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ABSTRACT RESUMEN

The quality of pineapple guava fruits during post-harvest 
storage depends directly on their quality at harvest and is in-
fluenced by climatic conditions during growth. The aim of this 
study was to determine the influence of climatic conditions on 
certain parameters of fruit quality during post-harvest storage. 
Twenty trees were tagged in two locations within the depart-
ment of Cundinamarca (Colombia), recording the climatic 
conditions during fruit growth until harvest. The fruits were 
differentiated by place of origin and stored at 18 ± 1ºC (76 ± 5% 
relative humidity, RH) for 11 d or 5 ± 1ºC (87 ± 5% RH) for 31 
d, evaluating several quality attributes every two d. The places 
of origin were San Francisco de Sales (1,800 m a.s.l., 20.6ºC, 
63-97% RH, with an average annual precipitation of 1,493 mm) 
and Tenjo (2,580 m a.s.l., 12.5ºC, 74-86% RH, with an average 
annual precipitation of 765 mm). The results indicated that the 
fruits stored at the highest temperature were sweeter and had 
reduced weight and firmness, lower acidity, and faster posthar-
vest senescence (lower post-harvest durability). The postharvest 
fruit characteristics were determined by considering the fruit 
quality during growth and the influence of climatic conditions 
during cultivation in each location. At the higher altitudes, the 
total soluble solid content in the fruits was higher and firmness 
decreased, and the total titratable acidity and weight loss were 
lower. For fruit color, significant differences were not observed 
that would demonstrate the effect of climatic conditions during 
the post-harvest period. 

La calidad de los frutos de feijoa durante el almacenamiento 
poscosecha depende directamente de la calidad que estos tengan 
en el momento de la recolección, la cual está influenciada por 
las condiciones climáticas de cultivo. El objetivo de este estudio 
fue determinar la influencia de las condiciones climáticas en 
algunos parámetros de calidad durante el almacenamiento en 
poscosecha. Se marcaron veinte árboles por finca en dos loca-
lidades del departamento de Cundinamarca (Colombia), donde 
se registraron las condiciones climáticas durante el crecimiento 
de los frutos hasta la cosecha. Los frutos diferenciados por el 
lugar de procedencia fueron almacenados a temperaturas de 18 
± 1ºC (humedad relativa: 76 ± 5%) durante 11 días y a 5 ± 1ºC 
(humedad relativa: 87 ± 5%) durante 31 días, con evaluación de 
los atributos de calidad cada 2 días. Los lugares de procedencia 
fueron San Francisco de Sales (1,800 msnm, 20,6 ºC, 63-97% 
humedad relativa (HR), precipitación media anual 1,493 mm) 
y Tenjo (2,580 msnm, 12.5ºC, 74-86% HR, precipitación media 
anual 765 mm). Los resultados obtenidos indican que los frutos 
almacenados a mayor temperatura son más dulces, con mayor 
pérdida de peso y de firmeza, así como con menor acidez y 
durabilidad en poscosecha, atributos que están determinados 
por la calidad de estos en la cosecha, la cual está influenciada a 
su vez por las condiciones climáticas registradas en el cultivo. 
Se observó que, a mayor altitud, también es mayor el contenido 
de sólidos solubles totales y la pérdida de firmeza, mientras 
que es menor la acidez total titulable y la pérdida de peso. En 
las mediciones de color no se evidenciaron diferencias signi-
ficativas que permitan inferir que hubo alguna influencia de 
las condiciones climáticas en la variación de este parámetro 
durante la poscosecha.

Key words: feijoa, weight loss, firmness, total soluble solids, 
total titratable acidity, maturity ratio.
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that is native to South America, particularly southern 
Brazil and Uruguay (Schotsmans et al., 2011), with high 
adaptability to different climatic zones (Parra and Fischer, 
2013), and is cultivated commercially between 1,800 and 

Introduction

Pineapple guava or feijoa (Acca sellowiana (O. Berg) 
Burret) is a perennial fruit species of the Mirtaceae family 
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2,700 m a.s.l. in Colombia. In tropical areas, this crop can 
produce fruits continually throughout the year, whereas 
under seasonal temperature conditions, only one annual 
harvest occurs (Quintero, 2012). As reported by Parra 
and Fischer (2013), the principal commercial production 
of pineapple guava is found in New Zealand, Georgia, 
Azerbaijan, Colombia and California, with the recent ad-
dition of commercial production in Uruguay and Brazil. 
In Colombia, which has an estimated area of 650 ha for 
this crop (Quintero, 2012), different varieties of pineapple 
guava are cultivated, which facilitates cross pollination 
and yields of high-quality fruits.

After harvest, pineapple guava fruits, which are entirely 
green, ripen from the inside out; over-ripe fruits suffer a 
loss of taste and darkening of the seed and pulp (Yi et al., 
2016). The external changes in quality that occur during 
post-harvest ripening are not excessive in this green fruit, 
which makes it difficult to determine the degree of fruit 
ripeness by visual, tactile, or non-destructive methods 
(Gaddam et al., 2005). According to Amarante et al. (2013), 
the physiological basis of fruit ripening is not well known, 
making it more difficult to determine strategies for preserv-
ing quality during the post-harvest stage.

During post-harvest, fruits undergo a series of changes that 
involve synthesis and degradation, which are genetically 
controlled and eventually lead to senescence. These changes 
generally include modifications of the texture and ultra-
structure of cell walls, changes in turgidity, juice content, 
conversion of starches into sugars, increases in susceptibil-
ity to pathogens, and alterations in pigment biosynthesis 
and compounds that determine flavor (Kader and Yahia, 
2011). The evolution of these properties determines the 
post-harvest quality of fruits.

Oxidative metabolism influences most of the physicoche-
mical changes that occur in harvested fruits (Parra-Coro-
nado and Hernández-Hernández, 2008), and respiration 
may have the greatest effect on fruit ripening during post-
harvest through cell diffusion processes (Schouten et al., 
2004). The respiration pattern of pineapple guava is the 
same as for other Mirtaceae species and is a climacteric 
fruit (Schotsmans et al., 2011). The inhibition of respira-
tory processes directly affects the maintenance of vegetable 
and fruit quality during storage and can be performed 
by using controlled or modified atmospheres and also by 
altering the temperature and relative air humidity (Yahia 
et al., 2011). General fruit quality depends directly on the 
stage of ripeness. Many parameters must be considered 
when determining quality, such as firmness, total titratable 

acidity, soluble solid content (Parra-Coronado et al., 2006; 
Parra-Coronado and Hernández-Hernández, 2008), and 
the ratio between soluble solids and titratable acidity 
(Parra-Coronado et al., 2015).

Quality parameters at the time of harvest depend upon 
prevailing weather conditions during growth and the 
levels of luminosity and temperature (Calvo, 2004). In 
pineapple guava fruits, these factors directly affect the 
soluble solid concentration and total titratable acidity but 
do not affect firmness and color (Parra-Coronado et al., 
2015) or physiological and chemical changes that occur 
during post-harvest ripening (Mishra and Gamage, 2007). 
Notably, with increasing temperatures in the crop cycle and 
especially during maturation, the sugar content of the fruit 
decreases (Parra-Coronado and Miranda, 2016). Research 
performed on pineapple guava includes specific studies on 
post-harvest physiology and studies on fruit nutraceutical 
characteristics (Rodríguez et al., 2006; Velho et al., 2011; 
Amarante et al., 2013). 

The aim of this study was to evaluate how weather condi-
tions during the growth of pineapple guava fruits affect 
the quality characteristics of the produce stored under two 
different temperature conditions. The pineapple guava in 
this study was grown in two locations in the department 
of Cundinamarca, Colombia, with different altitudes and 
weather conditions. 

Materials and methods

Pineapple guava fruits were collected at physiological 
maturity (considering the size, firmness, peduncle abscis-
sion, and color intensity described by Parra-Coronado 
and Fischer, 2013 and Schotsmans et al., 2011) from two 
farms located in the Andean region of the department of 
Cundinamarca, Colombia, where trees originating from 
clone 41 (‘Quimba’) were planted in 2006. The different 
crop management activities (e.g., pruning and fertilization) 
were performed equally on both farms following the recom-
mendations of Quintero (2012) to eliminate the influence of 
cultivation variables. The soil characterization showed that 
the soils of the two farms had a sandy loam texture. The 
Ca/Mg, Mg/K, Ca/K and (Ca + Mg)/K ratios indicated that 
there were no K and Mg deficiencies and that Cu and Mn 
showed values below those considered optimal. The first 
farm was located in the municipality of Tenjo (4°51’23” N 
and 74°6’33” W) at an altitude of 2,580 m a.s.l., with a mean 
temperature of 12.5°C and relative humidity 74-86%. The 
farm had a bimodal rainfall pattern, with an average annual 
precipitation of 765 mm, concentrated within the periods 
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March-May and September-November. The second farm 
was located in the municipality of San Francisco (4°57’57” 
N and 74°16’27” W) at 1,800 m a.s.l., with average tempera-
ture of 20.6°C and relative humidity between 63 and 97%. 
This farm had a bimodal rainfall pattern with an annual 
mean precipitation of 1,493 mm, concentrated within the 
periods February-May and September-November. For 
the choice of the two altitudinal sites, the authors found 
these sites were near the lowest and the highest elevation 
recommended for commercial pineapple guava cultivation 
in Colombia.

The climatic conditions of the locations were recorded from 
anthesis to harvest of the pineapple guava fruits (Tab. 1), 
between 2012 and 2014. The meteorological data were ob-
tained from weather stations placed in each sampling site, 
which recorded hourly data on temperature, precipitation, 
relative air humidity, and total solar radiation.

Experimental design
Because pineapple guava is a perennial crop, 10 trees per 
element plot (Fernández et al., 2010) and two plots per farm 
were studied, for a total of 40 trees, planted at 4 × 4 m. 
The aim was to record fruit growth and development from 
anthesis to harvest along with the weather conditions. A 
total of 300 fruits free of defects and mechanical damage 
were collected during two harvests per plot and per farm. 
The fruits were transported to the laboratory for disinfec-
tion with a solution of 1 mL L-1 sodium hypochlorite. The 
fruits were differentiated per plot and site of origin for each 
harvest and stored at 18 ± 1°C (76 ± 5% RH, 90 fruits by 
11 d) and 5 ± 1°C (87 ± 5% RH, 210 fruits by 31 d), taking 
into account that this fruit species can stand temperatures 
as low as 1.7°C (Valderrama et al., 2005).

Measured variables
The measured quality attributes included weight loss 
(WL), skin and pulp firmness, total soluble solids (TSS), 
total titratable acidity (TTA) and epidermal color (hue 
angle; °h). To determine WL, the weight variation during 
the storage of five samples from two fruits was determi-
ned based on a gravimetric method using an analytical 

precision balance, Precisa XT220A, with a capacity of 220 
g and 0.0001 g precision (Precisa Instruments, Zurich, 
Switzerland). The skin and pulp firmness were quantified 
with a Brookfield CT3-4500 texturometer (Brookfield 
Engineering, Middleboro, MA, USA). Two readings per 
fruit were performed with a TA39 probe at a precision 
of ± 0.5%. The NTC 4624 Technical Standard (Icontec, 
1999a) was used for the measurements of TSS with an 
Eclipse refractometer (Bellingham Stanley, Tunbridge 
Well, UK) using a scale from 0 to 32 and a precision of 0.2 
°Brix. The TTA was determined following the NTC 4623 
Technical Standard (Icontec, 1999b). The maturity ratio 
(MR), defined as the ratio between TSS and TTA (TSS/
TTA), was determined. The epidermal color was measured 
using a Minolta CR-400 chroma meter (Konica Minolta, 
Ramsey, NJ, USA). The quality attributes of the fruits were 
evaluated after 1, 3, 5, 7, 9 and 11 d of fruit storage at 5 
and 18°C. The quality attributes were also evaluated after 
15, 19, 23 and 31 d of fruit storage at 5°C. The statistical 
design was entirely random, with five replicates per trial. 

In order to analyze the behavior of each quality param-
eter and its variation over time, the statistical program 
IBM-SPSS v.20 (SPSS Inc., Chicago, IL, USA) was used 
to perform a correlation analysis between the fruit qual-
ity parameters. The data were analyzed with descriptive 
statistics, and the standard deviation (SD) was used as a 
measure of dispersion. An analysis of variance and com-
parison of means test (Tukey’s tests) were performed for the 
fruit-quality characteristics during storage for each study 
location and harvest.

Results

Skin and pulp firmness
The pineapple guava fruit skin and pulp firmness had 
the same trends in behavior over time for both storage 
conditions and both locations, with initially high values 
that decreased during ripening (Tab. 2). The skin firmness 
was always higher than the pulp firmness for the same 
storage period.

TABLE 1. Weather conditions in the study zones from anthesis to pineapple guava fruit harvest (Parra-Coronado et al., 2015).

Zone Harvest Daysa GDDb  (ºC) Tc (ºC) RHd (%) Pe (mm)  Radf  [W m-²]

Tenjo 1 180 1,979 12.3 76.4    190 12,303

(2,580 m a.s.l.) 2 180 1,966 12.3 84.3    417   9,861

San Francisco 1 155 2,728 18.5 86.1    573   7,814

(1,800 m a.s.l.)  2 155 2,627 18.0 95.1 1,400 10,021

aDays: calendar days from anthesis to harvesting; bGDD: thermal time (growing degree-days accumulated from anthesis to harvesting); cT:average temperature during the study period; dRH: average 
relative humidity during the study period; eP: accumulated precipitation from anthesis to harvesting; fRad: accumulated radiation from anthesis to harvesting.
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At the beginning of storage, the skin firmness of the pine-
apple guava fruits showed mean values of 15.2 ± 1.6 N 
for San Francisco and 12.5 ± 3.1 N for Tenjo, with values 
decreasing over time. For the fruits stored at 5°C, the skin 
firmness at the end of the storage period reached average 
values of 13.8 ± 2.7 N for fruits coming from San Francisco 
and 7.8 ± 2.0 N for those coming from Tenjo, whereas the 
“San Francisco fruits” stored at 8°C showed average values 
of 9.3 ± 1.8 N and the “Tenjo fruits” showed mean values 
of 4.2 ± 0.9 N at the end of the storage period. 

The pulp firmness had average values of 5.8 ± 2.0 N in fruits 
from San Francisco and 6.5 ± 3.1 N in fruits from Tenjo at 
the beginning of storage, at both temperatures. At the end 
of the storage period, the pulp firmness of the fruits stored 
at 5°C reached values of 1.7 ± 1.0 N in the fruits from San 
Francisco and 1.2 ± 0.5 N in the fruits from Tenjo, whereas 
the “San Francisco fruits” stored at 18°C had mean values 

of 0.8 ± 0.3 N and the “Tenjo fruits” showed average values 
of 0.5 ± 0.2 N.

The analysis of means (Tab. 2) indicated that, during stor-
age, the differences were related to storage conditions and 
place of origin. However, differences were not observed in 
fruits from the same locations. The firmness behavior of 
the pineapple guava fruits during post-harvest depended 
on the storage temperature and fruit firmness at the time 
of harvest, which is influenced by the climatic conditions 
of the cultivation site. The weather conditions at the origin 
site influenced durability in postharvest and invariably 
affected the internal and external quality of the fruits and 
their storage capacity (Moretti et al., 2010).

The loss of firmness in fruit skin and pulp (Tab. 2) during 
storage was higher for fruits produced at the elevated alti-
tude (Tenjo), with a lower average temperature and higher 

TABLE 2. Analysis of means for skin and pulp firmness (N) of pineapple guava fruits during post-harvest under two storage conditions. 

Temperature: 5ºC; RH: 87% Temperature: 18ºC; RH: 76%

Day T-1 T-2 S.F.-1 S.F.-2 T-1 T-2 S.F.-1 S.F.-2

Skin firmness

1 14.82 a 10.21 b 16.19 a 14.18 a 14.82 a 10.21 b 16.19 a 14.18 a

3 18.67 a 11.68 a 18.59 a 16.84 a 18.58 a 13.49 a 20.86 a 20.38 a

5 16.35 abc 11.12 bc 22.58 a 17.49 ab 17.32 ab 9.25 c 21.21 a 21.91 a

7 16.99 ab 10.79 cd 22.77 a 18.80 ab 15.59 bc 6.62 d 19.52 ab 18.39 ab

9 16.64 ab 10.99 bc 17.78 a 13.67 ab 10.88 bc 4.87 c 15.76 ab 14.75 ab

11 14.44 a 10.77 b 17.34 a 14.64 a 4.44 c 3.86 c 8.91 b 9.65 b

15 13.22 ab 10.07 c 18.59 a 16.50 ab

19 12.45 b 8.32 c 16.86 a 14.87 ab

23 10.42 b 7.87 b 16.09 a 16.54 a

27 10.63 b 6.60 c 15.27 a 15.56 a

31 9.03 bc 6.63 c 13.55 ab 14.03 a

Pulp firmness

1 6.90 a 6.14 a 5.47 a 6.12 a 6.90 a 6.14 a 5.47 a 6.12 a

3 8.98 a 5.82 a 7.72 a 4.62 a 4.42 a 5.69 a 7.26 a 5.69 a

5 6.87 ab 6.49 ab 11.01 a 5.79 ab 4.15 a 2.27 a 5.88 ab 6.25 ab

7 5.56 abc 5.18 bc 10.96 a 6.75 ab 2.93 bc 1.03 c 2.81 bc 2.97 bc

9 5.29 ab 3.98 abc 5.88 a 4.05 abc 1.40 bc 0.60 c 1.87 abc 1.61 abc

11 4.43 b 3.36 bc 8.22 a 5.91 ab 0.40 c 0.60 c 0.91 dc 0.64 c

15 3.40 b 3.08 b 8.65 a 4.93 b

19 3.18 bc 1.77 c 5.78 a 4.92 ab

23 2.89 a 1.98 a 3.35 a 4.42 a

27 1.75 a 1.18 a 2.95 a 2.89 a

31 1.27 a 1.04 a 1.68 a 1.78 a

T-1: Tenjo location, harvest 1; T-2: Tenjo location, harvest 2; S.F.-1: San Francisco location, harvest 1; S.F.-2: San Francisco location, harvest 2. Different lowercase letters in the rows show 
statistical differences according to the Tukey’s test (P≤0.05).

Means followed by different letters for the same day indicate significant differences according to the Tukey’s test (P≤0.05).
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solar radiation; thus, a higher number of calendar d and 
lower thermal time (GDD) were required to proceed from 
anthesis to harvest (Tab. 1). 

The average loss of skin firmness of the pineapple guava 
fruits from Tenjo and San Francisco was 37.1 and 8.2% for 
the fruits stored at 5°C, and 66.0 and 38.5% for the fruits 
stored at 18°C, respectively.

Contents of total soluble solids, total 
titratable acidity and maturity ratio
For the pineapple guava fruits stored at 18°C, the TSS 
(°Brix) and maturity ratio (MR) increased and TTA (% 
of citric acid) decreased with ripening, whereas the fruits 
stored at 5°C showed little variation of those parameters 
throughout the storage time (Tab. 3). The fruits stored at 
a higher temperature showed more changes because of the 

exponential increase in the speed of enzymatic reactions 
with increasing temperatures (Wills et al., 2007). 

The TTS content showed average values of 10.8 ± 0.9 °Brix 
for San Francisco and 12.6 ± 1.1 °Brix for Tenjo at the begin-
ning of storage for the two temperatures. Although the TSS 
in the fruits stored at 5°C showed an increasing trend, the 
variation was not significant, especially for the fruits from 
San Francisco, which was shown by comparing the values 
recorded at the beginning and end of the study (Tab. 3).

At the end of the storage period, the fruits reached mean 
values of 10.9 ± 0.7 °Brix for San Francisco and 14.2 ± 0.9 
°Brix for Tenjo. The TSS of the fruits stored at 18°C in-
creased as the fruits ripened, especially in the fruits from 
Tenjo. At the end of the storage period, mean TSS values 
of 12.0 ± 0.9 °Brix for San Francisco and 16.5 ± 0.7 °Brix 
for Tenjo fruits were observed.

TABLE 3. Analysis of means for total soluble solids (TSS) and total titratable acidity (TTA) in pineapple guava fruits under two storage conditions.

Temperature: 5ºC; RH: 87% Temperature: 18ºC; RH: 76%

Day T - 1 T - 2 S.F. - 1 S.F. - 2  T - 1  T - 2 S.F. - 1 S.F. - 2

Total soluble solids (TSS, °Brix)

1 13.35 a 11.73 ab 11.19 ab 10.25 b 13.35 a 11.73 ab 11.19 ab 10.25 b

3 12.67 abc 12.67 abc 11.32 bc 10.92 bc 14.42 a 13.21 ab 10.52 bc 10.25 c

5 13.48 ab 11.86 b 9.57 c 9.98 c 13.35 ab 14.02 a 10.11 c 10.11 c

7 14.56 a 12.13 b 9.30 c 9.30 c 14.02 a 14.15 a 11.59 b 11.05 bc

9 14.29 ab 12.54 bc 11.19 c 10.78 c 16.58 a 14.42 ab 11.46 c 11.32 c

11 15.77 b 13.48 cd 9.84 f 10.11 f 17.79 a 15.23 bc 12.67 cd 11.32 ef

15 14.83 a 12.67 b 10.92 c 11.59 bc

19 16.04 a 13.88 b 9.71 c 10.38 c

23 14.96 a 15.50 a 11.05 b 10.51 b

27 14.96 a 13.88 a 11.32 b 11.19 b

31 14.56 a 13.75 a 11.32 b 10.51 b

Total titratable acidity (TTA, % citric acid)

1 1.91 a 1.68 a 1.58 a 1.80 a 1.91 a 1.68 a 1.58 a 1.91 a

3 1.77 ab 1.86 ab 1.61 b 1.81 ab 1.78 ab 2.20 a 1.65 ab 1.78 ab

5 1.86 a 2.12 a 1.66 a 1.86 a 1.82 a 1.86 a 1.88 a 1.85 a

7 1.95 a 1.81 a 1.50 a 1.90 a 1.58 a 1.49 a 1.77 a 1.80 a

9 1.87 ab 2.04 a 1.84 ab 1.97 b 1.30 b 1.49 ab 1.45 ab 1.50 ab

11 1.77 a 2.10 a 1.89 a 1.99 a 0.73 c 0.83 bc 1.20 b 1.25 b

15 1.93 a 2.10 a 1.88 a 2.16 a

19 1.77 a 1.92 a 1.83 a 1.95 a

23 1.45 b 2.28 a 1.92 ab 2.10 a

27 1.50 b 1.74 ab 1.96 a 1.91 ab

31 1.48 ab 1.57 ab 1.61 a 1.23 b    

T-1: Tenjo location, harvest 1; T-2: Tenjo location, harvest 2; S.F.-1: San Francisco location, harvest 1; S.F.-2: San Francisco location, harvest 2. Different lowercase letters in the rows show 
statistical differences according to the Tukey’s test (P≤0.05).

Means followed by different letters for the same day indicate significant differences according to the Tukey’s test (P≤0.05).
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The TTA registered average values of 1.69 ± 0.18% for San 
Francisco and 1.80 ± 0.20% for Tenjo at the beginning of 
storage at both temperatures. Although the TTA in the 
fruits stored at 5°C showed low variation, the TTA tended 
to decrease during the last day of storage (Tab. 3) reaching 
final mean values of 1.42 ± 0.15% for San Francisco and 
1.53 ± 0.19% for Tenjo. The TTA of the fruits stored at 18°C 
decreased as they ripened (Tab. 3), especially in fruits from 
Tenjo, with average values of 1.23 ± 0.25% for San Francisco 
and 0.78 ± 0.27% for Tenjo at the end of the storage period.

The MR increased for the two storage conditions (Fig. 
1) and was elevated at the highest temperature. The MR 
showed average values of 6.6 ± 1.1 for San Francisco and 
7.1 ± 1.2 for Tenjo at the beginning of storage for both 
temperatures. Although the MR at 5°C showed little varia-
tion, it generally tended to increase during the last 8 d of 
storage, reaching average values of 7.9 ± 0.9 for fruits from 
San Francisco and 9.6 ± 2.2 for fruits from Tenjo. The MR 
of the fruits stored at 18°C increased as the fruits ripened, 
presenting average values of 10.3 ± 2.6 for San Francisco 
and 23.9 ± 8.1 for Tenjo at the end of storage, with high 
dispersion for the latter location. 

The analysis of means (Tab. 3) indicated that storage con-
ditions and place of origin differed for TSS and TTA. The 
behavior of TSS, TTA, and MR in the pineapple guava fruits 
during post-harvest depended on the storage temperature 
and TSS and TTA values at the time of harvest, which were 
influenced by weather conditions during fruit growth. Dur-
ing storage, the fruits from the highest location (Tenjo) with 
an elevated accumulated solar radiation and lower mean 

temperature and relative air humidity (Tab. 1) had higher 
levels of TSS and MR, but lower TTA. These results indicate 
that pineapple guava fruits produced in cold climates have 
a better flavor than those from warm climates.

The values listed in Table 3 indicate that the TTA in the 
pineapple guava fruits did not show differences at the time 
of harvest, which could help determine the influence of 
climatic conditions on this parameter, but differences were 
observed at the end of the storage period, especially for 
fruits stored at the highest temperature (18°C). The TTA 
was higher in the fruits produced at the lowest altitude 
(San Francisco), with less accumulated solar radiation 
and higher average temperatures and relative air humid-
ity (Tab. 1). 

Weight loss and color change
The weight loss (WL) in the pineapple guava fruits increa-
sed for both storage conditions (Fig. 2A). For fruits stored at 
5°C, the WL at the end of the storage period showed a mean 
value of 8.48 ± 1.91% for San Francisco and 5.94 ± 0.75% for 
Tenjo, whereas those stored at 18°C presented a mean value 
of 20.37 ± 1.60% for fruits from San Francisco and 13.01 
± 1.98% for fruits from Tenjo. For the storage conditions 
(equal altitude), it was observed that, at a lower temperature, 
the relative humidity was lower (sensitive cooling of the air) 
and, therefore, the vapor pressure deficit was lower, which 
is the cause of the moisture loss of the product (weight 
loss). Transpiration and substrate consumption through 
respiration are the primary causes of WL of fruits during 
post-harvest ripening (Saladié et al., 2007). 

The analysis of means indicated that differences in WL oc-
curred between storage conditions and cultivation location. 
The fruits stored at 5°C did not show significant differences 
for the site of origin or harvest when compared with fruits 
stored at 18°C. However, for the two storage conditions, 
the WL was lower in the fruits from the highest location 
(Tenjo), where the accumulated radiation is greater and 
mean temperature and relative humidity are lower (Tab. 1).

Color change occurred because of chlorophyll degradation 
and pigments synthesized such as anthocyanins and carot-
enoids (Mishra and Gamage, 2007). The color measured as 
the °h represented the color or tonality that varies from 0° in 
pure red to 180° in pure green (Hernández et al., 2007). The 
value of the °h of the pineapple guava fruits did not show a 
clear trend during the first d of storage, but decreased over 
time for the two storage conditions (Fig. 2B). The analysis 
of means indicated that statistically significant differences 
did not occur in the °h for the pineapple guava fruits dur-
ing the last d of storage for the different sites and harvests. 
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Discussion

Skin and pulp firmness
Different authors (Osterloh et al., 1996; Parra-Coronado 
et al., 2006) have indicated that decreased firmness values 
during fruit ripening are determined by propectin, the 
agglutinating substance within cells that gives turgidity 
to fruits and degrades along with pectin substances. This 
degradation process changes the texture and consistency 
of fruits, producing the characteristic softening during 
the ripening process. The decrease in firmness over the 
storage period has been reported by various authors for 
other fruits of the Mirtaceae family, such as guava (Solarte 
et al., 2010), champa (Campomanesia lineatifolia) (Álvarez 
et al., 2009), and araza (Eugenia stipitata) (Hernández et 
al., 2007). Firmness is an important fruit characteristic 
of consumption quality. When designing packaging and 
transport during the harvest and post-harvest periods 
(Parra and Fischer, 2013), the criteria set by Márquez et 
al. (2007) should be considered; these authors indicated 
that the load that a fruit can support is equivalent to 70% 
of its durability.

During pineapple guava fruit ripening, many enzymes are 
expressed, which modify the plasticity of cell walls, and 
one the main enzymes involved in this process is poly-
galacturonase (PG) (Öpik and Rolfe, 2005). The activity 
of PG in pineapple guava is higher inside the mesocarp, 
which suggests that softening progresses from the inside 
to the outside of the fruit (Parra and Fischer, 2013). This 
process is evidenced by the lower firmness value of the pulp 
as compared to that of the skin. For the storage conditions 

considered in this study, firmness decreased more rapidly 
for the pineapple guava fruits stored at the higher tem-
perature (18°C). At day 11 of storage, the fruits with higher 
values of skin and pulp firmness were those stored at the 
lowest temperature (5°C) (Tab. 2). Similar results were re-
ported by different authors for pineapple guava from clones 
41 (‘Quimba’) and 8-4 (Rodríguez et al., 2006; Parra and 
Fischer, 2013) as well as for guava (Solarte et al., 2010) and 
pear (Parra-Coronado et al., 2006).

The post-harvest physiological behavior of fruits and 
vegetables depends on their storage conditions, with 
temperature being the main factor (Parra-Coronado and 
Hernández-Hernández, 2008). The decreasing intensity of 
respiration is the basis for extending the life of agricultural 
products through low temperatures, which reduces the 
speed of enzymatic activity (Wills et al., 2007). The speed of 
enzymatic reactions increases exponentially with increases 
of temperature, and, for every 10°C temperature increase, 
physiological and chemical changes increase 2 to 3 times 
(Q10) (Mishra and Gamage, 2007). As the respiration rates 
increase, ethylene concentration is also increased, promot-
ing the activation of enzymes that intervene in cell wall 
degradation, which causes loss of firmness and consequent 
softening of the fruit (Saladié et al., 2007).

Although studies have not been performed to determine 
the influence of weather conditions on the post-harvest 
behavior of pineapple guava fruits, the results found in 
this study are consistent with observations by Minas et al. 
(2018), who found that peach fruits produced at higher crop 
temperatures were firmer, whereas their water content was 
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lower. Limited studies have been performed to determine 
the influence of precipitation and relative humidity on fruit 
firmness. In this study on pineapple guava fruits, harvests 
with greater accumulated rain (Tenjo-2, with 417 mm; 
and San Francisco-2, with 1,400 mm) and average relative 
humidity produced fruits with lower skin firmness for the 
same location although the pulp firmness did not show 
differences (Tab. 2). This result is consistent with that of 
Gariglio et al. (2007), who reported that a high RH could 
severely affect fruit quality, as observed in mandarin, which 
quickly lost fruit consistency.

Contents of total soluble solids, total 
titratable acidity, and maturity ratio
The pineapple guava fruits stored at higher temperatures 
showed a higher and accelerated increase in TSS because 
the speed of enzymatic reactions increases exponentially 
with rises in temperature (Wills et al., 2007). Although 
there is no consensus on variations of TSS in pineapple 
guava fruit during post-harvest, these results are within 
the range reported by certain authors, who indicated 
that TSS values increase up to the climacteric process 
and subsequently decrease (Rodríguez et al., 2006; Parra 
and Fischer, 2013). Other authors have indicated that TSS 
decreases during post-harvest or remains constant when 
fruits are stored at a low temperature (Velho et al., 2011), 
with values between 5 and 15 °Brix. According to Oster-
loh et al. (1996), these dissimilar behaviors were most 
likely influenced by varietal characteristics, plant age, 
and climatic and growing conditions to which the fruits 
were exposed. According to Rodríguez et al. (2006), the 
pineapple guava had high levels of starch at the time of 
harvest, which hydrolyzed during post-harvest ripening 
and caused the TSS to increase.

The TTA results in this study are similar to those observed 
by different authors. Rodríguez et al. (2006) observed that, 
in pineapple guava fruits, the TTA increases until the 
climacteric process and subsequently decreases, whereas 
other authors (Velho et al., 2011) have reported that the 
TTA decreases during storage (4 to 23°C). Rodríguez et 
al. (2006) indicated that, in pineapple guava fruits (clones 
8-4 and Quimba), acidity decreases during the ripening 
process because organic acids degrade during respiration. 
According to Wills et al. (2007), organic acids gener-
ally degrade during the ripening stage because they are 
utilized in respiration or transformed into sugars; such 
changes are shown in Table 3 for fruits produced in Tenjo, 
which presented increased TSS concentrations during 
storage at 18°C. 

The maturity index increased for the two storage condi-
tions (Fig. 1) and was increased at higher temperature, 
which is consistent with reports for the majority of fruits 
(Parra-Coronado et al., 2006; Álvarez et al., 2009). The 
MR was low and relatively constant when the product 
was stored at low temperatures and showed little disper-
sion because the starch hydrolysis was higher and more 
complete at low temperatures (Musacchi and Serra, 2018). 
The highest values for the MR occurred with the highest 
storage time, lowest relative air humidity and highest 
temperatures.

The behavior of TSS, TTA, and MR in pineapple guava 
fruits during post-harvest depends on the TSS and TTA 
values of fruits at the time of harvest, which are influ-
enced by weather conditions at the origin site during 
fruit growth. The TSS content during post-harvest was 
higher in the fruits produced in Tenjo. These results are 
consistent with Kano (2015), who indicated that the TSS 
content in watermelon fruits would be lower at higher 
temperatures. Arah et al. (2015) also observed that, in to-
matoes, the TSS content was lower at higher temperatures 
and relative humidity, and also at lower light intensity. 
Possibly, growing temperatures that are too high result in 
a loss of photoassimilates as a result of elevated respiration 
rates of carbohydrates (Wills et al., 2007; Taiz et al., 2014). 
However, when the higher temperature is still inside the 
optimum range of a fruit species, the warmer site can also 
promote the sugar translocation to the fruits, which was 
observed in Colombia in cape gooseberry (Fischer et al., 
2007) and banana passion fruits (Mayorga, 2016) at the 
lower and warmer site. For accumulated solar radiation, 
Martínez-Vega et al. (2008) found similar results for pine-
apple guava belonging to clone 41 and indicated that the 
fruits with the lowest TSS values were those located within 
the inner-middle area of the canopy, which has a low 
incidence of luminous radiation. The authors supposed 
that the higher accumulated solar radiation at the high 
elevation site (Tenjo) favored photosynthetic performance 
and thus the TSS content (Taiz et al., 2014; Fischer et al., 
2016). On the other hand, the cooler nights in Tenjo (lo-
cated at a higher elevation than San Francisco) decreased 
the maintenance respiration of the fruits and their energy 
costs, increasing the positive carbon balance (Gariglio et 
al., 2007) and so, contributing to the higher TSS. Also, the 
lower TSS content in the fruits from San Francisco could 
have been influenced by the higher precipitation rates at 
this location (Tab. 1), especially because Osterloh et al. 
(1996) observed that high precipitation diminishes TSS 
production, possibly because of cloudy weather conditions 
and temperature decreases.
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The results found in this study are consistent with those 
of Martínez-Vega et al. (2008), who observed that TTA 
increased slightly in pineapple guava fruits from less il-
luminated parts of the canopy. 

Weight loss and color change
The weight loss (WL) in the pineapple guava fruits in-
creased during both storage conditions (Fig. 2A), which 
is consistent with what Rodríguez et al. (2006) found for 
pineapple guava in clones 8-4 and Quimba and for champa 
fruits (Álvarez et al., 2009). The WL was higher for the 
pineapple guava fruits stored at higher temperatures, a 
behavior also reported by Parra-Coronado et al. (2006) for 
pears. Rodríguez et al. (2006) found intermediate values 
compared with the results of this study for pineapple guava 
fruits of the ‘Quimba’ clone from the municipality of Vega 
(1,900 m a.s.l.) stored at ambient temperature (16.3°C, 65.1% 
RH); after 18 d in storage, the WL was 17.3%. Valderrama 
et al. (2005) indicated that pineapple guava fruits could be 
stored over long periods at low temperatures (1.7°C) with 
low WL and TSS.

The °h value of the green pineapple guava fruits did not 
show a clear trend during the first d of storage, but de-
creased over time for the two storage conditions (Fig. 2B). 
This undefined trend of °h of the pineapple guava fruit is 
consistent with reports by East et al. (2009), who indicated 
that significant variations might not be observed in skin 
color among certain cultivars as the fruit ripens. In other 
pineapple guava cultivars, the °h decreased, representing 
a loss in green color (Velho et al., 2011). The results found 
in this study show that the pineapple guava fruit does not 
change color because of the genetics of the fruits and only 
varies in shades of green. This result should not be used 
to establish the influence of weather conditions during the 
growth stage of fruits over this parameter at post-harvest.

To date, studies reporting differences between pineapple 
guavas indicating the influence of weather conditions on 
the behavior of fruit quality parameters during the post-
harvest stage have not been carried out. To our knowledge, 
this is the first study carried out on the subject. Further 
research covering a wide range of pineapple guava varieties 
and environments is recommended. Also, the application 
of research facilities such as FACE (Free-Air Carbon di-
oxide Enrichment), installed through weather measuring 
equipment in a circle around the studied trees (Jones et 
al., 2014) could provide much more information on the 
direct influence of weather on the quality of fruits inside 
the FACE circle.

Conclusions

Storage temperature is a factor that affects the durability 
of pineapple guava fruits and shows a direct relationship 
with TSS, MR, and WL. Storage temperature has an in-
verse relationship with the TTA, firmness and shelf life 
of fruits. Therefore, stored fruits are sweeter and show a 
higher loss of weight and firmness and reduction in post-
harvest durability.

The results obtained in this study clarify that the storage 
conditions and climatic conditions of origin (altitude) had 
a great influence on the behavior of the TSS, TTA, MR, 
firmness, and WL in the pineapple guava fruits during the 
post-harvest period. This behavior depends on the values 
of these parameters at the time of harvest and weather con-
ditions during fruit growth. The conditions at the higher 
altitude (lower temperature but higher solar radiation) cor-
responded to a greater TSS content and firmness loss but 
lower TTA and WL. The color change (°h) of these nearly 
entirely green fruits did not show significant differences 
that might reveal the influence of weather conditions on 
the variation of this parameter during post-harvest.
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