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and aliphatic organic acids (AOA) metabolism, color 
changes, cell wall restructuring, cuticle properties altera-
tion, and organoleptic compound formation, promoting in 
the fruit a combination of color, flavor, and texture [1, 2]. 
In this sense, ripening has been an important factor studied 
in fruits to select the most suitable ripening stage for con-
sumption and/or processing, in which sensorial characteris-
tics, nutritional and bioactive potential are generally found 
at their highest values [1–3]. The growing region is another 
important factor that affects fruit characteristics, since dif-
ferent geographical locations have different edaphoclimatic 
conditions, which can affect the biosynthesis pathways of 
fruit compounds [3, 4]. Additionally, the fruit variety also 
can impact the composition and bioactive characteristics of 
fruits, since different metabolic pathways may be acting and 
promoting the production of certain compounds in a variety 
that are not synthesized or are synthesized in low concentra-
tions in other varieties of the same fruit [5, 6].

Introduction

Ripening is a coordinated and genetically programmed pro-
cess that results in physiological and biochemical changes 
which modify fruit characteristics. Transformations during 
the ripening stages include modifications in carbohydrate 
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Abstract
Ripening and growing location are important factors that can impact fruit quality characteristics. In this study, the influ-
ence of these factors on physicochemical characteristics, carbohydrates, aliphatic organic acids, phenolic compounds, 
and antioxidant capacity of red guava (Psidium cattleianum Sabine) was evaluated. Fruit ripening increased fructose and 
glucose (up to 22.83 and 16.42 g 100 g− 1 dry matter (DM), respectively), and decreased citric acid, the major organic 
acid (up to 135.35 mg g− 1 DM). Ripening and growing location also influenced the concentration of phenolic compounds 
and antioxidant capacity of red guava, in which a dependency between both factors was observed in most cases. Api-
genin, galangin, isoquercitrin, among other phenolic compounds were quantified for the first time in red guava, in which 
isoquercitrin was the major (up to 13409.81 mg kg− 1 DM). The antioxidant potential of red guava was also confirmed 
by ferric reducing antioxidant power assay (up to 82.63 µmol Fe+ 2 g− 1 DM), Folin-Ciocalteu reducing capacity assay 
(up to 17.79 mg gallic acid equivalent g− 1 DM), and DPPH free radical scavenging assay (up to 25.36 mg ascorbic acid 
equivalent g− 1 DM). These results especially demonstrated the bioactive potential of red guava and provided knowledge 
regarding the influence of ripening and growing location on chemical and bioactive components encouraging its industrial 
exploitation.
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Psidium cattleianum Sabine species (Myrtaceae) is 
native to the Brazilian Atlantic coast with wide occurrence 
in southern region. It is a small tree (1–4 tall) that produces 
guava fruits (also named araçá), which are obovoid (2–4 cm 
in diameter), pyriformis, and crowned by the chalice [7–9]. 
The average fruit productivity of this crop is estimated at 
4.3 tons per hectare [10]. There are two morphotypes of P. 
cattleianum guava fruits: one with red epicarp (red guava) 
and another with yellow epicarp (yellow guava). Both types 
contain a pulp whitish, aromatic, juicy, and with small 
seeds. P. cattleianum guava fruits have a sweet-acid flavor 
and good acceptance by consumers in natura and processed 
forms (jams and juices) [7–9].

Regarding its composition, there is still a lack of studies 
carried out with P. cattleianum guava fruits, especially on 
red epicarp morphotype. Most of the literature has focused 
on the characterization of bioactive compounds, mainly 
phenolics, and evaluation of the antioxidant capacity, which 
demonstrated that these fruits are an excellent source of 
these compounds and have antioxidant potential [8, 9, 11–
13]. However, scientific literature lacks data on AOA and 
carbohydrate profiles in red guava fruit, as well as informa-
tion on ripening and growing location effects on chemical 
constituents and antioxidant capacity of this fruit have not 
yet been published. Therefore, this study seeks to advance 
knowledge about the composition and antioxidant potential 
of red guava through unprecedented data on the influence of 
pre-harvest factors on its physicochemical, chemical, and 
bioactive characteristics. These data can boost the industry’s 
interest in the commercial exploitation of red guava, as well 
as contributing to a better understanding of the influence of 
ripening and growing location on its composition, which 
impacts the selection of the most suitable fruit for direct 
consumption and/or processing.

In this context, this work aimed to determine the changes 
in physicochemical parameters (moisture, TTA, TSS, and 
pH), carbohydrates, AOA, phenolic compounds, and anti-
oxidant capacity of red guava fruit in three edible ripening 
stages harvested in two Brazilian growing locations.

Materials and Methods

The Materials and methods section is presented in Supple-
mentary material 1.

Results and Discussion

Physicochemical Characterization, Carbohydrates, 
and AOA

For moisture, the interaction between ripening and grow-
ing location was observed as prevalent than the isolated 
factors (p < 0.05; Supplementary material 2). This indicates 
the existence of a degree of dependence between the factors 
(ripening and growing location), jointly and dependently 
influencing the moisture of red guava fruit. In general, higher 
values were observed for fruits from Pinhalzinho city (76.97 
to 80.27 g 100 g− 1) compared to the fruits from Osório city 
(75.35 to 76.39 g 100 g− 1). These variations may be associ-
ated with variations in plant nutrition, edaphoclimatic con-
ditions, and other factors involved in each fruit cultivation 
[1, 2]. However, the moisture content found in the present 
study agree with previous report (81.6 g 100 g− 1) for red 
guava (P. cattleianum) [11].

Generally, the consumption of any fruit is strongly cor-
related with its flavor, which involves the balance between 
sweetness and acidity [14]. Soluble carbohydrates are the 
main contributors of the fruit sweetness and can be esti-
mated by TSS; while the organic acids, due to their acidic 
characteristic, strongly influence the fruit acidity and can 
be estimated by TTA [1, 15]. During fruit ripening, several 
metabolic processes involving biosynthesis, degradation, 
and accumulation pathways of compounds occur simultane-
ously [1, 15, 16], which affect, for example, the TSS, TTA, 
and pH values of fruits: it is expected the TSS increase, due 
to the synthesis of simple carbohydrates; associated with the 
TTA decrease due to the reduction in the AOA content of 
the fruit, which consequently also promote the pH increase 
[3, 11]. This behavior was observed during ripening of red 
guava fruit for both growing locations (Supplementary 
material 2), with higher TTA (up to 2.03  mg citric acid 
100 g− 1) and lower TSS (up to 15.10 °Brix) and pH levels 
(up to 3.41) observed in the ripening stage 1. The interac-
tion between ripening and growing location was observed 
as prevalent for TSS (p < 0.05; Supplementary material 2), 
suggesting the existence of dependence between the fac-
tors on TSS values. Despite no significant interaction has 
been verified for TTA and pH, these parameters were sig-
nificant influenced (p < 0.05; Supplementary material 2) for 
both isolated factors, which indicate the lack of dependence 
between these factors on TTA and pH values.

Considering TSS/TTA ratio as an important indicator of 
fruit maturity and more representative of flavor than isolated 
values of TSS and TTA [11], this parameter was assessed for 
red guava fruits. As shown in Supplementary material 2, the 
highest TSS/TTA ratio was observed for the ripening stage 3 
(9.7 and 10.3) compared to the other ripening stages studied 
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(6.0 to 9.0), with significant interaction between both factors 
(p < 0.05). The TSS/TTA ratio values found for red guava in 
the present study were higher than those found in red guava 
(P. cattleianum) fruits (5.1) reported by Dalla Nora et al. 
[11]. This is due to the low TSS value (6 °Brix) observed by 
Dalla Nora et al. [11] compared to those found in the present 
study (12.2 to 18.1 °Brix), which strongly affected the TSS/
TTA ratio result, since the TTA (1.2 g citric acid 100 g− 1) 
reported by Dalla Nora et al. [11] was closer to those found 
in the present study (1.76 to 2.03  g citric acid 100  g− 1). 
These different physicochemical characteristics resulted in 
a fruit with a more acidic and less sweet characteristic than 
the fruits evaluated in the present study and are possibly 
associated with the influence especially of edaphoclimatic 
factors associated with the growing location (Estrela Velha 
city/Rio Grande do Sul state) on the composition of the 
fruit, since this fruit was collected as fully ripe [11].

As shown in Supplementary material 2, fructose and glu-
cose were found in all samples. Although there was no sig-
nificant influence of the interaction between the factors or of 
the isolated growing location on carbohydrates, the ripen-
ing alone significantly influenced the fructose and glucose 
values (p < 0.05; Supplementary material 2). Fructose was 
the major and both simple carbohydrates were higher in the 
ripening stage 3. Fructose and glucose contents of red guava 
fruits were higher (3.42 to 5.53 g 100 g− 1 FM for fructose 
and 2.67 to 3.90 g 100 g− 1 FM for glucose) than those found 
for yellow guava (P. cattleianum) (1.4 and 1.3 g 100 g− 1 
FM for glucose and fructose, respectively) [17]. The gradual 
accumulation of these soluble monosaccharides during red 
guava ripening is associated with metabolic processes of 
starch, the fruit’s carbon reserve, which is gradually hydro-
lyzed to simpler carbohydrates by metabolic pathways dur-
ing the fruit ripening [1, 7, 16].

In relation to AOA, citric acid was predominant with 
90% of total AOA found in red guava fruits, followed by 
malic, propionic, and formic acids (Supplementary material 
2). Citric and malic acids are commonly the most abundant 
AOA in fruits, including yellow guava (P. cattleianum) [1, 
15, 17]. Malic acid has a smooth tart taste similar to citric 
acid, but slightly more stimulating and continuous. Thus, the 
presence of malic acid, even in low concentrations, can posi-
tively impact the sensorial characteristics of red guava fruit, 
contributing to a sensation of prolongation of the smooth 
tart flavor [18, 19]. The higher values found in the present 
study for citric acid (23.03 to 27.87 mg g− 1 FM) and malic 
acid (1.56 to 2.76 mg g− 1 FM) compared to those found in 
yellow guava (P. cattleianum) fruit (0.7 and 0.04 mg g− 1 
FM for citric and malic acids, respectively) [17] suggest 
the red guava variety as a more acidic fruit than the yellow 
guava variety. Normally, AOA in fruits are influenced by 
ripening, besides cultivation conditions and environmental 

factors [15]. In this study, a dependency between ripening 
and growing location may be suggested due to the obser-
vation of a significant interaction (p < 0.05; Supplementary 
material 2) between both factors for citric, formic, and pro-
pionic acids. For malic acid, both isolated factors significant 
(p < 0.05; Supplementary material 2) affected its content, 
indicating the non-existence of dependence between ripen-
ing and growing location on malic acid content. Except for 
propionic acid, there was a decrease in AOA content with 
the ripening of red guava fruits (Supplementary material 
2). This behavior is expected in fruits, which commonly 
accumulate AOA at the early stages of development with 
a further decrease since are usually used as substrates for 
respiration during fruit ripening, as well as for biosynthe-
sis of carbohydrates and aromatic amino acids [2, 15, 20]. 
Decrease in the content of malic and citric acids was also 
observed during ripening of apple (Malus domestica) [21] 
and blueberry (Vaccinium corymbosum) fruits [20].

Phenolic Compounds

As shown in Table 1, eight flavonoids, two phenolic acids, 
and one lignin-derived aldehyde were quantified in red 
guava fruits. Except for pinocembrin and sinapaldehyde, 
the other phenolic compounds found in red guava were 
quantified in all ripening stages in both growing locations. 
Isoquercitrin was the major, followed by isorhamnetin, and 
catechin. This is the first report of quantification of api-
genin, galangin, isoquercitrin, isorhamnetin, kaempferol, 
pinocembrin, and sinapaldehyde in red guava fruits.

The content of phenolic compounds found in this study 
(up to 319.89 mg kg− 1 DM for catechin, up to 18.96 mg 
kg− 1 DM for gallic acid, up to 2.80 mg kg− 1 FM for quer-
cetin, and up to 2.30 mg kg− 1 DM for sinapic acid) was in 
many cases similar to those reported in red guava (P. cattle-
ianum) fruits for catechin (nd to 168.7 mg kg− 1 DM), gal-
lic acid (9.9 to 34.1 mg kg− 1 DM), quercetin (nd to 6.6 mg 
kg− 1 FM), and sinapic acid (nd to 10.4 mg kg− 1 DM) [8, 
12]. Additionally, the content of some compounds, such as 
isoquercitrin (up to 13409.81 mg kg− 1 DM), isorhamnetin 
(up to 1864.22 mg kg− 1 DM), and catechin found in this 
study was also higher than those found for other fruits such 
as acerola (Malpighia emarginata), jabuticaba (Myrciaria 
cauliflora), blackberry (Rubus ulmifolius), and jambolan 
(Syzygium cumini) (nd to 431.9 mg kg− 1 DM for isoquer-
citrin, nd to 9.9 mg kg− 1 DM for isorhamnetin, and nd to 
101.0 mg kg− 1 DM for catechin) [22]. Considering the sum 
of quantified phenolic compounds (up to 15633.36 mg kg− 1 
DM), these contents were also higher than those reported for 
other fruits such as yellow guava (P. cattleianum), guabiju 
(Myrcianthes pungens), blackberry (R. ulmifolius), jabuti-
caba (M. cauliflora), acerola (M. emarginata), and jambolan 
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Table 1  Phenolic compounds of red guava (Psidium cattleianum Sabine) fruit in three edible ripening stages from two growing locations of south-
ern Brazil
Phenolic 
com-
pounds 
(mg kg− 1)

City/state Ripening stage
1 2 3 1 2 3
Dry matter Fresh matter

Apigenin Pinhal-
zinho/
SC

1.68 ± 0.02a 1.42 ± 0.02c 1.48 ± 0.02b 0.33 ± 0.00 0.33 ± 0.00 0.33 ± 0.01

Osório/RS 1.39 ± 0.02e 1.40 ± 0.01d 1.33 ± 0.01f 0.33 ± 0.01 0.33 ± 0.00 0.33 ± 0.00
(+)-Cat-
echin

Pinhal-
zinho/
SC

188.22 ± 9.79c 164.86 ± 9.98c 186.72 ± 6.95c 37.14 ± 1.93 37.96 ± 2.30 41.96 ± 1.56

Osório/RS 284.95 ± 9.89b 319.89 ± 15.20a 271.69 ± 14.97b 68.44 ± 2.37 75.52 ± 3.59 66.97 ± 3.69
Galangin Pinhal-

zinho/
SC

1.65 ± 0.02a 1.41 ± 0.02c 1.46 ± 0.02b 0.33 ± 0.00 0.32 ± 0.00 0.33 ± 0.00

Osório/RS 1.36 ± 0.02d 1.39 ± 0.02c 1.33 ± 0.02e 0.33 ± 0.00 0.33 ± 0.00 0.33 ± 0.00
Gallic acid Pinhal-

zinho/
SC

8.18 ± 0.45cd 6.60 ± 0.78d 8.77 ± 0.41c 1.61 ± 0.09 1.52 ± 0.18 1.97 ± 0.09

Osório/RS 15.05 ± 0.94b 18.96 ± 0.97a 15.84 ± 0.50b 3.61 ± 0.23 4.48 ± 0.23 3.91 ± 0.12
Isoquerci-
trin

Pinhal-
zinho/
SC

8290.74 ± 307.97c 8027.16 ± 192.14c 9056.62 ± 392.73c 1635.77 ± 60.76 1848.48 ± 44.24 2035.04 ± 88.25

Osório/RS 10805.80 ± 493.90b 13409.81 ± 690.45a 10823.75 ± 223.37b 2595.41 ± 118.63 3165.77 ± 163.00 2668.14 ± 55.06
Isorham-
netin

Pinhal-
zinho/
SC

1726.22 ± 39.39a 1494.46 ± 77.73b 1849.20 ± 46.98a 340.58 ± 7.77 344.14 ± 17.90 415.52 ± 10.56

Osório/RS 1486.21 ± 49.26b 1864.22 ± 27.22a 1360.14 ± 68.90b 356.97 ± 11.83 440.10 ± 6.43 335.29 ± 16.98
Kaemp-
ferol

Pinhal-
zinho/
SC

2.79 ± 0.03a 2.44 ± 0.02c 2.49 ± 0.02b 0.55 ± 0.01 0.56 ± 0.00 0.56 ± 0.00

Osório/RS 2.42 ± 0.03c 2.54 ± 0.02b 2.34 ± 0.03d 0.58 ± 0.01 0.60 ± 0.01 0.58 ± 0.01
Quercetin Pinhal-

zinho/
SC

8.35 ± 0.06d 7.34 ± 0.04e 8.06 ± 0.12d 1.65 ± 0.01 1.69 ± 0.01 1.81 ± 0.03

Osório/RS 10.50 ± 0.11b 11.85 ± 0.16a 9.23 ± 0.15c 2.52 ± 0.03 2.80 ± 0.04 2.28 ± 0.04
Pinocem-
brin

Pinhal-
zinho/
SC

<LOD <LOD <LOD <LOD <LOD <LOD

Osório/RS 0.15 ± 0.00b 0.25 ± 0.01a <LOD 0.04 ± 0.00 0.06 ± 0.00 <LOD
Sinapalde-
hyde

Pinhal-
zinho/
SC

1.32 ± 0.02a 1.13 ± 0.03c 1.18 ± 0.02b 0.26 ± 0.00 0.26 ± 0.01 0.27 ± 0.00

Osório/RS 1.09 ± 0.01cd 1.13 ± 0.03c 1.05 ± 0.02d 0.26 ± 0.00 0.27 ± 0.01 0.26 ± 0.01
Sinapic 
acid

Pinhal-
zinho/
SC

2.30 ± 0.01a 1.98 ± 0.01c 2.04 ± 0.03b 0.45 ± 0.00 0.46 ± 0.00 0.46 ± 0.01

Osório/RS 1.91 ± 0.02e 1.93 ± 0.02d 1.86 ± 0.02f 0.46 ± 0.01 0.45 ± 0.00 0.46 ± 0.01
Sum Pinhal-

zinho/
SC

10231.45 ± 337.05c 9708.79 ± 260.88d 11118.00 ± 362.13c 2018.67 ± 66.50 2235.72 ± 60.07 2498.24 ± 81.37

Osório/RS 12610.84 ± 540.38b 15633.36 ± 727.65a 12488.57 ± 216.77b 3028.96 ± 129.79 3690.70 ± 171.78 3078.54 ± 53.44
Ripening stages definition are shown in Supplementary Material 1. SC – Santa Catarina state. RS – Rio Grande do Sul state. Results are pre-
sented as mean ± standard deviation (n = 3). a−f Values for each analysis followed by different letters indicate a significant difference (p < 0.05) 
by Tukey test for interaction between location and ripening. A−C Values for each analysis followed by different letters indicate a significant 
difference (p < 0.05) by Tukey test for ripening. * Values for each analysis followed by symbol indicate a significant difference (p < 0.05) by 
Tukey test for location. LOD – limit of detection. When significant interaction between ripening and growing location is identified, this is the 
dominant influence
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and up to 2.40 mg cya-3-glu 100 g− 1 FM) were lower than 
those found in red guava (P. cattleianum) fruits reported by 
Pereira et al. [13] (42.2 to 43.7 mg cya-3-glu 100 g− 1 DM), 
but higher than those found by Chaves et al. [30] (0.17 mg 
cya-3-glu 100 g− 1 FM). The increase in TMA values during 
ripening is expected in reddish and purple fruits due to the 
stimulation of anthocyanin biosynthetic pathways impact-
ing the tissue pigmentation during fruit development [4, 28, 
29].

Phenylpropanoid and flavonoid pathways are relevant 
biosynthetic pathways of phenolic compounds, including 
anthocyanins, in fruits during their ripening and are impacted 
by biotic and abiotic conditions. Pathways regulation is 
complex involving many enzymes and distinct genes that 
modulate the production of different compounds at different 
stages of fruit development and ripening [31]. For example, 
reduction of FaLAR and FaANR genes expression during 
strawberry fruit ripening can promote the reduction of cat-
echin and epicatechin concentration, respectively, as well 
as the reduction of FaANR gene expression can promote a 
decrease in phenolic acids’ concentration. Downregulation 
of these genes seems to occur especially in later stages of 
strawberry ripening and is associated with the increase in 
the expression of other genes such as FaANS and FaUFGT, 
stimulating anthocyanin biosynthesis pathway [31, 32]. 
These genes may also be involved in regulation of pheno-
lic compounds in red guava fruits, especially for apigenin, 
galangin, kaempferol, and sinapic acid, in which there was 
a tendency of concentration decreasing of these compounds 
during ripening. However, other genes as well as stress con-
ditions that affect the metabolic system of fruits are possibly 
involved in production and accumulation of phenolic com-
pounds quantified in red guava fruits, resulting in different 
behaviors reported in this study.

Antioxidant Capacity

Antioxidant capacity of red guava fruits is shown in Sup-
plementary material 2. For FC (Folin-Ciocalteu reducing 
capacity) and FRAP (ferric reducing antioxidant power) 
assays, there was a significant interaction (p < 0.05; Supple-
mentary material 2) between growing location and ripening, 
indicating a dependence between both factors on the results 
of FC and FRAP assays. For both assays, ripening stages 2 
and 3 from Osório city showed the highest value; while the 
ripening stages 1 and 2 from Pinhalzinho city showed the 
lowest value for FRAP assay, and the ripening stage 2 the 
lowest value for FC assay. For DPPH free radical scaveng-
ing assay, no significant interaction (p > 0.05; Supplemen-
tary material 2) between growing location and ripening was 
verified. However, a significant difference (p < 0.05; Sup-
plementary material 2) was found for each isolated factor, 

(S. cumini) (152.2 to 1282.1 mg kg− 1 DM) [22], as well as to 
those reported for red guava (P. cattleianum) fruits (939.2 to 
1549.5 mg kg− 1 DM) [8]. Phenolic compounds, in addition 
to being involved in attracting pollinators and in the plant 
protection system, have several health-promoting biological 
activities. Both flavonoid and non-flavonoid phenolic com-
pounds are recognized for their antioxidant properties [23, 
24]. Additionally, quercetin and their derivatives (including 
isoquercitrin and isorhamnetin) also have antiviral, anti-
inflammatory, and antitumor potential [25, 26], while phe-
nolic acids such as gallic and sinapic have been associated 
to antidiabetic, chemopreventive, and anti-inflammatory 
effects [27]. In this sense, the phenolic composition data 
revealed in this study demonstrate that the consumption of 
red guava may have positive effects on health, in addition to 
being a possible natural ingredient for dietary supplements, 
pharmaceutical, and cosmetics industries.

Production and accumulation of different secondary 
metabolites in fruits, such as phenolic compounds, are 
associated with ripening process and other factors such as 
species and variety, growing conditions, and biotic and abi-
otic stress conditions, such as UV light, pathogens, water 
precipitation, altitude, among others [22, 28, 29]. Indeed, 
a significant interaction (p < 0.05; Supplementary material 
2 and Table 1) between ripening and growing location was 
verified for all phenolic compounds, indicating that there is 
a degree of dependence between both factors on the concen-
tration of phenolic compounds in red guava fruits. However, 
the effect of this interaction on phenolic compound concen-
tration was distinct for each compound. For example, cat-
echin, isoquercitrin, gallic acid, and quercetin showed the 
highest concentration in the ripening stage 2 from Osório 
city, while the lower concentrations were verified in the 
ripening stages from Pinhalzinho city. In contrast, for api-
genin, galangin, kaempferol, and sinapic acid, the highest 
concentration was found in the ripening stage 1 from Pin-
halzinho city, while the lowest concentration was verified 
in the ripening stage 3 from Osório city. Due to the major 
contribution of isoquercitrin, highest sum of phenolic com-
pounds was verified in the ripening stage 2 from Osório city, 
and the lowest values in the ripening stages from Pinhalz-
inho city. Therefore, although both ripening and growing 
location jointly affect (interaction) the phenolic compounds 
quantified in red guava fruit, this influence does not result in 
similar behaviors between the compounds.

Significant interaction (p < 0.05; Supplementary material 
2) was also found between growing location and ripening 
for TMA content, in which the lowest concentration was 
found in the ripening stage 1 from Osório city and the high-
est concentration was verified in the ripening stage 3 of both 
growing locations (Supplementary material 2). TMA values 
found in this study (up to 9.74 mg cya-3-glu 100 g− 1 DM 
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results found in this study serve as a basis to boost the com-
mercial exploitation of red guava fruit and demonstrate that 
care should be taken while selecting fruit mainly for pro-
cessing proposes because the biochemical changes resulting 
from ripening and growing location are important for fruit 
industrialization.
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