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POSTHARVEST CHILLING SENSITIVITY OF MABROUKA,
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Dept. of Pomology. Fac.of Agric., Univ. of Alexandria, Shatby, Alex., Egypt

ABSTRACT

Fruits of Mabrouka (early-season), Mesk (mid-season), and Keitt
(late-season) Mango [Mangifera indica L.] cultivars, were harvested at
mature-green stage. and stored at 10°C or 20°C and 90% RH. Storage
temperature of 10°C was used as a minimum safe temperature and storage
period was variable. The time-temperature for incipient visible symptoms of
chilling injury development (pitting and necrosis) during or after cold
storage was investigated. Also, the use of hot water treatment (53°C for 5
min) or imazalil dip (150 ppm / 5 min) was examined. Fruit physical and
chemical parameters were determined initially before storage and followed
periodically at weekly intervals throughout the storage period at 10°C and
20°C treatments. Weekly periods of holding at 10°C were followed with a
subsequent ripening at room icmperature of 20°C for three and six days

_intervals. Mesk fruits were more tolerant to chiiling injury at 10°C than

fruits of Mabrouka and Keitt. Hot water treatment alleviated chilling injury
symptoms and reduced decay. while imazalil dip reduced fruit postharvest
decay. Results indicated that prolonged storagée period and warm
temperature increased fruit weight loss and decreased fruit firmness. SSC,
reducing sugars, total sugars, non-reducing sugars and carotene increased.
However, starch. acidity, VJtarnm C, chlorophyll a & b, total chlorophyll
and crude fiber decreased.

INTRODUCTION

The mango (Muangifera indica L.) is considered one of the choicest
fruits of the world, because of its delicious taste and excellent nutritional
values. The world fruit trade is expanding but mango sales are restricted by
improper handling and inadequate transport facilities (Mitra, 1997). The
high cost of mangoes in importing countries is due primarily to airfreight
charges, but air transport does have the advantage of speed over sea
transport. Sea transport is less expensive and enables transport of larger
volumes, and thus would aid in the expansion of mango export industries.
However, sea shipment does not guarantee good quality fruit on arrival nor
sufficiently long shelf life for successful marketing. Sea transport generally
involves the use of low temperature storage in an attempt to prolong storage
life. In practice. the minimum temperature for storage of most tropical fruits
is determined by their susceptibility to chilling injury. Many variations were
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reported for the mango optimum storage temperature which may be a
cultivar effect or related to the stage of harvest maturity and ripeness of the
mangoes when placed in storage (Medlicott et al., 1990). The final quality of
ripe mango depends on the interaction between the postharvest environmental
factors and the inherent characteristics of the fruit. These interactions must be
understood to achieve optimal fruit quality (Chaplin, 1989).

Accordingly, the present study was carried out on Mabrouka, Mesk
and Keitt mango cultivars to investigate the postharvest behavior of such
cultivars during shipping in a shipment simulation trial of sea-export
conditions, and to examine the potential of hot water treatment or Imazalil
dip as supplementary methods for maintaining postharvest fruit quality.

MATERIALS AND METHODS

The present study was carried out during 1998 and 1999 seasons on
three mango cultivars (Mangifera indica L.) grown in Egypt: Mabrouka
(early), Mesk (moderate) and Keitt (late). Fruits were harvested from trees
grown in two private orchards (PICO farm 'Cin-Saber’ near Badr station and
Hegazi farm on the desert road near Cairo) at mature green stage on mid-
September, 18" of September and 19" of October tor Mabrouka, Mesk and
Keitt cultivars, respectively. in 1998 season, and on the 16™ of August, 7
of September and on the 22 of October for Mabrouka, Mesk and Keitt
cultivars, respectively, in 1999 season. Fruits were free of obvious
mechanical damage and defects and approximately homogenous in size and
color. Sorted fiuits were quickly washed with regular tap water, then air
dried with the atd of an electric fan. Fruits of each of the three mango
cultivars were divided into three lots, the first one was stored at 10°C and
90% RH, the second one held at room temperature of 20°C and 90% RH and
the last one was divided into three groups to examine the potential of hot
water treatment (53°C/5min), Imazalil dip (150 ppm/5min) and control
treatment. Each of the last three groups was divided again into two equal
groups, the first group was stored at 10°C and 90% RH and the second one
was held at room temperature of 20°C and 90% RH. First and second lot
were observed and analyzed but the third one was observed only to examine
the changes of postharvest quality. Fruits were packed in open carton boxes.
Each box contained about 9 fruits for Mabrouka and Mesk cultivars and
about 6 fruits of Keitt cultivar. The total number of boxes was 27 for each
mango cultivar. Fruit parameters of the three mango cultivars were
determined initially before storage and followed periodically at weekly
intervals throughout the storage period at 10°C and 20°C treatments. On the
other hand, weekly period of holding at 10°C was followed periodically with
a subsequent ripening at room temperature of 20°C for three and six days -
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intervals. The time-temperature for incipient visible symptoms of chilling
injury development (pitting and necrosis) during or after cold storage was
recorded. Regarding the pomological characteristics shown in Table (1), the
average weight in grams of the whole fruit, peel, pulp, and seed was
recorded, and the percent of the weight of peel, pulp and seeds in respect to
the whole fruit was also recorded. The average fruit dimensions in
centimeters were measured by a caliper according to Campbell (1992). The
percent of pulp moisture content was calculated according tc Ranganna
(1977). For the determination of physical parameters, five mango fruits
were labeled in each 10°C and 20°C treatments for each cultivar, and the
initial weight of each labeled fruit was recorded. Subsequent periodical
weight determination at weekly intervals was carried out throughout the
storage period. The percentage of weight loss for each fruit was calculated
in relation to its original weight. Flesh firmness was determined by using the
Eifegi firmness tester with an eight mm plunger (Effegi, 48011 Alfonsine,
ltaly), and was expressed as pounds /square inch. Regarding the chemical
parameters. the SSC % cof fruit juice was measured by using a hand
refractometer. according to Chen and Mellenthin (1981). Sugars were
extracted according to Loomis and Shull (1937) then determined according
to Malik and Singh (1980). and expressed as grams per 100 gm fresh weight
of fruit flesh. Starch was determined according to A.O.A.C. (1950) and
expressed as grams per 100 gm dry weight of fruit flesh. Acidity was
determined by titration according to Chen and Mellenthin (1981). The
titratable acidity was expressed as grams of citric acid per 100 ml of mango
juice. The pH was measured in rihe' fruit juice by using pH meter (OAKTON
pH Tester 1. Model 35624-00). Ascorbic acid (V.C) was determined
according to A.O.A.C. (1980), and expressed as milligrams ascorbic acid
per 100 ml fruit juice. Pigments were extracted according to Moran and
Porath (1980). For determination of peel and pulp pigments content the
method of Grodzinksy and Grodzinsky (1973) was followed. Chlorophyll «
& b. total chlorophyll and carotene contents were expressed as mg per 100
gm fresh weight. Percentages of the crude fiber were determined according
to Ranganna (1977). According to the obtained results and indications from
the first and second seasons (1998 and 1999) a third observational season
was needed. Therefore. an observational study for the third season (2000)
was carried out. The experimental design was a randomized complete block
design with three replicates and all data obtained were statistically analyzed
according to Snedecor and Cochran (1972).

RESULTS AND DISCUSSION

1- Mango storage and the postharvest treatments with hot water or imazalil
during the observational study of 1998, 1999 and 2000 seasons:
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Concerning Mabrouka fruits stored at 10°C, the incipient of visible
symptoms of chilling injury (CI) were observed after 7 days of storage at
10°C and were more severe when these fruits were transferred at 20°C for 3
days to ripen. Furthermore, the observational study of season 2000 revealed
that 13°C was not a safe holding temperature. Mabrouka fruits stored at
20°C for 14 days showed the best appearance and eating quality. Mesk fruits
stored at 10°C showed no obvious C! symptoms after 21 days of storage,
but CI appeared after 28 days. The subsequent ripening for 6 days at 20°C
after 14 days of storage at 10°C gave the best appearance and eating quality.
For Mesk fruits stored at 20°C, the best appearance and eating quality were
obtained after 14 days. Regarding Keitt fruits stored at 10°C, the incipient of
Cl symptoms were observed after 14 days of holding in the cold store, while
Cl symptoms were noticed before that for the fruits which ripened for 3
days at 20°C after 7 days of holding at 10°C. Furthermore, the observational
study of season 2000 revealed that 13°C was a safe holding temperature for
mature Keitt fruits. Keitt fruits stored at 20°C for 14 days showed the best
marketing appearance and eating quality. The incipient of visible symptoms
of C[ was indicated by the developmerit of pitting on the peel and with the
aiscoloration of these pitted areas (nev:osisj. which became inore severe
with the progress of storage period. Mabrouka and Keitt Fruits which
treated with hot water (53°C/5 min) and held at 10°C showed less CI
symptoms. Also. the hot water treatment generally reduced the decay
development during ripening of Mesk and Keitt fruits while this was not
evident i Mabrouka. Furthermore, imazalil treatment (150 ppm/5 min)
gave a good control for the postharvest decay in Mabrouka and Keitt while
this was not clear in case of Mesk. There are many variations in the
susceptibility to chilling injury among mango cultivars as reported by
Farooqui et al. (1985). In addition, Graham (1990) illustrated that there are 2
likely causes of chilling sensitivity which lead to chilling injury. The first
involves physical changes in certain membrane lipids, particularly
phosphatidylglycerols, which result in chariges in membrane properties and
eventual disorganization of cellular compartmentation. The second cause is
due to the impairment of the catalytic function of certain key enzymes of
metabolism. of which phosphoenol pyruvate carboxylase is an example.
Mango tolerance to chilling temperatures may increase after prestorage heat
treatmcnt Saucedo-Veloz et al., 1995). On the other hand, hot water
treatment dip (50-55°C for 3-10 min) is an important natural strategy against
mango postharvest pathological disorders (decay) as reported by Roy and
Joshi (1988). Mecreover, McGuire (1993) reported that imazalil in
combination with hot water reduced anthracnose typically greater that due
to the effect of heat alone.
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2- Physical and chemical parameters as affected by cultivar, storage
temperature and storage period in 1998 and 1999 seasons:

2.1- Crude fiber:
During ripening of mature green Mabrouka, Mesk and Keitt fruits the
crude fiber contents declined in both seasons as shown in Table (2). The

findings of the present study agreed with those reported by Ei-Zoghbi
(1994).

2.2- Fruit weight loss:

Data presented in Tables (3&5) showed that the percentages of weight
loss in Mabrouka, Mesk and Keitt cuitivars generally increased significantly
with the increasing of storage temperature and with the progress of storage
period at the same temperature. There were significant differences between
the percentages of weight loss at the storage temperatures of 10°C and 20°C
at RH of 90%. So. the weight loss percentage was temperature and storage
period dependent. The weight loss from harvested horticultural crops is
~ mainly due to the water loss, which is kncwn as transpiration, while some
weight loss is due to loss of carbon in respiration but this is only a minor
part of the total. The high storage temperature causes a high respiration rate
which leads to a fruit weight loss (Hardenburg et al., 1990). Furthermore,
(Dietz et al.. 1988) found that the weight loss of mango fruits is significantly
correlated with the total number of lenticels per fruit but not significantly
correlated with the cuticular thickness. _ , :

2.3- Fruit firmness: o =

The fruits of Mabrouka Mesk and Keitt stored- at 20°@ werc
consistently softer than those at 10°C. Softening under each of the storage
conditions advanced further with the progress of storage period at the same
temperature degree. The data also showed that the Keitt mesocarp was
firmer and also remained firm longer during ripening than those of
Mabrouka and Mesk as shown in Tables (3&5).Generally, the statistical
analysis clearly indicated that there were significant differences between the
firmness values at the storage temperatures of 10°C and 20°C, also, there were
significant differences within the same storage temperature as the 'storagc
period advanced. The enzyme activity increased in parallel with increase in
tissue sofiness dunng ripening (Ali et al, 1995). Polygalacturonase has been -
implicated as the primary enzyme mediation the softening or the decrease in
firmness during the ripening process, as reported by Roe and Bruemmer
{1981).

2.4- Soluble solids content (SSC).
According to the data presented in Tables (3&5) there were
significant effects of storage temperatures at 10 and 20°C with the progress
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Table (1): Pomological characteristics of Mabrouka, Mesk and Keitt mango Cultivars in 1998 and 1999 seasons.

Fruit dimenslons (cm) Peel Seed Pulp
Fruit wt, . " Molsture

Caltivar (gm) Length | Dismeter | Thickness | Wt. (gm) WL (gm) % Wt (gm) % coutent (%)
198 ] L] ” ” ” ] ” " | ”» ] ” L] ” | » ] . ] ™ b

Mabrouka | 433 | 53406 | 1B 7} 65 s | | wn | asm | oS | jeas | rasr aa | s | s | osas | aser | 3os | mar | | s | sm

Tt

Mesk 454,93 mn 1317 nsn f A1) 18 79 97 “s3 | 51467 1331 15.7% .17 M7 1476 149 M2 1306 n. 783 [ &1 °nn
Keitt T A3 T4kl 13T 143 10.08 841 A7 24 S u.n 1154 e 5.9 4043 AL 44 4903 3174 9127 [ E¥ 452 7594

Table (2): Means of crude fibers contents (%) of Mabrouka, Mesk and Keitt mango fiuits at mature
green and ripe stages in 1998 and 1999 seasons.

% Crude fiber
1998 1999
—— Cultvar | \abiouks | Mesk Keitt | Mabrouks | Mesk Keitt
Mature green [T %) 7] [ ] 31
Ripe [T7) 241 243 [Y7] [ [}
L.S.D. 0.05 "
Treat. 0.1 [T
Cv. [1] [T
Treat. x Cv, wn [XTT)
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Table (3): Means of fruit parameters ss affected by cultivar, treatment, and their interaction in 1998 season.

Fruit Weight loss Firmness 85C ‘Reducing.’ | /Total sugars - | Nonreducing |, Starch . | Acdity . | - 'pn
Parameter (%) (Lb/in%) (%) sugars(%) | T (%). sugars (%) | (%) %)’ oF
Cw. 'l; & 'E ~ 'g M o= % a j= i % ™ 'g .u 'g = 'g -
ElB 5/ B g 5| B (8|5 (8|5 (5(e|2|5|E|2|5(8|lz(8|E|5|2/E({%!|%
*Treat) SIE|E | I EIX | B2 |2 |9 1 E | )| B| =i | G E|HEIBIEIM]|EIE )2 =X
= = = = = = = = =
T1 [} [ o [tsaz | e {2an ] war | v [ am [ sor | sss | wer [ ses [oonr |0 [ez | a5 [0 Jaw am a2 || e 20 2] 35
" sl 2zl o bsasT s Lo fes] o [osi]vos [woswnl s foml o zsa {ous Jam Jaar o Lo fom | 02 [our Jas | aa
T3 296 | 4 pL ) i a7 408 1593 -9 172 (1] .18 Y- 1288 | 1787 7 156y | 678 | 103y A [ a3 [ 235 | 32y | oS | 657 | oS B2} 153 ER ]
T4 166 | 2835 | %2 Qosay [ 0m13 | 142 | 709 | 488 | mar | 1z3 | 1m3e | tnas [ S3e ) asy § 233 foaae |t | ae [0 | as Jom jaarjam | as
T5 [L3 13 A 152 104 1867 | #32 77 | 10 | 1297 17ee | 1730 | ese | 985 | 684 | 206 | 212 | 165 | 046 | 05 | AR5 4.1 At ian
Té6 342 540 34 ‘ *» 89 | fhs | 1333 162 104 .94 515 545 | 1267 n 195 | 373 | b6 | 109 | 250 | 34T | 303 | 134 | 204 | 108 | AIS | MW7 i3
7 615 | 736 | €63 | 058 | 09 | 485 {1395 | 204 | 09 | 449 ) %56 ) 13m0 | 0242 | 0877 | 1838 | 783 ) 923 [ 4R | vaa | 08 | 10 | 035 028 | 034 | a8 | 45 | 407
T8 136 | 13 262 [wsar | 96 | ves |0 | oar | owaa basas {105 | vsos Jasa ooma [ann [ase Jam [z [ o [ nn Jom [ aa 347 | 36
TS os6 | vas | ron | 154 [ 202 | ase [ 7as [izer [roaslram | o7 [ oazz |eov | 4o | n2 | 2m | asr | zar | 0w [0k Josr | 35 | 37 | 28
T10 S48 [ 842 | 464 | BT | 204 [ 1634 ] 14 198 | 1093 | 725 | 0 | %39 | 108Y | 1736 ) 1385 | 432 | BLT | 4a8 [ 248 | 235 ) A5 | 17 | ASY | 1) | A ) AT} 3D
T11 Bas 1001 j 682 | 05 [ 042 | 073 | 14 | 1803 ) e8| 528 | 1040 | REZ [ 1315 f AR49 | 1738 | 747 ¢ R6S [ 936 | L9 | 213 | 343 | B34 | 034 | MM T4y |43 | as
T12 (X 1293 51 1543 652 1 084 407
T13 0.6 1847 4l ' 17234 ‘s 4 04 44
T4 1023 112 1993 (2] " 5] [T 88 L 517
Tis 1301 0.6 173 T 16.38 | 66 ERH o4 7
L.5.b, 0.05 . o
Treat. 0.4 1551 : 0474 ' o3 Y™ o un 020 o
Cv. 0.9% .31 0352 . oarm: .| . o4l LA (> 0107 _auds
Treat, x Cv. [*] 1489 LI&E : a9 18 ¢ 141 e tasT C eI
Mgk treat, o 1568 __ : i T 1y u’u ‘ P a2

*Treatments; T1 (Immr)ﬂn(m@ 10°C)# T3 (7d, @za “Cyi T4 (70. @ |0FC + 3. @ 20°C)/ T3 (7d. @ 10°C + 6. @zo'cyf'rﬁ(ud.@lo'cyfﬁ(m @20°CY TB(144. @ 10°C+3d. @
20°C)/ T9 (14d. @ 10°C + 6d. @20°CHITI0214. @ 10°CY/ TI (214. @20 "CY/ TI2214. @ 10°C + 3d. @ 20°C)/ T13 (214. @ 10°C + 6d, @ 20°C)/ T14 (28d. @ 10 *CW/ T15 (28d. @ 20 °C)
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Table (4): Means of fruit parameters us affected by cultivar, treatment, and their interaction in 1998 season.

Puip tota)
Plfnr:'lletter (mg/ l‘l:l' S Julce} '?;T:::l"fﬁﬂ ] ':'.'.?::.:}pﬂb ( c::m;“ { ":ﬁ::.‘r::’::"" P:l:'mr:l:hﬂ ) P:::m ’ { :-: mfl:ﬁ {P:'T l:m
wng 1 160 g fresh wi.} wi} wil wi) )
Cv. £ ® | = % x| @ % x| e 'g o | = % x| g % x | = 'g o | ‘,’3 o | o 'g x| @
E 3 3 E L SiEY13|S1EJE|S)|Ej 8|S IEjE|S|E 8|5 E 28 K El & K}
*Treat 8| = S IE|2|E|E|H{s|E|E|g|=B{=2|S|E]X|g|=E|%]L|=E g1 =
= = = = = = = = =
T1 261 | 513 |goas | 195 | aps J ooz o095 237 | o2 | s2a {veon (1o 23 | 9a9 | 5m | 036 | ore | 022 [ 026 | oo | wze [azs P oaae | zon | vaz | ase | wes
T2 566 Porgr [sssd | 192 [ 2as foor |26 Jomr | wn |70y | 688 | 78 [ a0 | w0 | sos | w2z [ 029 { was [ o34 | o6 | os2 | v | 06 |10 [ osy | 035 | a3
™ 138 [ 18 | 3864 o | 062 [os3 | 035 | e | oas | 24t | 275 | &7y | 43 | 723 | sm2 | 026 | os3 | 13 | oae | ess | oos | o | 1 | o | 2 | 27 | 0t
T4 146 | d07s | S22 | 07 | ka8 [ oS | 067 | 953 [ 039 323 | 3 | vz | e § Se6 [ 62 | o2 | oz | o2 {037 |ooe ] e |owe | o8 | umr | e | oaz
TS Ay |arm | 32 | 00 | 17 | oss | a7 | wer | o | ogas | a2 | sor | esr [ saz | v o7 | amn | ous a7 ) 02 | o5 [ oemn | osd | 108 [ 20 | 2us | 18
Té 377 | 4708 | 5307 1 165 1 183 | LM | 186 | AT7 | &Y 4y ! S04 | 433 | 442 | 392 | M54 | 0 | 021 | 02 | %10 [ 025 | @3 ] 42 [ 0TS | 078 | 203 § e85 | ot
7 12 | 228 {277} 032 | 036 | o0s | 0ss | ess | 001 | vea f ey ) voe [ aor | e | ses | o2 |37 fone | oz | we |33 o | aks | 0s2 ] 323 | aee | 22
TS 35 | sa29 | zve3 | aen ] 197 | 138 | eas | amx {006 | 232 } 857 [ eoe fawe | Se3 | 796 | 025 | 033 | w07 | o | 101 | ooz | eme | nsz | o35 | wms | 26 | has
T9 143 | 3088 | 7 | 020 [ o068 | 07 Jooa |osa | o | Las | 2e3 [ 20 | 635 | 41¢ | 307 | 02 [0 |0as [oze | ass | owad | 0as | tae | oss [ zu | s | o
TIO o5 | a7 {asm fore | x| e fotn fomz | wmge | 208 | sos | s | 433 | 590 | 557 fear | eda | o |0y | dus fowe [om ] a3a f o oo | | 0
Ti1 145 | seeo | 534 | oas | was [0y {oo2 | wad | ezz [ oom | 18w | ros [ sun | 220 J a0z [ozz | eze Jomn [ ear | 02 [oze | o9 | 180 | ose | ase ] as | 2as
Ti2 w3 [W1) 5 248 [ 4l o33 [X.] 245
Ti13 AS 0.57 08 14 548 (%3] (%] o 187
T4 4518 24% [R1} 1.03 012 (%] 068 251
Ti5 3604 [ %" ] [F. 158 2.1 024 042 112 (%13
L5.D. 0.8
Treat, 1912 041 a5 (1) X 0117 .28 (X0 [
Cv. 182 018 0378 . (Y7 (Y] (3 0304 [
Treat. x Cv. sS4 0831 (X1 1718 1.55 [+] [ (Y] )
Mesk treat. 41 0,935 (1] 0.854 (L] 218 [X:] (¥ 2405

*Treatments: T1 (Initial)# T2 (70. @ 10 °C) #/ T3 (7d. @ 20 "C) T4 (1. @ 10°C + 30. @ 20°CY

T5 (7d. @ 10°C + 6d. @ 20°C)7 T6 (14d. @ 10 °CW/ T7 (12d. @ 20 “C)// T8 (14d. @ 10°C + 3d. @
20°CVI TS (144. @ L0°C + 6d. @ 20°C/ T10 (21d. @ 10°C)/ T (21d. @ 20 °CH T12 (21d. @ 10°C + 3d. @ 20°C)/ T13 (21d. @ 10°C + 6d. @ 20°C)/ T14 (28d. @ 10 "CH T15 (284, @ 20°C)
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Table (8§): Mcans of fruit narameters ns affected by cultivar. treatment, and their interaction in 1999 season,

Fruit Weight loss ‘Flrmne!ss SSC ' Reduchig.- -'|. Total sugars, . .N‘on-raduclng“ »  Stareh ], Amﬁ';y',‘ T ol
Parameter (%) (Lb/in%) (%) SUgars (%) - (%) sugars (%) | (%) (%) N
Cv. 2 X 'g ™ 2 - : % ™ 'g e 2 a8 £ a8 2 'g -
Bl |E|2(2jE|e|2|8(el|d|E|E|B (5|85 |2|% § A IEIR AN i
e | S| E| 2| S| =% ||| |e|=2|2|F|=|=|5|=[=%|g]|= AREAEARRE:
= = b K3 = = = = =
T1 0 0 o Jragr|1sa7 | mze [ 9 | roa | e [aar | ass fooet ] em | mm [ e §osn | eas | 137 | zer [ zee [ aad | 27 {200 ose [ 207 | 22 [
T2 154 141 LY b i) 1371 1638 | 1847 | 1133 s ‘.“r T4l 253 3 1131 | 1067 | 192 p 54 LI4 | 322 | 136 ] 389 24 e |23 3t an
LK) ssa |2 [z | 12 [uas jeor || e veer s | s [nes s fun s [sn{om ] s (20 ]s[asfossfoers|or [du]| s |am
T4 207 | 352 pomae | 2m [ ieor [ cesa [aos | na2 | o8 (22| vvas [ azes [ sar ez fass |2 {2 (2 [ v [ vs [ ese 2wz |27 | am
TS e tsa sl onl sl |jwniunfss s junlwtlm il | ** o linia
T6 202 | 246 |20 | 65 [omr [ioss | [usa | 1 [ss e [ s |[om|nafesfras|sn|as]|om o || r|om o] w
T7 692 | 631 | 424 | om | eze | 206 |12 | 074 | 16 {em faran fooss | naam | usea | saes | vos |4z | sas | 24 1 206§ 130 ] 026 | 02t | 02 L, 4T | 447 | 48
S am | aas Paoe [ e [ | vam won | 730 fowes fusas {usmn [ osom | awo [waw | 29 |20 { oo [ s |03 | non [ose |.as [ 26 | 30
T oz s fan |om| wa | i [ [ ns| s o] wsTaon e laar |2 {2 |an|1s|esfrnja | g
T10 a2z oo faan | o [ v [uamw ooy | ke fopsa Vo[ oo | a7 [oazas | pams fuaas [ saz [ams bsas o [ams [ 1o [ aat bom faar | 22 | 34
T11 ooy | 83y {63t ]| o5 | est [ ese [ 17 | oumz | a2 | o [vwas | viza [ s oo [ s [ana foos |rsr Jam [zu o foas | enr i as | 4a ] 4
Ti2 348 T on 788 1495 [ 14 T T 34
Ti3 1.0 17 wri - 1837 .“ 7 [T 4
Ti4 52 37 112 | 1378 415 ‘ 247 113 . 34
T1S 1042 ' 153 ™ P EYT sas | - 19 | 013 &
L.S.D, 0.05 Co .
Treat, 04 2248 T o . 0473 s [T a4 )
Cv, 0.047 1433 o2 el - 038). N Y . [+H] . X271 0.09
Treat.x Cv. 0114 4% 0.5 wm | LT 1ass [T 242 0.0
Mesk trest, 188 3469 1478 [T R T 1% .76k *am4 (Y™

*Treatments: T) (Initial)/ T2 (7d. @ w'cwn(m @ 30 °C)I 14 (1d. @ 10°C + 3d.@ 20°CW/ TS (Td.@ 10°C + 6. @ 20°CH/ T6 (14d. @ 10°C) T7 {14d. @ 20 °C)/ T8 (14d.@ 10°C + 34. @
20°CHI T9 (14d. @ 10°C + 64. @ 20°CI/ T10 (2)d. @ 10*CW T1 L 21d. @2o'cymz(2|¢@w'c+3d @ 20°C)I TI3 (214. @ 10°C + 64, @ 20°C)/ T14 (284, @ 10 W/ T15 (28d. @ 20°C)
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of storage period on the percentages of SSC in the fruits of Mabrouka, Mesk
and Keitt cultivars. The average SSC percentages increased gradually with
fruit ripening. At the ripe stage, the Mesk fruits were the highest in SSC
values (18.9%) followed by Keitt (17.5%) while Mabrouka showed the
lowest values (13.7%). The gradual increase in the percentage of SSC with
the increase of temperature and storage period could be due to the
degradation of complex insoluble compounds. like starch, to simple soluble
compounds like sugars (Joshi and Roy, 1988), and also other complex
insoluble components which degrade to soluble forms.

2.5- Starch and sugars:

Data presented in Tables (3&5) revealed that percentages of starch in
Mabrouka, Mesk and Keitt cultivars generally decreased with the increasing
of storage ‘temperature. There were significant differences between the
percentages of starch at the storage temperatures of 10°C and 20°C. Also,
the percentages of starch decreased significantly with the progress of
-storage period especially at higher temperatures. In Mabrouka fruits, the
refrigerated storage prior to ripening reduced the rate of ripening followed -

Keitt, which showed a general decline in starch contents as the fruits ripened
at higher temperatures. On the other hand, the reducing sugars percentages
increased with the increasing of storage temperature and with the progress
of storage period with a significant difference between the percentages of
storage temperatures of 10 and 20°C. Concerning the ripening treatments, it
has been found that cold storage prior to ripening reduced the rate of
ripening and inhibited the formation of reducing sugars in the case of
Mabrouka and Keitt. while this was not marked in Mesk. Also, there were
significant effects of storage temperatures at 10 and 20°C with duration of
storage on the percentages of total sugars in the fruits of Mabrouka, Mesk
and Keitt cultivars. The percentages of total sugars in the three cultivars
showed a rise with the progress of storage period, but in Mabrouka and
Mesk fruits this rise was followed by a decline at the end of storage period.
Also, there was a general increasing trend in the total sugars percentages as
the storage temperature increases. Concerning the ripening treatments, it has
been found that refrigerated storage prior to ripening reduced the rate of
ripening and also inhibited the formation of sugars. The data also showed
that at the ripe stage, the Mesk fruits were the highest in total sugars
percentage followed by Keitt while Mabrouka showed the lowest values.
Furthermore. there was a significant effect of storage temperature on the
percentages of non-reducing sugars in mango fruits of Mabrouka, Mesk and
Keitt. The non-reducing sugars, in fruits of the three cultivars, increased
with the increasing of storage temperature and with the progress of storage
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period, except in Mabrouka fruits the non-reducing sugars for the fruits
stored at 20°C reached the maximum after 7 days, and then declined. In
general, the obtained data also showed that non-reducing sugars increased in
fruits of the three cultivars when stored at 20°C rather than at 10°C for the
same period of storage. The refrigerated storage prior to ripening reduced
the formation of non-reducing sugars in Mabrouka and Mesk, while this was
not marked in Keitt. It has been recorded that mango fruit at the mature
green stage contain some accumulated starch which is mobilized during
ripening and this phenomenon is evident in the chioroplast where the starch
granules become progressively smaller as ripening proceeds (Morga et al.,
1979). The starch that has accumulated in the mature fruit is rapidly lost
during ripening and the ripe fruit usually contains negligible levels of starch
(Joshi and Roy. 1988). Starch hydrolysis in the ripening mango has been
associated with amylase activity and the complete disappearance of starch
may be attributed to an upsurge of amylase as ripening is completed (Fushs
et al.,, 1980). As a consequence of starch hydrolysis, total sugars increase
during ripening. with glucose, fructose and sucrose constituting most of the
monosaccharides (Selvaraj et al., 1989). Turthermore, Medlicott and
Thompson (1985) working on Keitt mangoes, arranged the principal sugars
in mango fruits, in descending order, to sucrose, fructose and qucose..

2.6- The titratable acidity:

The acidity perceniages. in Mabrouka, Mesk and Keltt cultivars
generally decreased with the i increasing of storage temperature and with the
progress of storage period especially- at higher temperatures as.shown in
. Tables.(3&5). Titratable acidity declines as the mango ripens (Medlicott and
Thompson, 1985). Also, titratable acidity decreased with the increasing of
storage temperature (Corrales-Garcia and Lakshminarayana, 1991). In Keitt
mangoes citric and malic acids. were the main organic acids, and a large
decrease in citric acid and a small decrease in malic acid were responsible
for the loss of acidity. while tartaric, ascorbic, oxalic and alpha-ketoglutaric
acids were present in low concentrations (Medlicott and Thompson, 1985).
The decline in levels of organic acids during fruit ripening, presumably due
to their utilization as respiratory substrates in the respiration process (Ulrich,
1970).

2.7- pH values:

The pH values in Mabrouka, Mesk and Keitt cultivars generally
increased with the increasing of storage temperature and with the progress
of storage period especially at higher temperatures as illustrated in Tables
(3&S5). Ripening of mango fruits is generally associated with increasing pH
values (Medlicott et al., 1990). '
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2.8- The ascorbic acid (Vitamin C):

There were significant effects of storage temperatures and storage
time on the contents of ascorbic acid of the Mabrouka, Mesk and Keitt
fruits. In general. the results illustrated that the ascorbic acid contents
declined with the increasing of storage temperature and with the progress of
storage period as shown in Tables (4&6). The loss in ascorbic acid content
during storage could be attributed to the increase in ascorbate oxidase
activity (Cardello and Cardello, 1998). In contrast, Vazquez-Salinas and
Lakshminarayana (1985) reported that ascorbic acid content increased
during storage.

2.9- Peel and pulp pigments content:

According to the data presented in Tables (4&6) the contents of peel
chlorophyll a, b. and total chlorophyll in Mabrouka, Mesk and Keitt fruits
declined with the increasing of storage temperature and with the progress of
storage time. Regarding the subsequent ripening at room temperature after a
period of holding at 10°C, the obtained data showed a general declining
trend in the contents of peel chlorophyll “a” as the fruits ripened at higher
iemperatures. Peel carotene content in Mabrouka fruits generally increased
with the increasing of storage temperature and with the progress of storage
period. The obtained results also showed that carotene contents for Mesk
fruits stored at 10°C did not increase with the progress of storage duration,
while those contents increased slightly for the fruits stored at 20°C. In
contrast, Keitt fruits stored at 10 and 20°C showed a slightly decline in
carotene content as the storage period proceeds. The initial pulp chlorophyll
leveis for Mabrouka, Mesk and Keitt were in appreciable amounts while
afterwards the chlorophyll diminished in the pulp and the changes were very
inconsistent. On the other hand, the pulp carotene contents in Mabrouka
fruits increased gradually with the increasing of storage. temperature and
with the progress of storage period. As for Mesk and Keitt fruits, the pulp
carotene contents increased with the increasing of storage temperature and
duration, and this increase was finally followed by a decline for the fruits
stored at 20°C. During ripening of Tommy Atkins mangoes Medlicott et al.
(1986) observed a rapid destruction of chlorophyll, with chlorophyll “a”
preferentially degraded relative to chlorophyll “b”, while the carotenoids
level increases. A more rapid loss in chlorophyll “a” is typically observed in
senescence (Simpson et al, 1976). Furthermore, the plastid thylakoid
membrane systems in the peel are gradually broken down during ripening,
while osmiophilic globules enlarge and increase in number. This loss of
granal membrane integrity is associated with chlorophyll degradation, while
the appearance of osmiophilic globules accompanies increases in carotenoid
levels, indicating the transformation of the chloroplast to a chromoplast
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containing red or yellow carotenoid pigments (Medlicott et al., 1986). The
synthesis of carotenoids in mangoes involves mevalonic acid and geraniol
as precursors via the same biosynthetic pathway of carotenogenesis
established in other species (Mattoo et al., 1968).

REFERENCES

Ali, Z. M.; 8. Armugam and H. Lazan. 1995. beta-Galactosidase and its
significance in ripening mango fruit. Phytochemistry, v. 38 (3):
1109-1114.

A.0.A.C. 1950. Official Methods of Analysis 7" ed. Association of Official
Analytical Chemists, Washington, D. C., USA.

A.0.A.C. 1980. Official Methods of Analysis 13™ ed. Association of
Official Analytical Chemists, Washington, D. C., USA.

Campbell, R. J. (ed). (1992). Mangos: A guide to mangos in Florida.
Fairchild Tropical Garden, 10901 Old Cutler Road, Miami, Floridu
33150, USA.

Cardello, H. M. A. B. and L. Cardello. 1998. Vitamin C, ascorbate oxidase
activity and sensory profile of mango (Mangifera indica, L.) var.
riaden during ripening. Cienciae Tecnologia de Alimentos, 18 (2):
211-217.

Chaplin, G. R. 1989. Advances in post-harvest physiology of mango. Acta
Horti., 231: 639-648.

Chen, P. M. and W. M. Melienthin. 1981. Effect of harvest date on ripening
capacity and post-harvest life of Anjou perars. J. Amer. Soc. Hort.
Sci., 106 : 38-42.

Corrales-Garcia, J. and S. Lakshminarayana. 1991. Response of two
cultivars of mango fruits immersed in a calcium solution to cold
storage at different times and temperatures. Technical innovations in
Sreezing und refrigeration of fruits and vegetables, 73-77.

Dietz, T. H.; K. R. T. Raju and S. S. Joshi. 1988. Studies on loss of weight
of mango fruits as influenced by cuticles and lenticels. Acta Horti,
23] 685-687.

El-Zoghbi, M. 1994, Biochemical chatiges in some tropical fruits during
ripening. Food Chemistry, 49 (1): 33-37. :

Farooqi, W. A.; Jr. A, Sattar; K. Daud and M. Hussain. 1985. Studies on the
postharvest chilling sensitivity of mango fruit (Mangifera indica L.).
Proceedings of the Florida State Horti. Society, 98: 220-221.

Fuchs, Y.; E. Pesis and G. Zauberman. 1980. Changes in amylase activity,
starch and sugar contents in mango fruit pulp. Scientia Horii., 13:
155-160. ' '



2" Inter. Conf. Hort. Sci., 10-12 Sept. 2002, Kafr EI-Sheikh, Tanta Univ., Egypt. - 42]

Graham, D. 1990. Chilling injury in plants and fruits: some possible causes
with means of amelioration by manipulation of postharvest storage
conditions. Proceedings of the international congress of plant
physiol.. New Delhi, India, 15-20 February 1988. Volume 2. 1990
1373-1384. New Delhi, India; Society for Plant Physiol and
Biochemistry.

Grodzinsky. A. M. and D. M. Grodzinsky. 1973. Short reference in plant
physiology. Naukova Domka Riev. R U.R., 433-434.

Hardenburg. R. E.; A. E. Watada and C. Y. Wang. 1990. The commercial
storage of frults vegetables, and florist and nursery stocks. Agri.
Handbook Number 66, USDA, p. 19.

Joshi, G. D. and S. K. Roy. 1988. Influence of maturity, transport and ccld
storage on biochemical composition of Alphonso mango fruits. J. of
Maharashira Agri. Univ., 13 (1): 12-15.

Loomis, W. E. and C. A. Shull. 1937. Methods in Plant Physiology.
McGraw-Hidl Publishing Company Inc. New Delhi, India.

Malik, C. P. and M. B. Singh. 1980. Plant Enzymeology and Histo-
Enzymiology. A Text Manual, pp.276-277, Kalyani Publishers, New
Delhi, India.

Mattoo, A. K. V. V. Madi and V. V. R. Reday. 1968. Oxidation and
carotenogenesis regulating facters in mangoes. Indian J. of
Biochemistry, 5: 111-114.

McGuire, R. G. 1993. Imazalil for postharvest control of anthracnose on
mango fruits. Acta Horti., 341: 371-376.

Medlicott, A. P and A. K. Thompson. 1985. Analysis of sugars and organic
acids in ripening mango fruits (Mangifera indica L. var Keitt) by
high performance liquid chromatography. J. of the Sci. of Food and
Agri., 36 (7): 561-566.

Medlicott, A. P: M. Bhogol and S. B. Reynolds. 1986. Changes in peel
pigmentation during ripening of mango fruit (Mangifera indica var.
Tommy Atkins). Annals of Applied Biology, 109: 651-656.

Medlicott, A. P; J. M. M. Sigrist and O. Sy. 1990. Ripening of mangoes
following low-temperature storage. J. Amer. Soc. Hort. Sci., 115 (3):
430-434.

Mitra, S. K. (ed). 1997. Postharvest physiology ans storage of tropical and
subtropical fruits. CAP International, USA.

Moran, R. and D. Porath. 1980. Chlorophyll determination in intact tissues
using N.N-Dimethylformamide. Plant Physiol, 65: 478-479.

Morga, N. S.; A. O. Lustre; M. M. Tunac; A. H. Balogot and M. R. Soriano.
1979. Physicochemical changes in Philippine Caraboa mangoes
during ripening. Food Chemistry, 4: 225-234.



if
422 - 2 Inter. C onf. Hort. Sei, 10-12 Sepr. 2002, Kafr EI-Sheikh, Ta:xata Uniy., Egypt.

Ranganna, S. 1977. Manual of Analysis of Fruits and Vegetables Products.
p- 18-20. McGraw-Hill Publishing Company Inc, New Delhi, India.

Roe. B. and J. H. Bruemmer. 1981. Changes in pectic substances and
enzymes during ripening and storage of "Keitt" mangoes. J of Food
Sci., 46 (1): 186-189.

Roy, S. K. and G. D. Joshi. 1988. An approach to integrated post-harvest
handling of mango. Acta Horti., 231: 649-661.

Saucedo-Veloz, C.; G. Mena-Nevarez and S. H. Chavez-Franco.1995.
Effect of hydrothermal treatments for quarantine purpose on the
physiology and quality of "Manila" mango. Harvest and postharvest
technologies for fresh fruits and vegetables, 276-281.

Selvaraj, Y.; R. Kumar and D. K. Pal. 1989. Changes in sugars, organic
acids. amino acids, lipid constituents and.aroma characteristics of
ripening mango (Mangifera indica L.) fruit. J. of Food Sci. and
Technology, 26: 308-313.

Simpson, K. L.; T. Lee; D. B. Rodrigues and C. O. Chichester. 1976. In
Chemisiry and Biochemistry of Plant Pigments. (ed T. W.
Goodwin). Vnl |, Academic Press, pp. 779-843.

Snedecor, W. and W. G. Cochran. 1972. Statistical Methods. 6™ ed. The

- Joway State College Press, lowa, U.S.A.

Ulrich, R. 1970. Organic acids. In The Biochemistry of fruits and their
products. (ed. A. Hulme), Vol. 1, Academic Press, pp. 89-118.
Vazquez-Salinas, C. and S. Lakshminarayana. 1985. Compositional changes
in mango fruit during ripening at different storage témperatures. .J. of

Food Sci., 30 (6): 1646-1648.





