REVISTA BIO CIENCIAS ISSN 2007-3380
http://revistabiociencias.uan.edu.mx
https://doi.org/10.15741/revbio.13.e1905

Orjeinal article /Articulo orjginal

Susceptibility to chilling injury in five mango cultivars and its relationship
with phenolics compounds and antioxidant capacity

Susceptibilidad al dafio por frio en cinco cultivares de mango y su relacion
con los compuestos fendlicos y capacidad antioxidante

Vega-Garcia, M.O. * |, Ayén-Reyna, L.E. '* | Lépez Velazquez, J.G.?
Lépez Angulo, G." , Delgado Vargas, F.' , Lépez Lépez, M.E. '*

ABSTRACT

" Posgrado en Ciencia y Tecnologia de Alimentos.
Facultad de Ciencias Quimico Bioldgicas. Inadequate storage conditions lead to deterioration in mango fruit.
Universidad  Auténoma  de  Sinaloa.  Cd. The susceptibility to chilling injury and its relationship with phenolic
UmveI(ISItarg;. AV'1 de ’aﬁ Amerlcgsly J‘E‘?f? Ortiz - compounds and antioxidant capacity were evaluated in five commercial
B Ur?i\//e.rs%a. dag'gcr?’olggicl:zczre]' gz;ggh' g:r(;;‘era mango cultivars (Ataulfo, Haden, Keitt, Kent, and Tommy Atkins). Fruits
Culiacén — Imala Km 2, C.P. 80014, Culiacan, Were stored for 21 days at chilling injury temperature (5 °C) and safe
Sinaloa, México. temperature (13 °C), then ripened for 7 days at 21 °C. Chilling injury
susceptibility, postharvest quality, bioactive compounds, and antioxidant
capacity were measured weekly. Ataulfo showed greater tolerance to
chilling injury, better color retention, higher total soluble solids content,
accumulation of phenolic compounds and flavonoids, but lower
firmness during the ripening period at both storage temperatures. Keitt
was the most susceptible, with higher firmness and lower total soluble
solids content. Kent had the lowest values of bioactive compounds
and antioxidant capacity, while Tommy Atkins exhibited a significant
decrease in lightness and Hue angle. Results in Ataulfo indicate that
Please cite this article as/Como citar este the accumulation of bioactive compounds, especially flavonoids,
articulo: Vega-Garcia, M.O., Ayén-Reyna, L.E., Lépez €nhances antioxidant capacity and tolerance to chilling injury, favoring

Veldzquez, J.G. Lopez Angulo, G., Delgado Vargas, jts storage at low temperatures while maintaining postharvest quality.
F., Lopez Lopez, M.E. (2025). Susceptibility to chilling
injury in five mango cultivars and its relationship with
phenolics compounds and antioxidant capacity. Revista

Bio Ciencias, 13, €1905. https://doi.org/10.15741/
revbio. 13.61905 KEY WO RDS: Mangifera indica L., Mango cultivars, Chilling
stress, Bioactive compounds, Antioxidant activity.

Article Info/Informacion del articulo
Received/Recibido: February 11, 2025.
Accepted/Aceptado: November 14, 2025.
Available on line/Publicado: December 15,2025.

*Corresponding Author:

Martha Edith Lopez-Lépez. Posgrado en Ciencia y Tecnologia de Alimentos: Facultad de Ciencias Quimico Biolégicas.
Universidad Autonoma de Sinaloa. Cd. Universitaria. Av. de las Américas y Josefa Ortiz S/N. C.P. 80010, Culiacan. Sinaloa, México.

Teléfono: (667) 7136615. E-mail: marthae.lopez@uas.edu.mx

*First author:
Misael Odin Vega-Garcia and Lidia Elena Aydn-Reyna, these authors participated at the same level in this article.

Revista Bio Ciencias 13, e1905. 1


https://orcid.org/0000-0003-4122-2454
https://orcid.org/0000-0001-7150-8846
https://orcid.org/0000-0002-0901-5984
https://orcid.org/0000-0001-7498-5859
https://orcid.org/0000-0003-3369-5200
https://orcid.org/0000-0002-4129-3271
https://doi.org/10.15741/revbio.13.e1905
https://doi.org/10.15741/revbio.09.e1297
https://doi.org/10.15741/revbio.13.e1905 
https://doi.org/10.15741/revbio.13.e1905 
mailto:marthae.lopez%40uas.edu.mx?subject=rbio%201905
http://revistabiociencias.uan.edu.mx
https://doi.org/10.15741/revbio.13.e1905

Chilling injury in different mango cultivars. /
Dafio por frio en diferentes cultivares de mango.

RESUMEN

Condiciones de almacenamiento inadecuadas ocasionan deterioro en los frutos de
mango. Se evalud la susceptibilidad al dafo por frio y su relacion con los compuestos fendlicos
y la capacidad antioxidante en cinco cultivares comerciales de mango (Ataulfo, Haden, Keitt,
Kent y Tommy Atkins). Durante 21 dias se almacenaron los frutos a temperatura de dafio por frio
(5 °C) y temperatura sana (13 °C), posteriormente se maduraron durante 7 dias a 21 °C. Se midio
semanalmente la susceptibilidad al dafio por frio, la calidad poscosecha, compuestos bioactivos
y capacidad antioxidante. Ataulfo presentdé mayor tolerancia al dafio por frio, mejor conservacion
del color, mayor contenido de sdlidos solubles totales, acumulacion de compuestos fendélicos y
flavonoides, pero menor firmeza durante el periodo de maduracion en ambas temperaturas de
almacenamiento. Keitt fue el mas susceptible, con mayor firmeza y menor contenido de sélidos
solubles totales. Kent mostré los valores mas bajos de compuestos bioactivos y capacidad
antioxidante, mientras Tommy Atkins evidencié una disminucion significativa en luminosidad y
angulo Hue. Los resultados en Ataulfo indican que la acumulacion de compuestos bioactivos,
especialmente flavonoides, mejora la capacidad antioxidante y tolerancia al dafio por frio,
favoreciendo su almacenamiento a temperaturas bajas, manteniendo la calidad poscosecha.

PALABRAS CLAVE: Mangifera indica L, Cultivares de mango, Estrés por frio,
Compuestos bioactivos, Actividad antioxidante.

Introduction

Mango (Mangifera indica L.) is an economically important tropical fruit that serves a
good source of bioactive compounds that play a significant role in quenching and neutralizing
free radicals, specially superoxide ion (Rathod et al., 2023). Mango pulp contains high levels of
flavonoids (quercetin, proanthocyanidins, isoquercetin, and fisetin), phenolic acids (gallic acid,
protocatechuic acid, ferulic acid, tannic acid, chlorogenic acid, and caffeic acid), and catechins
(epicatechin, epigallocatechin, and epicatechin gallate). All these compounds act as natural
antioxidants with the potential to protect the human body against several diseases due to their
anti-inflammatory, anti-mutagenic, and anticancer activities (Chagas et al., 2022). In addition,
some of these compounds have antibacterial and antifungal properties (Hichri et al., 2011).

However, mango fruit ripens and deteriorates quickly during storage at room temperature,
which reduces the number of bioactive compounds and shortens its shelf life (Maldonado-Celis
et al., 2019). The storage under refrigeration allows extending the shelf life of mango fruit, but low
temperatures make it susceptible to chilling injury (Cl) when exposed to temperatures below 13 °C.
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Cold stress alters cellular membranes because induces changes in the composition of membrane
lipids (conversion of liquid-crystal phase to solid-gel), which inhibits the activity of membrane-
bound enzymes or transporters, increases respiration, promotes the production of ethanol and
acetaldehyde and triggers the accumulation of reactive oxygen species (ROS) such as hydrogen
peroxide (H,0,), superoxide ion (O,), and hydroxyl ion (OH"). These alterations produce symptoms
such as darkening of lenticels, surface pitting, superficial scald, irregular ripening, and necrotic
areas (Ghasemnezhad et al., 2008). The intensity and speed of this deterioration are associated
with the cultivar, state of ripeness, storage temperature, and the fruit's capacity to activate the
antioxidant defense system that can repair oxidative damage (Lopez-Lopez et al., 2018).

Some studies on mango fruit agree that the increase in bioactive compounds, such as
flavonoids and phenolic compounds, increases the antioxidant capacity of the tissue. According
to Kim et al. (2009) the increase in these compounds provides a protective effect due to the
stabilization of cell membranes and the reduction of oxidative stress. In agreement with this, several

investigations indicate that changes in these parameters during storage at low temperatures and
their relationship with chilling injury susceptibility in different mango cultivars (Kananke et al.,
2018). However, researchers have not studied this relationship in cultivars of economic importance
for the state of Sinaloa, Mexico. Therefore, the aim of this study was to evaluate the relationships
among phenolic compounds, antioxidant capacity, and chilling injury tolerance in five commercially
important mango cultivars in Sinaloa, Mexico.

Material and Methods
Sample preparation

Five mango cultivars (Ataulfo, Haden, Keitt, Kent, and Tommy Atkins) were obtained from
a local producer in Culiacan, Sinaloa, Mexico (24° 46’ 23” LN y 107° 32’ 56” LW, a 26 ma.s.l).
Fruits were harvested in stage 2 (8 - 17 °Brix) and selected based on size (250 - 450 g according
to cultivar), peel color uniformity, and absence of physical damage. The fruits were immediately
transferred to the Postharvest Physiology and Technology Laboratory of the Postgraduate Program
in Food Science and Technology-UAS (Sinaloa, México), washed, and disinfected with sodium
hypochlorite (300 pL/L) for 5 min. Fruits were stored at refrigeration temperatures of 13 °C (non-
chilling) and 5 °C (chilling), both at 90% relative humidity, for a total of 21 days. During this period,
samples were removed every 7 days to evaluate the effect of cold storage. After the completion
of the 21-day storage, the last set of fruits was transferred to 21 °C and held for 7 days to allow
ripening and simulate post-storage commercial conditions.

Chilling injury index (CII)

Cll was determined according to the methodology described by Lopez-Lopez et al. (2018).
Atotal of 125 fruits were evaluated per treatment (25 fruits per storage level at 5 °C). The criteria to
evaluate the symptoms were A: lenticels darkening, B: pitting, C: blanching, D: irregular ripening,
and E: necrotic areas. The severity of the symptoms was visually measured as injury level (IL)
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using a five-point scale based on the percentage of the tissue affected for each criterion (0=no
tissue affected, 1=1-25 % of tissue affected, 2=26-50 %, 3=51-75%, and 4276 % of tissue affected).
Chilling injury (Cl) in each fruit was quantified by the Cll according to the following equation

([LA+ILB+ILC+ILD +ILE)

Cll = 5

Physicochemical quality
Color

For peel color evaluation, fruits were examined with a CR200 colorimeter (Minolta Co.
Ltd., Osaka, Japan). Three areas along the circumference of each fruit were marked to ensure
consistent color measurements at the same locations during storage at low temperatures (5 and
13 °C) and throughout the ripening period (21+ 7 days at 21 °C). The International Commission on
lllumination (CIE) parameters L\* (lightness), a\* (red-green), and b\* (yellow-blue) were registered.

Firmness

Firmness was conducted following the method of Lépez-Lopez et al. (2018). For each
mango cheek, the peel was removed from the top and evaluated at three points, obtaining six
measurements per fruit and 18 per cultivar. Chatillon penetrometer (DFE 100; AMETEK Inc.,
Largo, FL, USA) was used with an 11 mm diameter flat tip, operating at a constant speed of 50
mm/min and a penetration depth of 5 mm. The results are expressed in Newtons (N).

Total soluble solids

Total soluble solids (TSS) were quantified following the official AOAC method 22.014 (2012)
with a manual refractometer (Atago, Fisher Scientific, GA, USA). For each sample, a drop of
mango pulp juice was placed directly on the refractometer, and at least 3 readings were recorded
per fruit. TSS were expressed as the percentage of sugar (°Brix).

Analysis of bioactive compounds
Methanol extracts (ME)

One gram of freeze-dried pulp tissue was extracted under agitation with 10 mL of methanol
for three days (4 °C); the solvent was replaced every 24 h. The extract was then filtered and
centrifuged (12,000 g for 15 min) to eliminate any residual tissue. The solvent was removed under
vacuum (40 °C) with a rotary evaporator (BUCHI Labortechnick AG, Switzerland), which was
resuspended in 4 mL of methanol and stored at -70 °C in darkness until use.
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Total phenolics

The determination of total phenolic content was undertaken using the Folin—Ciocalteu
colorimetric method described by Lopez-Lépez et al. (2018). Dilution of the ME with methanol
was performed considering the mango cultivar and the standard curve (Ataulfo 1:4, Haden 1:2,
Kent 1:2, Keitt 1:1, and Tommy Atkins 1:1). A 20 uL aliquot of the dilution were oxidized with 180
uL of the Folin-Ciocalteu reagent (1:8, v/v) plus 50 L of Na,CO, (7 %, w/v) for 90 min, followed
by measurement of the absorbance at 750 nm using a Microplate Reader (Synergy TM HT Multi-
Detection, Biotek, Inc., Winooski). A standard curve was prepared using gallic acid (50-500 ug/
mL). Total phenolics concentration is quantified in milligrams of gallic acid equivalents (mg GAE)
per 100 grams of fresh weight (g FW).

Total flavonoids

Total flavonoids were obtained by taking a 0.5 mL aliquot of the ME, mixing it with 2 mL
of deionized water, and the mixture was equilibrated with 150 pL of 5 % NaNO, for 5 min. After
equilibrium, 150 L of 10 % AICI, (methanolic solution) was added; the mixture was allowed
to stand for 1 min, and then 1 mL of 1 M NaOH was added. Finally, the volume was brought
to 5 mL with deionized water, shaken, and the absorbance was read at 415 nm using a UV-
VIS spectrophotometer (UNICO SQ 2800 NJ, USA). The total flavonoid content was determined
using a standard curve of quercetin (10-120 mg/L) and expressed as mg quercetin equivalents
(QE)/100 g FW, according to Moo-Huchin et al. (2014) with some modifications.

Antioxidant capacity
DPPH (2,2'-diphenyl-1-picrylhydrazyl) method

The DPPH assay was performed as described by Lopez-Angulo et al. (2019) with slight
modifications. A 20 uL aliquot of the ME (different dilution for each cultivar) were mixed with 180
ML of 150 mM DPPH solution in methanol. The mixture underwent incubation for 30 min at 27 °C
in darkness before measuring the absorbance at 525 nm (SynergyTM HT Multi-Detection, Biotek,
Inc., Winooski, VT). Trolox (Sigma-Aldrich-238813) functioned as the standard to create a curve
ranging from 0 to 225 pg/mL. Activity is expressed as pmoles Trolox Equivalents (TE) (umol
TE/100 g FW).

ABTS (2,2'-Azinobis-3-ethylbenzotiazoline-6-sulfonic acid) method

The ABTS stock solution was prepared according to Lépez-Angulo et al. (2019) by
mixing 5 mL of 7 mM ABTS reagent with 88 L of potassium persulfate (140 mM) and incubating
it in darkness at 25 °C for 12-16 h. The ABTS solution was combined with 7 mM phosphate-
buffer solution (PBS) (pH 7.4) to reach an absorbance of 0.75 + 0.02 at 734 nm. In assay tubes,
0.1 mL of ME diluted in methanol was mixed with 2 mL of ABTS solution and maintained in darkness
for 30 min at 27 °C before measuring its absorbance at 734 nm. A Trolox calibration curve was
prepared in the range of 0-225 ug/mL, and activity is expressed as ymol TE/100 g FW.
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ORAC (oxygen radical absorbance capacity) method

The ORAC assay was implemented as previously described by Lopez-Angulo et al. (2019)
with some modifications. 25 L aliquot of each diluted ME was placed into a 96-well plate (black
microplate). The microplate was positioned into the plate holder of the reader (SynergyTM HT
Multi-Detection, BioTek, Inc., Winooski, VT), where 175 L of fluorescein (0.96 uM) was dispensed,
mixed, and incubated at 37 °C for 30 min before adding 50 pL of APPH (200 mM). The fluorescence
intensity (485 nm (ex)/ 525 nm (em)) was measured for 60 min at 37 °C with 2 min intervals. The
blank and Trolox standard curve (25-125 uM) were analyzed in the same way as the sample.
The antioxidant capacity was determined by contrasting the areas under the curves obtained with
Trolox and the samples. Results were expressed as umol TE/ 100 g FW.

Statistical analysis

Data were analyzed by a two-way analysis of variance; the factors were cultivars (Ataulfo,
Haden, Keitt, Kent, Tommy Atkins) and days of storage at 5or 13 °C (0, 7, 14, 21, 21+7). Significant
differences (95% confidence level) between means were determined by applying Fisher’s least
significant difference test. Pearson correlation coefficients (r) between data sets were evaluated
at a 90% confidence level. All analyses were performed using the software Statgraphics Plus 5.1
(Statistical Graphics, Rockville, MD).

Results and Discussion
Chilling injury index (CII)

Figure 1 shows the susceptibility of different mango cultivars at low temperatures. Cll of
the Ataulfo cultivar increased during the first 14 days of storage, after which it remained constant,
even during ripening storage, making it the cultivar with the lowest symptom development (Figure
1A). On the other hand, the Keitt cultivar showed the highest Cll, with symptoms such as lenticel
darkening, pitting, and necrotic areas, especially after transferring the fruits to 21 °C (Figure 1B).
Haden, Kent, and Tommy Atkins cultivars exhibited similar behavior, without differences among
them at both temperatures (5 and 21 °C).

Cellular diffusion resulting from membrane destabilization (including lipid oxidation,
increased membrane permeability, and elevated activity of lipoxygenase and phospholipase
enzymes), along with cytoplasm disruption and chloroplast swelling, explains the intensity of
the symptoms (Aghdam et al., 2013). Additionally, reductions in amylase activity, suppression
of ethylene biosynthesis and starch degradation (Nair & Singh, 2003), as well as decreases
in bioactive compounds and antioxidant capacity that limit the fruit’s defense mechanism (Abidi
et al., 2014).
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Ataulfo has several characteristics that differ from the other cultivars, such as high levels
of soluble sugars and phenolic compounds (Manthey & Perkins, 2009). So, this difference
could reflect the higher chilling tolerance of this variety because soluble sugars function as
osmoprotectors and provided stability to plasma membrane proteins (Singh & Singh, 2012), while
phenolic compounds decrease oxidative stress by neutralizing the free radicals produced during
storage at low temperature (Palafox-Carlos et al., 2012). Researchers previously observed low Cl
susceptibility (<50% surface affected) in other cultivars such as Choke Anan stored at 6 °C (Kondo
et al., 2005), and Zill stored at 5 °C (Li et al., 2012).

Figure 1. Chilling injury index (Cll) (A) and visible symptoms of CI (B) of five mango
cultivars (Ataulfo, Haden, Keitt, Kent, and Tommy Atkins) stored at 5 °C plus 7 days
at 21 °C.

Vertical bars on columns represent minimal significant difference of the means of five replicates.
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Color

Ataulfo, Haden, and Kent did not present significant changes in Lightness during storage
at 5 °C, while Keitt and Tommy Atkins showed a reduction of L* (Figure 2A). Ataulfo and Tommy
Atkins presented the highest and the lowest L* values, respectively, with a significant difference
between them. During storage at 13 °C, Ataulfo and Haden showed constant L* values, while
Keitt and Kent showed a slight diminution, and Tommy Atkins presented a greater decrease in this
parameter (Figure 2B). During ripening (21+7 days, 5 and 13 °C), Keitt and Tommy Atkins did not
have changes in L*, whereas the rest of the cultivars presented an increase. Ataulfo cultivar had
the highest L* values throughout storage due to chlorophyll degradation and carotenoid synthesis.
On the other hand, the decrease in luminosity may result from the loss of brightness and tissue
darkening caused by Cl symptoms such as lenticel darkening, irregular ripening, and, in some
cases, necrotic areas (Figure 1B).

Tommy Atkins had the lowest Hue angle (Hue®) values throughout storage, regardless of
the storage temperature. These values correlated well with the red hue (presence of anthocyanins)
and showed a significant difference (p < 0.05) compared with the other cultivars (Figure 2C, 2D).
During storage at 5 °C, only Haden maintained the same values, while the rest of the cultivars
showed a slight reduction (Figure 2C) due to cold stress. In storage at 13 °C, Ataulfo, Haden,
Kent, and Tommy Atkins exhibited a reduction in the Hue angle (Figure 2D) and showed a higher
proportion of yellow peel than during normal ripening (Figure 1B).

Previous studies obtained similar results in Kensington mango (Zahara & Singh, 2011),
Ataulfo (Robles-Sanchez et al., 2009; Palafox-Carlos et al., 2012), and Nam Dok Mai (Junmatong
et al., 2015) stored at chilling temperatures and during ripening. These changes are related to
pigment degradation and synthesis, as well as variations in parameters a* and b*, which favor
green-yellow coloration at the end of storage at low temperatures and a yellow coloration during
ripening. Palafox-Carlos et al. (2012) observed that a high Hue® value in mango fruit corresponds
to a small portion (<20% fruit surface) of yellow color, whereas an increase in this portion (>21%
fruit surface) leads to a considerable decrease in Hue® and a change in fruit coloration. This
behavior results from carotenoid biosynthesis triggered by the climacteric rise in the fruit, initiated
by ethylene action.

Firmness

During the first 7 days of storage at 5 °C, all mango cultivars except Tommy Atkins,
presented firmness reduction (Figure 2E). On the rest of the storage. Ataulfo and Keitt remained
unchanged, while Kent and Haden showed a reduction. and Tommy Atkins showed an increase
without a statistical difference among them. During ripening (21 °C) after chilling storage, all
cultivars showed a significant reduction in firmness, obtaining similar values (p > 0.05). During
storage at 13 °C. all cultivars presented a significant reduction of firmness at day 7, Ataulfo and
Kent showed the greatest loss of firmness (76.89% and 68.78%, respectively) (Figure 2F). From
14 to 21 days; Haden, Kent and Tommy Atkins showed a significant reduction while Ataulfo and
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Keitt did no present significant changes. Keitt cultivar resulted with the highest values at the end
of 13 °C storage (96.04 N).

After 7 days of ripening at 21 °C (21+7 days), the different cultivars exhibited a significant
loss of firmness, Ataulfo and Keitt presented the least and greatest loss (15.72% and 90.88%,
respectively) compared to day 21 (13 °C). It is important to mention that the values were lower
than the commercial standard accepted for fresh mango (20 N) according to Romero—Gomezcafia
et al. (2006). Dea et al. (2010) related the firmness loss in mango to a decrease in the fluidity
of membrane micro-domains and to damage to proteins that together lead to cell membrane
rigidity during ClI, especially during the transfer of fruit to ripening conditions. Sayyari et al.
(2011) related this reduction in firmness to the loss of cell wall integrity, since a breakdown of
pectic substances occurs, and increases pectin solubility. On the other hand, increased firmness
retention during storage at chilling temperatures may result from the loss of the fruit’s ability to
convert 1-aminocyclopropane-1-carboxylic acid (ACC) to ethylene during storage, thereby limiting
normal fruit ripening (Lederman et al., 1997).

Previous investigations reported similar results in Kensington (Nair & Singh, 2003), and
Carabao (Cantre et al., 2014) during storage at chilling temperatures, as the fruit showed a
reduction in firmness during the first days of storage. On the other hand, in the cultivars lrwin
(Shivashankara et al., 2004) and Nam Dok Mai (Junmatong et al., 2015) retained firmness during
storage at 5 °C and subsequent storage at room temperature. This retention was due to irregular
fruit ripening, which increased cell rigidity.

Total soluble solids (TSS)

TSSrelates tofruitripeness, and anincrease in this parameter indicates greater sweetness.
In this study, the Ataulfo cultivar had the highest SST values across storage temperatures, with
a statistical difference (p < 0.05) compared with the other cultivars (Figures 2G, 2H). Greater
hydrolysis of starch and synthesis of simple sugars explain this behavior. However, when
comparing storage temperatures, all cultivars show higher TSS content at 13 °C (Figures 2G
and 2H). On day 21, the Keitt cultivar showed the lowest TSS content at 5 °C (8.2 °Brix), but
a higher value (12.73 °Brix) at 13 °C. A lower storage temperature reduces the respiration rate
and therefore decreases the conversion of starch into sugars (Lépez-Lopez et al., 2018). After
storage at 5 °C, all cultivars increased their TSS during ripening. At 13 °C, Keitt and Tommy Atkins
increased their TSS due to starch degradation into simple sugars. Ataulfo and Kent maintained
constant levels due to a balance between sugar consumption and production, and Haden showed
a reduction associated with fruit senescence and the consequent energy expenditure. Montalvo
et al. (2007) reported that fruit with higher TSS accumulate more simple sugars, which function
as osmoregulators in the cell and reduce its permeability, allowing greater tolerance to storage
at low temperatures.

The TSS content in the Ataulfo cultivar could contribute to CI tolerance, consistent with
the ClI results, where Ataulfo developed the fewest symptoms. Minimal changes in TSS indicate
that low temperatures damage metabolism by limiting the activity of hydrolytic enzymes needed to
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produce simple sugars (Siddiq et al., 2013; Junmatong et al., 2015). Ding et al. (2007) mentioned
that mango fruit stored at 5 °C synthesized less TSS than fruit stored at 14 °C.

Bioactive compounds

Haden, Keitt, Kent, and Tommy Atkins cultivars showed similar values throughout storage
at 5 °C, averaging 25 mg gallic acid/100 g FW (Figure 3A). On the other hand, Ataulfo showed
the highest phenolic content at the beginning of the storage with 52.5 mg gallic acid/100 g FW,
and by the end of the storage at 21 °C, fruit had a phenolic content of 109.9 mg gallic acid/100 g
FW. Fruits transferred to 21 °C showed a reduction in total phenolics, which was most significant
in Ataulfo. Nevertheless, this cultivar still retained the highest phenolic content. The five cultivars
stored at 13 °C showed similar results, except for Kent, which increased phenolics by 33.6% on
day 21+7 (Figure 3B).

On day 0, Tommy Atkins had the highest flavonoid content (Figure 3C). However, only
Ataulfo showed a significant increase during storage at 5 °C. The other cultivars showed no
significant changes in total flavonoids except for Kent, which decreased after 14 days of storage.
None of the cultivars showed significant changes during the ripening period. During storage at
13 °C, Ataulfo significantly increased flavonoid synthesis, reaching 116 mg Quercetin/100 g FW
at day 21, which is 30.7% higher than the value obtained at 5 °C (Figure 3D). The other cultivars
maintained flavonoid content near 37 mg Quercetin/100 g FW. During storage at 21 °C, Ataulfo
increased its flavonoid content significantly, reaching an average value 3.93-fold higher than those
of the other cultivars.
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Figure 2. Parameters of Lightness (A, B), Hue angle (C, D), Firmness (E, F), and
Total soluble solids (G, H) of five mango cultivars (Ataulfo, Haden, Keitt, Kent, and
Tommy Atkins) stored at 5 °C and 13 °C plus 7 days at 21 °C.

Data are the mean of nine replicates; vertical bars represent significant differences among treatments (p < 0.05)
based on the least significant differences by Fisher’s test.

The cellular mechanisms that prevent cold stress symptoms generally maintain membrane
and cell wall integrity, sustain higher-energy status, and enhance the antioxidant system (Gao

Revista Bio Ciencias 13, e1905. 1



Chilling injury in different mango cultivars. /
Dafio por frio en diferentes cultivares de mango.

et al., 2016), which induces the accumulation of bioactive compounds. This corresponds with
the highest accumulation of flavonoids and total phenolics in Ataulfo during storage at 5 and 13
°C. The increase in bioactive compounds in this cultivar likely stabilizes internal membranes,
cell walls and the extracellular space, limiting free radical diffusion and reducing susceptibility
to low temperature. Fruits biosynthesize these compounds via the shikimic acid pathway from
precursors derived from carbohydrate metabolism, such as glycolysis (Tomas-Barberan & Espin,
2001). Sugars convert to acetyl-CoA and then to malonyl-CoA (polyacetate pathway), which,
combined with p-coumaryl-CoA (shikimic acid pathway and tyrosine) (Hichri et al., 2011) and
the key enzyme phenylalanine ammonia-lyase (PAL), favors the synthesis and accumulation of
phenolic compounds, flavonoids and quinones (Tomas-Barberan & Espin, 2001). Ataulfo’s highest
accumulation of bioactive compounds and soluble sugars during ripening contributed to reducing
its ClI.

Figure 3. Content of total phenolics (A, B) and Flavonoids (C, D) of five mango
cultivars (Ataulfo, Haden, Keitt, Kent, and Tommy Atkins) stored at 5 °C and 13 °C
plus 7 days at 21 °C.

Data are the mean of nine replicates; vertical bars represent significant differences among treatments (p < 0.05)
based on the least significant differences by Fisher’s test.
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Robles-Sanchez et al. (2009) found that phenolics and flavonoids reduce deteriorative
reactions through their redox properties, acting as hydrogen donors, singlet-oxygen quenchers,
and peroxide decomposers. Our results agree with previous findings in avocado (Sivankalyani
et al., 2015) stored at low temperatures, where the fruit increased bioactive compounds, which
was associated with less susceptibility to Cl. However, other studies on mango cultivars such
as Wacheng (Zhao et al., 2006), Ataulfo (Robles-Sanchez et al., 2009) and Choke Anan (Kondo
et al., 2005) showed decreases in total phenolics and pulp browning, attributing these changes
to oxidation of phenolic compounds by polyphenol oxidase enzyme activity (Robles-Sanchez et
al., 2009). Additionally, Siddiq et al. (2013) and Cantre et al. (2014) found that Tommy Atkins
and Carabao cultivars increased phenolic content during the first day of low-temperature
storage, thereby enhancing their antioxidant capacity; however, our results show that Tommy
Atkins decreased total phenolics. These findings suggest that the synthesis and accumulation of
phenolics and flavonoids enhance fruit tissue tolerance to chilling stress.

Antioxidant capacity

During storage at 5 °C, Ataulfo exhibited the highest antioxidant capacity, as measured
by the DPPH method, with 6.1 times that of the other cultivars on day 21 (Figure 4A). At 21 °C,
all cultivars decreased their antioxidant capacity; Ataulfo maintained the highest values, while the
others did not differ significantly. Ataulfo increased its antioxidant capacity during storage at 13
°C compared to 5 °C, reaching the highest values after 21 days (Figure 4B). On the other hand,
Haden showed the lowest value, which was 10-fold lower than Ataulfo’s. The remaining cultivars
showed no significant differences in antioxidant capacity. Storage at 21 °C reduced Ataulfo’s
antioxidant capacity by a factor of 2.06, while Haden, Keitt, and Kent maintained constant levels.

In the ABTS assay, antioxidant capacity ranged from 203.3 to 1088.6 ymol TE/100 g FW
during storage at 5 °C (Figure 4C). Ataulfo reached the highest values after 21 days, followed
by Tommy Atkins, Haden, Keitt, and Kent. During storage at 21 °C, Haden and Tommy Atkins
exhibited the highest activity, with values 3.31 times higher than those of the other cultivars (Figure
4D). At 21 °C, cultivars did not present significant changes except Keitt, which significantly reduced
antioxidant capacity.

During storage at 5 °C, Tommy Atkins showed the highest antioxidant capacity measured
by the ORAC assay, with values ranging from 439.9 to 619.9 ymol TE/100 g FW (Figure 4E);
while Haden had the lowest value. After 7 days at 21 °C, Ataulfo, Haden, and Kent increased their
activity, and Tommy Atkins maintained the highest antioxidant capacity. When stored at 13 °C, all
cultivars increased their antioxidant capacity (Figure 4F); Ataulfo reached the highest activity at
day 21, a value 2.26-fold higher than the other cultivars. Similarly, Haden had the lowest value,
significantly different (p < 0.05) from the other cultivars. After ripening storage, Ataulfo increased
its antioxidant capacity by 1.42-fold compared to its previous storage point, while Keitt significantly
reduced it; the rest of the cultivars did not show significant changes.
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Figure 4. Antioxidant capacity by DPPH (A, B), ABTS (C, D), and ORAC (E, F) of five
mango cultivars (Ataulfo, Haden, Keitt, Kent, and Tommy Atkins) during storage at
5°C and 13 °C.

Data are the mean of nine replicates; vertical bars represent significant differences among treatments (p < 0.05)
based on the least significant differences by Fisher’s test.

The antioxidant capacity showed different correlations with total phenolics and total
flavonoids depending on the cultivar, time, and storage temperature. The accumulation of total
phenolics or flavonoids seems to increase antioxidant capacity and reduce mango fruit susceptibility
to low temperature. Robles-Sanchez et al. (2009) linked antioxidant capacity to the accumulation
of phenolic compounds such as gallic, protocatechuic, chlorogenic, ferulic, and caffeic acids, which
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exhibit high reducing power. Noratto et al. (2010) studied different mango cultivars and found that
Ataulfo had the highest antioxidant capacity (ORAC) with a value of 327 ymol TE/100 g, which is
lower than the values obtained in the present study. They attributed this difference to the extraction
method, which produced phenolic extracts lacking ascorbic acid, soluble proteins, and reducing
sugars that may enhance antioxidant capacity in fruit.

We found a strong correlation between the presence of Cl symptoms and the decrease
in antioxidant capacity; both linked to a reduction in total phenolics and flavonoids. Pearson’s
analysis showed that total phenolic correlated with ABTS for Keitt (r=0.846 p < 0.071), and DPPH
for Kent and Tommy Atkins (r=0.894 p < 0.041; r=0.989 p <0.001). The three methods correlated
with flavonoids in Ataulfo (r=0.946, 0.952, 0.839 p < 0.015, 0.013, 0.075, respectively), with
ORAC in Keitt (r=0.934 p < 0.020), and with ABTS in Tommy Atkins (r=0.852 p < 0.067). (Table
1). Likewise, Razzaq et al. (2014) reported a significant reduction in antioxidant capacity during
mango ripening, as senescence and oxidative stress lead to an excess of free radicals and a
decrease in antioxidant compounds. Palafox-Carlos et al. (2012) suggested that fruit ripening
increases cellular activity and respiration, promoting the reduction of bioactive compounds used
to neutralize free radicals generated at the end of the electron transport chain. On the other
hand, Shivashankara et al. (2004) indicated that antioxidant capacity was not related to total
phenol, quercetin, or B-carotene content in the Irwin mango. The reduction of these compounds
and antioxidant activity could increase susceptibility to chilling injury.

Table 1. Pearson’s correlation between bioactive compounds and
antioxidant capacity of five mango cultivars stored at 5 °C for 7 days

at 21 °C.

Cultivar Bioactive compounds ABTS DPPH ORAC
Ataulfo Phenolics 0.603 0.555 -0.182
Flavonoids 0.946** 0.952** 0.839*

Haden Phenolics 0.739 0.534 -0.56

Flavonoids 0.524 0.185 0.111

Keitt Phenolics 0.788 0.846* 0.52
Flavonoids -0.254 0.455 0.934*

Kent Phenolics 0.894** -0.341 -0.666
Flavonoids 0.033 -0.758 0.599

Tommy Atkins Phenolics 0.989** 0.772 -0.531
Flavonoids 0.561 0.852* -0.496

Note. p values are presented with symbol *. (no symbol) Non-significant correlation; (*) significant correlation
with p < 0.10; (**) significant correlation with p < 0.05.
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Conclusion

The five mango cultivars showed different susceptibility to chilling injury (Cl), with Keitt
being the most susceptible and Ataulfo the least. Greater accumulation of flavonoids and higher
antioxidant capacity contributed to Ataulfo’s resistance to Cl. These results suggest that producers
can store Ataulfo at 5 °C to extend its shelf life during marketing. This cultivar is highly appreciated
in Mexico and is a valuable source of bioactive compounds in the diet.
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