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ABSTRACT

The influence of storage time and temperature during post-harvest preservation of two pineapple varieties was
been studied through phenolic compounds metabolism. The total phenol content was determined as well as the
enzymes entering its metabolism. Thus, biosynthesis enzymes such as PAL and TAL, oxidation enzymes such as
PPO and antioxidant enzymes such as CAT and AsPerox have been assayed after storage at different time and
temperatures. The results show that MD2 is more resistant to the phenomenon of enzymatic browning because it
is rich in ascorbic acid. Indeed, CAT and AsPerox activity in MD2 was highest. This shows a greater
detoxification in MD2 compared to Smooth Cayenne Furthermore, storage at 10°C for 14 days is better for
reducing the internal browning of pineapple due to cold stress when transported to Europe. At this temperature,
pineapples are more resistant to shock at 25°C which is the temperature of their sale.
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INTRODUCTION

Pineapple (Ananas comosus [L.] Merrill) is grown for its edible fruit. It is the third largest tropical fruit crop and
represents a major source of income for many countries [1]. Countries such as Thailand, Costa Rica, Brazil,
Philippines and Indonesia are the largest pineapple producers while Costa Rica, Philippines, Panama, Ecuador
and Honduras are the main countries exporters [2]. Pineapple is produced in more than 80 countries, including
Cote d'Tvoire, and thus occupies a prominent place in international trade [3]. This country, with nearly 33,976
tons of fresh pineapple exported, is the second largest exporting countries in Africa after Ghana and seventh in
the world [4]. However, in recent years, the Ivorian pineapple sector is in "crisis" with its exports falling from
210,000 tons in 2003 to 33,000 tons in 2014 and 30,000 tons currently [5]. This drop in production of pineapple
in Cote d'Ivoire is an opportunity to preserve the fruit after the harvest. Indeed, during export, pineapples are
conserved in freezing containers at 8°C. Pineapples harvested in the field are first washed and packaged at the
packing stations. They are pre-cooled before being transported to the port. They are then placed in refrigerated
containers to ensure better storage because of the transport time which can last two weeks. As soon as they
arrive, pineapples are taken to purchasing centers and then sold in supermarket shelves to reach consumers. The
duration of the maritime transport of pineapples which approaches the two weeks causes the internal browning
of pineapple fruit [6]. This browning leads to a reduction in the quality and therefore a decrease in the
commercial value of pineapple. This browning entails a drop in quality and therefore a decrease of the pineapple
commercial value. During postharvest storage, pineapple browns easily and consequently loses much of its
commodity value. Such knowledge is of great importance in developing storage strategies designed to maintain
pineapple quality in postharvest storage and thus extend its shelf life and pineapple commercial value.

A few years ago, pineapple production was dominated by Smooth Cayenne because of the high yields
and organoleptic qualities enjoyed by consumers around the world [2]. Currently, because of the high sensitivity
of Smooth Cayenne fruit to internal browning during export storage, this variety has been outclassed by the
hybrid pineapple, Sweet or MD2, developed by the US multinational Del Monte Foods which has set up his
plantations in Costa Rica. This pineapple is sweeter and has properties that allow it to withstand shocks and cold
storage during export; thus making the Smooth Cayenne is less interesting and much less profitable [7, 8].
Currently, because of the high sensitivity of Smooth Cayenne to internal browning of fruit during storage during
export, this variety has been outclassed by the hybrid pineapple, Sweet or MD2, developed by the US
multinational Del Monte. Foods has planted its plantations in Costa Rica [7, 8]. This pineapple also has a very
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good yield, it's sweeter and has properties that allow it to withstand shocks and cold storage during export. It is
therefore less sensitive to internal browning, which has favored the expansion of its culture for export, and this to
the detriment of the Smooth Cayenne [9, 10]. Internal or enzymatic browning is the set of phenomena that
contribute to the appearance of brown colorations following the alteration of fruits or vegetables. Enzymatic
browning is due to endogenous phenolic compounds oxidation, catalyzed by oxidases [11]. In addition, it has
been shown that in response to heat shock due to cold and which is the cause of internal browning of fruits a
variation in the activity of the enzymes of biosynthesis and catabolism of phenolic compounds was observed in
many plants [12-14]. In this case, an implication of the metabolism of phenols in the fight against oxidative
stress is thus proven.

The purpose of this study was to evaluate the effect of storage time and temperature on pineapple
quality after postharvest preservation. This paper reports the changes in PAL, TAL, PPO, CAT and AsPerox
activities correlating to phenolic compounds accumulation of in fruits. Modulations in phenolic compounds
metabolism were related to internal browning of cold-preserved pineapple.

MATERIAL AND METHODS

Plant material

Two varieties of pineapple (4dnanas comosus L.) for export, Smooth Cayenne and MD2 were used.
Fruits were harvested at export maturity in the experimental plot located in Nangui Abrogoua University of
Abidjan (Cote d'Ivoire, West Africa). Fruits were selected according to uniformity of size and color. blemished
and damaged fruits were discarded.

Methods

Pineapple fruits were distributed into four groups (30 fruits in each group) to be stored at different
temperatures for experimentation. The storage temperatures were 4.0, 10, 16 and 22 °C for 4, 7 and 14 days
respectively with group 1, 2 and 3. After that time, each group of fruit was stored at 22°C which is the usual
temperature of pineapple marketing in Europe [15] for one week of storage. The fourth group was the control
sample was stored at 25°C for each above time. Three fruits were taken at random from each group in order to
determine the changes in phenolic metabolism during fruit storage at different temperatures and their impact on
fruit commercial value.

Extraction and quantification of total phenols

Fifty milligrams of freeze-dried pineapple pulp were extracted with 10 mL of methanol overnight at 4°C
in a blender. The homogenate was centrifuged for 10 min at 5,000 rpm and supernatant samples was collected as
crude total phenols extract to be analyzed.

Total phenolic content (TPC) for the pineapple fruit was assayed using the Folin Ciocalteu method as
described by Kouakou et al. [16] with several modifications. Briefly, an aliquot 0.9 mL of distilled water was
added to aliquots of 0.1 mL of crude extracts and 1.0 mL of Folin-Ciocalteu reagent (diluted 10 times), and 1.0
mL of sodium carbonate (NaCO3) at 17% (w/v). After incubation at room temperature for 60 min in the dark, the
absorbance was done at 765 nm in using a spectrophotometer for quantification of phenols. Gallic acid (0-100
pg/mL) was used for calibration of a standard curve (y = 0.038x + 0.192, r> = 0.998, where y is absorbance and x
is the concentration of gallic acid). The results are expressed as milligrams of gallic acid equivalents per gram of
dry weight (mg GAE/ g DW). Three replicates were conducted for each sample.

Extraction of enzymes

Enzymes extraction was carried out under cold conditions by grinding 0.5 g of freeze-dried pineapple
pulp in 5 ml of buffer in presence of 0.5% PVP. During grinding, 0.1 ml of solution composed with 0.5% PEG
6000, 0.25% sodium thiosulfate, 15% glycerol, 1.0 mM EDTA and 15 mM mercaptoethanol was added. After
centrifugation at 5,000 rpm for 20 min at 4 °C, the supernatant was collected. Then, 1.0% DOWEX 2 was added
to crude enzyme extract and all, stirred and incubated for 30 min at 4 °C, was centrifuged as before to remove
resin. The resulting supernatant was used as a crude enzyme extract for assays.

Phenylalanine ammonia lyase activity analysis

Phenylalanine ammonia lyase (PAL, EC 4.3.1.24) activity was determined according to the method of
Cheng et al. [18]. The reaction mixture contained 1 ml of L-phenylalanine 100 mM, 1.9 ml of sodium borate
buffer 0.2 M (pH 8.8) and 0.1 ml of enzyme extract, in a total volume of 3.0 ml. After incubation for 1 h at room
temperature, the reaction was stopped by addition of 100 pl of HCl 1N. The kinetic of cinnamic acid formation
was monitored at 470 nm. PAL activity was expressed in pkat per minute per gram of dry matter (pkat/min/g
dw), considering that the molar extinction coefficient of cinnamic acid is equal to 19,600 M™! cm™. One unit of



J. Agric. Food. Tech., 7(9)1-9, 2017

PAL was defined as the amount of enzyme required for the formation of 1.0 pM of cinnamate in 1.0 min under
the assay conditions. Assay was performed in triplicate.

Tyrosine ammonia lyase activity analysis

Tyrosine ammonia lyase (TAL, EC 4.3.1.23) was determined using the method of Berner et al. [19]. The
reaction mixture consisted of 1.0 ml of L-tyrosine 100 mM and 0.1 ml of enzyme extract was adjusted to 3.0 ml
with sodium borate buffer 0.2 M (pH 8.5). After incubation for 30 min at room temperature, the reaction was
stopped by addition of 100 ul of HCI IN. TAL activity which is proportional to p-coumaric acid formation was
monitored at 310 nm. TAL activity was expressed in pkat per minute per gram of dry matter (pkat/min/g dw),
considering that p-coumaric acid's molar extinction coefficient as 17,600 M! cm™. One unit of TAL was defined as
the amount of enzyme required for 1.0 pM of p-coumaric acid formation in 1.0 min under the assay conditions.

Polyphenol oxidase activity analysis

The measurement of Polyphenol oxidase (PPO, EC 1.14.18.1) activity was carried out according to the
method described by Coseteng and Lee [20], with certain modifications. The reaction mixture contained 1.0 ml
of pyrocatechol 10 mM, 1.9 ml of sodium phosphate buffer 0.1 M (pH 6.5) and 0.1 ml of enzymatic extract, in a
total volume of 3.0 ml. After incubation for 10 min at room temperature, oxidation of pyrocatechol to o-quinone
was monitored at 420 nm. PPO activity was expressed in pkat per minute per gram of dry matter (pkat/min/g
dw), considering that the molar extinction coefficient of formed product as 1,400 M! cm™!. One unit of PPO was
defined as the amount of enzyme required for the formation of 1.0 pM of o-quinone in 1.0 min under the assay
conditions. Assay was performed in triplicate.

Catalase activity analysis

Catalase (CAT, EC 1.11.1.6) activity was performed to the method of Aebi [21] modified by Dorival
and Ann [22]. The reaction mixture consisted of 0.5 ml of hydrogen peroxide 30 mM, 2.4 ml of sodium phosphate
buffer 0.1 M (pH 7.0) and 0.1 ml of enzyme extract. After incubation for 10 min at room temperature, CAT activity
which is proportional to the decrease in absorbance due to hydrogen peroxide (H,O,) depletion was recorded
spectrophotometrically at 240 nm. CAT activity was expressed in pkat per minute per gram of dry matter
(ukat/min/g dw), considering that H,O, molar extinction coefficient is equal to 43.6 M! cm!. One unit of CAT was
defined as the amount of enzyme required for 1.0 pM of H>O, formation in 1.0 min under the assay conditions.

Ascorbate peroxydase activity analysis

Ascorbate peroxydase (AsPerox, EC 1.11.1.11) activity was assayed according to the method of Nakano
and Asada [23] with certain modifications. The reaction mixture contained 0.5 ml of ascorbic acid 5 mM, 2.4 ml
of potassium phosphate buffer 0.05 M (pH 7.0) and 0.1 ml of enzymatic extract, in a total volume of 3.0 ml. The
loosely stoppered tubes were thoroughly mixed. After incubation for 15 min at room temperature, the reaction
was stopped by addition of 0.5 mL of hydrogen peroxide 30 mM. AsPerox activity is proportional to the
decrease in absorbance due to ascorbic acid oxidation was monitored at 290 nm.AsPerox activity was expressed
in pkat per minute per gram of dry matter (ukat/min/g dw), considering that the molar extinction coefficient of
formed product as 2.8 M™' cm!. One unit of AsPerox was defined as the amount of enzyme required for 1.0 uM
of of formed product in 1.0 min under the assay conditions. Assay was performed in triplicate.

Statistical Analysis

Data were subjected to analysis of variance (ANOVA) using Statistica software (release 7.1). Means
comparison was performed using Newman Keuls test at threshold a = 0.05. Thus, when P > 0.05, there is no
significant difference between the means. On the other hand, when P <0.05, the difference between means is
significant. Data are the mean of three repetitions.

RESULTS AND DISCUSSION

The results showed that total phenol content (TPC) of both pineapple varieties decreases with storage
temperature. Thus, at room temperature (25°C), TPC was significantly higher. It then decreases gradually to the
lowest values at 10°C. It's also worth mentioning that TPC of pineapple pulps at10°C was same to that obtained
at 4°C. With respect to preservation, TPC was increased with storage time of pineapple regardless of
temperature. However, at 10°C, TPC was decreased with increasing storage time. Moreover, at this temperature,
TPC was identical in the two pineapple varieties. In addition, results showed that at harvest and at room
temperature (25°C) TPC no significant difference was observed in these two varieties. TPC increased with the
storage temperature, whereas storage time had little influence on phenol evolution in pineapples (Table 1).

This variation in TPC was positively correlated with PAL activity which varies with storage
temperature. Thus, at room temperature, PAL activity in pineapples was lower than that stored at 22°C but
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greater than that stored at 16°C. The lowest activity of PAL was observed at 10°C. With regard to storage time,
the activity of this enzyme increases in both fruit. However, at 10°C, PAL activity decreases with shelf life. PAL
was more active in MD2 than the Smooth Cayenne. With storage at 10°C for 14 days, activity of enzyme
remains substantially equal to those of day 0 at 2.31 and 2.65 pkat/min/g dw, respectively for smooth Cayenne
and MD2 (Table 2).

Table 1. Effect of temperature and storage time on total phenol content in pineapple fruit

Temperature Storage Total phenols content (mg/g dw)
°C) time (days)
Smooth Cayenne MD2

4 1.12+0.05b 1.10£0.04 b

4 7 1.13+0.06 b 1.09+£0.08 b
14 1.19£0.02 be 1.12+0.06 b
4 1.11+0.37b 1.10+0.05b

10 7 1.11+0.19b 1.11+£0.01b
14 0.82 £0.08 ab 0.88 +£0.02 ab
4 1.31£0.05¢ 1.53 £ 0.07 be

16 7 1.47+0.02d 1.55£0.08 be
14 1.51+0.08d 1.62+0.07 ¢
4 1.72+0.04 ¢ 1.72+0.01d

22 7 1.73+0.07 ¢ 1.72+0.09d
14 1.75+0.03 ¢ 1.78 £0.03 de
0 0.70+0.19 a 0.75+0.01a
4 1.72+0.02 ¢ 1.72+0.08 d

25 7 1.75+0.03 ¢ 1.76 + 0.05 de
14 1.82+0.01f 1.86+£0.03 ¢

In a column and on a line, the values followed by the same letter are not significantly different (Newman-Keuls
test at 5%). Values are the mean of triplicate; £SD: standard deviation; dw: dry weight.

Table 2. Effect of temperature and storage time on PAL activity in pineapple fruit

Temperature (°C) Storage Activity of PAL (pkat/min/g dw)
time (days)
Smooth Cayenne MD2
4 423+0.02b 423+0.04b
4 7 4.12+0.09b 446+0.02b
14 441+0.04b 5.51+£0.03 ¢
4 3.51+0.08 ab 3.43+£0.10 ab
10 7 3.95+ 0.05 ab 3.86 £0.03 ab
14 2.04+0.01a 2.11£0.09 a
4 4.50 +0.03 be 4.52+0.30 b
16 7 6.10+£0.07d 6.16 +0.09 d
14 6.13+£0.03d 6.23+£0.05d
4 6.56 +0.07 d 5.56+0.07 ¢
22 7 7.57+0.05¢ 7.46+£0.10 e
14 7.62+0.10 e 7.56 £ 0.06 ¢
0 2.31+£0.03a 2.65 £0.05 ab
25 4 530+0.05¢ 551+0.10¢
7 6.10 £0.08 d 6.14+0.08 d
14 7.76 £0.15¢ 7.82+020¢

In a column and on a line, the values followed by the same letter are not significantly different (Newman-Keuls
test at 5%). Values are the mean of triplicate; £SD: standard deviation; PAL: phenylalanine ammmonia lyase;

dw: dry weight.

TAL activity evolves similarly as those of PAL. In contrast, it was significantly lower regardless of temperature
and storage time (Table 3). This result suggests that biosynthesis of phenolic compounds during cold stress
would be oriented towards PAL pathway in pineapple [24].
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Table 3. Effect of temperature and storage time on TAL activity in pineapple fruit

Storage temperature Storage Activity of TAL (ukat/min/g dw)

°C) time (days) Smooth Cayenne MD2
4 1.01£0.01a 1.10 £0.02 ab
4 7 1.14+0.01 b 1.17 £0.02 b
14 1.16 £0.02 b 1.11£0.01 ab
4 1.19£0.01 be 1.21+0.02b
10 7 1.16 £0.03b 1.13£0.02 ab
14 1.10 £0.02 b 1.05+£0.03 a
4 122 £0.01 ¢ 1.14£0.01 ab
16 7 1.17 £0.02 b 1.11 £0.01 ab
14 1.10 £0.02 b 1.07+£0.02a
4 1.15+0.02 b 1.06£0.02 a
22 7 1.12+£0.04b 1.18+0.02 b
14 1.06 £ 0.04 ab 1.10£0.01 ab
0 1.06 =0.03 ab 1.15+0.01 ab
4 1.30+0.02 b 1.21+0.01b
25 7 1.26£0.03 ¢ 1.22+0.01b
14 1.18£0.01 b 1.14 £0.03 ab

In a column and on a line, the values followed by the same letter are not significantly different (Newman-Keuls
test at 5%). Values are the mean of triplicate; +SD: standard deviation; TAL: tyrosine ammmonia lyase; dw: dry
weight.

At 22°C, PPO activity remained statistically equal to that of day 0 irrespective of fruit time storage. For
MD?2 variety, PPO activity was increased with time storage at temperatures of 4, 16 and 25°C. For both varieties,
preservation at 10°C for 14 days gave identical activities to those obtained at 22°C, temperature at which no
browning was observed on pineapple fruit. Therefore, the temperature of 10°C would be e best indicated for the
conservation of pineapples. This seems to justify the low activity of PAL observed at 10°C (Table 4). Indeed,
there would be fewer phenolic substrates available for PPO. These results are consistent with those of Coseteng
and Lee [20]. Indeed, they reported the existence of a correlation between TPC and PPO activity in pineapple
internal browning. For all storage times at 22°C, PPO activity remained substantially equal to that of control in
the two pineapple varieties. This result shows that the increase in PPO activity was due to variation in storage
temperature. Furthermore, when pineapple was removed from refrigerated containers, they would have
physiological injuries due to the transition from lower to higher temperatures [25]. This causes browning of
pineapple flesh [26]. The very low TPC observed at 8°C after 14 days of storage would indicate that this storage
time impairs the quality of the pineapple less. So, knowing that maritime transport of pineapples to Europe lasts
about two weeks, fruit storage at 10°C would allow the arrival to have pineapples less brown and therefore of
good commercial quality.

Catalase, like PPO, was more active in the smooth Cayenne variety than in MD2 variety. In Smooth
Cayenne, CAT activity increased with duration for preservation at 4, 10, 16 and 25°C. Regardless to storage at
10°C for 14 days, CAT activity was statistically equal to that of control (day 0) in each variety (Table 5). At
22°C, enzyme activity remains statistically equal to that of control, whatever the storage time. For MD2, CAT
activity increased with duration for preservation at 4, 16 and 25°C. In both pineapple varieties, storage at 10°C
for 14 days was given identical activities to those obtained at 22°C. This enzyme activity evolution could be
justified by its role of detoxification in fruits [27]. Thus, PPO activity seems to be at toxins origin found in the
fruits (browning of fruits).

Everything seems to be as if the browning caused by PPOs was automatically cleaned up by CAT's
action. Indeed, several factors lead to the generation of reactive oxygen species (ROS) that causes oxidative
stress, such as internal browning [28, 29]. Furthermore, hydrogen peroxide (H»>0,) is a highly involved ROS in
plant response to stress, and CAT capable of breaking down this substance is a key enzyme in the ROS-
scavenging in plant in plants [30]. Therefore, CAT appears to detoxify plant cells by catalyzing a dismutation
reaction where one molecule of H,O is degraded to H>O and then another is oxidized to O, [31]. The activity of
ascorbate peroxidase (AsPerox) increases in both varieties for all of these preservatives at different temperatures.
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Table 4. Effect of temperature and storage time on PPO activity in pineapple fruit

Temperature (°C) Storage Activity of PPO (ukat/min/g dw)
time (days) Smooth Cayenne MD2
4 1.16 £0.00 b 1.23+0.02 ¢
4 7 1.44+0.02d 1.36 £0.01 cd
14 1.54+£0.02¢ 1.65 +£0.02 de
4 0.93+0.08 a 1.00 £0.01 a
8 7 1.05 +0.02 ab 1.02£0.01 a
14 1.21 £0.02 be 1.09 £0.05 ab
4 1.44+£0.08 d 1.15+£0.01b
16 7 1.55+0.05¢ 1.50 £0.06 d
14 1.82 £ 0.01f 1.55+£0.05d
4 1.17+£0.02b 1.06 £0.07 a
22 7 1.20£0.01 be 1.10 +0.05 ab
14 1.22 £0.02 be 1.05+£0.03 a
0 1.20+0.03 be 1.04+£0.02 a
4 1.26 £0.02 ¢ 1.25+£0.01 ¢
27 7 1.28+£0.03 ¢ 1.22+0.01 ¢
14 1.97+0.01 f 1.94+£0.03 ¢

In a column and on a line, the values followed by the same letter are not significantly different (Newman-Keuls test
at 5%). Values are the mean of triplicate; +SD: standard deviation; PPO: polyphenol oxidase; dw: dry weight.

Table 5. Effect of temperature and storage time on CAT activity in pineapple fruit

Temperature Storage Activity of CAT (ukat/min/g dw)
°C) time (days) Smooth Cayenne MD2
4 0,96 + 0,02 be 1,57+ 0,06 ¢
4 7 0,63+ 0,01 b 1,61 £0,02 ¢
14 1,01+ 0,02¢ 2,10+0,01 cd
4 0,65+0,01b 0,67 +0,01 ab
10 7 0,64+ 0,01 b 0,50 £ 0,03 ab
14 0,26 0,01 a 0,31£0,01a
4 0,98+ 0,01 be 0,84 £0,01 b
16 7 0,74 + 0,01 be 2,05+0,01 cd
14 1,72+ 0,01 ¢ 2,41+0,01d
4 0,30+0,01 a 0,29 £0,02 a
22 7 1,38+0,01d 1,38 £0,02 ¢
14 1,05+0,02 ¢ 1,00 £0,03 ¢
0 0,20 +0,01 a 0,28 £0,02 a
4 0,90 + 0,02 be 0,95+0,01 b
25 7 1,46 £0,03 d 1,52+£0,01 ¢
14 1,08 0,01 ¢ 1,24 £0,03 ¢

Data are expressed as mean of three replicates; =SD: standard deviation; on a line and in a column, means
followed by a different letter are significantly different (Newman Keuls at 5%); CAT: catalase; dw: dry weight.

The highest activities are obtained at 4°C after 7 days of storage. Beyond this storage period, AsPerox activity
decreases in all temperatures (Table 6). However, AsPerox is more active in MD2 than in Smooth Cayenne. The

activity of this enzyme is related to the ascorbic acid content of pineapple fruit [32].

Table 6. Effect of temperature and storage time on AsPerox activity in pineapple fruit

Temperature Storage Activity of AsPerox (ukat/min/g dw)
°C) time (days) Smooth Cayenne MD2
4 0.67+£0.10 ab 0.72 +0.02 cb
4 7 1.54£0.11 cd 1.69+0.03 d
14 0.99+ 0.03b 1.55 £0.02 ¢
4 1.56 £0.03 cd 1.50+0.01 ¢
10 7 1.66 +0.08 d 1.52+£0.03 ¢
14 1.14 £ 0.06 be 1.07 £ 0.00 be
4 1.14 £ 0.01 dc 0.43+£0.00 a
16 7 1.83+£0.02d 1.58 £0.00 ¢
14 1.35+0.03 ¢ 1.49+0.03 ¢
4 0.82 £ 0.00 ab 0.90+0.03 b
22 7 1.48 £0.00 ¢ 1.22 £0.02 be
14 1.16 £ 0.01 be 1.12 £ 0.00 be
0 0.18+0.03a 0.63 £ 0.04 ab
25 4 0.90+0.02 b 0.95+0.01 b
7 1.46 £0.03 ¢ 1.52+0.01 ¢
14 1.08 £ 0.01 be 1.24 +£0.03 be

Data are expressed as mean of three replicates; £SD: standard deviation; on a line and in a column, means
followed by a different letter are significantly different (Newman Keuls at 5%); AsPerox: ascorbate peroxidase;
dw: dry weight.
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Indeed, Teisson et al. [6] showed that the ascorbic acid, which is substrate of AsPerox prevents
enzymatic browning by inhibiting PPO activity. These results reveal that MD2 would be richer in ascorbic acid
than the Smooth Cayenne [26, 33]. There would therefore be a greater inhibition of browning in MD2 than that
in Smooth Cayenne. Asada [34] reported that in the case of plant cells, there is an alternative and more effective
detoxification mechanism against H,O,, which would complement the action of CAT. This detoxification
mechanism is the reduction of H,O> to H,O by AsPerox [35]. The combined action of these two antioxidant
enzymes seems to be necessary to avoid the browning of pineapple after cold stress during transport to Europe.
ROS-scavenging enzymes in plants have been extensively studied and the results have shown that AsPerox's
activity in response to environmental stress increases with other enzymes, such as CAT [36]. These results
highlight the importance to study these enzymes in order to better understand the biological processes that may
be related to oxidative stress reactions, such as internal browning in fruits. The main findings showed that
storage time and temperature preservation influence strongly the internal browning in pineapple. MD2 seems to
resist at cold stress than the Smooth Cayenne. TPC has a relationship to phenolic biosynthesis enzyme such as
PAL and TAL. However, phenolic biosynthesis borrows PAL pathway. The internal browning of pineapple
observed after cold storage of fruits would have an enzymatic origin. Indeed, it seems to be caused by PPO
oxidative action on phenolic compounds. However, detoxification enzymes such as CAT and Asperox appear to
have a positive effect on the detoxification of browning cells by decomposing H>O, from stress. They would also
inhibit PPOs thereby reducing their oxidizing effect of phenolic compounds. Results obtained to let foresee that
the technical itineraries which modulate the activity of the antioxydant enzymes upwards must be taken into
account in management of pineapple conditioning towards export. Indeed, these enzymes are strongly implied in
internal browning reduction of post-harvest fruit. Such solutions seem to be oriented towards the use of
potassium during pineapple crops [37, 38].

CONCLUSION

During postharvest storage, pineapple browns easily and consequently loses much of its commodity
value. Such knowledge is of great importance in developing storage strategies designed to maintain pineapple
quality in postharvest storage and thus extend its shelf life and pineapple commercial value. Thus, studies of
antioxidant enzymes have been carried out in relation to the oxidation enzymes and biosynthesis of phenolic
compounds. PPO (the key enzyme of browning) is more active in Smooth Cayenne than the MD2 during storage.
This enzyme activity is related to diphenol produced under PAL activity. The results showed that MD2 is more
resistant to internal browning than the Smooth Cayenne. Thus, activation of antioxidant enzymes or
detoxification enzyme are necessary to reduce or prevent fruit browning. The preservation of pineapples at 10°C
for 14 days is better. However, many pineapples from Codte d'Ivoire are refused because of the browning
observed after their arrival in Europe. It is possible that cultural techniques, in particular the use of pesticides
may be responsible of the increased sensitivity to browning on internal browning. It is therefore essential to seek
to reduce the internal browning of the Smooth Cayenne in order to preserve its physicochemical properties after
export and thus increase its quality so that it regains its market share on the international plane. This would
revive this speculation which has long been the wealth of countries like Cote d'Ivoire and would fight strongly
poverty in production areas.
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