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Table 11. The occurrence of spongy tissue (%) in mangosteens after subjecting to constant
temperature modified vapor heat treatment (CONSTANT MVHT) and stepped
temperature modified vapor heat treatment (STEPPED MVHT) at 45 and 46 ° C
center temperatures for various holding times and 6 days storage at 27 £+ 1 °C
and 75 + 5 % RH.
Temp Flesh spangy tissue (%) |
(¢ C) Rep. Method 1h 1:30h 2h
45 1 CONSTANT MVHT 0 0 10.0
STEPPED MVHT 0 0 5.0
Control 0
2 CONSTANT MVHT 0 25 2.5
STEPPED MVHT 0 0 25
Control 0
48 1 CONSTANT MVHT 7.5 5.0 7.5
STEPPED MVHT 2.5 5.0 2.5
Control 0
2 CONSTANT MVHT ¢ 0 0
STEPPED MVHT 0 2.5 0
Control 0

' Values are percentage of damaged fruits from 40 test fruits.

Table 12, The occurrence of flesh browning {%) in mangosteens after subjecting to constant
temperature modified vapor heat treatment (CONSTANT MVHT) and stepped
temperature modified vapor heat treatment (STEPPED MVHT) at 45 and 46 ° C
center temperatures for various holding times and 6 days storage at 27 + 1 °C
and 75 + 5 % RH.
Temp Flesh browning (%) '
(" C) Rep. Method 1h 1:30 h 2h
45 1 CONSTANT MVHT 25 27.5 27.5
STEPPED MVHT 0 7.5 12.5
Control 0
2 CONSTANT MVHT 2.5 25.0 15.0
STEPPED MVHT 0 10.0 200
Control 0
46 1 CONSTANT MVHT 22,5 225 15.0
STEPPED MVHT 5.0 15.0 12.5
Control 0
2 CONSTANT MVHT 20.0 275 225
STEPPED MVHT 5.0 12.5 25.0
Control 0

! Values are percentage of damaged fruits from 40 test fruits.
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Table 13. Total fruit injuries (%} (pericarp hardening, flesh spongy tissue and flesh browning)
in mangosteens after subjecting to constant temperature modified vapor heat
treatment (CONSTANT MVHT) and stepped femperature modified vapor heat
treatment (STEPPED MVHT) at 45 and 46 ° C center temperatures for various
holding times and 6 days storage at 27 + 1°C and 75 + 5 % RH.

Temp Total fruit injuries (%)

{°C) Rep. Method 1h 1:30 h 2h
45 1 CONSTANT MVHT 2.5 40.0 325
STEPPED MVHT 0 7.5 22.5

Control 0
2 CONSTANT MVHT 25 325 25.0
STEFPPED MVHT 0 10.0 30.0

Control 0
46 1 CONSTANT MVHT 40.0 725 67.5
STEPPED MVHT 12.5 45.0 67.5

Control 0
2 CONSTANT MVHT 40.0 80.0 90.0
STEPPED MVHT 12.5 30.0 52.5

Contral 0

' Values are percentage of damaged fruits from 40 test fruits.

Table 14, Number of translucent-fleshed mangosteens in the experiment.

Temp Number of translucent-fleshed mangosteens
(°C) Rep. Methed 1h 1:30 h 2h
45 1 CONSTANT MVHT? 23 [40 19 [36] 15 [36]
STEPPED MVHT? 14 [40] 14 [40] 19 [38]

Control 15 [40]
2 CONSTANT MVHT 19 [40] 21 [37] 20 [36]
STEPPED MVHT 19 [40] 22 [40] 16 [37]

Control 19 [40]
46 1 CONSTANT MVHT 14 [33] 7 [20] 5 [19]
STEPPED MVHT 19 [37] 11 [30] 5 [19]

Control 6 [40]
2 CONSTANT MVHT 7 [32] 1 [19] 5 [13]
STEPPED MVHT 15 [37] 10 [34] 8 [15]

Control 16 [40]

! Constant temperature modified vapor heat treatment.
2 Stepped temperature modified vapor heat treatment.
* Total number of fruits observed.
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Table 15.  The occurrence of flesh spongy tissue in translucent-fleshed mangosteens.

Number of translucent-fleshed mangosteens

Temp showing flesh spongy tissue
{°C) Rep. Method 1h 1:30 h 2h
45 1 CONSTANT MVHT! 0 [op 0 [0] 2 [M4]

STEPPED MVHT? 0 {0] 0 [0 2 [

Control 0 [0]
2 CONSTANT MVHT 0 [ 1 1] 0 [1]
STEPPED MVHT 0 [0 0 [0] i 1]

Control 0 [0
48 1 CONSTANT MVHT 3 [3) 1 [2] 3 13
STEPPED MVHT 1 1] 1 2] 1 1]

Control 0 [0]
2 CONSTANT MVHT 0 O 0 {0 0 [0
STEPPED MVHT 0 [0 1 1] 0 [0]

Control 0 0]

! Constant temperature modified vapor heat treatment.
2 Stepped temperature modified vapor heat treatment,
* Total number of fruits showing flesh spongy tissue.

Table 16. The occurrence of flesh browning in translucent-fleshed mangosteens,

Number of translucent-fleshed mangosteens

Temp showing flesh browning
¢ C) Rep. Method ih 1:30 2h
45 1 CONSTANT MVHT! 1 [P 8 [11] 8 [11]
STEPPED MVHT? 0 [0 2 3] 4 [5]
Control 0 [0]
2 CONSTANT MVHT 1 1] 10 [10Q] 6 [6]
STEPPED MVHT 0 [0 4 [4] 8 [8]
Control 0 [
46 1 CONSTANT MVHT 5 [9] 3 [9] 3 [6]
STEPPED MVHT 2 [2] 2 18] 1 [5]
Control 0 0]
2 CONSTANT MVHT 3 (8] 1 [11] 5 {9]
STEPPED MVHT 1 [1] 1 [5] 8 110]
Control 0 [0]

! Constant temperature modified vapor heat treatment.
2 Stepped temperature modified vapor heat treatment.
® Total number of fruits showing fiesh browning.
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Table 17. The occurrence of severe heat injuries (flesh spongy tissue and flesh
browning) in translucent-fleshed mangosteens.

Number of transiucent-fleshed mangosteens

Temp showing severe heat injuries
{°C) Rep. Method 1h 1:30 h 2h
45 1 CONSTANT MVHT! 1 [23p 8 [19] 8 [15]
STEPPED MVHT? 0 [14] 2 [14] 6 [19]
Control 0 [15]
2 CONSTANT MVHT 1 [19] 10 [21] 6 [20]
STEPPED MVHT 0 [15] 4 [22] 8 [16]
Control 0 [19]
48 1 CONSTANT MVHT 7 [14] 3 M 3 9]
STEPPED MVHT 3 [19] 4 [11] 2 5]
Control 0 [8]
2 CONSTANT MVHT 3 [7] 1 1] 5 (5]
STEPPED MVHT 1 [15] 2 [10] 8 [8]
Control 0 [19g]

! Constant temperature modified vapor heat treatment.
2 Stepped temperature modified vapor heat treatment.
3 Number of translucent-fleshed mangosteens observed.

Table 18. The occurrence of spongy tissue in normal flesh mangosteens.

Number of normal flesh mangosteens

Temp | showing spongy tissue

(°C) Rep. Method 1h 1:30h 2h
45 1 CONSTANT MVHT' 0 0P 0 [0] 2 [4]
STEPPED MVHT? 0 [0] 0 [0 0 [2]

Control 0 0]
.2 CONSTANT MVHT 0 [0] 0 [1] 0 M
STEPPED MVHT 0 [0] 0 [0] 0 [1}

Control 0 [0]
48 1 CONSTANT MVHT 0 [3] 0 [2] 0 [3)
STEPPED MVHT 0 0 [2] 0 [

Control : 0 [0]
2 CONSTANT MVHT 0 [0] 0 [0] 0 [0
STEPPED MVHT g [0] 0 [1] 0 [Q]

Control 0 [

! Constant temperature modified vapor heat treatment.
2 Stepped temperature modified vapor heat treatment.
? Total number of fruits showing flesh spongy tissue.
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Table 1¢. The occurrence of flesh browning in normal flesh mangosteens.

Number of ncrmal flesh mangosteens

Temp showing flesh browning
{°C) Rep. Method 1h 1:30 h 2h
45 1 CONSTANT MVHT! o MP 0 [11] 3 1]
STEPPED MVHT? 0 [0] 1 (3] 1 [5]
Control 0 [0]
2 CONSTANT MVHT 0 ] 0 [10] 0 [6]
STEPPED MVHT 0 [Q] 0 [4] 0 [8]
Control 0 [0]
46 1 CONSTANT MVHT 4 [9] 6 [9] 3 [6]
STEPPED MVHT 0 [2] 4 [6] 4 [3]
Control 0 [0]
2 CONSTANT MVHT 5 [8] 10 [t1] 4 19]
STEPFPED MVHT 0 M 4 [5] 2 0]
Control 0[O
' Constant temperature modified vapor heat treatment.
? Stepped temperature modified vapor heat treatment.
* Totat number of fruits showing flesh browning.
Table 20. The occurrence of severe heat injuries (flesh spongy tissue and flesh

browning) in normal flesh mangosteens.

Number of normal flesh mangosteens

Temp showing severe heat injuries
°C) Rep. Method 1h 1:30h 2h
45 1 CONSTANT MVHT! 0 M7 3 [17] 4 [21]
STEPPED MVHT? 0 [26] 1 [26] 1 [19]
Control 0 [25]
2 CONSTANT MVHT 0 [21] 0 [186] 0 [16]
STEPPED MVHT 0 [25) 0 [18] 0 [21]
Control 0 [21]
46 1 CONSTANT MVHT 4 [9] 8 [13] 3 [14]
STEPPED MVHT 0 [18] 4 [19] 4 [14]
Control 0 [34]
2 CONSTANT MVHT 5 [25] 10 [18}] 4 [8]
STEPPED MVHT 0 [20] 4 [24] 2 [7]
Contrel 0 [24]

! Constant temperature modified vapor heat treatment.
¢ Stepped temperature modified vapor heat treatment.
¥ Number of normal flesh mangosteens observed.
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Figure 1. Temperature and relative humidity profile during modified vapor heat treatment at
fruit center temperature 45 ° C. A. Constant temperature modified vapor heat
treatment; B. Stepped temperature modified vapor heat treatment.
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Figure 2, Temperature and relative humidity profile during modified vapor heat treatment at
fruit center temperature 46 ° C. A. Constant temperature modified vapor heat
treatment, B. Stepped temperature modified vapor heat treatment.
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ABSTRACT

Cooling mangosteens (Garcinia manostana Linn.) after exposure to
modified vapor heat treatment (MVHT) was evaluated for its effect on fruit injury.
Mangosteens were heated with hot air of 80 % RH from ambient temperature to 43.0 ° C.
After fruit center temperature was raised to 43 ° C, test fruits were heated by high
temperature air saturated with water vapor until fruit center temperature were raised to
45 and 46 ° C and maintained at these temperature for 1, 1:30 and 2 hours. Treated
fruits were separated into 2 groups and immediately cooled by 25+ 1° C air or by 23 +
1 ¢ C showering water for 1 hour. Although shower cooling reduced fruit temperature
more rapidly than air cooling, it could not prevent mangosteen from damaging by the
treatment. Total number of heat injured fruits from the following symptoms; pericarp
hardening, flesh spongy tissue and flesh browning, was not distinctively different in
mangosteens subjected to either cooling methods. Thus, air cooling method should be
used to cool heat-treated fruits because shower cooling probably reduced mortality of
fruit fly in mangosteens. If shower cooling method was used to cool infested fruits, they
must be subjected to MVHT at higher temperature or longer exposure time at target
temperature to completely eliminate fruit fly in mangosteens.
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Table 1. Time for center of mangosteens to attain 45 and 46 ° C during modified
vapor heat treatment.

Time for Time for
fruit center  fruit center
Fruit Sensor fruit to reach to reach
temp Loading weight 45°C 46°C
Location (°C) Rep. (kg/cum.) {9) (hy! (h)!

Rayong 45 1 17 69.59 1:34 -
70.18
70.52

2 17 70.53 1:30 -
70.59
70.69

48 1 17 69.41 - 1:25
69.73
69.83

2 17 68.37 - 1:26
69.48
69.56

Chumporn 45 1 17 69.74 1:32 -
70.18
70.77

2 17 70.01 1:28 -
70.42
70.85

46 1 17 68.15 - 1:26
68.43
68.65

2 17 68.23 - 1:21
68.66
69.03

' Time for two sensor fruits to attain target temperatures.
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Table 2. The occurrence of pericarp hardening (%) in mangosteens after subjecting
to modified vapor heat treatment at 45 and 46 ° C center temperatures for
various holding times followed by air and shower coofing and 7 days
storage at27 + 1°Cand 75 + 5 % RH.

Fruit temp Cooling Pericarp hardening (%)
Location (“ C) Rep. Method th 1:30h 2h
Rayong 45 1 Air coeling 2.5 5 10
Shower cooling 5 5 7.5
Control 0
2 Air cooling 5 5 7.5
Shower cooling 2.5 5 10
Control 0
46 1 Air cooling 15 275 375
Shower cooling 10 25 40
Control 0
2 Air cooling 17.5 35 35
Shower cooling 15 25 42.5
Control 0
Chumporn 45 1 Air cooling 5 7.5 7.5
Shower cooling 2.5 5 10
Control 0]
2 Air cooling ' 2.5 7.5 7.5
Shower cooling 2.5 5 10
Control 0
46 1 Air cooling 15 42.5 52.5
Shower cooling 27.5 40 42.5
Controf 0
2 Air cooling 5 20 35
Shower cooling 15 25 55
Control 0

'Values are percentage of damaged fruits from 40 test fruits.
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Table 3. The occurrence of flesh spongy tissue (%) in mangosteens after subjecting
to modified vapor heat treatment at 45 and 46 ° C center temperatures for
various holding times foliowed by air and shower cooling and 7 days
storage at 27 + 1°Cand 75 + 5 % RH.

Fruit temp Cooling Flesh spongy tissue (%)’
Location °C) Rep. Method 1h 1:30h 2h
Rayong 45 1 Air cooling 0 2.5 10
Shower cooling 0 5 7.5
Control 0
2 Air cooling 0 7.5 15
Shower cocling 0 5 12.5
Control g
46 1 Air cooling 2.5 7.5 10
Shower cooling 7.5 5 7.5
Control 0
2 Air cooling 2.5 5 10
Shower cooling 5 10 7.5
Control 0
Chumporn 45 1 Air cooling 0 2.5 2.5
Shower cooling 0 7.5 7.5
Control 0
2 Air cooling 0 25 5
Shower cooling 0 5 15
Control 0
46 1 Air cooling 17.5 10 12.5
: Shower cooling 15 10 15
Control 0]
2 Air cooling 7.5 10 12.5
Shower cooling 10 5 12.5
Control 0

! Values are percentage of damaged fruits from 40 test fruits.
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Table 4. The occurrence of flesh browning (%) in mangosteens after subjecting to
modified vapor heat treatment at 45 and 46 ° C center temperatures for
various holding times followed by air and shower cooling and 7 days
storage at27 £+ 1°Cand 75 + 5 % RH.

Fruit temp Cooling Flesh browning (%)’
Location °C) Rep. Method 1h 1:30 h 2h
Rayong 45 1 Alr cooling 2.5 7.5 7.5
Shower cooling 5 7.5 12.5
Control 0
2 Air cocling 5 5 10
Shower cooling 25 5 12.5
Control 0
48 1 Air cooling 7.5 15 15
Shower cooling 5 10 10
Control 0
2 Air cooling 7.5 10 12.5
Shower cooling 5 75 12.5
Controtl 0
Chumporn 45 1 Air cooling 0 5 5
Shower cooling 4) 25 5
Control 0
2 Air cooling 0 5 7.5
Shower coaling 0 7.5 5
Control 0
46 1 Air cooling 17.5 7.5 12.5
Shower cooling 17.5 12.5 i5
Control 0
2 Air cooling 12.5 10 12.5
Shower cooling 10 10 15
Confrol 0

' Values are percentage of damaged fruits from 40 test fruits,
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Table 5. Total fruit injuries (%) (pericarp hardening, flesh browning and flesh
spongy tissue) in mangosteens after subjecting to modified vapor heat
treatment at 45 and 46 ° C center temperatures for various holding times
followed by air and shower cooling and 7 days storage at 27 + 1 °C and 75

t+ 5 % RH.
Fruit temp Cooling Total fruit injuries (%)
Location {*C) Rep. Method 1h 1:30 h 2h
Rayong 45 1 Air cooling 5 12.5 27.5
Shower cooling 10 12.5 25
Control 0
2 Air cooling 10 17.5 25
Shower cooling 5 15 25
Control 0
48 1 Air cooling 225 425 55
Shower cooling 17.5 37.5 50
Control 0
2 Air cooling 25 47.5 47.5
Shower cooling 20 45 55
Control
Chumporn 45 1 Air cooling 5 12.5 16
Shower cooling 2.5 12.5 17.5
Control 0
2 Air cooling 2.5 12.5 17.5
Shower cocling 2.5 15 275
Control 0
46 1 Alr cooling 35 55 70
Shower cooling 50 55 62.5
Contro! 0
2 Air cooling _ 17.5 325 52.5
Shower cooling 25 35 70
Control 0

' Values are percentage of damaged fruits from 40 test fruits.
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Figure 1. Temperature and relative humidity profile during modified vapor heat
treatment.
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Figure 2. Fruit center temperature during air and shower cooling.
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8. Factors Affecting Thermal! Injury of Mangosteen
Subjected to Modified Vapor Heat Treatment
4. Stage of Ripeness
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ABSTRACT

Mangosteens (Garcinia manostana Linn.) of 2 different stages of ripeness
were evaluated for their effect on heat injuries. The less ripe fruits of color stage 2
{(Pericarp is light pinkish yellow with distinct irregular pink-red spots cover entire fruit.
Latex in pericarp is moderate) and the riper fruits of color stage 4 (Pericarp is red or
reddish brown, some with purple tinge. Latex in pericarp is very slight to none) were
exposed to modified vapor heat treatment (MVHT).  Fruits were heated with hot air of
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80 % RH from ambient temperature to 43.0 ° C. After fruit center temperature was raised
to 43 ¢ C, test fruits were heated by high temperature air saturated with water vapor until
fruit center temperature reached 45 and 46 ° C and maintained at these temperatures for
1, 1:30 and 2 hours. Test fruits were air cooled immediately after heat treatment for 1
hour and kept in storage room at 27 £ 1° C and 75 £ 5 % RH for 7 days. The results
indicated that the severity to mangosteen fruits depended on stage of ripeness. The
major injury in the riper fruits was flesh browning whereas the main damage in the less
ripe fruits was the disruption of normal ripening which was expressed by the
unseparation of pericarp and aril.
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Table 1. Time for center of mangosteens to attain 45 and 46 ° C during modified
vapor heat treatment.

Time for Time for

fruit fruit
Sensor fruit center center
Fruit temp Stage of Loading weight to reach to reach
{°C) Rep. ripeness'  Size? {kgfcum.) () 45°C (h)® 46°C (h)’
45 1 Color S 8.5 68.63 1:29 -
stage2 68.68
68.77
Color S 85 £8.38 1:30 -
stage 5 69.71
£9.76
2 Color M 10 103.16 1:39 -
stage 2 103.25
103.75
Color M 10 103.45 1.37 -
stage 5 103.67
104.08
46 1 Color S 8.5 £8.50 - 1:30
stage 2 68.63
68.76
Color S 8.5 68.26 - 1:25
stage 5 68.32
68.38
2 Color M 10 104.29 - 1:41
stage 2 104.41
104.57
Color S 8.5 68.30 - 1:25
stage 5 68.85
69.56

! Color stage 2: Pericarp light pinkish yellow with distinct irregular pink-red spots cover entire fruit.
Latex in pericarp modereate. Pericarp and aril separation difficult to moderate.
Caolor stage 5: Pericarp darkened to reddish purple. No latex remain in pericarp. Complete and
easy separation of pericarp and aril.

2 8 = Small size (50-85 g/fruit), M = Medium size (85-120 gffruit).

*Time for two sensor fruits to attain target temperatures.
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Table 2. The occurrence of pericarp hardening (%) in mangosteens of different
ripeness stages after subjecting to modified vapor heat treatment at 45
and 46 ° C center temperatures for various holding times and 7 days
storage at27 + 1°Cand 75 + § % RH.

Fruit temp Stage of Pericarp hardening (%) 2
{°C) Rep. ripeness ' 1h 1:30 h 2h
45 1 Color stage 2 15 22.5 255
Color stage & 5 2.5 7.5
Control 0
2 Color stage 2 125 17.5 30
Color stage 5 0 5 7.5
Control o
46 1 Color stage 2 20 35 47.5
Color stage 5 0 15 30
Control 0
2 Color stage 2 17.56 55 67.5
Color stage 5 0 22.5 47.5
Control 0

' Color stage 2: Pericarp light pinkish yellow with distinct irregular pink-red spots cover entire fruit.
Latex in pericarp modereate. Pericarp and aril separation difficult to moderate.
Color stage 5. Pericarp darkened to reddish purple. No latex remain in pericarp. Complete and
easy separation of pericarp and aril.

2 values are percentage of damaged fruits from 40 test fruits.
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Table 3. The occurrence of flesh spongy tissue (%) in mangosteens of different
ripeness stages afler subjecting to modified vapor heat treatment at 45
and 46 ° C center temperatures for various holding times and 7 days
storage at27 + 1°Cand 75 + 5 % RH.

Fruit temp Stage of Flesh spongy tissue (%) ?
°C) Rep. ripeness ' 1h 1:30h 2h
45 1 Color stage 2 0 0 0
Color stage 5 0 5 7.5
Control 0
2 Color stage 2 0 0 0
Color stage 5 0 0 10
Control 0
46 1 Color stage 2 0 2.5 7.5
Color stage 5 7.5 7.5 15
Control 0
2 Color stage 2 2.5 25 7.5
Color stage 5 0 20 125
Contro! 0

' Color stage 2: Pericarp light pinkish yellow with distinct irregular pink-red spots cover entire fruit.
Latex in pericarp modereate. Pericarp and aril separation difficult to moderate.
Color stage &: Pericarp darkened to reddish purple. No latex remain in pericarp. Complete and
easy separation of pericarp and aril.

2 Values are percentage of damaged fruits from 40 test fruits .
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Table 4. The occurrence of flesh browning (%) in mangosteens of different ripeness
stages after subjecting to modified vapor heat treatment at 45 and 46 ° C
center temperatures for various holding times and 7 days storage at 27 +
1°Cand 75 £ 5 % RH.
Fruit temp Stage of Flesh browning (%) ?
{°C) Rep. ripeness 1h 1:30 h 2h
45 1 Color stage 2 0 4] 0
Color stage 5 0 5 20
Control 0
2 Color stage 2 25 0 0
Color stage 5 0 5 17.5
Control
46 1 Color stage 2 7.5 12.5 12.5
Color stage 5 30 27.5 30
Control g
2 Color stage 2 10 7.5 17.5
Color stage 5 25 47.5 30
Control 0

! Color stage 2: Pericarp light pinkish yellow with distinct irregular pink-red spots cover entire fruit.
Latex in pericarp modereate. Pericarp and aril separation difficult to moderate.
Color stage 5: Pericarp darkened to reddish purple. No latex remain in pericarp. Complete and
easy separation of pericarp and aril.

2 Values are percentage of damaged fruits from 40 test fruits .
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Table 5. Total fruit injuries (%) (pericarp hardening, fiesh spongy tissue and flesh
browning) in mangosteens of different ripeness stages after subjecting to
modified vapor heat treatment at 45 and 46 ° C center temperatures for
various holding times and 7 days storage at 27 + 1°C and 75 + 5 % RH.

Fruit temp Stage of Total fruit injuries (%) ?
°C) Rep. ripeness ' 1h 1:30 h 2h
45 1 Color stage 2 15 225 25
Color stage 5 5 7.5 27.5
Control 0
2 Color stage 2 15 17.5 30
Color stage 5 0 10 25
Control 0
46 1 Color stage 2 275 50 62.5
Color stage 5 30 42.5 60
Controf 0
2 Color stage 2 30 65 85
Color stage 5 25 70 775
Control 0]

* Color stage 2: Pericarp light pinkish yellow with distinct irregular pink-red spots cover entire fruit.
Latex in pericarp modereate. Pericarp and aril separation difficult to moderate,
Cotor stage &: Pericarp darkened to reddish purple. No latex remain in pericarp. Complete and
easy separation of pericarp and aril,

2 Values are percentage of damaged fruits from 40 test fruits .
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Figure 1. Color stage 2: Pericarp light pinkish yellow with distinct irregular pink-red
spots cover entire fruit. Latex in pericarp modereate. Pericarp and aril
separation difficult to moderate.

Figure 2. Color stage 5: Pericarp darkened to reddish purple. No ilatex remain in
pericarp. Complete and easy separation of pericarp and aril.
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Figure 3. Temperature and relative humidity profile during modified vapor heat
treatment.
A. Fruit temperature 45 ° C,; B. Fruit temperature 46 ° C.
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Figure 4. Symptoms of thermal injury in mangosteens of color stage 2.
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ABSTRACT

Mangosteen {Garcinia manostana Linn.) fruit injury was evaluated after
exposure to modified vapor heat treatment (MVHT) which temperatures at the end of
dry-preheating period were 42 and 44 ° C. Test fruits were heated with hot air of 80 %
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RH from ambient temperature to 42 or 44 ° C. After fruit center temperature was raised
to 42 or 44 ° C, test fruits were heated by high temperature air saturated with water
vapor until fruit center temperatures attained 45 and 46 ° C and kept at these
temperatures for 1, 1:30 and 2 hours. Immediately after treatment, fruits were air cooled
for 1 hour and then stored in constant temperature/humidity chamber at 27 + 1 ° C and
75 + 5 % RH for 7 days. The result showed that both heat treatment procedures could
not prevent mangosteen fruits from thermal injuries. Total number of heat injured fruits
from the following symptoms; flesh spongy tissue, flesh browning and pericarp
hardening were similar.
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Table 2. The occurrence of pericarp hardening (%) in mangosteens after
subjecting to modified vapor heat treatment at 45 and 46 ° C center
temperatures for various holding times and 7 days storage at 27 £+ 1 °C
and 75 £ 5 % RH.

Temp at the end of dry-
Fruit temp preheating period Pericarp hardening (%)’
(°C) Rep. °C) 1h 1:30h 2h
45 1 42 0 25 7.5
44 0 5 7.5
Control ¢
2 42 2.5 5 7.5
44 2.5 5 10
Control 0
46 1 42 12.5 175 325
44 10 20 27.5
Control 0
2 42 22.5 22.5 37.5
44 15 275 45
Control 0

' Values are percentage of damaged fruits from 40 test fruits.

Table 3. The occurrence of flesh spongy tissue (%) in mangosteens after
subjecting to modified vapor heat treatment at 45 and 46 ° C center
temperatures for various holding times and 7 days storage at and 27 +
1°Cand75+5 % RH. '

Temp at the end of dry-
Fruit temp preheating period Flesh spongy tissue (%)’
(°C) Rep. (¢ C) ih 1:30h 2h
45 1 42 0 5 12.5
44 0 2.5 10
Control ]
2 42 0 2.5 25
44 0 2.5 25
Control 0
46 1 42 5 7.5 5
44 5 5 7.5
Control 0
2 42 25 5 5
44 5 5 2.5
Control 0

' Values are percentage of damaged fruits from 40 test fruits.
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Table 4. The occurrence of flesh browning (%) in mangosteens after subjecting to
modified vapor heat treatment at 45 and 46 ° C center temperatures for
various holding times and 7 days storage at and 27 + 1 °C and 75 %

5% RH.
Temp at the end of dry-
Fruit temp preheating period Flesh browning (%)
o) Rep. (*C) 1h 1:30h 2h
45 1 42 75 7.5 12.5
44 5 5 10
Control 0
2 42 5 5 7.5
44 5 7.5 7.5
Control 0
46 1 42 7.5 12.5 126
44 10 7.5 15
Control 0
2 42 7.5 7.5 20
44 10 125 15
Control 0
" Values are percentage of damaged fruits from 40 test fruits.
Table 5. Total fruit injuries (%) (pericarp hardening, flesh spongy tissue and flesh

browning) in mangosteen fruits after subjecting to modified vapor heat
treatment at 45 and 46 ° C center temperatures for various holding times
and 7 days storage at 27 + 1°Cand 75 + 5 % RH.

Temp at the end of dry-
Fruit temp preheating period Total fruit injuries (%)’
(°C) Rep. - {°C) 1h 1:30h 2h
45 1 42 7.5 10 20
44 5 12.5 20
Control 9]
2 42 7.5 10 15
44 7.5 12.5 17.5
Control 0
46 i 42 25 35 47.5
44 25 32.5 50
Control 0
2 42 30 35 57.5
44 275 40 62.5
Control 0

' Values are percentage of damaged fruits from 40 test fruits.
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ABSTRACT

Storage temperature was assessed for its effect on thermal injury of
mangosteens (Garcinia manostana Linn.) after exposure to modified vapor heat
treatment (MVHT). Test fruits were heated with hot air of 80 % RH from ambient



J2

temperature to 43 ° C. After fruit center temperature was raised to 43 ° C, test fruits were
heated by high temperature air saturated with water vapor until fruit center temperatures
attained 45 and 46 ° C and kept at these temperatures for 1, 1:30 and 2 hours.
Immediately after heat treatment, fruits were air-cooled for 1 hour. Mangosteen fruit
injury was compared after 7 days storage at 15+ 2°C and 27 £ 1 °C. The results
indicated that temperature during storage distinctly affected thermal injury in
mangosteens. Following heat treatment, fruits stored at 15 ° C, were less damaged
from these symptoms, pericarp hardening, flesh spongy tissue and flesh browning, than
those stored at 27 ° C. Keeping mangosteens at 15 ° C can obviously prevent fruits from
thermal injuries especially pericarp hardening. [n addition, it can reduce the occurrence
of flesh browning in translucent-fleshed mangosteens.
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] & I‘: ﬁi 8 li. o et » AJ
INnda 5 uaz 7.5 Wodtdud lummasesnief 1 wazaisd 2 Muday (Table 4) @i
J l‘:v B - IIAJ Y -l & ] e UJ -
Tpzmdug wu Ngaiivlifigomnil 15 ° 9. @owsdhwamnnnhdgadulingumn s
27 ° &, (Table 4)

fmuLﬁumamna‘m‘mﬁamﬁumﬂu‘ﬁﬁqma'lmTaqmmn'«i'm’fﬂquww:ﬂé'm
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Table 1. Time for center of mangosteens to attain 45 and 46 ° C during modified
vapor heat treatment.
Time for Time for
Fruit Sensor fruit fruit center  fruit center
temp Loading weight to reach to reach
Location °C) Rep. (kg/cum.) ) 45°C (h)' 46°C (h)
Rayong 45 1 18 68.74, 69.18, 69.62 1:36 -
2 18 69.39, 69.42, 69.45 1:30 -
46 1 18 69.47, 69.53, 69.63 - 1:33
2 18 69.69, 69.87, 69.94 - 1:31
Chumporn 45 1 18 £9.54, 69.83, 69.91 1:34 -
2 18 69.47, 69.84, 69.93 1:36 -
45 1 18 69.32, 69.85, 69.86 - 1:38
2 18 69.46, 69.65, 69.87 - 1:29

' Time for only 2 sensor fruits to attain target temperatures.
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Table 2. The occurrence of pericarp hardening (%) in mangosteens after
subjecting to modified vapor heat treatment at 45 and 46 ¢ C center
temperatures for various holding times and 7 days storage at 15+ 2°C

and 27 £ 1°C.
Fruit temp Storage temp Pericarp hardening (%)’
Location (°C) Rep. (°C) 1h 130 h 2h
Rayong 45 1 15°C 0 0 0
Control (15° C) Q
27°C 5 7.5 10
Control (27 ° C) 0
2 16°C 0 0 0
Control {15° C) 0
27°C 5 5 7.5
Control (27 * C) 0
45 1 15°C 0 25 7.5
Control (15 ° C) 0
27°C 47.5 425 50
Control (27 ° C) 0
2 15°C 0 10 20
Control (15° C) 0
27°C 275 375 775
Control (27 °C) 0
Chumporn 45 1 15°C 0 0 0
Control (15° C) 0
27°C 0 2.5 2.5
Control (27 ° C) 0
2 15°C 0 0 Q
Control (15 ° C) 0
27°C 0 12.5 15
Control (27 ° C) 0
46 1 15°C 0 5 25
Control (15° C) 0
27°C 5 17.5 25
Control (27 ° C) 0
2 15°C 0 25 7.5
Contro! {15° C) 0
27°C 10 25 47.5
Control (27 ° C) 0

" Values are percentage of damaged fruits from 40 test fruits.
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Table 3. The occurrence of flesh spongy tissue (%) in mangosteens after
subjecting to modified vapor heat treatment at 45 and 46 ° C center
temperatures for various holding times and 7 days storage at 15+ 2°C

and 27 £+ 1°C.
Fruit temp Storage temp Flesh spongy tissue (%)’
Location {°C) Rep. {°C) 1h 1:30h 2h
Rayong 45 1 15°C 0 0 0
Control (15° C) 0
27°C 0] 25 5
Control (27 ° C) 0
2 15°C 0 0 0
Control (15° C) 0
27°C 0 0 17.5
Control (27 ° C) 0
45 1 15°C 2.5 15 325
Control (15°C) 0
27°C 0 0 30
Control (27 ° C) 0
2 i5°C 2.5 12.5 275
Control (15 ° C) 0
27°C 5 5 5
Contro! (27 ° C) 0
Chumporn 45 1 15°C 4] 0 0
Control (15° C) 0
27°C 0 5 25
Control (27 ° C) 0
2 15°C 0 0 0
Control (15° C) 0
27°C 2.5 7.5 2.5
Control {27 ° C) 0
46 1 15°C 25 2.5 12.5
Control (15° C) 0
27°C 5 75 225
Control (27 ° C) 0
2 15°C 2.5 10 7.5
Control (15°C) o
27°C 5 10 10
Control (27 ° C) 0

' Values are percentage of damaged fruits from 40 test fruits,
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Table 4. The occurrence of flesh browning (%) in mangosteens after subjecting to
modified vapor heat treatment at 45 and 46 ° C center temperatures for
various holding times and 7 days storageat 15+ 2°C and 27 £+ 1 °C.

Fruit temp Storage temp Flesh browning (%)
Location (° C) Rep. °C) 1h 1:30h 2h
Rayong 45 1 15°C 0 0 0
Control (15 ° C) 0
27°C 5 10 5
Control (27 ° C) 0
2 15°C 0 0 0
Control (15°C) 0
27°C 5 20 17.5
Control (27 ° C) 0
46 1 15°C 2.5 20 45
Control {(15° C) 0
27°C 5 15 35
Control (27 ° C) 0
2 15°C 25 25 425
Control (15° C) 0
27°C 7.5 17.5 7.5
Control (27 ° C) 0
Chumporn 45 1 15°C 0 0 2.5
Controt (15 ° C) 0
27°C 5 5 125
Control (27 ° C) 0
2 15°C 0 0 5
Control (15 ° C) 0
27°C 7.5 7.5 15
Control (27 ° C) 0
46 1 15°C 7.5 12.5 17.5
Control (15 ° C) 0
27°C 10 2.5 20
Control (27 ° C) 0
2 15°C 7.5 20 275
Control {15 ° C) 0
27°C 10 10 10
Control (27 ° C) 0

' Values are percentage of damaged fruits from 40 test fruits.
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Table 5. Total fruit injuries (%) (pericarp hardening, flesh spongy tissue and flesh
browning) in mangosteens after subjecting to modified vapor heat
treatment at 45 and 46 ° C center temperatures for various holding times
and 7 days storage at 15+ 2°Cand 27 + 1°C.

Fruit temp Storage temp Total fruit injuries (%)’
Location (° C) Rep. (°C) 1h 1:30 h 2h
Rayong 45 1 15°C 0 0 0
Control (15° C) 0
27°C 10 17.5 20
Control (27 ° C) 0
2 15°C 0 0 0
Control {15°C) 0
27°C 10 25 325
Control (27 ° C) 0
46 1 15°C 25 225 52.5
Control (15° C) 0
27°C 52.5 62.5 85
Control (27 ° C) 0
2 15°C 2.5 37.5 62.5
Control (15 ° C) 0
27°C 35 55 85
Control (27 ° C) 0
Chumporn 45 1 15°C 0 0 2.5
Control {15 ° C) 0
27°C 5 75 15
Control (27 ° C) 0
2 15°C 0 0 5
Control (15° C) 0
27°C 10 27.5 30
Control (27 ° C) 0
48 1 15°C 7.5 17.5 225
Control {(15° C) 0
27°C 17.5 275 50
Control (27 ° C) Q
2 15°C 7.5 25 35
Control (15° C) Q
27°C 20 35 57.5
Control (27 ° C) 0

' Values are percentage of damaged fruits from 40 test fruits.
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Table 8. Number of translucent-fleshed mangosteens in the experiment.
Fruit temp Storage temp Ne. translucent-fleshed mangosteens
Location °C) Rep. °C) 1h 1:30h 2h
Rayong 45 1 15°C 21 [40)' 24 (40} 16 [40]
Control {(15°C) 16 [40]
27°C 21 [38] 13 [37] 8 [36]
Controi (27 °C)  11{40]
2 15°C 17 [40] 19 [40] 17 [40]
Control (15° C) 16 [40}
27°C 15 [38] 14 [38] 20 [37)
Control (27°C)  15[40]
48 1 15°C 16 [40] 23[39] 18 [37]
Control (15°C) 19 [40]
27°C 10 [21] 11 [23] 7 [20]
-Control (27°C) 21 [40]
2 15°C 25 [40] 19 [36] 16 [32]
Control (15°C) 22 [20]
27°C g [39] 9 [25] 3 [9]
Control (27°C) 21 [20]
Chumparn 45 1 15°C 7 [40] 3 [40) 2 [40]
Control (15° C) & {40}
27°C 11 [38] 2 [39] 4 [39]
Control (27°C) 3 [40]
2 15°C 6 [40] 4 [40] 2 [40]
Control (15 ° C) 5 [40]
27°C 5 [37] 1 [35] 2 [34]
Contrel (27 ° C) 5 [40]
46 1 15°C 6 [37] 3 [38] 7 [39
Control (15° C) 3 [40]
27°C 5 [40] 3 [33] 3 {30]
Control (27 ° C) 8 [40]
2 15°C 7 [37] 7 [39] 4 [37]
Control (15°C) 4 {40]
27°C 4 [40] 4 [30] g [21]
Control (27°C) 8 [40]

' Number of fruits observed.
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Table 7. The occurrence of flesh browning on translucent-fleshed mangosteens.
Fruit Storage tem Number of transiucent-fleshed mangosteens
temp 9 P showing flesh browning

Location {°C) Rep. {°C) 1h 1:30 h 2h

Rayong 45 1 15°C 01217 0 24} 0[16]

Control (15° C) 0 [16]
27°C 2 [21] 3[13] 1[8]
Control (27 * C) 0[]
2 15°C 0{17] 0{19] oNn7
Control (15° C) 0 [16]
27°C 2[15) 8 [14] 6 [20]
Control (27 °C) 0 [15)
46 1 15°C 1 {18) 6 [23] 12 [18)
Control (15° C) 0 [19]
27°C 210 4 [11} 7171
Control (27 ° C) 0 [21]
2 15°C 1 [25} 5[19) 12 [16]
Control (15° C) 0[22]
27°C 219] 4 19] 33
Control (27 ° C) 0[21]
Chumporn 45 1 15°C ¢[7 0 3] 112
Control (15° C) 0 [6]
27°C 0 [11] 02 3[4]
Control (27 ° C) 03]
2 15°C 0 [6] 0 [4] 02
Control (15° C) 0[5]
27°C 0[5 0[1] 112]
Control (27 ¢ C) 0[5]
46 1 15°C 3 (6] 2 [3] 3 (7]
Control (15° C) 0[3]
27°C 1[5 013) 113]
Control (27 ® C) 0 [8]
2 15°C 2[7] 4 7] 4 [4]
Control (15° C) 04
27°C 2[4] 2 [4] 3 [8]

Control (27°C)  0[8)

' Total number of fruits showing flesh browning.
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