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Abstract

Effect of various storage temperatures (13, 20, 27 and 34 °C) on biochemical, physical and physiological
changes of mango fruits (Mangifera indica cv. ‘Nam Dok Mai Si Thong’) was investigated. Mangoes stored at
low temperature revealed a decrease in their respiration rates. The lower respiration rates delayed ripening,
ethylene production, weight loss, peel and flesh color changes, firmness, and total soluble solid content (SSC) as
well as titratable acidity (TA). A second-order kinetic model, a Gaussian model, and a first-order kinetic model
fitted well with response quality parameters on firmness, SSC and TA. The Arrhenius function was used to
calculate the activation energies (Ea) of mango qualities including firmness, SSC and TA, which were 46.45,
43.05 and 54.22 kJ mol”, respectively. These activation energies indicate a moderate temperature sensitivity of
ripeness response and represent a good predictive tool for mango quality estimation along the food supply chain.
The data reveal that stored mango fruit at 13 °C effectively prolongs the quality attributes and extends the shelf
life of mango fruit.
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1. Introduction

Mango (Mangifera indica) cv. Nam Dok Mai Si Thong is one of the leading export products of Thailand. The
quality and postharvest life of mango fruit depend on the harvesting time (Baloch & Bibi, 2012). Therefore, the
fruits are harvested at a suitable stage: normally, the mango fruit is harvested at 91-115 days after full bloom for
the “Nam Dok Mai#4” mango (Kienzle et al., 2012). The mango fruit continues to ripen rapidly after harvest
(Zheng et al, 2007; Sothornvit & Rodsamran, 2008). In the ripening fruit, physical, physiological, and
biochemical changes occur, such as color change, change in the respiration rate, change in the rate of ethylene
production, softening, increase in the sugar content, reduction in the change of organic acids, and production of
volatiles compounds (Wills et al., 1998). The rate of ripening depends on the storage conditions, mainly the
temperature. In general, the minimum temperature for storage of most tropical fruits is determined by their
susceptibility to chilling injury. The optimum storage temperature of a mature-green mango is 12-14 °C (Mitra &
Baldwin, 1997; Sivakumar et al., 2011). Mango fruits cv. Tommy Atkins, Keitt, and Amelie were stored at 12 °C
could be extended to 21 days, with no apparent signs of chilling injury (Medlicott et al., 1990). However, Mango
fruits cv. Nam Dok Mai (Chongchatuporn et al., 2013), Kensington pride (Wang et al., 2008; Nair & Singh, 2009)
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and Kensington (O’Hare, 1995) shows chilling injury symptoms when exposed to temperatures lower than about
13 °C. The compositional change in the fruit is what is of concern for understanding the metabolic processes.
Therefore, postharvest handling techniques are important for the development of a fruit industry.

Kinetic study of food products, especially horticultural produce is important due to the fact that the quality of
food product is strongly dependent on their temperature exposure history, from production through distribution
and storage to consumption (Bobelyn et al., 2006). The Arrhenius relation is a model widely used to describe
quality loss and the effect of temperature on different physico-chemical properties (Olivera et al., 2012). The
activation energy can be determined from the Arrhenius equation, and it is an empirical parameter characterizing
the exponential temperature dependence of the rate constant (Schwaab & Pinto, 2007). In particular, the
activation energy indicates the temperature sensitivity of the quality deterioration. Activation energy values of a
variety of food products are widely published. The Thai dessert “golden drop” during spoilage had £, = 48.98 kJ
mol” (Nopwinyuwong et al., 2010). Kimchi fermentation had E, = 76.8 kJ mol™ (Hong & Park, 2000). For dry
figs, this value varied from 30.8 to 48.47 kJ mol” (Babalis & Belessiotis, 2004). However, very little information
is available in the case of fresh fruits and vegetables (Pinheiro et al., 2013). Therefore, the main propose of this
research are (1) to evaluate the effects of storage temperature on the change in quality of mango, (weight loss,
firmness, soluble solid content, titratable acidity, and color change); and (2) to investigate the kinetics of mango
and modelling its behavior as fraction of temperature.

2. Material and Method
2.1 Materials

Mango (Mangifera indica) cv. Nam Dok Mai Si Thong from the Northern of Thailand was taken for the study.
Sodium hydroxide (NaOH) (LAB-SCAN, Thailand) and Potassium hydrogen phthalate (CsHsKOg4) (Merck,
Germany) were used to determine titratable acidity.

2.2 Mango Sample Preparation and Collection

Mango fruits were harvested at commercial maturity from Northern of Thailand and transported to the laboratory
within an hour. Mangoes of uniformity, shape, size (380-400 grams), absence of defects due to cracks and
diseases were selected. Mango fruits were stored at 13 °C, 20 °C, 27 °C, and 34 °C, respectively. In each
treatment, nine fruits were used to determine each quality parameters every four days for 13 °C, every two days
for 20 °C and 27 °C, as well as every day for 34 °C until the fruit started showing signs of decay.

2.3 Quality Assessment
2.3.1 Weight Loss

Loss of weight was calculated progressively. The weight loss of the mangoes was determined by weighing at the
beginning of the experiment and during storage. The same was expressed as the percentage loss of the initial
weight [Equation (1)].
% Weight loss = (%)
t

Where, W, is the weight of mango fruit on day zero; W, is the weight of mango fruit on day #; three replicates
were carried out.

x 100 ()

2.3.2 Firmness

Firmness of the mango flesh was measured after peeling the fruit using a texture analyzer (Model TA-XT21/50,
UK). The force required was taken from three different points with a 6 mm diameter cylindrical probe into the
flesh of the fruit. The depth and the compression speed were 5 mm and 1 mm/sec, respectively. The firmness
measurements were recorded and expressed in units of Newton (N).

2.3.3 Soluble Solid Contents (SSC) and Titratable Acidity (TA)

Juice samples were obtained by squeezing the mango fruit. The SSC was determined with a digital refractometer
(ATAGO Model PAL1, Japan) and expressed as a percentage. Before taking readings, the refrectometer was
standardized with distilled water and adjusted to a reading of 0%. The TA was determined by titration with 0.01
N NaOH to a pH of 8.2 (AOAC, 2000), and calculated as the citric acid equivalent.

2.3.4 Color Measurement

Fruit color as peel and flesh color were measured with Color Reader (Minolta Model CR-300, Japan). The color
was recorded using the CIE-L* a* b* uniform color space, where “L*” indicates lightness, “a*” indicates
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chromaticity on the green (-) to red (+) axis, and “b*” indicates chromaticity on the blue (-) to yellow (+) axis.
Each measurement was taken at the top, center, and bottom of the fruit.

2.3.5 Respiration Rate

Respiration rates were assessed by the flow system method (Fonseca et al., 2002). The fruits were placed in
individual 4L air-tight jars. Gas was passed over the fruit, with the air flow was maintained by a capillary tube.
The carbon dioxide inside these containers was measured using gas chromatography (Agilent Technologies
Model 6820, USA) by using a model equipped with a thermal conductivity detector (TCD). The injection
volume was 5 ml headspace gas. The temperatures of the column, injector, and detector were 60, 100, and
150 °C, respectively. The respiration rates were expressed as pg CO, kg™ hr'.

2.4. Kinetics Parameter Study

The degradation kinetics of mango qualities were described by fitting a zero order Equation (2), a first-order
Equation (3), a second-order kinetic model Equation (4) or following Taoukis (2001) Equation (5) to the
experimental data.

FY) = [X] - [X] @
FXY) = In [X, — X] 3)
FX) =+ - ¢ )
F(X) = [In(—) )

Where, [X]] is the values of firmness, SSC and TA for a fixed storage time and temperature; [X,] is the initial
values of firmness, SSC and TA.

The firmness, SSC, and TA were measured which used the corresponding value X as the dynamic parameter, and
the relation can be expressed in terms of the response function as follows:

FX) = ki (©6)
Where, X is the measured quality factor (firmness, SSC, and TA); & is the rate constant of the reaction that is
correlated with temperature; ¢ is the storage time.

By plotting a curve between the response function of total color difference F(X) and time, a straight line could be
obtained, and the k of different storage temperatures could be calculated from the slope. Taking the natural
logarithm on both sides of the Arrhenius function:

Ink = Ind + E/RT (7)

by plotting a curve between In k and 1/7, a straight line was obtained. The activation energy could be calculated
from the slope, and 4 from the intercept directly.

2.5 Experimental Design and Statistical Analysis

The experimental setup was arranged in a completely randomized design (CRD) with four storage temperatures
and three replication used. Data were subjected to two-way analysis of variance (ANOVA) using SPSS software
16.0 version. Least significant difference values (LSD: p < 0.05) were calculated for mean separation. In order to
afford predictive models of firmness, SSC and TA as a function of storage times and temperatures, a multiple
regression were applied.

3. Results and Discussion
3.1 Quality Assessment
3.1.1 Weight Loss

The effects of storage temperature on weight loss of the mango fruit was shown in Figure 1. When the storage
period was prolonged, the weight loss linearly increased during all the storage temperatures. This weight loss
significantly was minimized by lowering temperature. The rate of weight loss at higher temperature was greater
than that of weight loss at lower temperature. With decreasing storage temperatures from 34 to 13 °C, the rate of
weight loss obviously decreased from 2.25% to 0.46% per day. Loss of weight in fresh fruits and vegetables is
mainly due to the loss of water caused by transpiration and respiration processes (Zhu et al., 2008). High storage
temperature can be attributed to an increase in the rate of transpiration and anacceleration in fruit ripening,
leading to higher respiration activity (Chiumarelli et al., 2011; Hoa & Ducamp, 2008). These findings are also in
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agreement with the study of Sothornvit and Rodsamran (2008) which revealed that cold storage considerably
retards the weight loss of mangoes in comparison with ambient storage.
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Figure 1. Effect of storage temperature on weight loss of ‘Nam Dok Mai Si Thong’ mango

3.1.2 Firmness

A decrease in the firmness of flesh was in association with a change in the mango fruit ripening (data not shown).
The mature mango fruit had a firmness of about 48 N at the initial day of storage (day 0). Mango fruit with fresh
characteristics “firmness” (between 33 to 44 N) storage during 4, 2, 2 days at 13, 20, 27 °C are shown in Figure
2. Mango fruits kept at 34 °C yielded the highest rate of softening compared to the fruits kept at 27, 20 and 13 °C.
Low storage temperatures delayed fruit softening and affected the activities of the fruit softening enzymes in the
flesh, thus slowing down its textural deterioration. Mango fruit reached a stable stage after fully ripening until
the end of storage (Figure 2). This finding is similar to the results obtained by Ketsa et al. (1998). Loss of
firmness is because of the degradation of the cell wall constituents and polysaccharides by the action of
polygalacturonase and pectin esterase on the solubilization of pectin substrates (Ali et al., 2004; Iagher et al.,
2002; Yashoda et al., 2007). The higher storage temperatures induce the more activity of solftening enzymes. It
has also been reported that the fruit had a little change in firmness during low temperature (10 °C) but softened
once the temperature was rised to 20 or 25 °C (Diaz-Perez et al., 2000). Ripened Langra and Samar Bzhisht
Chaunsa mango fruits showed significantly higher firmness when stored at 20 °C in comparison with higher
storage temperatures of 30 and 40 °C (Baloch & Bibi, 2012).
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Figure 2. Effect of storage temperature on firmness of ‘Nam Dok Mai Si Thong’ mango
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3.1.3 Soluble Solid Content (SSC) and Titratable Acidity (TA)

Figure 3a shows the effect of storage temperature on the soluble solid content (SSC) of the “Nam Dok Mai Si
Thong” mango. The SSC of the mango fruit was found to be increased with fruit ripening process. The SSC of
the mature mango fruit was about 11% (day 0), and it continuously increased to approximately 16-17% when the
fruit ripped. The levels of SSC after mango fruit fully ripened were observed to stable or slightly decline until
the end of storage. As a climacteric fruit, an initial SSC of mango increased and followed by a subsequent
decrease in SSC until reaching a full stage of senescence (Tefera et al., 2007). A conversion of carbohydrate into
simple sugars through a complex mechanism was a cause of an increase in SSC of the fruit during storage
(Baloch & Bibi, 2012; Kays, 1999). Higher storage temperature yielded a rapid increase in the SSC of the mango
fruit. At 34 °C, the fruit revealed the shortest time for ripening (3 days) and higher SCC than those of mango
fruits stored at 27, 20 and 13 °C. A delay in a change of the SSC indicates a prolongation of the postharvest life
(Sothornvit & Rodsamran, 2008).

Figure 3b shows changes in the TA of the mango fruit at different storage temperatures. The TA was found to
decrease during the ripening of the fruit in all conditions. On the initial day, the TA of the mature fruit was about
2.8-3.0%, and decreased to about 0.2-0.9% in ripe mango fruits. The concentration of organic acids declines
during ripening because of a conversion of citric acid into sugars and their further utilization in metabolic
process of the fruit (Wills et al., 1998; Srinivasa et al., 2002; Gupta & Jain, 2014; Famiani et al., 2015), and these
are especially consumed during the respiration process (Hernandez et al., 2006, Gomez & Lajolo, 2008;
Ibarra-Garza et al., 2015). High temperature has an impact on the TA of mango during storage. The TA of the
fruit at 34 °C was observed to decrease faster than at 27, 20 and 13 °C. During the storage, the mango kept at
34 °C was found to ripen in the fourth day. The TA was found to be the lowest compared to the unripen fruit in
other conditions. In general, the ripening rate of mangoes as indicated by a fall in the acidity was found to be
much slower upon the cold storage than upon the ambient condition. The relatively higher storage temperature
led to a higher rate of reduction in the TA during the ripening and storage of mangoes. The increase of SSC
(Figure 3a) and decrease of TA (Figure 3b) could be related to the ripening stage of mango fruit during storage at
various temperatures as reported by O’Hare (1995).

203



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 6;2017

(a 4
—e—13°C
= —A—20°C
J
S 3e—z o —m—27°C
& —e—34°C
=
2
7 ™y
= \
=
s ] \ .
~
= * A T
ot \ .\ \A\A \.
0 vo0y "
T ki T & T T T T T
0 4 8 12 16 20 24
Storage time (days)
(b) 18
'3 A
~ |
X 16+ \ N\ _——=o
< °. A\A /. \
- i ¢
g 14+ * /
e /
o 1 o
=, A e —e—13°C
= 12 = .
S ® / —A—20°C
P 1/ . —m—27°C
= 10{*—4 ——34°C
=
&
8 T T T T T T T T T T T
0 4 8 12 16 20 24
Strorage time (days)

Figure 3. Effect of storage temperature on (a) soluble solid content and (b) titratable acidity of Nam Dok Mai Si
Thong’ mango

3.1.4 Color Measurements

It observed that the peel color of the mangoes changed from light yellow in the mature fruit to a dark yellow or a
golden yellow color in the ripe mango. Figure 4 shows the L* value of the mango fruit stored at different
temperatures. All the storage conditions showed continuous decrease in the L* value (lightness) and increase in
the b* value during the ripening of the mango fruit. The low temperature condition reduced the chromaticity L*,
a*, and b* values during the storage. At the fully ripe stage, the chromaticity L*, and a* values were lower and
the b* value was higher in the fruit keep at 34 °C irrespective of the storage period (Figures 4a-4c).

The flesh color (L*, a*, and b*) of the mango fruit at different storage temperatures are presented, respectively,
as revealed in Figure 5a-5c. In general, The flesh color of the mango fruit changed from white color in the
mature fruit to a dark yellow color in ripped mango; thus. It is evident that the L* value decreased, while the a*
value increased when the fruit ripening. At the fully ripe stage (day 3, 6, 8, and 16 for 34, 27, 20, and 13 °C,
respectively), the chromaticity L* and b* values of the mango fruit were not significant (p > 0.05) between the
different storage conditions.
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3.1.5 Respiration Rate

The respiration rates of the mango fruits at different storage temperatures are depicted in Figure. 6. An initial
respiration rate of the mango fruits at 13 °C was of the lowest value (84.52 ug CO, kg hr") compared to their
respiration rates of 101.02, 130.86, and 208.8 ug CO, kg™ hr' stored at 20, 27, and 34 °C, respectively. There
was a statistically significant difference (p < 0.05) among respiration rates of mango fruits kept at different
storage conditions. Mango showed a characteristic pattern of climacteric, which is a stage of fruit ripening
related to increased ethylene production and a rise in cellular respiration. Climacteric is the final physiological
process that marks the end of fruit maturation and the onset of fruit senescence. The climacteric pattern of Nam
Dok Mai Si Thong mango fruit ripening is similar to the observations reported by other studies (Medlicott et al.,
1986; Diaz-Perez et al., 2000; Zaharah & Singh, 2011; Zheng et al., 2007). Low storage temperatures can
suppress the respiration rate, and this would provide a decrease in the metabolic activities, delaying fruit
deterioration and, thus, increasing the postharvest life of the fruit. The fruit kept at higher temperatures had a
climacteric peak earlier than the fruit kept at lower temperatures. Mango reached a climacteric peak three days
after harvest when it was kept at 34 °C, while its climacteric peaks of the kept fruit at 27, 20, and 13 °C were 6, 8,
and 16 days, respectively. The respiration rates at the climacteric peak of the mangoes fruit kept at 34, 27, 20,
and 13 °C were 582.6, 420.4, 243.1, and 189.5 pg CO, kg™ hr'', respectively. This behavior indicates that low
storage temperatures alter the respiration rate in the mango fruit, resulting in delayed ripening and climacteric
peak occurrence (Diaz-Perez et al., 2000). Similar behavior was noticed by Zaharah and Singh (2011), as well, in
their investigation with the “Kensington Pride” mango. In this study, the quality attributed including firmness,
SSC, TA, color changes and respiration rate revealed a relative delay in ripening process in similar manner.
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Figure 6. Effect of storage temperature respiration rate of ‘Nam Dok Mai Si Thong’ mango

3.2 Kinetics Parameter Study

Firmness, SSC, and TA value are ripening index of mango fruit. During the ripening process, firmness and TA of
fruits decrease, whereas SSC increases. Therefore, the values of firmness, SSC, and TA were selected to study
the kinetics of mangoes ripening. The E, value was calculated from the Arrhenius equation and the E, indicates
the temperature sensitivity of the fruit ripening. Firmness, SSC, and TA, which changed at different temperatures
as a parameter of the mango fruit ripening, showed sigmoidal behavior (Figures 2 and 3). The evolution of the
TA value with storage time was fitted with a first-order kinetic model [Equation (3)], while firmness and SSC
values were fitted with a second-order kinetic model [Equation (4)] and a Gaussian kinetic model [Equation (5)]
(Taoukis, 2000), respectively.

Plotting the function F(X) with storage time should result in four straight lines of different slopes at the different
temperatures, as shown in Figures 7a-7c for firmness, SSC, and TA, respectively. The estimated kinetic
parameters as the rate constants (k) and the coefficients of determination (R?) are given in Table 1. The R* of all
the function parameters was satisfactorily moderate to high (in the range of 0.7021-0.9547, as shown in Table 1),
which proves the adequacy of the model. Due to the temperature dependence, the Arrhenius equation [Equation
(7)] was used to explain that the temperature dependence described well with the firmness, SSC, and TA values.
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Based on the changes in the firmness, SSC, and TA of the mango fruit during ripening, the values of £, as 46.45,
43.05, and 54.22 kJ mol™, respectively, could be estimated (Table 1). These activation energies indicate a
moderate temperature sensitivity of the deteriorate response. In addition, these activation energies were obtained
differing by less than 25 kJ mol ™. Thus, firmness, SSC, and TA could be accurately modeled of the degradation
mechanisms involved and used to predict the influence of storage conditions on critical quality parameters.
Moreover, the activation energy was useful information about the effects of different storage temperature
conditions on quality of mango that directly affect consumer preference and helpful tools to define optimal
storage conditions for maximum quality of mango (cv. “‘Nam Dok Mai Si Thong’). Literature concerning kinetics
model of fresh produces was found for tomato cv. “Zinac”, the Arrhenius fractional conversion model fitted with
the data on color (a* and h values), firmness, and weight loss parameters which have values of E, = 84.4, 87.6,
64.8, and 86.4 kJ mol, respectively (Pinheiro et al., 2013).
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Figure 7. Plot of the response function F(X) with storage time for (a) the firmness (b) the SSC value and (c) the
TA value of ‘Nam Dok Mai Si Thong’ mango at different temperatures

Table 1. Response of rate constants (k), the correlation coefficient (R?) of the fit and activation energy (E,)
obtained from the firmness, SSC and TA parameter model

Parameter (X) F(X) Temperature (°C) k R E, (kJ mol™)
Firmness (1/X) — (1/Xy) 13 0.0310 0.8361 46.45
20 0.0370 0.9154
27 0.0646 0.9167
34 0.1116 0.7021
" Soluble solid contents (SSC)  [In{1/(1-X}1"> 13 00560 09259 4305
20 0.0999 0.9192
27 0.1321 0.9547
34 0.2013 0.8717
Titratable acidity (TA) | n(X-X) B3 0103 08072 5422
20 0.2632 0.9380
27 0.3991 0.9458
34 0.5424 0.8070

4. Conclusion

Mangoes fruit ‘Nam Dok Mai Si Thong’ stored at different temperatures affected their qualities. The mango fruit
kept at low temperature exposed delay in ripening and extended fruit shelf-life. A second-order kinetic model, a
Gaussian model, and a first-order kinetic model fitted well with firmness, SCC, and TA changes during storage,
respectively. The Arrhenius equation described well the temperature dependence on all factors considered.
According with the results obtained, the storage temperature of 13 °C was the one that extended its shelf-life.
This useful kinetic information of mangoes fruit ‘Nam Dok Mai Si Thong’ could be further employed for our
future work in relation to a development of a ripeness indicator label as diagnostic packaging which is a subclass
of intelligent packaging.
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