (10.7) 

Ascorbic acid 0.67 145.1 44.2 61.0 (42.1) 

Total phenolics 0.34 211.2 37.2 26.1 (12.4) 

Catechin 0.12 193.7 139.2 34.5 (17.8) 

Quercetin galactoside 0.21 123.9 22.0 99.2 (80.1) 

Quercetin glucoside 0.18 51.5 73.5 27.3 (53.0) 

Quercetin rhamnoside 0.97 35.5 44.5 89.0 (250.3) 
 
1 The narrow-sense heritability used is the lowest value of each trait.  
2 Predicted selection responses and its percentage of the mean value (in parenthesis). 

 
Correlated response to selection 

 
Ascorbic acid and total phenolics are the major contributors to the antioxidant 

activity in guava fruit (Thaipong et al., 2005, 2006) and are simple to measure. 

Therefore, they were calculated for correlated response for other traits. 

 
 Direct selection for high ascorbic acid would result in positive correlated 

selections for all traits except for quercetin rhamnoside (Table 20). Direct selection 

for high ascorbic acid would result of 64.1% and of 32.0% for antioxidant activity and 

total phenolics; respectively, greater than direct selection in the first generation of 

selection. For all other positively correlated traits, the correlated response is smaller 

than the direct selection, varying from 42.8% for quercetin galactoside to 61.4% for 

quercetin glucoside of the direct response.  
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Direct selection for high total phenolics would also result in positive 

correlated selections for all traits except for quercetin rhamnoside (Table 20). For the 

positive correlated traits, the correlated response is higher than the direct selection 

only for antioxidant activity of 20.6%. For all other positively correlated traits, the 

correlated response is smaller than the direct selection, varying from 33.0% for 

ascorbic acid to 50.5% for quercetin glucoside. 

 
Table 20  Expected correlated response for antioxidant traits when direct selection is 

practiced solely for high ascorbic acid and high total phenolics. 

 
Trait Direct  

response 
High ascorbic acid 
correlated response 

High total phenolics 
correlated response 

Antioxidant activity 1.5 2.5 (64.1)1 1.8 (20.6) 

Ascorbic acid 61.0 - 40.86 (-33.0) 

Total phenolics 26.1 34.4 (32.0) - 

Catechin 34.5 19.5 (-43.3) 21.46 (-37.7) 

Quercetin galactoside 99.2  56.7 (-42.8) 54.29 (-45.3) 

Quercetin glucoside 27.3  10.5 (-61.4) 13.50 (-50.5) 

Quercetin rhamnoside 89.0  -48.1 -22.1 
 
1 Positive and negative values (in parenthesis) represented percent change from the 

direct selection when the best 5% of the population were used as parents. 

  
Discussion 

 
Variation of antioxidants 

 
Variation for antioxidant traits is necessary for developing new guava cultivars 

with high antioxidant activity and compounds. This research revealed the abundant 

variation in all seven antioxidant traits that exist among parents and among families in 

a guava breeding population. A maroon-fleshed cultivar, ‘Daeng Siam’, had the 

highest antioxidant activity value (21.4 μM AAE/g). Also, another maroon-fleshed 

cultivar, ‘Philippines’, showed high (16.3) as compared to the white-fleshed cultivars 

(10.0 for ‘Paen Seethong’ to 15.0 for ‘Khoa Um-porn’) and the pink-fleshed cultivars 

(10.8 for ‘Keynok Daeng’ to 19.1 for ‘Keynok Rayong’) (Table 3). However, it 
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cannot be simplified that maroon-fleshed guava has a higher level of antioxidant 

activity than white and pink-fleshed guava did because there were some white and 

some pink-fleshed cultivars with antioxidant activity values equal to maroon-fleshed 

cultivars. In addition, limited numbers of samples were included in this research, 

especially of the white and the pink-fleshed types. Consequently, more genotypes of 

all the classes need to be measured for antioxidant activity to properly assess the 

variation of antioxidant activity among guava types.  

 
Thaipong et al. (2005, 2006) has reported that guava is a fresh fruit that has an 

exceptionally high antioxidant activity as determined by oxygen radical absorbance 

capacity (ORAC) compared to blueberry which is known as the fresh fruit that 

contains an exceptionally high antioxidant activity (Prior et al., 1998). The results in 

this study confirm that conclusion although the method used for estimating 

antioxidant activity was different. The antioxidant activity as determined by FRAP 

assay of guava [14.4 (10.0-21.4 μM AAE/g)] (Table 3) was also similar to that of 

blueberry [14.8 (1.8-24.6 μM Trolox equivalents/g)] (Connor et al., 2002b). The 

antioxidant activity obtained in this researh was very high compared to other fruit 

crops. Gil et al. (2002) reported the levels of antioxidant activity (μM AAE/g) were 

1.1 to 6.8 in peaches, 0.8 to 6.0 in nectarines, and 2.3 to 7.2 in plums. Luximon-

Ramma et al. (2003) reported the antioxidant activity (μM Trolox equivalents/g) of 12 

fresh fruits (starfruit, hogplum, pineapple, banana, avocado, jamalac, jamblon, passion 

fruit, mango, papaya, lichi and longanberry) ranging from 0.3 for longanberry up to 

22 for starfruit. A survey of 12 other fresh fruits (melon, pear, tomato, apple, banana, 

white and pink grape, pink grapefruit, orange, kiwi, plum and strawberry) (Wang et 

al., 1996) demonstrated antioxidant activity as determined by ORAC assay ranging 

from less than 1 for melon up to 15 μM Trolox equivalents/g for strawberry.  

  
Guava fruit contained relatively high ascorbic acid and total phenolic contents 

which are known as the two major natural hydrophilic antioxidants and are the two 

major contributors to the antioxidant activity in guava (Thaipong et al., 2005, 2006). 

The ascorbic acid content (mg/100 g) was 216 in ‘Khoa Um-porn’, a white-fleshed 

cultivar, and ranged from 74 for ‘Keynok Daeng’ to 205 for ‘Keynok Rayong’ (Table 
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3). This indicated that ascorbic acid content in guava was very high compared to other 

fruit crops. Leong and Shui (2002) reported the ascorbic acid of 21 fresh fruits (ciku, 

strawberry, plum, starfruit, grape, salak, mangosteen, avocado, orange, papaya, 

mango, kiwi fruit, cempedak, pomelo, lemon, pineapple, apple, rambutan, banana, 

coconut pulp and watermelon) ranging from 0.5 for grape up to 67.8 mg/100 g for 

papaya. For other fruit crops, the levels of ascorbic acid were 13.8 mg/100 g in litchi 

(Luximon-Ramma et al., 2003), 4.8 to 13.2 in nectarines, 3.6 to 12.6 in peaches, and 

2.5 to 10.2 mg/100 g in plums (Gil et al., 2002).  

 
The total phenolics content (mg GAE/100 g) was 278 in ‘Keynok Rayong’, a 

pink-fleshed germplasm, and ranged from 162 for ‘Keynok Daeng’ to 274 for ‘Daeng 

Siam’ (Table 3). The total phenolics content in guava was relatively low compared to 

berry fruits, but was relatively high compared to other fruit crops. The ranges of total 

phenolics were 150 to 739 mg chlorogenic acid eqivalents/100 g in bluberries 

(Connor et al., 2002b), 507 in cranberry, 272 in apple, 182 in red grape, 148 in 

strawberry, 66 in lemon, 57 in orange, 56 in banana, 54 in pear, 40 in pineapple, 31 

mg GAE/100 g in grapefruit (Sun et al., 2002), 143 in starfruit, 48 in pineapple, 56 in 

mango, 58 in papaya, 29 mg GAE/100 g in litchi (Luximon-Ramma et al., 2003), 14 

to 102 in nectarines, 21 to 111 in peaches, and 42 to 109 mg GAE/100 g in plums (Gil 

et al., 2002), 100 to 499 in peaches, and 298 to 563 mg chlorogenic acid 

equivalents/100 g in plums (Cevallos-Casals et al., 2006). 

 

Also, guava fruit had relatively high flavonoid levels which are widely 

believed to possess antioxidative, antimicrobial, antimutagenic and anticarcinogenic 

properties (Koes et al., 1994; Formica and Regelson, 1995; Shirley, 1996; Robards 

and Antolovich, 1997). The catechin (mg/100 g) was 499 in ‘Daeng Siam’, and 

ranged from 64 in G097 to 477 in ‘Philippines’ (Table 3), and the total quercetin 

glycosides (the sum of quercetin galactoside, quercetin glucoside, and quercetin 

rhamnoside) was 900 in ‘Daeng Siam’, and ranged from 48 in ‘Na Suan’ to 854 in 

‘Philippines’ (Table 4). The catechin and total quercetin glycosides contents in guava 

were relatively high compared to other fruit crops. The ranges of catechin (mg/100 g) 

were 0.16 to 0.61 in pears (Schieber et al., 2001), 200 to 250 in apples (Awad et al., 
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2000), 65 to 258 in plums (Kim et al., 2003). The ranges of total quercetin glycosides 

(mg/100 g) were 250 to 700 in apples (Lister et al. 1994), 25 in blueberry, 0.12 to 

0.51 in pears (Schieber et al., 2001), and 15 in cranberry (Zheng and Wang, 2003). 

 
Maroon-fleshed cultivars had higher total flavonoid content (the sum of 

catechin, quercetin galactoside, quercetin glucoside, and quercetin rhamnoside) than 

white and pink-fleshed genotypes and the concentration of each compound was 

different between flesh color types. Total flavonoid content was 1399 mg/100 g in 

‘Daeng Siam’ (a maroon-fleshed genotype), and ranged from 168 in ‘Yen Song’ to 

1332 mg/100 g in ‘Philippines’ (another maroon-fleshed genotype) (Table 3 and 4). 

The major flavonoid in white-fleshed genotypes was only catechin which was higher 

than the other three compounds by four times for quercetin galactoside up to over 20 

times for quercetin rhamnoside. All flavonoids, except quercetin rhamnoside, were 

the main compounds in maroon-fleshed genotypes which the quercetin galactoside 

(638 mg/100 g) was the highest level followed by catechin (488 mg/100 g) and 

quercetin glucoside (216 mg/100 g), while the quercetin rhamnoside was only 22 

mg/100 g (Table 3 and 4). In pink-fleshed genotypes, catechin and quercetin 

rhamnoside were the most important compounds in both dessert and processing types. 

The main flavonoids in guava and in other fruit were the same. The most important 

flavonoids in green apples were quercetin galactoside and catechins, while in red skin 

fruits were quercetin rhamnoside, catechins and cyanidin galactoside (Lister et al., 

1994; Awad et al., 2000). Chen et al. (2001) reported that the major flavonoids in 

cranberry were quercetin and myricetin. 

 
Some epidemiological studies suggest that antioxidant consumption can 

positively influence health. Persons with high plasma vitamin C levels may have a 

decreased risk of specific types of cataracts (Jacques et al., 1988). Diets high in 

flavonoid antioxidants have been associated with lower rates of mortality from 

coronary heart disease (Hertog et al., 1997). Thus, regular consumption of guava 

fruits could be beneficial to human health such as reducing the risks of cardiovascular 

diseases and cancers. 
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The common guava in Thailand is a white-fleshed dessert type. There are only 

three commercial cultivars available in market. The most popular cultivar, ‘Paen 

Seethong’, had the lowest antioxidant activity value (10.0 μM AAE/g) as compared to 

other genotypes particularly ‘Daeng Siam’ (21.4), a maroon-fleshed genotype (Table 

3). Also, the antioxidant activity level for the other two cultivars, ‘Klom Salee’ (14.1) 

and ‘Yen Song’ (13.2), was quite low. Some F1 progenies of all crosses involving 

these three cultivars showed higher levels of antioxidant activity than their parents. 

For example, the offspring mean for antioxidant activity of the cross of ‘Daeng Siam’ 

× ‘Paen Seethong’ was 16.7 (Table 5). This level was higher than ‘Paen Seethong’ by 

6.7 or 67%. The pattern for the other six traits was the same as for antioxidant 

activity. Therefore, improving new cultivars with high antioxidant activity and 

compounds in guava by selecting F1 progenies is feasible and should produce rapid 

genetic gain. 

 
Variance components 

   
The parental genotype effect was significant for all traits except for 

antioxidant activity and the family effect was highy significant for all traits including 

the antioxidant activity. The genetic variance component based on the parental 

genotype (σ2
parent) and the family (σ2

family) analyses were relatively high for all traits. 

The results indicated that the parental genotypes used in this study had high genetic 

variation for all antioxidant traits. Therefore, genetic gain through breeding was 

feasible assuming additive genetic variance contributed significantly to phenotypic 

variance. For antioxidant activity, although the parental genotype effect was not 

significant, its variance component was relatively high (25.5%) and the σ2
family was 

also relatively high (18.4%) contributors to total variation (Table 11). Therefore, 

improving antioxidant activity through breeding would be realistic as well. 

 
The variation among years was significant for all traits based on the family 

analysis but only significant for catechin based on parental genotype analysis. 

However, the σ2
year of both analyses was relatively small for all traits. The largest 

σ2
year was only 11.9% for total phenolics content based on family analysis. Therefore, 
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one year evaluation for the seven traits would be sufficient to accurately estimate the 

genetic expression; and thus, for selection especially for early or the first generation 

of selection. 

 
The parental genotype by year interaction was only significant for antioxidant 

activity, total phenolics and quercetin rhamnoside. The spearman rank correlation 

coefficient (rs) among parental genotypes between 2005 and 2006 for antioxidant 

activity, total phenolics and quercetin rhamnoside was significant for total phenolics 

(rs = 0.70, P < 0.01) and quercetin rhamnoside (rs = 0.92, P < 0.01) but not for 

antioxidant activity (rs = 0.53, P = 0.06). Therefore, significant parental genotype by 

year interaction for total phenolics and quercetin rhamnoside was due to a change in 

ranking among genotypes between years, while that of antioxidant activity was due to 

a change in the magnitude of the differences among parental genotypes between 

years. The parental genotype by year interaction variance component (σ2
parent × year) 

was relatively small (less than 10%) for all traits except for the significant parental 

genotype by year interaction traits: antioxidant activity (50.5%), total phenolics 

(18.6%) (Table 11) and quercetin rhamnoside (22.0%) (Table 12). Also, the family by 

year interaction variance component (σ2
family × year) was relatively small for all traits 

although for the significant family by year interaction traits: antioxidant activity 

(13.5%) and ascorbic acid (12.9%) (Table 11). Although the σ2
year was small for all 

traits, the σ2
parent × year or the σ2

family × year for the most three important traits (antioxidant 

activity, ascorbic acid and total phenolics) was relatively large. Therefore, more than 

one year evaluation would be more efficient for selection especially for the second 

generation or higher level of selection. This situation is similar to other fruit breeding 

programs. Hansche and Brooks (1995) studied 18 quantitative traits observed in a 

Prunus avium variety collection, and concluded that observation over a period of 2 or 

3 years would be an effective means to distinguish superior from inferior genotypes. 

  

For the error effect, the among fruits within parental genotype (σ2
fruit) was 

relatively high for most traits between 15.1% for quercetin glucoside to 40.3% for 

ascorbic acid except for quercetin galactoside (10.9%) and quercetin rhamnoside 

(8.2%) (Table 11 and 12). This showed a high sampling variability within a parental 
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genotype. The harvesting index for guava is the skin color, which is influenced by 

other environmental factors such as light. Therefore, fruits with similar color might 

not be at the same maturity. This may cause an increase in the variation of fruit 

antioxidant compounds. In addition, fruits were randomly chosen from different 

positions from the guava plants; possibly increasing the variation of fruit 

phytochemical contents.  Peiris et al. (1998) showed that soluble solids varied from 

11.9 to 15.4% for fruit samples taken from different locations on a medium-size peach 

tree. Among offspring within family variance (σ2
offspring) was large and similar to the 

σ2
family for all traits indicating that there was wide genetic difference between 

progenies within family. Most programs in plant breeding are looking for 

transgressive segregants (Kearsey and Pooni, 1996). Transgressive segregation was 

found for all traits in some F1 offspring generation of several crosses. The F1 

transgressive segregants had higher values than those in their parents. This large 

amont of transgressive segregation was observed indicating that the genetic diversity 

of selected parents was wide.  

 
Heritability 

 
 Heritability estimates are useful to study genetic changes in a breeding 

population under selection and to choose the most appropriate among alternative 

breeding procedures (Falconer and Mackay, 1996). 

 
 Since the antioxidant activity in guava appears to be accounted by ascorbic 

acid and numerous phenolic compounds including phenolic acids and flavonoids, the 

influence of many genes on trait expression would be expected. In this research, the 

narrow-sense heritability of the seven antioxidant traits was estimated based on four 

data sets: the data from a single year in 2005 and 2006, the combined data with mean 

value and with separate data from the two years. The heritability estimates of each 

trait were quite different among data sets used for analysis especially between the two 

data sets from single years (Table 14). These differences are not unexpected since 

heritability is a function of the environment in which individuals are grown (Falconer 

and Mackay, 1996). The highest and the lowest heritability estimates for all traits 

were observed when the data from a single year were used in analysis in which data 
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from 2005 and 2006 gave the highest and the lowest values for most traits, 

respectively (Table 14). The ANOVA (Appen. Table 1) showing mean squares of 

regression analysis for seven antioxidant traits demonstrated that the error terms of the 

models based on single year analysis in 2005 and 2006 were the lowest and the largest 

effects for most traits, respectively. Large error effects in 2006 could result from 

several reasons. Some selected offspring (1 to 2 trees) of 23 families were died in 

2006. In addition, four families used in the analysis were not the same trees between 

2005 and 2006 because more than three trees of selected offspring were died in 2006. 

Moreover, as some unselected seedlings were discarded as breeding work in 2006; the 

environments of the seedling plot may change. The discussion below was based on 

the lowest values. 

 
 Estimates of heritability were high for ascorbic acid (0.67 ± 0.22) and 

quercetin rhamnoside (0.97 ± 0.21) (Table 14). This indicates that little non-additive 

genetic variability is associated with ascorbic acid and quercetin rhamnoside. Simple 

selection procedures based on parental performance are likely to produce significant 

and predictable genetic gains among offspring when there is large additive genetic 

variance and heritability estimates are high (Thompson and Baker, 1993). For these 

two traits, selection based on parental performance is probably an optimal procedure 

which should produce rapid genetic gain among offspring.  

 
Estimates of heritability were moderately low for total phenolics (0.34 ± 0.15), 

antioxidant activity (0.23 ± 0.09) and quercetin galactoside (0.21 ± 0.06) (Table 14). 

It indicates that considerable non-additive genetic variability may be associated with 

these traits. Nevertheless, selection of parents based on phenotypes may still be 

effective and genetic advance will be satisfactory when heritability estimates are low 

to moderate (Thompson and Baker, 1993). Consequently, sufficient additive genetic 

variability seems to be associated with these traits to indicate selection based upon 

parental performance would result in a reasonable rate of genetic gain. 

 
The heritability estimate of quercetin glucoside (0.18 ± 0.06) showed to be 

low and that of catechin (0.12 ± 0.11) was not significantly different from zero and its 
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standard error was relatively large (Table 14). It indicates that little additive genetic 

variance remaining in this population for quercetin glucoside and catechin. When 

there is little additive genetic variance and heritability estimates are very low or close 

to zero, selection based on parental performance is likely to be ineffective. In that 

case, the resolution of the most efficient selection procedure becomes a complex 

problem (Thompson and Baker, 1993). An increase in the effectiveness of selection 

for these traits can probably be achieved most efficiently by reducing measurement 

error or by improving measurement technique. Thaipong and Boonprakob (2005) 

reported that reducing measurement error through increasing a sample size from a tree 

is more effective than increasing a sample size from a progeny for fruit qualities in 

guava. If precise measurements do not improve heritability, this may indicate a need 

to introduce new germplasm. Alternatively, a method of progeny testing might be 

necessary to improve these traits. 

 
The relatively low heritability of most antioxidant traits could result from 

several factors. A small population size (only 13 parental genotypes), fruit sampled 

from different trees in each genotype, and only one sample from three mixed fruits in 

each offspring were used in the analysis. Therefore, improving these factors, 

especially larger population size, would improve heritability estimates.     

 
There is little research on the heritability of antioxidants in fruit crops and 

most reports are of berry fruits (Connor et al., 2002a, 2005c). When the heritability 

estimates in guava are compared with the same or similar traits in blueberry, some 

similarity and difference can be seen. The heritability estimate for antioxidant activity 

in guava (0.23 ± 0.09) (Table 14) was lower than in blueberry (0.34 ± 0.18) (Connor 

et al., 2002a); while for total phenolics, it was equal values between guava (0.34 ± 

0.15) (Table 14) and blueberry (0.34 ± 0.15) (Connor et al., 2002a). The heritability 

estimates of the two traits in both guava and blueberry are precise to be moderate; 

indicating realistic progress could be made in increasing antioxidant activity and total 

phenolics in the two crops.  
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Repeatability 

  
 Repeatability estimates are useful to making predictions of future performance 

of phenotype from past records as well as to indicate how much can be gained by 

using repeated measurements and to determine upper limits for the broad or narrow 

sense heritabilities (Becker, 1984; Falconer and Mackay, 1996). Repeatability based 

on genotypes gives a good approximation of broad-sense heritability, which is 

applicable to selection among plants in clonally propagated crops such as guava. This 

research demonstrated that the repeatability estimates based on both parental 

genotypes and families (Table 16) for all traits, except for quercetin rhamnoside, were 

higher than those of the lowest heritability estimates (Table 14). For the quercetin 

rhamnoside, the repeatability value was a little lower than the heritability value.  

 
According to Hansche (1983), there are distinct ways for reducing the effects 

of environmental variation on measurements of important traits: by reducing variation 

in the environment in which the breeding stock is reared, by improving measurement 

techniques, by estimating the effects of environment and adjusting measurements 

accordingly, or by replicating measurements. Repeated measurements on each 

genotype can be done by measuring several samples from the same plant, different 

plants of the same genotype, or different years on the same plants.  

 
The results obtained in this research indicated that the antioxidant compounds 

evaluation on two to four samples could provide enough accuracy to selecting the 

most interesting genotypes (Table 17). On the other hand, analysis of variance 

performed with genotypes and years showed a large genotype variance for all the 

antioxidant compounds evaluated (Table 16). The high repeatability obtained for 

antioxidant compounds suggests that, within one location, the values obtained for 

these traits in the first year could be reliable indicators for the values obtained next 

year. This was confirmed by the correlation coefficients between years for each trait 

that were quite high for all traits both based on parental values and family means 

(Table 13). In other fruit breeding programs, an increase in the number of years 

instead of the number of tree replications has been reported to be more effective and 

the variance among samples was higher than the variance among trees of the same 
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genotype for characters such as the soluble solids in persimmon (Yamada et al., 1993) 

or in sour cherry (Iezzoni, 1986). 

 
Phenotypic and genetic correlations 

 
Highly correlated traits may indicate an opportunity to improve overall 

efficiency by reducing the number of traits evaluated and an indirect selection for 

important traits that are hard to directly evaluate by using correlated traits. In peach, 

for example, phenotypic correlations among fruit weight, fruit length, suture diameter, 

and cheek diameter were highly correlated; the recommendation is that selection for 

larger fruit size could be based on solely on fruit weight (De Souza et al., 1998b). 

Similarly, in walnut, Hansche et al. (1972) found that correlations of nut weight with 

nut length, suture diameter and cheek diameter were high, and recommended that an 

improvement in the overall efficiency of the breeding program could be achieved by 

measuring only one of these traits. 

 
High antioxidant activity is one of major objectives in the guava breeding 

program developed by the Department of Horticulture, Kasetsart University, 

Kamphaeng Saen campus, Nakhon Pathom. Direct selection or evaluation for this trait 

will be done in final stage of selection since the methodology for determining 

antioxidant activity is quite complicated and uses hazardous chemicals. Therefore, 

indirect selection for high antioxidant activity using the correlated traits such as 

ascorbic acid and total phenolics are preferred since their evaluation methods are 

simple and do not involve hazardous chemicals. 

 
The phenotypic correlation between antioxidant activity and ascorbic acid (rp 

= 0.70) was lower than that of antioxidant activity with total phenolics (rp = 0.91) 

(Table 18). This may make ascorbic acid less suitable than total phenolics for use as 

indirect selection for antioxidant activity. However, selecting for higher antioxidant 

activity based on total phenolics may cause problems with browning in fruits and with 

eating quality. For the browning problem, it may not be critical because Azoglu and 

Bayindirli (2002) reported that ascorbic acid can inhibit enzymic browning in apple 

juice. Fortunately, the phenotypic correlation between ascorbic acid and total 
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phenolics was strong positive (rp = 0.77) (Table 18) indicating that selecting for 

higher antioxidant activity based on high total phenolics will get higher ascorbic acid 

as well. Therefore, guava fruits with high antioxidant activity and high total phenolics 

are less likely to have flesh browning problem. For the eating quality problem, 

information regarding the contribution of total phenolics and other phenolic 

compounds to their sensory quality is not currently available in guava. In blueberry, a 

main phenolic compound, anthocyanin, appeared to account for considerable 

antioxidant activity, but did not contribute adversely to the taste and aroma (Connor et 

al., 2002a). The high correlation between antioxidant activity and total phenolics (rp = 

0.91) in this research is quite similar to the correlations obtained in studies of 

blueberry by Connor et al. (2002b) (rp = 0.97) and Prior et al. (1998) (rp = 0.92), and 

slightly higher than that obtained by Ehlenfeldt and Prior (2001) (rp = 0.76). 

 
Total phenolics appear to be due to various phenolic compounds such as 

catechin and other flavonoids. In this research, four flavonoid compounds (catechin, 

quercetin galactoside, quercetin glucoside and quercetin rhamnoside) from two major 

groups (catechin and quercetins) of flavonoid compounds were investigated. The 

correlations between antioxidant activity with catechin (rp = 0.27), quercetin 

galactoside (rp = 0.28) and quercetin glucoside (rp = 0.29) were moderately weak and 

positive; indicating that the four flavonoid compounds are not major phenolic 

compounds contributing to the antioxidant activity. On the other hand, levels of 

antioxidant activity depend on numerous phenolic compounds that each compound 

may not reflect much for antioxidant activity. While the correlation between 

antioxidant activity and quercetin rhamnoside (rp = -0.37) was moderately weak and 

negative suggesting that quercetin rhamnoside was not an important antioxidant in 

guava.  

 
Among phenolic traits; total phenolics were relatively low and positively 

correlated with catechin (rp = 0.30), quercetin galactoside (rp = 0.23), and quercetin 

glucoside (rp = 0.27); but was moderately and negatively correlated with quercetin 

rhamnoside (rp = -0.46). As mentioned above, total phenolics appeared to be due to 

various phenolic compounds. The four flavonoid compounds selected here may not be 
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the major contributors to total phenolics as there were several other phenolic 

compounds that have not been identified and quantified (Appen. Fig. 1 and 2). 

Furthermore, there is no report on the benefit of quercetin rhamnoside on human 

health or fruit qualities. Consequently, quercetin rhamnoside might not be the 

important trait to improve in guava breeding program. 

 
Genetic correlation between two traits can result from pleiotropy (Falconer 

and Mackay, 1996). Three of the seven traits are a measure of quercetin glycosides 

(quercetin galactoside, quercetin glucoside, and quercetin rhamnoside). It seems 

reasonable to assume that pleiotropy is involved, as genes for quercetin would affect 

more than one of these variables.  

 
A positive genetic correlation of two desirable traits can be advantageous for 

breeders. High positive genetic correlations (ra ≥ 0.84) were found among antioxidant 

activity, ascorbic acid and total phenolics; and among catechin, quercetin galactoside 

and quercetin glucoside. This indicates that selection for high ascorbic acid could 

result in an increase in antioxidant activity and in the same way for the other 

correlated traits. Similarly, Hansche et al. (1968) found that their strawberry 

populations showed a high genetic correlation between fruit size and yield (ra = 0.65), 

and they recommended that selection for high yield as a mean to increase fruits size 

and vice versa. 

 
 In other instance, positive genetic correlation is not desirable when a trait of 

interest is associated with an undesirable trait, and a negative genetic correlation is not 

wanted when it involves two desirable traits. This research found that all traits had 

negative genetic correlations with quercetin rhamnoside. It is not a problem because 

quercetin rhamnoside is not an important trait to improve in guava breeding program. 

In peach, De Souza et al. (1998b) found high positive genetic correlation between 

ripening date and soluble solids (ra = 0.63), indicating that it would be difficult to 

obtain early ripening offspring with high soluble solids. In this case it is a significant 

because early ripening and high soluble solids are both important traits to improve in 

their breeding program.   
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The genetic correlation coefficients among all traits were quite similar in 

magnitude or slightly higher or lower than phenotypic correlation estimates (Table 

18). Phenotypic correlation coefficients are functions of genetic correlation 

coefficients and environmental correlation coefficients. The relationship is given by 

the equation: )h)(1h(1rhhrr 2
y

2
xe

2
y

2
xap −−+=  in which re is the environmental 

correlation among traits. For highly heritable traits such as ascorbic acid, the genetic 

correlation is more important in determining the phenotypic correlation than the 

environmental correlation (Falconer and Mackay, 1996).   

  
It seems evident that within this population selection for high antioxidant 

activity with high ascorbic acid and high phenolics should produce rapid genetic gain 

among offspring. In addition, ascorbic and total phenolics are suitable traits for use as 

indirect selection for antioxidant activity. Based on the study of blueberry by Connor 

et al. (2002b), total phenolics content is also a suitable trait for use as indirect 

selection for antioxidant activity.  

 
Response and correlated response to selection 

 
 Although this research showed that direct selection from the first generation of 

the best 5% of the population as parents should lead to relatively rapid genetic gain 

for all of the 7 antioxidant traits (Table 19), an opportunity to improve overall 

efficiency by reducing the number of traits evaluated and an indirect selection by 

using correlated traits for important traits particularly for traits that hard to directly 

evaluate was highly desirable. The two important traits, ascorbic acid and total 

phenolics, are more simple and less expensive to measure than the other five traits. 

Therefore, they were chosen for calculating the correlated response from selection for 

the other traits especially for antioxidant activity, the most important trait. 

 
Indirect selection is expected to be more efficient if the correlated response 

from selection for trait X is greater than the direct response to selction for trait Y, i.e. 

if rahx is greater than the hy. Thus, indirect selection will be more effective when the 

genetic correlation between traits is very strong and the narrow-sense heritability of 

the selected traits is much larger than that of the unselected traits. Examples of such 
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situations in applied plant breeding programs for fruit crops are few. In peach, direct 

selection practiced solely for flower density is expected to have a greater effect on 

fruit density than direct selection for fruit density (De Souza et al., 1998a) and direct 

selection practiced solely for early ripening and short fruit development period is 

expected to have a greater effect on correlated traits than direct selection for early 

bloom and large fruit weight (De Souza et al., 1998b). The present research showed 

that the correlated response from selection for ascorbic acid was greater than the 

direct response to selection for antioxidant activity and total phenolics; and the 

correlated response from selection for total phenolics was also greater than the direct 

response to selection for antioxidant activity (Table 20). Therefore, indirect selection 

would be useful for high antioxidant activity based on direct selection for high 

ascorbic acid or high total phenolics. Direct selection for high ascorbic acid would 

also result in indirect selection for total phenolics. But, indirect selection would not be 

useful for catechin, quercetin galactoside, quercetin glucoside and quercetin 

rhamnoside by using the direct selection for any of ascorbic acid and total phenolics 

as the correlated response from selection for high ascorbic and high total phenolics 

were lower than the direct response to selection for the traits (Table 20). 
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CONCLUSION AND RECOMMENDATION 
 

Conclusion 
 

 Transgressive segregants for each of the traits were identified among the 

offspring. This transgression is a useful strategy in fruit breeding programs because 

asexual propagation allows one to preserve any genotype for use either as a new 

cultivar or as a breeding stock for future generations.  

 
Large genetic effect both among parents and families of all antioxidant traits 

indicated that genetic gain through breeding and selection was reasonable. Small year 

effect and high correlation coefficients among the data of the different years indicated 

that the values obtained in the first year could be reliable indicators of the values 

obtained in the following years, mainly in the first-stage of selection. Once genotypes 

have been selected, evaluation of the traits over several years appears warranted 

because of the significant genotype by year interaction. It seems straightforward to get 

offspring having a high antioxidant activity and compounds due to the high among 

offspring and within family variation. 

  
Narrow-sense heritability estimates were different among data sets used in 

analysis for all traits. Based on the lowest values, the heritability was high for 

ascorbic acid and quercetin rhamnoside; moderately low for antioxidant activity, total 

phenolics, and quercetin galactoside; and low for catechin and quercetin glucoside. 

These indicated that large, moderate and little additive genetic variability was 

associated with ascorbic acid and quercetin rhamnoside; with antioxidant activity, 

total phenolics and quercetin galactoside; and with catechin and quercetin glucoside, 

respectively. Thus, selection of individuals as parents on the basis of their own 

ascorbic acid, quercetin rhamnoside, antioxidant activity, total phenolics and 

quercetin galactoside should be effective in producing a relatively rapid rate of 

genetic gain in the performance of subsequent generations. While for catechin and 

quercetin glucoside, selection based on parental performance was likely to be 

ineffective. The relatively low heritability for most antioxidant traits may due to a 

small population size and sampling methods used in the analysis. Therefore, a larger 
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population size and improved sampling method would improve heritability and 

increase in the effectiveness of selection for antioxidant traits in guava. 

 

Based on the repeatability estimates that were high for all antioxidant traits, 

selection of guava for genotypic differences in antioxidant traits was possible using a 

relatively small quantity of fruit, generally three fruits.  

 
There were strong positive phenotypic and genetic correlations among 

antioxidant activity, ascorbic acid and total phenolics. In addition, selection for 

ascorbic acid and total phenolics resulted in a positive correlated response for 

antioxidant activity higher than direct selection. Thus, antioxidant activity may be 

assayed directly, or indirecty by using ascorbic acid or total phenolics as a substitute 

measure of antioxidant activity. 

 

Recommendation 

 

The phenotypic expression of catechin (Appen. Fig. 6), quercetin galactoside 

(Appen. Fig. 7), and quercetin glucoside (Appen. Fig. 8) looked like the variation of 

qualitative traits that the levels of these traits of seedlings can be grouped in to two to 

three groups (Appen. Table 2). However, this research was designed for analyzing the 

inheritance of quantitative traits that only five seedlings per cross from 40 crosses 

were used. In order to study for the inheritance of catechin, quercetin galactoside and 

quercetin glucoside, an appropriate experimental plan for qualitative traits is needed. 

 

     In general, most of offspring having high antioxidant activity and 

compounds were generated from ‘Klom Salee’, ‘Khoa Um-porn’, ‘Yen Song’, and 

‘Daeng Siam’ (Appen. Table 3). Therefore, these cultivars may be the choiced 

cultivars for using as parents for developing new guava cultivars with high 

antioxidant activity and compounds.   
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Appendix Figure 1  Chromatographic profiles of catechin at 280 nm in ‘Paen 

Seethong’ (a), ‘Daeng Siam’ (b), and G097 (c).  
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Appendix Figure 2  Chromatographic profiles of quercetin glycosides at 366 nm in 

‘Paen Seethong’ (a), ‘Daeng Saim’ (b), and G097 (c). 
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Appendix Figure 3  Narrow-sense heritability for antioxidant activity (μM AAE/g) in 2005 

(a), 2006 (b), combined years by individual (c) and mean (d) values. 
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Appendix Figure 4  Narrow-sense heritability for ascorbic acid (mg/100 g) in 2005 (a), 2006 

(b), combined years by individual (c) and mean (d) values. 
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Appendix Figure 5  Narrow-sense heritability for total phenolics (mg GAE/100 g) in 2005 

(a), 2006 (b), combined years by individual (c) and mean (d) values. 
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Appendix Figure 6  Narrow-sense heritability for catechin (mg/100 g) in 2005 (a), 2006 (b), 

combined years by individual (c) and mean (d) values. 
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Appendix Figure 7  Narrow-sense heritability for quercetin galactoside (mg/100 g) in 2005 

(a), 2006 (b), combined years by individual (c) and mean (d) values. 
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Appendix Figure 8  Narrow-sense heritability for quercetin glucoside (mg/100 g) in 2005 

(a), 2006 (b), combined years by individual (c) and mean (d) values. 
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Appendix Figure 9  Narrow-sense heritability for quercetin rhamnoside (mg/100 g) in 2005 

(a), 2006 (b), combined years by individual (c) and mean (d) values. 
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Appendix Table 1  ANOVA showing mean squares of regression analysis for seven 

antioxidant traits based on single and combined years data. 

 

Mean squares 
Single year Combined years Source 

2005 2006 Mean value Individual 
value 

Antioxidant activity     
     Model 51 25 59 67 
     Error 6 4 3 5 
     
Ascorbic acid     
     Model 47482 13990 30169 60306 
     Error 1816 1436 1291 1712 
     
Total phenolics     
     Model 13450 3804 10650 20374 
     Error 666 747 455 782 
     
Catechin     
     Model 5049 40471 19100 49172 
     Error 4208 7482 5340 5877 
     
Quercetin galactoside     
     Model 68423 62606 67550 130058 
     Error 6272 5772 5766 5903 
     
Quercetin glucoside     
     Model 3443 14855 8446 17367 
     Error 394 1152 681 808 
     
Quercetin rhamnoside     
     Model 39549 20075 34337 58632 
     Error 734 898 605 835 
 n = 40 n = 40 n = 40 n = 80 
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Appendix Table 2  Numbers (top) and ratio (bottom) of offspring having low, 

medium and high levels of catechin, quercetin galactoside and 

quercetin glucoside among types of crosses.  

 

Catechin1 Quercetin2 
galactoside  Quercetin3 

glucoside Cross type 
L M H L M H  L M H 

White × White (n = 35) 24 10 1 34 1 0  34 1 0 

 24 10 1 34 1 -  34 1 - 

White × Pink (n = 65) 56 9 0 61 4 0  61 4 0 

 6.2 1 - 15.3 1 -  15.3 1 - 

White × Maroon (n = 50) 47 3 0 48 2 0  46 4 0 

 15.7 1 - 24 1 -  11.5 1 - 

Pink × Pink (n = 15) 14 1 0 14 1 0  13 2 0 

 14 1 - 14 1 -  6.5 1 - 

Maroon × Pink (n = 30) 28 2 0 26 4 0  26 4 0 

 14 1 - 6.5 1 -  6.5 1 - 

Maroon × Maroon (n = 5) 0 1 4 0 0 5  0 3 2 

 - 1 4 - - 5  - 1.5 1 

           

All types (n = 200) 169 26 5 183 12 5  180 18 2 

 33.8 5.2 1 36.6 2.4 1  90 9 1 
 

1 Catechin; L, M, and H are low (< 200 mg/100 g), medium (200-300 mg/100 g), and 

high (> 300 mg/100 g) content, respectively.  
2 Quecetin galactoside; L, M, and H are low (< 100 mg/100 g), medium (100-300 

mg/100 g), and high (> 300 mg/100 g) content, respectively. 

3 Quercetin glucoside; L, M, and H are low (< 50 mg/100 g), medium (50-200 mg/100 

g), and high (> 200 mg/100 g) content, respectively. 
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Appendix Table 3  Numbers of offspring generated from different parents having 

high level1 of antioxidant activity, ascorbic acid, total phenolics 

and flavonoid compounds. 

 

Parent Total 
offspring AOA2 AA TPH CAT Qgal Qglu Qrham

‘Klom Salee’ 35 8 5 12 13 2 2 3 
‘Klomsalee Seethong’ 5 1 0 2 1 0 0 0 
‘Khoa Um-porn’ 30 7 4 14 7 2 3 1 
‘Yen Song’ 35 10 5 17 4 3 1 4 
‘Paen Yak’ 30 3 4 6 3 1 1 6 
‘Paen Seethong’ 30 4 0 6 4 2 1 1 
‘Na Suan’ 15 6 4 8 0 0 0 0 
‘Daeng Siam’ 50 16 14 27 8 9 7 5 
‘Philippines’ 40 4 1 7 7 9 9 5 
‘Keynok Daeng’ 45 0 0 1 7 3 3 22 
‘Keynok Rayong’ 5 0 0 2 2 0 0 2 
PC13-10 45 7 2 10 4 4 5 9 
G097 30 7 1 11 0 3 4 7 

 

1 High level refers to ≥ 20 μM AAE/g for antioxidant activity, ≥ 250 mg/100 g for 

ascorbic acid, ≥ 250 mg GAE/100 g for total phenolics, ≥ 200 mg/100 g for 

catechin, ≥ 100 mg/100 g for quercetin galactoside, ≥ 50 mg/100 g for quercetin 

glucoside, and  ≥ 100 mg/100 g for quercetin rhamnoside. 
2 AOA = antioxidant activity, AA = ascorbic acid, TPH = total phenolics, CAT = 

catechin, Qgal = quercetin galactoside, Qglu = quercetin glucoside, and Qrham = 

quercetin rhamnoside. 

 

 
 


