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Some mango varieties and apparently all guavas in Puerto Rico 
are infested by fruit flies and thus all mango and guava varieties 
are excluded from exportation to th e United States . There is prac 
t ically no demand for guava fruits, but the present limited demand 
for mangoes would probab ly increase as that fruit became better 
known . 

Mangoes and guavas are excluded under quarant ine regulation _ 
No. 58 established in 1925 on the basis of infestation by the West 
Indian fruit fly, Anastrepha fraterculii s Wiedeman. 

According to Greene (1), A. fraterciilus Wied., does not occur in 
Puerto Rico. In the opinion of the writer (2), a variety of the 
South American A . frat erculiis Wied., occurs in Puer to Rico which 
he has described as A . frater()'l,ilus Wied ., var., mombinpraeopta-ns . 
It is the one that br eeds in some of the mango varieties. The species 
that breeds in guavas has been described by the writer (2) as 
A. nnipuncta . Ac<;ording to Greene it is A . siispensa Loew. In this 
paper the two flies will be r eferr ed to as the species breeding in 
mangoes and the species br eeding in gu avas . Occasionally, when 
lar ge nu mbers are r ear ed, a few adults of the species br eeding in 
man goes will be found to breed also in guavas. That occurred in 
some of the experiments , but sin ce it is not signi ficant was not 
rec orded. 

The purpose of this paper is to report a series of tests under 
Puerto Rican conditions of the method of heat steri lizat ion that 
ha s been used in Florida aga in st the Mediterranean frui t fly and 
in Texas aga inst the Mexican orange maggot and other fruit flies. 
The tests were made during the months of April, May, Jun e and 
Jul y 1934. 

When the Mediterran ean fruit fly was pr esent in Florida, 
st erilized avocados fr om that State were allowed to be shipp ed to 
other parts of the count ry . The fruit had been grown in a r eg
ula ted area outside th e designated infested areas and was not in
fested. It was submi tte d to ster ilization as au added precaution. 
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In the case of the mangoes that have commercia l value in Puerto 
Rico, the conditions are similar in that the var iet ies to be steril
ized have not been found infested and do not appear to be suscep
tib le to infestat ion. 

The ster ilization treatment as described by Dr. Lee A. Strong 
in Administrative Instructions No. 287 (approve d Jul y 24, 1930) 
consists simply of "h eating the fruit to a temperature of 110° F 
or above (not to exceed 112° F ) in the approxima te center of the 
fru it and hold ing the tempe ratu re of 110°F or above (not to exceed 
112°F) for a period of eight hours" : 

No specification s as to the exact method or type of equipment 
to be used in sterilizing the fruit are pre scribed. Available in
form at ion indic ates that a high humidity is essential for the best 
result s and that the temp era ture should be maintained with as lit
tle variation as possible above the pr escribed temperature of 110° F. 
For keeping th e frui t after the steriliza tion it should be cooled to 
a temperature around 45° F as soon as possibl e. 

:METHOD OF PROCEDURE 

1'he method of pro cedure and the equipment described by Mackie 
(3) in California served as a basis for planing the experiments and 
for constr uct ing the sterili zer. 

The ster ili~ation experiments with mangoes and guavas were 
conducted at the entomological labora tory of the Insular Experiment 
Station in a steriliz er constr ucted by Mr. l\Ianuel L . Vicente, Chief of 
the Division of Agricultural Eng ineering of the Station. It consists 
of two sections, a chamber for the fruit provided with a thermostat, 
th ermometer , and rack s for wire netting trays, and another sec
tion consist ing of a wat er ta nk, heating unit with three heat switch, 
fan , motor and switches. The circulation is closed. The air be
comes warm and satu r ated with moistur e by passing over the hot 
wate r and heats the fruit chamber ent ering at the upp er part , 
circulat ing around the fruit and r eturning to the water tank th r ough 
an opening at the lower part of the chamber. 

To conduct the experiments during office hours, the sterilize r 
was kept running on " low" during the prev ious night. The fruit 
was introduced the next morning at 7 :00 A. M. Th e switch was 
then tu rn ed to " high" and as soon as the temp erature reached 43° 
C (about 110° F ) changed to "low". The thermostat maintained 
it uniformly at 43° C for eight hours. 
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MANGO VARIETIE S 

There are two typ es of man goes in Puerto Rico, the native seed
lings and the more r ecently intr oduced selected East Indian varie
ti es. In each type there are some var ieties always infested with 
fruit fly maggots and others which have not been found infested 
at all and appear to be immun e. Of the vari eties th at have not 
been found in fested, the only native one that ha s commercial value 
is the '' mango de Mayagiiez'' or Mayagiiez mango. Of the rec ently 
imported var ieties, the Colombo Klidney ha s high quality and is 
prolific. At Ponce there is a larg e grove of a variety that has been 
given the owner's nam e, Mr . Giron. In the island of Vieques there 
are some varietie s that have commercial value. At present the only 
commercial variet y grown on a lar ge scale is the Mayagiiez mango . 

The Mayagiiez mango is medium sized and attractively colored. 
It ships and keeps well but is very fibrous. There would be a good 
demand for it however, among West India re sid ents in the United 
States . If the demand for m~ngoes higher in quality increased, they 
would be planted on a large scale. 

ONLY IMMUNE VARIETIES HAVE COMMERCIAL VALUE 

Even in local markets, mangoes infested with fruit fly maggots 
have no commercial value. Their expor tation to United States 
markets would be even less prac tical. Infested fruit can not be 
rendered marketable by ster ilization because, though the maggots 
are kill ed, their dead bodies remain inside the fruits where they de-
compose, togeth er with the pulp ti ssues previou sly injured by their 
tunneling . 

The female fruit fly lays her eggs in th e mangoes when gre en and 
the maggot s may become full gro wn before t he fruits are half ripe. 
For the mangoes to ripen prop erly they must be picked from the 
tr ee when at least half ripe. It would be impossible therefore to 
pick marke table fruit of the susceptibl e varieties earl y enough to 
prevent infe sta t ion. 

The admission of ster ilized mangoes into the United States is 
thus r endered doubly safe (1st) by the fact that only varieties that 
are not infe sted are marketable , and (2nd) because such sound 
frui t would nevertheless, and in additio n , have been submitted to 
a treatment tha t kills the pest if it were present in them . 



108 THE JOURNAL Ol!' AGRICULTURE OF THE UNIVERSITY OF P. R. 

TIIE l\fANGO VARIETY U SED IN THE EXPERIMEN'f 

The mango variety used in the experiments is the one known as 
'' mango blanco'' or white map.go. It was not chosen for its com
mercia l possibilities but on the contra ry, for its suscept ibility to 
fruit fly inf estatio n. A high percentage of the fru its of this var iety 
is always infested . Since a larg e numb er of t r ees grow on the 
Station grounds and produce very larg e crops, procuring the fruit 
at the right stage of matur ity was rendered easy . 

Tn E GUAVA VARIE'rIE S UsE D IN THE EXPERIMENTS 

The guava fruits used in the exper iments were of the two com
mon variet ies that grow on pastures , waste lands and fence rows 
on the Island . The two varieties have round-shaped medium sized 
fruits. The fruits of one variety are sweet, those of the other are 
sour. High percentages of the fruits of both vari eties are ordina
ril y infested with fruit fly maggots. That does not however, destroy 
their value, for they ar e noi consumed fresh but used for making 
prese rves and j ellies. F or cooking purposes, most of the maggots 
can be made to abandon the fruit by soaking in cold water over
night. 

METHOD OF HANDLING THE FRUIT 

The half rip e mangoes and guav~s used in the experiments were 
picked from th e t rees the pr evious day. Some showed the emer
gence holes of the maggots opening throu gh th e cuticle. Emergence 
holes indicate that some ful l gr own lar vae may have left the fruit 
and also that full grown larva e ar e pres ent in the fruit. E ach lot 
of frui t to be sterilized or kept as checks consisted part ly of fruit 
with emergence holes. When the fruit had cooled off afte r steril 
izat ion, some having emerg ence holes were cut open to determi ne 
the condition of the larvae. Th e r est of the st erilized froits and the 
checks were kept und er observatio n on moist sand. The appearance 
of new emergence holes was noted . Wh en the fruits began to rot 
they wer e cut open and inspected . The sand on which they stood 
was then sifted for pupae . 

The pr esence of fr uit fly eggs in the half rip e mangoes can be 
determined by observat ion of the tips which protude out of the 
cuticle (2) . The species that ordinaril y infest s guavas lays its eggs 
ent ir ely und ern eath the cuticle (2 ) . Their presence in ·the fruit 
was inferred by the fact that the in festa tion of maggots in the checks 
was about norm al. 



HEAT STE RILIZATION 01<' MANGOES AND GUAVAS FOR FRUIT FLIES 109 

PRELIMINARY E XPERIMENTS W I TH :ThilANGOES 

Ten preli minar y experim ents wer e conduct ed using the first in
fested fruits of the 1934 crop which dropped from the trees and 
were picked from the grou nd in Apr il. All showed emergence 
holes when collected. 

After the steriliz ation, some dead maggots wer e observed on the 
floor of the chamber underneath the fruit. Some maggots were 
al so found dead with their bodies partially out of th e emergence 
holes . · Cut ting the fruits open, dead fruit fly maggots of vari ous 
sizes were fo.und. None was :found alive. The cut open fr ui ts 
were kept un der observat ion on sand unt il the pulp rotted and in 
spected daily but no fruit fly maggots developed in t hem and no 
pupa e were recovered by sifting the sand on which the fru it stood. 
Th e numb er of maggots found _Per fruit was as :follows : 

Nu mber of fruits, 5 ____ Number of maggots per fruit : 
N umber of fruits, 7_ ___ Number of maggots per fruit: 
Nu mber of fruits, 6 ____ Number of magg ots per fruit: 
Number of fruit s, 8 ____ Nu mber of maggots per fruit : 
Numb er of fru its, 12 ____ N umber of maggots per fruit: 

N umber of fruits, 15 __ ~_Number of maggots per fruit: 

Numbe r of fru its, 8 ____ Number of maggots per fruit: 
Number of fruits, 7- ___ Number of maggots per fr uit: 
Numbe r of fru its, l O ____ Number of maggots per fruit: 

Number of fruits, 7_ ___ Number of maggots per fruit: 

FINAL EXPER I MENTS 

3, 6, 5, 7, 4 
6, 2, 5, 4, 3, 4, 7 
3, 5, 6, 2, 8, 5 
4, 10, 5, 6, 9, 4, 6, 5 
3, 7, 5, 6, 9, 4, 6, 5, 

4, 8, 7, 6 
4, 10, 5, 3, 7, 4, 6, 3, 

9, 5, 7, 2, 4, 7, 6 
5, 3, 7, 12, 6, 4, 5, 3 
6, 9, 5, 5, 4, 8, 6 
4, 7, 2, 5, 3, 6, 4, 8, 

11, 5 
12, 6, 3, 2, 5, 4, 6. 

When mangoes became abun dant in the months of ]\fay, Jun e 
and Jul y 20 lots of 100 apparently infested fruits each were ster ilized 
at different interva ls keeping a lot of 100· similar fruits unsteril ized 
as checks. 'f he result s were the following: 

Experi ment No. 1.-Sterilizecl: percentage of fruit s infested_____ 0 
Check-percentage of fr uits infested _________ 73 

Expe rim ent No . 2.-Steri lized: perce ntage of fruits inf este d_____ 0 
Check-percentage of frui ts in fested____ _____ 67 

Expe rim en t No . 3.-St er ilized: percentage of fr uits inf este d_____ 0 
Check-percentage of fruits infe sted _________ 87 

E xperim ent No. 4.-Steri lized : perce ntage of fruits infested_____ 0 
Check-pe rcen tage of fruits infe sted ________ _ 70 

Experiment No. 5.-Stei·i lized : per centage of fru its infeste d_____ 0 
Check--perce ntage of f rui ts infested _________ 84 

E xperiment No. 6.-Ster ilized : percentage of fruits in fested_____ 0 
Check-p erre nt age of fru its infest ed _________ 74 
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Experiment No. 7.-S te rilized: percentage of fruits inf ested_____ 0 
Check-percentage of fruits infested _________ 58 

Experiment No. 8.- Sterilized: percentage of fruits infested_____ 0 
Check-percentage of fruits infested _________ 72 

Experiment No. 9.-Sterilized: percentage of fruits infested_____ 0 
Check-percentage of fruits infested _________ 57 

Experiment No. 10.-Steri lized : percentage of fruits infested_____ 0 
Check-percentage of fruits infested _________ 86 

Experiment No. 11.-S terilized : percentage of fruits inf ested_____ 0 
Check-p ercentage of fruits inf ested__ _______ 61 

Experiment No. 12.-St el"ilized: percentage of fruits infested_____ 0 
Check-percentage of fruits infested _________ 45 

Experiment No. 13.-Sterilized : percentage of fruits infested _____ 0 
Check-percentage of fruits infested _________ 52 

Experiment No. 14.-Steriliz ed: percentage of fruits infested_____ 0 
Check-percentage of fruits infested _________ 80 

Experiment No. 15.-Sterilized: percentage of fru its infested_____ 0 
Check-percentage of fruits infested _________ 71 

E::q>eriment No. 16.-Sterilized: percentage of fruits infested_____ 0 
Check-percentage of fruits infested _________ 65 

Experiment No . 17.-Sterilized: percentage of fruits infested _____ 0 
Check-percentage of fruit s infested _________ 42 

Experiment No. 18.-Sterilized: percentage of fruits infested__ ___ 0 
Check-percentage of fruits infested _________ 78 

Experiment No. 19.-St erilized: percentage of fruits infested__ ___ 0 
Check-percentage of fruits inf ested _________ 70 

Experiment No. 20.-Sterilized : percentage of fruits infested_____ 0 
Check-percentage of fruits infested--------- 63 

Total sterilized fruits, 2,000, total infested, 0. 
Total check fruits, 2,000, total infested, 1,357, percentage infested, 67.8. 

1\0 pupae were reco vered from the sand on which the sterilize<: 
fruit s stood. Fr om the sand on which the check fruits stood 4,03: 
pupae were recovered and 3,200 adu lts emerged from them. Thi 
adults were identified by the writer as the species br eeding in man 
goes . 

The steri lized fruits which were not infe sted, ripened norma ll; 
and showed no difference in flavor, texture, or keeping qualitie 
from the non-infested check fruits. 

EXPERIMENTS WITH GUAVAS 

Ten lots of 50-half ripe apparently infested guava fruits each we1 
steriliz ed keeping ten lots of 50 similar fruits unsterilized as check 

Experiment No. 1.-Sterilized: number of fruits infest ed_________ 0 
Check-number of fruits infested _____________ 43 

Experiment No. 2.-Sterilized : number of fruits infested____ _____ 0 
Check-numbe r of fruits infested _____________ 32 
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Experiment No. 3.-SteriHzed: number of fruits infested__ _______ 0 
Check-num ber of fruits infested _____________ 36 

Experim ent No . 4.-Sterihzec1: number of fruits infested_________ 0 
Check-number of fruits infested _____________ 41 

Expe riment No. 5.-Sterilized : number of fr uits infested ________ _ 0 
Check- number of fruits infested _____________ 35 

Expe1·iment No. 6.-S teri lized: numbe r of fruits infested-- - ----- - 0 
Check-n umb er of fruits in fested ___________ __ 46 

Experime nt No. 7.-Sterilized : number of fruits infested________ _ 0 
Check- number of fruits infe sted ___________ __ 30 

Experim ent No . 8.-Sterilized : nu mber of fruits infes ted________ _ 0 
Check-number of fruits infested ____________ _ 40 

Experi ment No. 9.-Ste rilized : number of frui ts infested____ _____ 0 
Check- number of fr uit s infested------------- 26 

Experiment No. 10.-Sterilized : number of fruits inf ested_______ __ 0 
Check-number of fruits infested ____________ _ 32 

T otal sterilized, 500 fru its, total infested , 0. 
Total checks, 500 fruits , total i.ufested, 361, perc en ta ge in fested, 72.2. 

No new emergence holes wer e observed in the guava frui ts that 
were steri lized, nor were maggots found in th em. No pu pae were r e
covered from the sand on which the fru it stood. In the check fruits 
new emergence holes and living maggots wer e observed an d 983 
pupae were recovered from the sand on which the fr uit stood. Fr om 
the pupae, 840 adult s emerged which wer e iden tified by the writer 
.as the species that br eeds in guav as. 

STERIL IZATION OF PUPAE F ROM MANGOES 

Although the fruit fly infesting mangoes in Pu ert o Rico does not 
pupate inside the fr ui t, nevertheless, to determ ine whethe r the pu 
pae would be affected in the same mann er as the eggs and th e mag
gots by the sterilization treatment, 500 pupae were placed among 
mango fruits and steril ized at 43° C £or 8 hours . 

The steril ized pu pae as well as 500 more similar pupae which 
served as checks were kept in moist sand. No flies emerged from 
the steril ized pupae . Fr om the checks, 423 flies emerged . .Th ey 
were ident ified by the wr it er as the sp ecies that breeds in mangoes. 

STER IL IZATION OF P UP AE F ROM GUAVAS 

The species breedi ng in guavas, is the one that occasionally in
fests citrus . In guavas it does not pupat e inside th e fru it but in 
citr us it occasionall y does. One hundre d pu pae o:f th is species 
wer e ster ilized having been placed among gua va fr uit s. No flies 
emerge·d from them. From 100 similar pupa e kept as check, 76 
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adults emerged which were identified by the writer as the species 
that breeds in guavas. 

CONCLUSIONS 

The tests prove that an exposure of eight hours at 43° C in an 
appropriate steri lizer is sufficient to kill the eggs, maggots and 
pupae of the fruit flies that infe st mangoes and guavas in Puerto 
Rico. The treatment does not alter the flavor , texture or keeping 
quali ties of the fruit that is not infested with fruit flies. 

SHORTENING THE STERILIZATION PERIOD FoR MAN GOES 

To determine whether a period shorter than eight hours at 43° C 
might be sufficient , five experimen ts were conducted using 50 half
ripe "white mango" fruit s in each experiment and keeping an 
equal numbe r un sterilized as checks. A total of 250 fruits were 
sterilized for four hours and an equal number kept as checks. None 
of th e steriliz ed· fruits showed new exit holes or was found to contain 
living fruit fly maggots. No pup ae were recovered from the sand 
on which the ster ilized fruit stood. Out of the checks, 112 fruits 
,;;bowed new exit holes and contained livin g fruit fly maggots. From 
the sand under the checks 305 pupae were recovered from which 
235 adults emerged . They were identified by the writer as the 
species that breeds in mangoes. 

The tests show that four hours at 43° C ar e sufficient to kill the 
fruit fly eggs or maggots pr esent in mango fruit s. Thus an eight
hour period provides a very lar ge margin of safety. 

SIIORTENING THE STERILIZATION PERllOD FOR GUAVAS 

Five more experiment s similar to the previous were conducted 
using 50 half-r ipe guavas in each and keeping 250 similar fruits 
unsteri lized as checks. None of the fruits tr eated .for four hours 
sho,ved fresh exit holes or was found to contain living fruit fly mag
gots. No pupae were r ecover ed from the sand underneath them_ 
Out of the 250 fruit s kep t as checks 186 showed new exit hol es and 
contain ed living fruit fly larvae. From th e sand under the checks. 
460 pupae were recovered fr om which 340 adults emerg ed. The · 
adults were identified as the species bre eding in guavas . 

The tests show that with the species breeding in guavas, the 
sterilization period can also be shortened with out reducing its ef
fectiv eness and that therefore the eight-hour perlod offer~ a large
marg in 0f safety. 
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STERILIZATIO N IOF MANGOES WRAPPED I N , p APER 

To determine whether eigh.t hour s at 43° C would be sufficient 
to kill the eggs or maggots of the fruit fly in mangoes th at have 
been wrapped in paper simila r to that used for packing citrus fruits, 
50 fruits were used in each of five experime nts, keeping 50 simila r 
frui ts as checks. None of 250 steril ized fruits showed new exit holes 
or was found to conta in livin g fruit fly maggots . No pupae were 
r ecover ed from the sand under th em. Out of 250. check fruit s 92 
showed new exit holes and were found to contain fruit fly maggots . 
From th e &and under them 340 pupae were r ecovered and 194 adults 
emerged . '['he adu lts were id ent ified by the wri ter as th e species 
that br eeds in mangoes. 

'l'he results of the exper iment s show that mango es can be success
fully ster ilized after having been wrapped in paper . 

STERILIZATION OF MANGOES PA CKED IN CRA TE S 

'11
0 determ in e whether 8 hour s at 43°0 would be sufficient to kill 

the eggs and maggots of the fruit fly in mangoes packed in crates, 
five exper iments were condu cted. Thirty half- rip e "white mango" 
fruits were used in each experiment keeping 30 similar fruit s for 
checks. Thr ee kinds of crates were used : (1) all sides 1/ 2 inch white 
pin e wooer, (2) bottom and tw o sides 1/z inch white pine wood other 
two sides and t_op wire netting and (3) all sides :Y2 inch white pine 
wood with an opening 2 inches squar e covered with wire n etting on 
each side except top and bottom. Ten mangoes were placed in eaeh 
crate and steril ized. The experiment was repeated five t imes. The 
total number of fruits ster ilized was 150. No new emergence holes, 
nor living fruit fly maggots were found in them and no pupae in the 
sand undern eath them . Out of 150 check fr uits, 93 showed new 
emergence holes or were found to contain living fruit fly maggots and 
240 pupae were r ecover ed from the sand und er the fruits . l!-,rom the 
pup ae 146 adults emerged which were ident ified by the writer as 
the species that br eeds in man goes. 

These experime nt s show that mangoes packe d in crat es similar to 
those used commercially for fr uits and vegeta bles can be ster ili zed 
to kill eggs or maggots of the frui t fly as r eadily as if the mangoes 
were placed on trays. 

STERILIZATliON OF MANGOES WRAPPED AND CRAT ED 

To determine whether mangoes wrapped in paper, pack ed ' in 
crate s and sterilized for 8 hour s at 43°0 would hav e the eggs and 
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maggots of the fruit fly kill ed, 5 experiments were conduct ed which 
were a repetition of the pr evious one except ing tha t the frui ts before 
crating were wra pped in tissue paper sheets similar to those used 
for citru s. No new emergence holes nor fruit fly maggots were 
found in any of the 150 sterilized fruits and no pupae in the sand 
un derneath them, but of 150 fruits kept as checks, 103 showed new 
emergence holes or were found to contain living fruit fly maggots 
and 327 pupae were recovered from the sand und erneat h them. 

Th ese experimen ts show that mangoes wrapp ed in pap er and 
packed in crates similar to those used for other fru its and vegetables 
could be steriliz ed successfully. 

SUMMARY 

1. Mango fruits infested with fruit fly maggots have no com
mercial value and could not profitably be shipped to th e United 
Stat es. 

2. Sterilization at a temp erature of 43°C for eight hour s in a 
circu lating atmosphere saturated with moisture kills the eggs, mag 
gots and pupae of the fru it flies that infest mangoes and guavas 
in Puerto Rico without unfavorably affecting the flavor, appearance 
or keep ing qualities of the fru it if it is afterwards placed in re 
frigeration. 

r-" 3. Sterilization does not render marketable man goes which have 
already been injured by fruit fly maggots. Such fruit shows the 
injury and the dead 1maggot s on being cut open, and decay s rapidly . 

4. Sterilized mango es from Pu erto Rico could safe ly be allowed 
in to the United States under permit because (1st) only varieties 
tha t are not infested would be shipped and (2nd ) th e fruits would in 
addition ha ve been submitted to a treatment which render s them 
free fro m the pest if they contained it. 

5. The varieties th at could be sterili zed ar e the Mayagiiez mang o, 
the Giron , the Colombo kidn ey and some of the better ones from 
Vieques. 

6. Since the period of ster ilization of eight hour s can be r educed 
to four hours without rend ering the treatment less effective in de
stroying the insect, the margin of safety is very larg e. 

7. Mango es can be rend ered free from fru it fly infestation by 
-sterilizat ion for 8 hours at 43°C pil ed on trays, crated or wrap ped 
in paper and crated. 
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