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1 Introduction

VAl

Fruit flies, such as Oriental fruit fly (Bactrocera dor-
salis species complax), melon fiy (Bactrocera cucurbi-
tae) and/or Mediterranean fruit fly (Ceratitis capitata),
are known worldwide as destructive pests of fruit
crops of major economic importance. Those coun-
tries where such fruit flies do nol ocour are exercis-
ing every effort to prevent the entry of such pests by
stringent phytosanitary measures.

The most stringent of all is the import ban of the
host plants of these pests. However, when exporting
country has developed complete disintestaion meth-
od against these pests, imporiation is globally accep-
ted on the condition that exporting country under-
takes pre-export treatmeni procedures specifically
agreed by the importing country. In recent years, eith-
er vapor heat or cold temperature is mainly used for
the sterilization of fruit flies. For both methods, the
standard treatment procedure which is suitable for
each particular specias of fresh fruit is selected for
use.

Vapor heat treatment (VHT) was adopted as a quar-
antine measure in 1929 when Mediterranean fruit fiy
invaded into the State of Florida. As & quarantine
safeguard lo prevent its spread, all fresh fruits ship-
ped from Florida to other States were treated with va-
por heat. VHT emerged in Japanese plant quaranting
in 1969 when it was approved as a key condition for
lifling import ban on fresh fruits of papaya from Ha-
wall. The treatment standard for Hawaiian papaya
was drawn by USDA-APHIS on the basis of a series
of experiments. Unfortunately, however, its use was
suspended after only one year (1970) because live
larvae of fruit fly were discovered on a certified ship-
ment at the port-of-entry inspection. Export treatment
of Hawailan papaya then switched over o ethylene di-
bromide (EDB) fumigation, another effective alterna-
tive treatment for fruit flies. Due to the possibie haz-
ard to human health, EDB itself was phased out in
the first half of 1980s. Vapor heat thus revived as a
non-hazardous tool of disinfestation and the various
maodes of its application have been investigated.

The most outstanding innovation in vapor heat tech-
nology was the development of so-called 'differential
pressure treatment system’ which expanded the
scope of vapor heal application to a wide range of

frash fruits. Treatment system of this type uses differ-
ential pressure to induce efficient circulation of vapor
heat through all spaces in-between fruits so that ey-
ery each individual fruit is always evenly and uniform-
ly exposed to vapor heal atmogphere. The most
sophisticated system which was developed by
Japanese manufacturers is equipped with high-tach-
nology instruments, high-precision temperature sen-
sors as well as built-in computers to contral tempera-
ture exactly at 0.1C level and humidity at 13 level. At
present, almost all fresh fruits being imported to Ja-
pan on the condition of VHT are processed with diffar-
ential pressure type treatment system.

Since the lifting of import ban of Hawaiian papaya,
other fruits such as mango, yellow pitaya, mangos-
teen and litchi were gradually ban-lifted from various
countries in the world and, in most cases, VHT has
been carried out successfully without any problem for
many years. However, one accident arose in 2002
when live larvae of oriental fruit fly were detected on
the treated papaya shipments from the Philippines. In-
vestigations for the cause revealed that the owner of
the facilities had neglected manufacturer's mainte-
nance, frequently repeated repairs on his own and,
in the course of 15 years, almost remade his facili-
ties. It is, therefore, considered that improper mainta-
nance sericusly downgraded the performances of fa-
cilities to give rise to cold spots in the treated fruits
which, eventually, led to the survival of fruit fly in the
export shipment to Japan.

In order to promote understanding of the VHT sys-
temn developed by Japan, VHT Research Group of Ja-
pan Fumigation Technology Association (JAFTA) has
eompiled in this brochure the principles of differential
pressure VHT system and its features compared with
the conventional blow-in type and horizontal air-
stream type VHT systems., We trust this will be a use-
ful reference for those who are interested in VHT
technalogy.

Fresh fruits which can be imported to Japan on the
condition of VHT {as of March, 2009) are given in the
following table.



Fresh fruits which can be imported to Japan on the condition of VHT in the countries of origin{as of March, 200%)

. Yaar . f
Fruits | Country/Region /Ban-lifted v&rlatnyulhvurl Treatment standards
Hawaii 1969 Solo type | Fruit-core temperature is raised up o 47.2°C with saturated
| vapor.
I ] Frult-core temperature is raised up to 46C with saturated
Papaya Fhlfepinm i Soks type vapor and treated for 70 min. at 46°C or above.
Under relative humidity of 40-60%, fruit-core tempera-
Taiwan 1982 Solo type ture is raised at a constant pace up to 43C and then con-
tinuously treated with saturated vapor up to 47.2C.
I Fruit-core mmp?ratum is raised up to 46C with saturated
Philipings 1975 Manila Super vapor and treated for 10 min. at 46°C or above.
(TFruit-core temperature is raised with saturated vapor
up to 46.5C and treated for 10 min. at 46.5C or above.
|Nan Klarngwan | (2 Fruit-core temperature is raised at a constant pace up
' to 43C, then with saturated vapor up to 47C and treat
Thailand 1987 for 20 min. at 47C.
| Nam Dorkmai | £r it core temperature is raised at a constant pace up to
Pimsen Daeng| 4o then with d to 47C and treat fo
Rad . an with saturated vapor up to and treat for
Mahachanok 20 min. at 4TC
! Irwin Fruit-core temperature is raised w'tt.h saturated vapor up
Mango bean 1982 Harden to 46.5C and treat for 30 min.
Kensington
Austrafia 1944 T{iﬁ? Fruit-core temperature is raised up to 47C with saturated
Kent vapor and maintained for 15 min. at 47C or above.
FPalmer
kit Fruit-core temperature is raised with saturated vapor up
Fiamal 2000 Haden to 47.2C.
Alphonso
| Gﬁsar Chamber is heated with saturated vapor up to 50C or
India 2006 Ba 1;5‘:"' above. Frult-core temperature is ralsed up to 47.5C and
Mg:ikg maintained for 20 min. at 47.5C or above.
Langda |
g | : Fruit-core temperature is raised with saturated vapor up
Yeliow pltaﬁi Colombia 1999 to 46'C and maintained for 20 min. at 46°C or above,
Using vapor of 50-80% relative humidity, fruits are heated
| . at a constant pace up to 43C and then fruit-core temper-
YN  Thalend 003 ature is raised up to 46°C with saturated vapor and main-
- - tained for 58 min. at 46T or above.
{1) Vapor heat treatment
Fruit-core temperature is raised with saturated vapor
straight from 30C to 41°C within 45 min. and then up to
T 880 46.2C, and treat for 20 min. at 46.2°C or above.
alwan
(2) Cold treatment
After vapo rheat treatment, fruit-core temperatura is
cooled down to 21C within & hours and treat for 42 hours
Litehi 2.
(1) Vapor haat treatment
Fruit-core temperature is raised with saturated vapor-
straight from 30°C to 41°C within 50 min. and then up to
] | 46,5C, and treat for 10 min. at 46.5C or above.
China 1994

(2) Cold treatment

After vapo rheat treatment, fruit-core temperature is
cooled down to 2°C within 6 hours and treat for 40 hours
at 2c.




2 Principles of vapor heat treatment system

1.Differential pressure method
@Sanshu Sangyo Company

a) Panel type facilities

In the interior of treating chamber, fruit containers
of plastics with perforated bottom are stacked onlo a
pallet up to several layers theraby forming a chim-
nay-shaped processing space (hereafter referred to
as ‘chimney’). This chimney is covered with a bell-
shaped hood having an axial fan on top. By running
axial fan, the chimney turns into a differential pres-
sure unit. The panel type system consists of plural
number of differential pressure units accommeodated
in a panelized treatment chamber which is provided
with temperature and humidity conditioned air by
forced circulation,

One unit load of fruits usually involves 42 contain-
ers (6 containersflayer=7 layers). About 530 kg of
average-sized mango can be treated per one unit,

The amount of fruits that can be treated at one
batch depends on the number of differential pressure
units housed in one treatment chamber. (In case of a
chamber having 10 differential pressure units: 530 kg
*10 units = 5,300 kg/batch)

When frult load/batch is smaller than the maximum
capacity, only fruit-loaded unit may be subjected to
the treatment for economy.

b) Container type facilities

Plastic containers of similar standards are stacked
onto a pallel up to several layers to form a chimney-
shaped processing unit. Plural numbers of this unil
are set in one containerized treatment chamber. By
operating plural fans, temperature and humidity con-
trolled air envelopes all the fruits in each unit in ocne
treatment chamber. In case of the container type
facility, all the interior of one containerized chamber
turns into a differential pressure condition,

One unit load of fruits usually involves 36 contain-
ers (6 containersfayer=6 layers). About 460 kg of
average-sized mango can be treated per one unit,

The amount of fruits that can be treated at one
batch depends on number of units accommodated in
one containerized treatment chamber. (In case of a
chamber having 10 differential pressure units: 460 kg
*10 units = 4,600 kg/batch)

When the load of fruits/batch is smaller than the
maximum capacity, fruit load/unit s coordinated and
approximately equal amount of fruits should be
divided into each processing unit.

# Ovarview of the vapor heat treatmend sysiem of Sanshu Sangyo
Company



Overview of Vapor Heat Treatments System of Sanshu Sangyo Type
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H Panel type

Modal EHK-500MP | EHK-1000MP ' EHK-1200MP
Treatment capacity (Mango fruits) 5,000 Kgfhahch 7,500 Kg/batch B,EIGCI h:gfba!ch
Treatment pallets 10 paHals 15 pallets 18 pallals
Treatment chamber (mm) L4, 200%WT7 200%H3, Eﬂﬂ LB, 000X WT 200%H3, 5013 L6, 000 W8, 400 H3,500
Operating temperature range Room temp, +10C~80TC
Operating humidity range B5%%~05%AH
Performance —— ==
| Temperature control accuracy 01T
Humidity control accuracy 0.19%RH
i Power source 30 50/60Hz 200V
Maximum power consumption 4w 1408w 180Kw
Rating 116 4 the.(denng YH treatment) | 165 £ /hr.(during VH ireatmend) | 134 £ thr. (guring VH treatment|
Maximum walar consumption
630 £ Fmin. {during cooling time) | 945 £ /min. (during coolmg lime) | 1134 £ imin.(duning cooling fime}
Madmum oil consumption | 20.0£ M. {during VH treatment) | 26.4 £ e (during VH traatmant] (40,7 £ Mhr.{during VH treatment)
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B Container type

Contaier type EHK-200MC

Model EHK-230MC EHK-4B0MC
Treatment capacity (Mango fruits) 2,300 Kg'batch 4,800 Kg/batch
Treatment pallets 5 paliets 10 pallats
Treatment chamber (mm) LB, 320=W2,350%H3,160 L12,500xW2,350xH3,160
Operating temperature range Room temp. +10C~60T
Operating humidily range 55%~85%RH
Performance —_—
Temperature conirol accuracy 01T
Humidity control accuracy 0.19%RH
Power source 3 50/60Hz 200V
= Maximum power consumplion 115Kw 230Kw
ng —_— — —
27 £ /nr.{during VH treatment) 68.5 £ hr.{during VH treatmeant)
Maximum water consumplion (- —— — =~/
300 £ /min.{during cooling time) GO0 £ /min.(during cooling time)




@ Takenaka Corporation

The whole treatment chamber is a processing unit
by creating differential pressure condition with forced
circulation blowers.

Plastic containers with perforated bottom are filled
with fresh fruits and stacked onto a pallet up to 7 lay-
ers thereby forming a chimney-shaped processing
space.

One pallet load of fruit involves 56 containers (8
containersfayer®7 layers) weighing 1 metric ton, The
maximum load of 20 pallets (totaling 20 metric tons)
can be treated at one batch.

As shown in the figure below, the palletized unit of
fruit containers joins with air chamber at the top.
Blast-hole of air chamber is made flexible to fit se-
curely with the top of palletized unit to ensure airtight

condition which is necessary for creating differential
pressure inside the enclosed processing space,

Temperature and humidity controlled air circulates
from the top down to the bottom through the space
in-between layered fruits. In order to obtain the best
conditions for fruits under treatment, a regular vol-
ume of air is constantly supplied to ensure stable dis-
tribution of temperature and humidity so that no un-
evenness may arise in running up fruit temperature
at evary spot of fruit stacks. Whan the fruits have
achieved the prescribed temperature, both exhaust
and alr supply dampers are released lo introduce
fresh air into the chamber for cooling down the trea-
ted fruits.

#Overview of the vapor haal irealiment system of Takenaka Cor-
poration

Overview of Vapour Heat Treatments System of Takenaka Corporation
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2.Blow-in method

This type of treatment was used until the late
1960s. Fruit loaded wooden boxes are stacked onfo
a pallet up to several layers. The wooden box is de-
signed to allow for aeration through openings at the
bottom and spaces between side crosspleces. Two
holes for handling the box on opposite side frames
serve for aeration as well.

Temperature and humidity conditioned vapor heat
is continuously blown into the fruil loaded boxes by
fans from the ceiling and the side wall positions.

A shortcoming of this method lies in that, because
the course of air stream is not restrained, most of the
blown air flows through the less air-resistant space
outside of wooden boxes and relatively small portion

flows into the air-resistant interior of wooden boxes.
More or less diffarence in exposure to vapor heat is
inavitable between the fruits of upper layers and
those at the inmost part of wooden boxes. Conse-
quently, in short exposure treatment, significant diffar-
ence in the run-up of fruit temperature arises depend-
ing on the laid position of treated fruits.

% Diagram of the blow-in vapor haat freaiment system

Diagram of blow-in type vapor heat treatment system

— Temperature and humidity adjustment

° —

\ ooodq obb*oﬁ
oooq Golok

/TN




3.Horizontal air-stream method

This is an improved version of the blow-in type treat-
ment in which the original defect has been alleviated
to a considerable extenl. It features multi-layered
treating shelves which are interspaced like the rear-
ing shelves of silkworms used in sericulture,

All the fruits laid in one layer in the shelf are de-
signed for exposure 1o horizontal air streams. Air pas-
sas mostly on the upper surface of laid fruits and
also partly on the lower surface through openings un-
derneath the frult layer. Fruit contact with vapor heat
is better than that of the blow-in type treatment and
gets closer to that of the differential pressure treat-
ment. However, because the course of air stream |s
not fully restrained, the basic problem remains that

more air flows over the top surface of treated fruits
while the flow is much less in the air-resistant space
such as the contact points between fruits and the low-
er side of fruit layers.

Combined use of turbulence by adequately placing
baffle plates has been introduced to improve the uni-
formity of vapor heat distribution. However, compared
with the differential pressure system, the Inherent
problems such as uneven thermal efficiency and
non-repeatability in the rise of frult temperature are
yet to be resolved.

# Diagram ol the horizontal alr-stream vaper heal ineatmant system

Diagram of horizontal air stream type vapor heat treatment system
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3_ Features of differential pressure treat

Featuras of the differential pressure treatment system are detailed below.

(1) The first feature of this system lies in the forced
circulation of air by differential pressure. As men-
fioned in the preceding article, fruit containers of spe-
cial designs are employed to make chimneys (or
chimney bundles) which give definitely high treat-
ment performance in combination with differential
pressure generated by axial fans.

Differential pressure treatment system is a system
in which vapor heat forcibly passes through the
space in-between fruits laid in chimneys so that va-
por heat works unifermly on all the fruits loaded. Ther-
mal efficiency increases with higher load of fruits to a
certain extent.

When fruit load is smaller than the optimum, air-
resistance in the empty space decreases thereby
incurring a lot of air to pass through whereas the air-
resistance in the lcaded space oppositely increases
thereby lessening the air flow which works on the
rise of fruit temperature.

On the contrary, when the fruit load is large encugh
to spread uniformly throughout the chimney, air-resis-
tance becomes also uniform throughout the fruit
stacks whereby enabling efficient thermal exchange
betwaan fruits and air.

{2) The second feature of this system lies in the con-
tainer for holding fruits for the treatment. It is a top-
less cube with four solid sides and many small holes
regularly punched on the bottom which allows air to
pass freely. Size and number of this hole is subject to
change with the kind and size of fruits to be treated.

It Is natural that diameter of the hole musi be smaller
than that of fruits. When the fruit is laid across the
hele, it blocks the hole and prevents air flow through
the hole. In order to avoid this disadvantage, the hole
is configured in such a way as to afford asration even
if it is covered with the laid fruit.

Thus, the use of unigue frult containers specially
designed for the treatment holds a key for high perfor-
mance of differential pressure system,

The following relationships exist between the hole
and the velocity of air passing through it.

(a)The volume of vapor heat passing through the con-
tainer is proportional to the velocity of air passing
through the hole,

(b)The differential pressure is in proportion to the
square of velocity of air passing through the hola.

(c)The volume of aeration Is in Inverse proportion to
the rise of fruit-core temperature,

On the basis of such relationships, it can be said
that, evan if the volume of air is increased to acceler-
ate the rise of fruit temperature, it only adds to the
pressure with relatively little effect on the fruit temper-
ature. Parformance of differential pressure treatment
also varies with factors such as the size of fruits dua
to the species and the height of stacking fruit contain-
ars, atc, There is an optimal condition for the treat-
ment of each different fruits. It is, therefore, neces-
sary that the most suitable treatment condition for
each kind of fruits should be sought after by repeat-
ing exparimants.



ment system

(3) Third feature is the possibility of quick run-up
treatment (to raise fruit temperature in short time).
Quick run-up is not possible by the conventional treat-
memts. When a long exposure treatment of 12 hours
is satistactory, any type of treatment can afford uni-
form rise of fruit temperature. When the treatment is
to be finished in 5 hours, however, aberrance in the
warm-up speed of fruit temperature is unavoidable
with the conventional methods of treatment. Also, it is
entirely beyond hope to minimize the treatment time
any further without recourse to the ditferential pres-
sure treatment.

The diferential pressure treatment can uniformly
raise temperature of papaya which is relatively larger
than ather fruits within 100-120 minutes. Such a high
performance can provide diverse treatment patterns
thereby enabling the choice of a best treatment pro-
cedure which is completely effective yet non-damag-
ing to the fruit quality.

(4} The forth feature is scarce irregularity in the run-
up of fruit temperature. Irregularities in the rize of
fruit temperature was compared between the differen-
tial pressure treatment and the horizontal air-stream
treatment of papaya fruits

Fapaya fruits of ca. 470 grams were freated for 6~7
hours to achieve the fruit-core temperature of 47.27C,
The lapse of time needed for all individual fruit finally
attaining 47.2C after the initial single one was, re-
spectively, 40 minutes for differential pressure treat-
ment and 80 minutes for horizontal air-stream treat-

ment. Such difference in time factor has a significant
impact on the possible outbreak of heal injuries, it
also directly influences numbers and patterns of dis-
tribution of thermal sensors required for monitoring
fruit temperature during the treatment, In the horizon-
tal air-stream treatment, cold spots occur unpredict-
ably at various spots in each treatment so that the ris-
ing patterns of fruit temperature are not reproducible.
Therefore, the number of thermal sensars required is
considerably greater than that of the differential pres-
sure treatment. If the number of sensors for use is in-
sufficient, cold spot may not be detected and, in the
worst case, may cause incomplete sterilization of
contaminated shipments.

(5) Quick post-treatment cooling can be cited as the
fifth feature of differential pressure treatment. To cool
treated fruits quickly down to the normal temperature
and, it necessary, to a cerfain cold storage tempera-
ture is vital for preserving fruit quality. In the differen-
tial pressure system, freated fruits can be cooled
down maore quickly than other methods by forced cir-
culation of cold air, Furthermore, shower cooling
(hydro-cooling) can be done easily by making use of
the chimneay-type structura,

(&) Container for treatment can also serve as contain-
er for transport thereby increasing transport efficien-
oy of post-harvest fruit packing operation. This may
be cited as an additional feature of differential pres-
sure treatment system.



I_nstalling thermal sensor pr_qb_e_, intq various fruits [

Thermal sensor probe must be installed into the inmost center of fruit to be treated
In the diagrams below, sensing point lies at the tip of the instrurment.
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