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POSTHARVEST TECHNOLOGY AND QUALITY
ASSURANCE SYSTEM OF LONGAN FOR EXPORT

Sing Ching Tongdee, Siriphong Pattanavibul, Somsak Chaimongkol,
Anawat Suwanagul, Sodsri Neamprem, Yuwadee Ratanachai,
Samphan Srisuriyawong, Chitta Sartpetch, Manat Jamjumroon
and Namphet Chaivipha

ABSTRACT

Sulfur dioxide fumigation technology contributes significantly to the success
of fresh longan export. It is a major breakthrough achieved under a research and
development project on postharvest technology of longan over a period of 14 years,
starting from 1984 to 1998. The project was conducted at Thailand Institute of
Scientific and Technological Research (TISTR) with financial support from the
Australian Centre for International Agricultural Research, Australia, and the Thailand
Research Fund.

Laboratory experiments were carried out at the Postharvest Technology
Laboratory {now the Agricultural Technology Laboratory). Technology transfer
involved a scale-up for commercial operation and good fumigation guidelines, which
were developed with the participation of the 30 plus members of “Longan for Export
Quality Assurance Club” whose packing houses concentrated in Chiang Mai and
Lamphun areas.

One of the main functions of SO, fumigation is the control of postharvest fruit
rot and browning of fresh longan and lychee. Fruits fumigated with SO, have
extended shelf-life of 4 to 6 weeks at 0°C and also allowed for a manageable release
of fruit onto the market at ambient temperature of 25° to 30°C for 2 to 3 days.
Technology transfer was a vital part of the project. Development work in the project
involved a scale-up from laboratory experiments to commercial operation. An
average commercial facility has about 2 to 3 rooms, each with fumigation capacity of
about 4 tons per room and 400 tons per season. TISTR organized more than 500 man-
day of intensive nationwide training activities relating to both technical and non-
technical issues of longan export and SO, fumigation.

Regarding SO, residue issues, TISTR has been working closely with the
Ministry of Commerce and the Ministry of Industry. Thailand is seeking for Codex
Food Additives Committee’s acceptance and approval in establishing a tolerance
action level of 10 pg/g in the aril.



Guidelines on good fumigation practice have been laid down. In order to
provide consumer understanding and assurance of the fumigation processes, the
diagnostic and preventive concept of the HACCP system was used and has proved to
be valid and verifiable. It also included the design of HACCP proper monitoring
procedures at critical steps.
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6 540 2400 230 90 640 11
7 830 3820 176 150 980 i2
8 410 2180 72 170 1110 18
G 380 1490 227 60 330 9
10 360 1520 141 90 410 18

¥
52EERWNG i serinmsvudsd lonndszme Inegissmediindmiamaauazma

o4 o v Y 1 ~
DI 'iJﬂ'ﬂlJWHLLiJ?HﬂS"BU"HE)uIi‘]H?)EJN‘M'Iﬂ (MINN ).

Tuflagthudufinnusuaideiodng  suldun  JeduRurfuddud,  aoui
Usznoumsasn SO, TEmsUialumssu so, uaza’fumumsﬂﬁﬁﬁwé’qmﬁu SO, UANY
digetubaneszduves S0, Aandeguunadile.  dniudiszneumsmsdgiRaude
wuzhlunsl iz audmiumauniudlodis S0, wie Good Manufacturing

Practice (GMP) &3 . lAmeunseonghilsznoumsnauail 253s.

o o 9 @ ] o ° kY o

nawansnaasinassy lddanuinssuitmisudleds so, il
nszvumsinoudedudey  Fdeamsmsnuwuainseuney lasmnzedavaiuies
voamsasaeuanunienvegilnseitazaniuilumssy S0, AszUIUMsSAILAUMTTN

= e i Y] ar = 9/ @
uazmagUANMMETINAIMI T AaearumsnsrialTinunaandves so, lunad e,
marafufinmsNeuNauazmsAnmuamnuanInuinyszvesdud Srennimslung
a a9 " A as g ag a_ 1) d 1A
fusesquamdndunaiissansoiusestdnnisuiimssy  so,  Iludluduldedrad

Useanimn M ldtasadvdedfianm uazdusinn assarudunedonTasdusu.

18



a 3/ o 1A ¥y A 1
A1 19N 5. ﬁu]mﬂ1s SO, ﬁﬂﬂ13maqa11ﬂﬂ1ﬂ“1lﬁﬂﬂﬁﬂalﬂﬂ l!ﬂgﬂ1liﬂm93ﬂ5$!'ﬂﬁﬂaaﬂﬂ

Favthail nisenasune iy NiIdoan
ot
Fama nlaen tiie fwa  wden it

daudia 1 300 1860 39 A 85 700 0
2 380 1970 75 B 65 430 0
3 200 1200 21 C 130 690 50 (by air)
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9 270 1280 50 110 850 0
10 210 1270 1

qaui B 1 270 1790 22
2 310 1820 20
3 390 1780 13
4 260 2000 66
5 370 2100 47
6 350 2230 60
7 470 2370 80
8 360 2000 38
9 310 2150 14
10 340 2000 40

qauf c 1 260 1680 17
2 270 1480 28
3 215 1350 7
4 140 970 8
5 180 1230 I

19



3.2 msgensaunalulag

3.2.1 massypwdnanflneusussneiiay
luszuingdl 25332540 . Samsuszpuduiumasneusudeifuies
maTuTasmsl¥ so, Metaymuduinud leanldundussneumsdesen uazmiisam

o a Y o dy
NNYIVDIAIU :

1. msineusy :  msl¥Fanmladlasenledlumsinnguamaloaaioms

@990
Tu—na ;6 pINQIAN 2533
= 4 = ' A @ aar o )
aowd : guimsAnydeiiesresdnindfoq amiumalulad

msyasial 1, sunedunsie sanimBealni

=
HANTSANBUTN |
o & d @ & ' L)
msinousyafaidlumssadnousuaiwsnlumsawneamalulagmssy
a¥u 50, Muddisznaumsdseendrle. ifisannaouiisziimsinousy . ldnansai
maTuTadmsld so, fusleldidfuvedrdieennesie, Fwavomsldmaluladiih
Y1 Y 1 1 3 =) o4 o ° o 1 '
Iyioddeoenngniu aunsofaegmisfiuinnd’le nasihneldlumsdiseniduedi
2 o Y1y P ¥ o d* o ar A 1 '
wn, S liviemsieaug aulsuazved m. famsAnousuiu w Siwmiaduslmi neu
gamswandile U 2533, namsineusulsing hiiguszneumsdsendly Uz 50
au I8 nineusy wazlianuiauilady m. dmaluTaimssuaiudaeia so, ¥

ar -3 A 1 L} L}
ﬂ'Uﬁ'lllEJLWﬂﬂ"liﬁdﬂﬂﬂﬂﬂﬁllﬂi‘Hﬁ']EJ.

2. matzgnlinm 1 mauaudileaadon SO, iemsaseendmiy
qgrswandile U 2535
Tu-1m .17 Nwau 2535

1 P P
'CTE\'\‘N‘?I : Iiﬁ!iﬁﬂi'!lﬂﬂTilﬂUﬁ' ﬂﬁ;\‘IL‘VIW"I

20



wamsiszyu
¥ EL Y 2
m. 1ddamsisyguadsiienuunmal§ialunsld so, sudileaaia
y a2 Y ¥ . o ¥ @ 1
madeean U 2535, laelididnlszguilsznoudiomirsnunsamsifeidestumsdinsn

Wnuazealfanvenlszma $uou 9 wiasa nazdisznounisdsesnna’lifon 5 uSEw

£ 4 i
diiunlseguiadu 21 au agdmszddniodumamalfialunsd so, §

35
LY

a1 lvrariionsaseand syl 2535 et -

| @ o o Yt @ F Y
Loanimalsgmduiusime an Tdimssanmsineusyiuddiszno
ey o a ] 3 Q& Y o :s' ar o gy
msdIEmrsuaiudlvedugndesmmaninms wag IdiaienmsfoTumsUgiang
1 Ed r 1
NgnABIAINMANITIAT Tuntlddaiuanmsihersunsdfiianisiigndes GMP) luns
suaiudlodan so, wniwuddilszneums. uennniinasvennuiudeainyanuasias
= = 1 T @ s o«
navdivd Tulszmeiaido, FanTs uazdosns Tyaelumslszmduiusdae,
o ) = o A gusy o o =
2. msuuzdardudiulidilsznoumsdimsdjuanisvdamaifufion
o T 1 kY a 3 =) = o 1 8
a1 leaalvigndasnntaiuendsnsi m. fmua s,
3. msldddsznaumadfiaan amp Taoassasa  Tasdaludimssmua
MRL Tuva il ldandssna 2-3 11 Tumssiosmdoyaiiady.
o a = @ o ®
4. W dudldnsaivegudndannislunssuaiudi ledae so, ae'ly.
94 =1 g a 4 ¥ !
5. MiimsasasaemiesduluavaslszasunisTasmsldud unamou
=y = =] Y ] o P a 3
Vs $0, wazliimsinudied i lsaaiinandaonanduumaaeudnnta,
vt < A ¥ o o U ' M o 124
6. limsiimaniunulusesnsld so, fudloans nandedsliimssenlu
Health Certificate.
ey o o ) o o - ) A qya
7. imsdeaamsudilszneumssuniud lvaaionsdaean  ialiiAa

[ v kY
minuguuazquanueslungudilsznoums.

= o ar dasr o Qv o ‘:;
3. mIdneusn  :  mssuadudaes laeen laasud lsanndinisfumnad
i .
IaNISa0eM
Ju—a 18 Wuey 2535
Ao - Trsusinmsiaud aganne
21

¢ n il v - ~7“
audiinisar. syl ukadstinalng



Han1SHNaLIIN ;

maﬁnammﬁ"yaﬁw%ﬂ'?ruﬁaqumswﬁmﬁw"la’ﬂ 2535 wioeonluildng
Usznoumisdssemminedevianrugadhlalumnii so,nld hliias so, and
“luwat‘h"lna@ﬁ’wﬂ?mmﬁmmﬁummcﬁﬁmumaqﬂsxmﬂé’ﬁwﬁ’m m. Saldvamseusuiy
cﬁaiﬁ’ﬁg%anin"lﬁ'%"ljﬂmui’ A ls uazensmiwma luTadmssunsu so, WisU5TA
Taedrligummiazgndeamundninms. dmsumseusufiigmiladisa s 72 ay
wisilufilszneumsdesendnuaznalion 30 uSEn S 46 nu UAZHUNUYL Y
Mymsifeden 14 wihenu S 26 au. waﬂwﬂﬂwsansuﬂizqﬁy'lﬁﬂszﬁu'lﬁ

) 3 [ 4
dusznaumsdesendledesmssaudadu iosadsusudilsznoumssunty SO, .

4. mabszyn ¢ masandudrlediedarieslasenludmenisdsenn

dmiuggniswandrle 1 2536

Tu-nar ;3 guaiud 2536
GRNAT o TIWTunswmsien azamng
wamylszyw :

L
w. lddadszquasell Taodgdilsznoumsdioendrlonaznuressisns

AhrteudrimlssquiewToundoudmiuggd 1ol 2536 uasdndeunudalslums

1% 50, sunfudile. mydszquaisiiidusenoumsdsesnaulodisnnlszgn §uan 23

[}
2 S Ao

Ea ]
Au 910 17 u3En. Tumisil . i luSemdnmasilumsfiaag vie GMP Good

Manafacturing Practices) dmiumssunfudrlo uazmsadiessuumiafha so, nowildee

L
¥ A

ussme wedlesiuilymFunadeuniondinissuau, tWiesninTunsdszgunsall

eDe oM.

Uszaeumsdeesndr lodhionlszpuiiuinauiedosas 90 veuddesandrlovesszme,

U 3 =5 3 @ ar  ar q’:‘ ar o 24 1] -ﬂ? =
nqueszneumaiv I wdiuiadaruiannguawd lofensdeenin Tasludl
¥

usniifiuTinee auludsmduandarusy s 20 s uazldadenly INEGET 6

P}

i
uavgy Ui eqwsiamadedlnad 190 duilsssurused (anuand 7). nasinmsaa
3

€

8

gusunii Iihalse Teniaeatane . lumsanmumavetns Ina TuTaimssun Sy

22



5. sz ¢ maluladmssunTud ludhedamesiasenlyd

TU-1I87 © 19 URSIAN 2538
amui - Tsausuenaazdu s iaidoeIna
wantsUszeu

m. Rwfudninnuldansznaeinnmand  maTuladuasFanadey
(Y o A E o = @ o g ih:id'
imlszapulaznanieszavanufefieduma TuTadnssunSualede so,  vndfe
3t [
foatumsldimaTuladi.  fidhimlszgnlseaoudrodimunamizenunymsiifedos
fou 22 au uazfilszneumsdeoendle nazinuasns sau 27 an. Tumsdszguassl
m. landuiimstamszuuiusesumwiieniugunszirumandad losuaiu  uazld

¥ g ' o o o o o ° A
ﬂigﬂuiﬁﬁgﬂixﬂﬂﬂﬂﬁﬂ\iBEJﬂ‘ﬂi$ﬂuﬂi)\iﬂ’J'rllﬁ'lﬂmualuﬂ'l‘i‘l]ﬂﬂﬁ.‘a‘,"lj‘lﬁﬂiﬂﬂﬁﬂm'lwa'lllﬂﬂ‘\lﬂ

Nisda0en.

6. pndnnndalfinms ©  mslssgaald GMP saz HACCP

TugaamnssusunTudrleandio SO,

Fu-nm © 26 - 27 QUAIRUS 2540
a0 - Trwsmnsemidu ngunwe
HARI TN |

dudwmaluledassuatu so, Audrloaaszgnih 19 1dedamsnas
1 o 3/ 1 T ° é’ ] “s: 1 o o o4 "3 ¥
i ldyamnsdwondilogedu,  uduniafimsdeeendlvandatidomogrhaludu
1 1] ¥
5 uazgan i laiwoveuas bildnesgm venfadeliifailymmsiadunsiud
13 3 a =2 [ 1 = 9w o o
nmbsemagi. . Tdesemindadlymidinan SaldWannszuuiusseanmdmsiy
nizwaumssuniud lvaaduienuqumskand losuniuligndowmundnInmsues 14

&t ]
wmsgUnRguamiazanudaeads.  msdumuiFal§ianmsinsaglszasdiield

.
as )

Alszneunissunfudleidhswasdunniinnmeg anudhlaluszounsiusemanivnd
. Idhumbzgnaldlunszuumssunfudrlvan fo GMP uar szun HACCP. idhsaw
Fumumbszneudioduimssefugeuesanlsznoumssnaudle  Fulumindnausy
Wanngauamd lodomsdiesn $1um 32 au 9 18 VS, uazdilszneumsdioon

Qs

Yy 1l ¥ o a o a W a 8
sa 100 L idiluemnBnansug S1uau 8 au nin 5 uSEw. WEVINMTTNUUIRUTVITIZADFS

23



a =] o a
vasrmuilsznoumssua iulianuauluazsiureunsafuayumaiszoy - omp
uag HACCP hldalssfugunmdlosunuiflonisdesen,  ndsensuilumsifiange
enadiflygnises msdoneanrmfanudhleliusmineudufid  wazvelsd m. fads

Wil binoeg sl AerduTEnsfifamssussfunuam o

aoulsznsums.
7. madnandalfiiins . HACCP sl
M-nm L 2 NIARIAN 2540
ot = o e ¢ o @ e v
aoun . Tswsveedwmiour v tameelny
HaMIANNUL ;

Tusedsuggmndadile U 2540 m. Sadwsusuisnnauning laie
Midseen "lﬁ'i?ﬂﬁuuun%qﬂﬁﬁﬁﬂﬁﬂﬁ'"’qﬁyi'fmﬁmfluﬂmm‘%unw%’auﬁm%’uﬁmuﬂszﬂeu
mssuaTulumsihszuy Hacer TWllfiRsunszuaumssuniudloaadis so, suee
ildqanmdlodwendinasgn antlymans so, andnlunadleduihuilymdrdy
lumsdavendrlulgenmpmalszmalasnmeyszmaden T4, doans uazuiaide. fish
Funmlizasudeminimfiguanissuafunnaanilszaeumssuntulusm sl

¥ o

Hasd WU 14U 80 AU c‘fwﬁmﬁuuuﬂmﬁmmﬁuh“lumsﬁmuni‘luasiwﬁ.
wenmisdszqydnnnfneusy  ddiindrundhedudniy a3t
IdusyIiiinnnsvssneldandifertumaTuladnmsld  so, Audleaaurmioo
QUAN U DININMIABAT, NINFUATUNSIANAT, 'ﬁummﬁﬂmsmymuazaﬁﬂ‘saﬁ,
nsumsfvalszme,  asumsdimeu wasInendemainuasare, wazlumsilszaw
Uszditlvemusuiannguamd lafomsdeesn m. Tugiugiilsnmssue I8suFgy 1y
Whinnbzgdonndl  ufuniiulenmadn . oz 1dRanumanmsdme T laduas

asaswneama luladn lAsunsdaudr WundiuszneumsdesenTaoass.

24



3.2.2 mIlnmfiaywuziin draanasinmumanmsltmalulad
Tudoudavian 2532 . MdSanunviausse See  msdusamdledens
' A ' = 3/ o as A 4 e o A .
aeoon tawouwima Tulagmsly so, dmsunistaemaiuinmalafensdeeen
ldiduszneumsdeesnd loldtnuanlefndoseuom  wazvesiSavusilums

hunn TuTag T4

hidl 2533 spwzusnvesmameneamalulad m. 1#Fvanusudenndiseney
msdven naaoniuaTuladllld mlE m. annsorusmdeyailymeiieg #laden
. hildeminnuddaesnd ldanuau lauasswflefinni, usursioviune Tulas
TWifedligndes deldidatlapifiendunsld so, fufilszmagoins Fenldd uae
viade Mildilwensznudonsdeenuaznmdle.  amzdive m. Sel&Ruma Y
Uszina@anTu¥ wesuads  dosuaaiorfunsidimaTuladnssunSu S0, fudlums.
nasInmssalszmadan Tusuazuuade I msovouiuma TuTadmsld so, dudile uaz

W1 v oay W w A Vo P
valvdho Inemununszuumssuaiuligndesmundnms omp @ . TaWanium.

windloaiu T ldifatlapnulSinmms so, anfralunad leamnafuniiflszms
vdhdmual3, Tunag 3 Suanil 2535 m. 18Tadadimi il S a st
asinffinuas so, andalumadilefiiiumssuntn. Taommehl 2535 1dins
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oglunlfenminiu namferinams s0, anfavunlfendlefivimsdiaszdiuiing
vaamssuaiuszlinnlszuisl 2700500 ppm, danTuitoreiuGinams s0, iy 20 ppm
affeuivuinSinams so, andaitoyana ¥ 18 luejuaasuaTuiie 1020 ppm). uaz

dedrlolifenangeans  YSimens so, vunldenuaziilodloszanaseieriagy Tag
* v ¥

vunlaeneziislsyiim 770:200 ppm FuhnlSuaniinadensfudimaniyveaion’d,
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M3 6. YBnams SO, anfd (ppm) ludedawad leonaauilizneunissuniu

TudaviTadladlmi vazdmyudmindl 2535

foe1a fwa*  nlfent o Fawar  plfenss (Hore
WoIIUATY A
1 340 2600 7 200 1440 4
2 450 3000 9 270 1690 28
3 340 2600 4 160 1060 14
4 360 2400 8 200 1390 12
5 410 2800 12 200 1370 10
6 400 2900 8 210 1440 12
AuRdY 380 2700 8 207 1440 13
Wwoesundu B
1 270 1600 6 100 1130 5
2 330 2400 4
3 130 1000 5
4 220 1500 2
5 460 3400 32
6 290 1800 2
Aundy 280 2000 9
wodsundu C
1 380 2900 10
2 350 2400 9
3 260 1600
ALy 330 2300
Hoasuatu D
1 450 3100 29
HoaTuaTu E
1 440 3200 13
Hosueiu F
! 390 2800 29
Hossuntu G
1 640 3600 108
WweesuaTu H
1 300 2000 1
Hoasuatu
| 450 3300 15
Woasuadu g
1 300 2200 1
veasuaiueg
= 310 1700 69

Hoasuaty A

+ wsiamdF Modified Monier - Williams Method MuTimunasmssuaiu u eonalszneumssuaiu
nranssdmendannnssuniunds 1

g o 3 o o . nw ¥ o ar & o = 3 . ﬂ!‘
we drlosuaiuludessuniu A ndnsuaiuedmaBhindssunfusasaiu Saiwndmsdluiuisiv

26



M 7. Ynaes S0, anA (ppm) Tusfiedawad lsnviniengamma

(NINGAN 2535)

Feghadi Fawar iaen* tilp®
Fuuda A I 316 1730 42
2 288 1650 14
3 320 1950 37
4 339 1800 54
5 303 1750 56
6 309 2060 22
Aunde 312 + 16 1820 + 140 38+ 15
daude B 1 194 1150 <1
2 210 1310 <1
3 204 1290 7
4 217 1170 2
5 211 1240 34
6 242 1200 34
Aundy 213 + 15 1240 + 60 16 + 14
Ruuds C 1 245 1680 24
2 227 1390 15
3 246 1350 33
4 213 1470 76
5 309 1460 83
6 310 1450 88
Aundy 275 + 36 1470 + 100 53 + 30
duuds D 1 185 1260 i
2 239 1380 38
3 260 1660 32
Aundy 228 + 31 1430 + 170 24 + 16

* N3 1HA WIS Modified Monier — Williams Method M839InMIHUAI1861 1 51
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M3197 8. YSnms SO, anAa (ppm) ludeeswadilsonaamaanlszmagesns

(FaaN 2535)

Faeehait - nlaen* (ito"
yTEn A 1 112 690 <1
(2% 26 165 <1)
v5in B 1 172 1120 ATUUDAR**3
2 140 1060 ATINANW 1
3 133 890 dulu 6
Ands 148 1020 3
USEm C 1 123 820 4
vitw D i 139 760 11
158N E 1 170 1010 8
UsEn F 1 103 540 6
u3EN G 1 136 800 2
ysEN H 1 115 770 4
UTHR I 1 170 1060 3
TGN i 83 380 20
3N K 1 110 580 5
Aunay 128 + 26 770 + 200 6+5

*  3n5HAWTE Modified Monier — Williams Method M&aomfvudandng 1 Su
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manh 9. wamsdmswilinams S0, anfe (ppm) Tumadlsvosaaulszneums

suAUIEHNe 1 2536-2540

dotualsenaums $0,(ppm) 9 2536 1 2537 9 2538 1 2539 1 2540
ﬂ'w"w}-\ oM 1% 0w 19w 0w 1w o 1wt o dur 1 Tuer
1. Wit inafiwna - 260 210 460 142 367 - - 343 278
Sunofa Bnasn
H1fim
wden 1480 1160 2690 1460 2570 . - . 2157 1679
il 4 2 28 1 5 - 48 14
2 v nveannly Haria - - - 530 350 344 183 278 239
g1a
nlden ; . . - 3260 1636 2343 1320 2112 1732
il - - 2 130 2 20 4 12
3 uimduiaunieds  Hawo 390 240 410 290 - - - - 276 238
319
alasn 2070 1600 2600 1830 - - - - 1716 1572
il 43 9 70 35 - - - 20 25
4. nnn.wqrfm's‘n;mméc Wana 350 £} 330 32 250 156 - ; 263 217
iy
nfen 2200 2110 3100 1970 1820 1100 - - 2009 1604
iifo 3 1 6 121 4 i - - 5 8
5. vinflueToyus ¥ana . 246 280 220 630 320 670 370 316 296
Suwed §1dn
wénn - 1700 2300 1430 3900 1600 3900 2500 2039 1510
il - 4 5 13 56 150 70 90 13 105
6. won. Aufvasuany Yann - 440 - - 540 308 - - 72 226
mduna Gufle)
nfien - 3000 - - 3060 1660 - - 1642 1447
o - 29 - 21 49 . - 44 49
7. von.dwfiesdumet Fiwa 470 280 533 513 560 490 391 60 -
i dhulss
nlfen 2880 1650 4100 2300 3100 2700 2940 s - -
it 9 22 68 230 118 118 13 49 - -
8. USEMDuAI Romn - - - 280 20 - - - - 495 411
woelv 4vim
ulden . . 1300 1330 - - - . 3174 2019
1o . - 4 13 . - - 39 193
9. Fugziea fawa ; . - 450 285 . - - -
nien . . - 3068 1860 - - - -
e ; y ; 9 42 - - -
10, Huduéa Wara . - 130 147 410 219 670 20 406 304
nldon . 2400 1250 2800 1460 3500 1600 2406 1702
il . : 6 8 14 13 78 82 26 66

31



maah 9. (ve)

#0MUEnBUNI \\nglvvm) 1 2538 i 2837 1 2538 1l 2539 1 2540
Frnoms’ SO 0w 19w ofur  tdu o¥we  tdue ofwr  1fwe odw 1o

i1 Mon. ages Fawa - - 418 190 467 291 - - 495 408
nlden - - 2900 1510 2940 1599 - - 2534 2364
tito . . 23 50 40 61 - 56 112

12. M9n.fong Yana - 590 320 740 410 . - 350 279
nlden - . 4000 2200 5800 2280 - - 2505 1910
i - - 121 101 90 200 - - 34 50

13. UTEMBITUNAINS Vf:ma . - - 785 a1 306 220 339 276

1nuas §19
nlden . - 4890 2000 15%6 1398 2296 1896
il . - 133 208 13 14 37 49
14, won W Inswdve Fawa - 260 280 325 - - - . -
24
[(GET.644)]
alden - 1600 2400 1880 - - - -
1o - 30 40 65 - - -

15. wan suySead oo - - 323 y . - : .
nlden - - 2030 _ . . . .
it - - - 11 - - -

16. Indanmiiigy fiana - 460 350 507 321 - - - -

funzily
wlden - 3120 2220 2790 1540 . - - -
it - - 45 60 47 90 -

17. vismeaIneddumed  sawa . - - 360 208 - - - .

NEERAT
nlden . . - 2100 1390 - - - -
il - - . 77 74 - - -
18. UTEM W, wana 'ﬁywa - - - - 300 160 - 495 408
(VF) $1p
nfdon . : ; - 2200 1o . - 3534 2364
i - - 10 40 - - 56 12

* WA HMNIE Modified Monier-Williams Method Aufinon§imssuaiu w aonalsznoumssuaiy

= HIMT IS IEYNerdInmssuaiund 1 Ju
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Fouim vinatiesey vinadurgud anndrnulunagaing
(au.u.) na19vBINage
M (131.) WasAnn CFM
v Inweanald $1iia
Woseuit 2 89.38 8 1633 174
Ao 3 89.38 8 16.16 172
¢ a &
Won. MERIYmMIARg
malvn 9119
Wosoufl 4 66.57 75 13.00 121
viinfeiywnsdumes
ORhT 13.66 12 18.75 450
Hoapuf 1
YITmeumeTiny $1ia
Yaeeud 2 17.18 12 10.83 260
uTHNAALY 311
Hoseud 2 12.13 12 4.50 108
UTHNIIUEIA 9119
Hosoudi 2 38.49 12 13.25 318
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szuumdanuuitlan (wet scrubber)
ar o A 4 s d A Y : Qley
wanmatha ©  desnniadaes lasenlad lguavidlumsazaini1éa
1 =1 :’ [] =y [+ 3 ] Y c;. - [s] as u’}‘
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- I pack tower (1#1]5357]%5117‘@1).
- U ventury (1H1sz@ninmg),
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uu pack tower
0 w W a ' @ v @ A = ey J ¥
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- ThiRanuAdanemsdadamagaga.
o 4 ¥ Y d o o oA ¥ P
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2. Water distributor Sudiuifimuasaiins lraveair1¥uiu packing 9614
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3. Pump fosgusonumsfansould duddanirlués water distributor.
2
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»
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€
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1,50, vuizudeny Ca (OH), 14 CaS0,2H,0 (@ud) Bn
H,S0, + Ca(OH), —4» CaSO,2H,0 3)
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Ventury wet Scrubber
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g‘ﬂﬁ 8. Ventury Wet Scrubber.
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Ventury Wet Scrubber.

zﬂ‘ﬁ 7. Ventury Wet Scrubber.
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JTUUMIRWAMULTA (dry scrubber)
HumaTuTaBAlniniuuy wet scrubber, Joprivuidndndnszuuidamanylu

QATMNT TNV sZMATNIIA19 MENUTLUY dry scrubber AUBEIIT AL,

SYUL dry scrubber 1AIF6U32 11 wet scrubber HAwYsTMNT 19U :

- Aunumsadadind mszd dry scrubber 81315014 a9MIN low carbon steel Ty
Yoz wet scrubber 1¥manTagiszinnmunsa numsiansou Fameni,

 Operating cost #n maz ldwdanuidfufiesssnuaiufervesszin wet

scrubber.

HANMIMANU ;

dry alkaline

contaminated gas
— - Clean gas

———————» 1o filter bag
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Sulfur Dioxide Fumigation in Postharvest Handling
of Fresh Longan and Lychee for Export

Sing Ching Tongdee*

Abstract

Sulfur dioxide (SO,) applied as a fumigant effectively controlled saprophytic surface fungi and prevented skin
browning. two of the major postharvest probiems of harvested fresh longan and lychee. A standardised procedure
using gaseous SO,. whereby a ratio of 5:1 between the free space volume (mL or L) of the fumigation chamber
and fruit weight (g or kg) was employed. ‘ .

The effect of SO, on surface growth of fungi. SO, injury to the rind. and SO, residue levels in the treated fruit
depended on the concentration of SO; applied. and varied with cultivar, particular crop. and the duration of
fumigation. From 30~65% of applied sulfur dioxide was absorbed by the fumigated fruit. Maximum efficacy was
obtained when whole fruit residues immediately after fumigation were 200-350 ppm. Residue levels decreased
rapidly during the first two days after fumigation. Residues were concentrated in the skin. Levels in the fruit aril
were very low. A maximum residue level (MRL) of 30 ppm for the fruit aril is proposed.

There is scope for a choice of application system for commercial fumigation facilities. The system used at
present for longan emplays an initial fumigation using a high concentration of 50, for a short duration, allowing
an operator to treat more than one chamber load per night. Whatever the application system, fumigation facilities
must include a scrubbing system to reduce the operator and environmental hazards associated with the use of
S0,.

During the 1991 and 1993 seasons, a range of SO, slow-release pads was developed at the Thailand Institute
for Scientific and Technological Research (TISTR). These are suitable for L. control of skin browning and dis-
ease in lychee and longan during a range of storage and transportation times. There is now the potential for a

European market accessible by sea for Thai lychees and longans.

SULFUR dioxide (SO,) is one of the most widely used
food preservatives. The fumes of burning sulfur were
used by the ancient Egyptians and Romans to sanitise
wine vessels, an application which continues to this day
in a more controlled manner. Sulfiting agents such as
sulfur dioxide, sodium and potassium metabisulfite, and
sodium and potassium sulfite have been used in food.
The sulfites display a wide range of useful effects in
food, including inhibition of non-enzymatic browning
(the formation of mellanoidin pigments), as an antioxi-
dant, and as a reducing agent by inhibition of various
enzymatic catalysed reactions (notably enzymatic
browning involving oxidation of phenolic compounds
present in food), and inhibition and control of microor-
ganisms. Their control of browning and antimicrobial
effects maintain the quality and nutritional value of
food. A partial list of sulfited food is provided in Tables
1 and 2 (Taylor and Bush 1986).

* Postharvest Technology Laboratorv. Thailand Institute of
Scientific and Technological Research, 196 Phahonyothin
Road, Chatuchak. Bangkok 10900, Thailand.
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Sometimes sulfites are condemned as cosmetic addi-
tives added merely to improve the physical appearance
of the finished products, particularly in their restaurant
application in salad bars. It is this application that has
been the most problematic, since the sulfite added
lettuce remains in free inorganic form not in a bound
form as occurs with other fruit and vegetables (Martin et
al. 1986). While scientific panels continue to judge sul-
fites as safe for the majority of consumers, considerable
concern has arisen regarding the potential hazards faced
by sulfite-sensitive individuals, who are almost exclu-
sively severe asthmatics. The threshold for sulfite sensi-
tivity varies among individuals and the type of food,
ranging from about 3 mg to 120 mg SO, equivalent. A
joint FAG/WHO Expert Committee on Food Additives

Tapplied a 100-fold safety factor, and estimated the
acceptable daily intake (ADI) for humans at 0.7 mg/kg
of body weight/day (cited by Taylor and Bush 1986). A
selection of particular meals can result in considerably
higher sulfite intakes. However, exceeding the ADI in
this manner would result in no harm to normal individ-
uals unless done on a regular basis.



Table 1. Esumated total 802 levels as consumed in some  Table2. Suggested sulfur dioxide levels in dried vegetables
sulfided foods and fruit
Food Total SO, (ppm) Food 50, (ppm)
>iG0 ppm Beans 500
Dried fruit (excluding dark raisins, prunes) 1200 Cabbages 10002500
Lemon juice {non-frozen) 800 Carrots 500-1000
Salad bar lettuce 400-950 Peas 300-500
Lime juice {non—frozen} 160 Potato granules 250
Wine 150 Potato slices 200400
Molasses 125 Com 2000
Sauerkraut juice 100 Apples 10002000
Apricots 2000-4000
50-99.9 ppm Peaches 2000--4000
Dried potatoes 35-90 Pears 10002000
Grape juice (white, white sparklm . 8S Raisins 10001500
sparkling, red sparkling -
Wine vinegar 75
Gravies. sauces 60 In 1986, the U.S. Food and Drug Administration pro-
Fruit topping 60 posed two regulations relating specxﬁcally o sulfites
Maraschino cherries 50 (FDA 1986a,b). One requires the declaration of sulfites
on the labe! when the residual sulfite exceeds 10 ppm as
10.1-49.9 ppm total SO,. The second regulation rescinded the generally
Pectin >10-50 recogmsed as safe (GRAS) status for sulfites for use on
Shrimp (fresh) >10-40 f d vegetabl h ¢ luding the direct
Corn syrup 10 ruit and ve getables in the raw state, including the direc
Sauerkraut 30 use of sulfite in salad bars. Allowable SO, levels of
Pickled peppers 10 selected food items in selected countries are given in
Pickled cocktail onions 30 Table 3 (Anon. 1992). Foods for which no regulatory
Pickles/relishes 30 standards exist are also allowed to contain sulfites.
Com starch ‘ 20 However, this provision excludes meat, fish, poultry,
Mapie syrup 20 and foods recognised as a source of thiamine (Hadziyev
Imported jams and jellies 14 1988).
Fresh mushrooms 13 In summary, there is reason for concern about sulfite
210 ppm use ix.'n food. Howc‘:ver, the use QF good manufactur?ng
talt vinegar 10 practice and labelling may be sufficient to control exist-
ried cod 10 ing hazards for sulfite-sensitive asthmatics.
anned potatoes 10
ser 10 Use of Sulfur Dioxide on Fresh Grapes
Ty soup mix 10
/ftdrink <10 SO, was used in California in the 1920s to prevent decay
stant 1ea <i0 and fermentation of wine grapes. However, it took sev-
tza dough (frozen) <10
e dough <10 eral_yea_rs, until 19311932, to develop a satisfactory
ugar (esp. beet sugar) 7 fumigation program for table grapes (Pentzer et _al.
Jelatin 6.6 1932). An initial gas treatment was developed which
Zoconut ) 5 effectively controiled decay during the 8-10 days
Fresh fruit salad 5 required to transport the refrigerated fruit to eastern
Domestic jams and jellies 5 markets (Harvey 1955). Later (1956~1959), the treat-
Crackers 5 ment schedule was expanded to include periodic refu-
Cookies 3 migations for grapes held in storage up to 6 months
Slgﬁcfiuczose com syrup "g (Harvey 1956; Ballinger 1985). It became a standard

Source: The re-examination for the GRAS status of sulfiting agents.
Junuary 1985. Life Science Reseurch Office. Federution of
American Societies for Experimental Biology. Total 5O,

fevel based on Monier-Williums assay.

practise in California to apply the initial fumigation the
same day that the grapes are harvested.

. 80, fumigation of grapes is aimed primarily at con-
tro[lmg decay caused by fungi. The treatment sterilises
the ben'y surface. SO, is also beneficial to the stems,
causing them to b!each slightly and retain a light green
colour (Harvey 1977). With the exception of grapes,

75



Table 3. Allowable SO, levels {ppm) in food in selected countries

Country Food Allowable 8O, levels
Canada Dried fruit and vegetables 2500

Beverages 70 (free)

Wines 350 (1otal)

Beer {5

Sweeteners

corn syrups and molasses 500
dextrose 20

Tomalo paste and products 500

Fresh fruit 0
Hong Kong 350
Malaysia Dried fruit 2000

Fruit juice (conc.) 3350

Wines 450

Ginger (direct consumption) P40

Ginger (dry root) 130

Glucose syrup 300

Glucose 40

Fresh fruit 0
Singapore Dried fruit and vegetables 2000-3000

Fruit {other than fresh fruit) 350

Fruit juice (conc.) 350

Fruit juice (direct) 120

Wine 300

Ginger (dry root) 150

Sugar or sugar syrups 70

Tomato pulp and products 350

Yoghun, fruits 60

Fresh fruit (pulp} 0
Japan Standards of usage for foods in general 30
The Netherlands 100 (not exceeding 300 at the

exporting countries)
France Fresh lychee 30 (temporary level considering to
lower to 10)

USA Fresh grape 10

most other fresh fruits are easily injured by SO,. When
applied incorrectly, SO, may also cause various degrees
of injury to grapes. Thus, they should be exposed to only
the minimum quantity of gas needed.

A number of systems for treating fresh grapes has
been developed over the years (Nelson and Gentry 1966,
1968; Nelson 1970; Harvey and Vota 1978). The sys-
tems most commonly employed are: an initial high con-
centration-short duration SO, fumigation followed by
subsequent periodic fumigation at a slight!y lower con-
centration; the use of S0, slow-release pads enclosed in
the fruits boxes (Anon. 1981); and a continuous trickle

system at a low level of SO, for long-term storage
(Dahlenburg et al. 1979).

Postharvest Handling of Longan and
Lychee and the Use of Sulfur Dioxide in
Maintaining Fruit Qualities

Longan and lychee are probably two of the most perish-
able of tropical fruits. There are two areas in the post-
harvest handling chain of longan and lychee which
deserve special attention. Firstly, precooling should be
applied to remove field heat and provide effective tem-
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perature management during transportation, This ena-
bles maintenance of fresh quality and flavour, reduces
desiccation, and prevents browning of the rind. Sec-
ondly, effective postharvest fungicidal treatment is
needed to prevent fruit decay.

Both longan and lychee are nen-climacteric fruit
which exhibit, at 25°C, a moderate rate of respiration
(30-45 mL CO, /kg’hour), and a low rate of ethylene
production (less than 0.1 pl/kg/hour) (Tongdee et al.
1982). However, both fruits deteriorate rapidly after
harvest. Shelf life at room temperature {30°C) is less
than 72 hours (Campbell 1959). One of the major prob-
fems at high tefperatures and humidities is the growth
of saprophytic fungi, mainly Botryodiplodia spp., on the
truit surface (Prasad and Bilgrami 1974). At a low rela-
tive humidity, deterioration by decay is reduced, but the
fruit loses its freshness. The rind turns brown, dry, and
brittle, and the aril wilts and shrivels. The rot problem is
reduced but not entirely eliminated by cold storage.
rruit stored at 5-7°C also suffer from chilling injury,
indicated by browning of the rind, and upon removal to
ambient temperatures, the injured fruit are more suscep-
tible to fungal infection (Tongdee et al. 1982).

Earlier attempts to develop postharvest treatments for
longan and lychee (Morevil 1973; Akamine and Goo
1977, Swarts and Anderson 1980; Scott et al. 1982;
Johnson 1989; ) including an adaptation of SO, fumiga-
tion procedures used for fresh table grapes (Roth 1963,
cited in Nip 1988; Hu and Liu 1979} were either inef-
fective or resulted in the development of off-tlavour.

However, by 1984, reports from South Africa were
saying that sulfur fumigation was effective in control-
ling decay and preventing browning of fresh lychee
(Swarts 1985), and exporters in South Africa were able
to successfully ship large volumes of Ivchee by sea to
Europe.

Application of Sulfur Dioxide for Longan
and Lychee by the Initial Fumigation
System and its Commercial Application
in Thailand

In the fumigation system, SQ, gas is added to an enclo-
sure in order to-control or eliminate undesirable micro-

organisms. The most appropriate svstem for longan
under the present handling system in Thailand, where

the transportation peried is less than 2 weeks to major

longan importing countries, is the high concentration—
short duration fumigation system. The deveiopment of
such a fumigation system also takes into consideration
the scale of operations, compatibility with the existing
handling, packaging, and marketing systems, and
sacioeconomic circumstances in Thailand.

Gaseous SO, from vaporising liquid SO, held in
pressurised cylinders was used as a sourcz of SO, in all
experimental work carried out at the Thailand Institute

for Scientific and Technological Research (TISTR). For
small- scale fumigation, plastic surgical syringes were
used to withdraw SO,. Nonabsorptive glass or plastic
containers were used as fumigation chambers. For
large-scale work, fumigation chambers made of either
stainless steel (capacity 0.5 m*) or formica-lined ply-
wood (capacity 1.7 m?) were used and a precision flow-
meter used for introducing SO, into the chamber.

For consistency and reproducibility, a standardised
fumigation procedure was used where the ratio of fruit
weight and the free-space volume of the fumigation
chamber was maintained at 1:5. Separate indices were
established 10 indicate the degree of fungal growth on
the fruit surface and SO, injury of the rind. SO, was
assayed by a modified Monier-Williams method. For a
small fumigation container, residual headspace SO, at
the end of fumigation was determined by subjecting the
container to a continuous airflow for about 30 minutes
and trapping the outflow air in a 3% hydrogen peroxide
solution containing an indicator. The SO, in the trap was
titrated with atkali and quantified. For a large chamber,
final headspace SO, concentration was determined by
portable SO, detector tube (Drager tube). For commer-
cial operations, SO, was generated by buming sulfur
heated by an external electric source. Most fumigation
rooms were made of formica-lined plywood.

The effect of 20 minutes fumigation with SO, on
fungal growth and symptoms of SO, injury on the rind
depended on the application rates, as illustrated for
lychee cv. Honghuai and longan cv. Do in Figures | and
2. Fungal growth or rotting was effectively controlled at
high application rates. Symptoms of SO, injury
occurred at intermediate concentrations and resulted in
a far more extensive fungal growth on the surface of the
fruit than found on the non-fumigated control. Botrve-
diplodia spp. remained the predominant fungi on the
surface of fruit fumigated at below a minimum rate. The
main symptoms of SO, injury on lychee immediately
after fumigation was an uneven bleaching of the rind
which developed into irregular reddish-brown spots,
circles, or lines by 24 hours. As the application rate
increased, there was a uniform bleaching of the rind, its
colour changing from red to creamy yetlow,

On longan the symptoms of SO, injury, indicated by
irregular brown circles or lines. became apparent on the
underside of the rind 2 days after fumigation. Uniform
bleaching of the rind of longan fruit, at higher applica-
tion rates, resulted in an attractive pale-brown cotour.
However, at excessively high application rates, the aril
turned from shiny and translucent to dull white in both
longan and lychee and an off-flavour became apparent.
The aril of fumigated fruit tumned pinkish. This was
especially noted on the stem end of longans after 10 days
or longer in storage. Recontamination occurred during
long-term storage with Penicillium sp. becoming the
predominant flora on the fruit surface.
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Figure 1. Effect of SO, fumigalion concentrations en surface
fungal growth on lychees. Columns within each
treatment represent fungal growth assessed in
sequence on days 7, 9, 10, and | 1. Values above
each column indicate SO, injury (%).
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Figure 2. Effect of SO, fumigation concentrations on SO,
: tnjury and surface fungal growth on longans.
Columns in treatments ck to 10 mL represent fungal
growth assessed on days 4 (M) and 7 (Q), and in

15-35 mL assessed on days 6 (M) and 8§ Q).
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SO, residues increased with length of fumigation
(Fig. 3). Applied SO, was found mainly on the rind.
Residue levels at 100 ppm showed evidence of partial
inhibition of fungal growth. Due to SO, injury occurring
at shorter fumigation duration, a minimum of 20 min-
utes was required. Immediately after fumigation, resi-
due levels ranged from 150-400 and 1200-3200 ppm
for the whole fruit and the rind, respectively (Figs 4 and
5), depending on the application rates. Residue levels
deciined with storage by approximately 50% during the
first 2 days. Seven days after fumigation, fruit main-
tained residue levels of 35-100 and 150-800 ppm for
the whole fruit and the rind, respectively, depending on
the application rates. The aril had few or only trace resi-
dues. There was a slight increase in residue levels in the
aril with storage. This increase was also noted in lychee
(data not shown). The effects of several pre- and post-
fumigation treatments on longan, including aeration or
washing, had little effect on SO, residues assayed
immediately after fumigation (Table 4).

In a series of carefully executed and analysed experi-
ments on lychee, SO, levels were assayed periodically
to determine the effect of various post-fumigation treat-
ments, including the use of an acid dip for colour
improvement of fumigated lychees. Residue levels on
the rind showed significant differences, supporting the
theory of a carryover effect: the migration of SO, from
the rind to the aril. It is probable that the aril, affected by
the carryover SO, on the rind, remains as though sub-
Jected to continuing fumigation by S0O,. Thorough aera-
tion to reduce the SO, levels in the rind of the fruit after
fumigation is thus strongly recommended.

Tabled4. Effect of pre- and post-fumigation treatment on
50, residues (ppm) in longan
Treatment Whole Rind Aril
Standard fumigation treatment 160 1280 0
Pre-fumigation treatment
wet fruit 185 1120 3
air drying of wet fruit 190 1360 0
Post-fumigation treatment
aeration 150 1346 2
washing with water having
pH adjusted at:
pH2 160 1300 0
pH4 170 1360 <l
pH7 145 1200 0
pHI2 i70 1360 0

A linear relationship exists between application rates
and residue levels (whole fruit basis) of fumigated fruit
(Fig. 4) and the respective final residual SO, concentra-
tions in the headspace (final concentration) of the fumi-
gation chamber (Fig. 6). For longan fumigated at a
recommended rate of 200-300 mL S0,/kg of fruit, SO,
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Figure 3. Effect of fumigation exposure periods on SO, residues (whole fruit), surface fungal growth, and SO, injury of longans,
Residues were analysed immediately after fumigation. Columns in each treatment represent fungal growth assessed on

days 4 (B) and 7 (Q),

residues ranged from 200-300 ppm and 1500-2500 ppm
{(data shown in Fig. 5) for the whole fruit and the rind,
respectively. At such a rate, SO, concentration remain-
ing in the chamber at the end of the fumigation period
was about |.5%. The recommended rate for lychee cv.
Honghuai and cv. Emperor is 75-125 mL SO,/kg and
for cv. Khom, 125 mL 8O,/kg, and the residential head-
space SO, concentrations 0.3-0.45 and 0.65%, respec-
tively. A linear relationship between application rates
and sorption of SO, by the fruit, calculated from the
difference between the SO, applied and the remaining
headspace SO, in the chamber, is illustrated in Figure 7.
Figure 8 plots SO, residues obtained by theoretical cal-
culation and by direct SO, assaying. Some 30-65% of
applied SO, can be accounted for. Our results indicate
that there are important equilibria between the amount
of SO, applied, and sorption of the fruit, and the SO,
residues detected on the fruit.

Correct fumigation requires the establishment of an
SO, concentration sufficiently high to result in an
effective SO, level on the rind, thus providing a desira-
ble degree of control of fungal growth on the fruit sur-
face throughout the marketing period. The concentration
should be such as to avoid SO, injury symptoms on the
rind, tainting of the aril, and unnecessarily high residue
levels. A high level of SO, on the rind appears to steril-
ise the fruit surface, as indicated by the occurrence of
recontamination on longan and lychee fruit with storage,
wheré Penicillium sp. rather than Botryodiplodia spp.
became the predominant fungus on the fruit surface.
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Figure 4. Relationship between SO, application rates and
SO, residues (whole fruit) of fumigated lychees (cv.
Honghuai and Khom) and longans (cv. Do).
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Variations from standard fumigation procedures are
often unavoidable during commercial operations. For
example. when burning sutfur is used as a source of S0,
the SO, concentration increases gradually in the cham-
ber. Splitting the SO, gas injection was used to simulate
such a condition in our test chamber. Table 5 indicates
that longan fruit receiving split SO, injections had resi-
due levels similar to those having one injection, pro-
vided sufficient fumigation time after the last injection
was allowed. Timing of fumigation duration (a mini-
mum of 20 minutes) should begin only when sulfur has
been completely burnt.

Table 5. Comparison of single and split application of SO,
on residue tevels (ppm) in longan

Application method Whole fruit Rind Aril
30 mL for 20 min 320 1650 |

30 mL for 40 min 370 2250 8

15 mL for 10 min plus 210 1350 <!

15 mL for.10 min

15 mL for 20 min plus 340 20350 2

15 mL for 20 min

3 mL for 2 min, applied 200 300 1

10 times

Table 6 illustrates residue levels of longan samples
from subsequent scale-up experiments where fruit were
fumigated at a recommended rate using a large fumiga-
tion chamber. Residues determined immediately after
fumigation showed a consistent agreement with the
experimental data obtained in glass jars. The dosage of

&0

SO, to be administered into a fumization chamber
depends upon: (1) the sorption of the fruit and the
amount to be fumigated: (2) the size of the room or,
more precisely, the free-space in the room: and (3) the

7 Lychea

2.5

Fmai conc (%}

| Longan

Finat conc [%)

Apphcaron rate, mi. SC,

Figure 6. Relationship between SO, application rates and
SO; sorption by lychees {cv. Honghuai and Khom)
and longans (cv. Do).



Table 6. Maximum SO, residue levels (ppm) estimated from logan fruit swmples in a scale-up trial
Sample no. Day 0« Day | Day 2
whole rind aril whole rind aril whole rind aril

1 280 1850 6 130 1300 14 140 920 1
2 230 1730 7 160 1320 5 130 1010 3
3 380 2650 20 240 1390 34 130 1080 7
4 290 1950 11 210 1440 8 130 880 4
3 280 1960 8 160 1210 9 130 1040 12
6 270 2050 10 200 1330 B4 140 960 6
7 260 1820 8 180 1130 13 1o 900 3
8 230 1690 7 168G 1350 8 130 880 10
9 260 1940 4 150 1190 4 120 1100 8

10 260 1840 7 180 1290 20 - - -

Calcutated 3563 3970 20 400 2740 30 300 2100 i3

MRL

* Residues anulysed immediately after fumigation ut a recommended rate for longan

sorption by containers and packaging materials and the
room surface, and losses through leakage. Allowances
will also have to be made for the fruit stalks which were
found to be more absorbent than the fruit (data not
shown). The quantity of SO, needed is a combination of
the space dosage (S and the commedity dosage (M).
The weight of SO, required can be calculated from the
following equation:

S+M
(AxBxC)+(DxE)

weight of SO, (g) =

i

where A = the concentration of SO, to maintain %
B = the free space in the room, in litres
C = weight(inglof i Lof SO . at 30°C,
2574 9/L
D = weightof fruit, in ke
£ = sorption of fruit. in gkg

and weight of sulfur to be burnt = weight of SO,/2.

Thai longan exporters began to use the sulfur treat-
ment commercially in 1989, It is now in widespread use.
SO, residues were monitored on samples taken from
many trials and commercial shipments during 1989-91.
There was great variation in residue levels in samples
taken from different tumigation facilities (Table 7) and
at various postharvest handling stages (Table 8). In
1991, fumigated longans also began to appear cn. and
were well recerved by the demestic market. In anticipa-
tion of wider use of this technology. a code of ‘good
agricultural practices” was drawn up in 1992 by TISTR.
It is essentially a quality assurunce scheme covering:

I. inspection and certification of fumigation facilities:

2. fumigation process and post-fumigation operational
control: and

3. residue monitoring, reporting. and labelling.

Through this QA scheme it is hoped to promote safe
and etfective SO, application techniques o ensure that
operators take into consideration consumer and envi-
ronmental concerns,

Table 7. Variations in SO, residue leveis (ppm) of longan fruit samples from three packing houses

Sample No. Packing House A Packing House B Packing House C
whole rind aril whole rind aril whole rind arii
| 490 2180 206 120 800 7 300 1750 40
2 460 1770 238 140 840 |3 260 1420 13
3 360 1780 106 160 950 7 130 {780 19
4 560 2460 217 100 670 12 130 910 26
5 420 1870 182 40 240 6 190 1270 13
6 540 2400 230 90 640 I
7 830 3820 176 130 980 12
3 410 2180 72 170 o 13
9 380 | 490 237 60 380 9
HY 360 1520 14§ 90 410 13

g1



Table 8.  Variations in SO, residue fevels (ppny) of longan fruit samples at virnous postharvest stages

Sample ne K1 vz Toey Seaport Packet Hoeng Konz Seaport!
whole rind aril whole Find aril
Container | 300 1860 39 fl 83 700 0
A2 380 1970 75 h 65 430 O
3 200 1200 21 b 130 500 S0 (by wir)
4 |50 920 0 v 160 1140 3
5 300 1120 %0 J 20 320 0
& 220 1350 9 X 50 2an 2
7 220 1540 5 f 3 230 0
§ 20 1250 [ b 30 630 by iy
9 270 1250 =0 £ 110 350 0
10 210 1270 il
Contuner | 270 1790 22
B2 30 {520 20
T 390 1750 K
4 260 2000 8
s 370 2100 4
6 350 2230 50
7 470 2370 S0
] 360 2000 KR
9 310 2050 14
10 340 2000 40
Container | 260 1630 17
2 270 1430 28
3 218 1350 7
4 140 970 S
3 180 1230 |
# Residues were analysed on sampies brought buck 1o TISTR utter 2 dans
07 500 —
| Lychee
0.5 -
05 - 400
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T /// 0 %300
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Design and Integration of Other Sulfur
Dioxide Application Systems

The experience and understanding of basic principles
gained with the standardised fumigation procedures, and
the development of the high dose-short duration fumi-
gation system, have allowed development of other SO,
application systems at the laboratory scale. These
include the use of SO, release pads, trickle application
of SO, gas, and a sodium metabisulfite liquid dip. The
choice of system and its integration into existing com-
mercial practice is partly science and partly art. While
scientists and seme private sector operators are looking
at technical options, there is no real pressure at present
from the major operators to change from the high con-
centration—short duration fumigation system.
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Proposed Draft Code Good Manufacturing Practices for Sulfur Dioxide Fumigation of Fresh
Longan

-Quality Assurance Scheme-

By
Sing Ching Tongdee

Importing countries are increasingly concerned with the use of SO, on fresh longan.
Criteria and definitions applied determine whether fresh longans have been fumigated with
SO, under such conditions that the fumigated fruit do not present health hazard and that

fumigation processes and postharvest handling operations are environmental friendly.

This quality assurance scheme should be incorporated from the start of an export
operation and not added as an afterthought. The major areas to be considered include: 1.
Personnel, 2. Buildings and facilities. 3. Fumigation processes and control 4. Defect action

levels 5. Record keeping.

t. Personnel

1-1. Each fumigation facilities should have one fumnigator-in-charge and one assistant.
1-2.  Qualification
1.2.1. Personnel responsible for furmigation must be non-sulfite sensitive individuals
and should have education and/or experience to be totally competent in
fumigation procedures.
122. The fumigator-in-charge must have sufficient awareness of the important
issues relating to the up-to-date information on the use of sulfites in foods
and fresh fruit, both regulatory and technical aspects, and be prepared to take

advice and provide supervision to the workers in the packing house.

* Thailand Institute of Scientific and Technological Research
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1-3.

12.3. Fumigation personnel are encouraged to receive periodic training in
fumigation and fruit handiing techniques and when required, the access to

TISTR* assistance.

Protection
The workers should be adequately protected from SO, by wearing a respiratory
and eye masks at critical steps of the operation.

Sulfur dioxide at a low concentration (>20 ppm) in air becomes irritating
thus providing a good self-warning. It causes adverse effects to the respiratory
system and the mucous membrane of eyes and ears and can be dangerous for
the sulfite sensitive person. However, no cumulative or long lasting adverse
effects due to exposure 1o the gas has been known. Handling of sulfur powder

with naked hand constitutes no hazard.

2, Premises and facilities

2-1,

2-2.

2-3.

2-4.

Ground and location. Ground should be clean and spacious. Location should be
adequately distanced from residential area and/or orchard.

General maintenance. Pre-seasonal check on fumigation facilities and handling
eqguipment to ensure they are in a condition not to cause failure and become
ineffective during the operation. Maintain yards and ample parking lots so they
facilitate loading and unloading of fruit. Routine check on ventilation, aeration,
drainage area and control equipment so they do not constitute health or
environmental hazard.

Detectable SO, level in the vicinity of fumigation room should be maintained during
fumigation operation at no higher than 10 ppm, a level which can be detected by a
human nose. This can be verified by a suitable portable SO, detector tube. Air
containing 20 ppm (51.4 mg/m3) will cause eye irritation (*the ambient air quality
standard which limits 24 hour SO, level to 30 and 100 ug /m )

Plant construction and design. Plant building and structure should be suitable in

size and spacious enough to facilitate separation of activities such as fresh fruit
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handling and

inspection, fumigation, and other subsequent post-fumigation

operations such as aeration, pre-cooling. Look for adequate construction and design

of fumigation room, sulfur burner, and SO, scrubbing system.

2-4-1.

Fumigation room. Suitebly located, the fumigation room should be

constructed of corrosion-resistant and easy to clean material. Proper

maintenance of fumigation room by room audit and by performing

preseasonal test. Maintain proper sanitation. Check for reliable electricity

supply.
2-4-1-1.

2-4-1-2.

2-4-1-3.

Size. Room size is determined by the scale of operation which
is varied with each operator. The fumigation room size-fruit
weight ratio should maintain in a range recommended. For a
smaller scale operation, fumigation cabinet should be used
instead.

Forced mixing equipment is required, at the beqginning of
fumigation to provide adequate gas mixing within the
fumnigation room. Because of the high penetrating nature of SO,
gas, the circulating system is less critical once air and gas are
well mixed. However, precaution should be made to avoid
initial high concentration of SO, build up around the burner.
Basket stacking and layering should be in such a way as to
reduce stagnent spots in the room, and to achieve a suitable
velocity around packed fruit for adequate gas diffusion and
penetration.

Sulfur burner. Proper balance between electrical power of
heating source and the amount of sulfur to be bumnt to enable
complete burning of sulfur within a reasonable period. A good
balance with readability to <b0g. Check for reliable and
adequate electricity supply. Before each fumigation, check for

the cleanness of the sulfur pan.
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2-4-2. Post fumigation operations. Fruit, after fumigation, should be thoroughly
aerated. This is critical in order to prevent carry-over effect of SO, gas,
namely the migration of SO, on the skin of fumigated fruit to the pulp.

The design and choice of a subsequent precooling system, either dry
or wet, depends on factors such as mode of transport, intended markets,
etc. In a wet system, look for adequate hydrocooling facilities, good water
supply (sufficient amount and adequately agitated, clean, cold) and floor
drainage system. There is a minimum contact time for the cold water to
cool fruit temperature down. Check for pulp temperatures at least at the
end of cooling (around 7°C).

In a dry system, it requires adequate cold room facilities. Sufficient
time (at least several hours may be needed for such a cooling operation)

before loading fruit onto a transporting vehicle.

Summarizing premises and facilities:

3-1.

- Suitable and spacious location

- Separation of operation processes

General maintenance and sanitation
- Proper design, adequate construction, reliable electricity supply, good water and

drainage system

Fumigation processes and control

The quality control scheme is to assure that only the minimal but effective SO,
residue remains in the skin of the fumigated fruit. Personnel responsible for fumigation
should have an adequate understandling of the effect of SO, on fresh longan in order to
make necessary operating adjustment. The important areas to be considered are as

follows:

The fruit factors. Fruit should be inspected before fumigation to maximize the effect
of SO, at the lowest fumigation rate possible. Dessicated or wet fruit are poor

candidate for fumigation.
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3-2.

3-1-1.
3-1-2.

3-1-3.
3-1-4.

Var. Longan cv. Dor and cv. Bieo Khieo

General fruit conditions. Fruit should be fresh, with no apparent free water on
the fruit surface, wholes, unbroken, no disease or insect infestation. Stalk as
short as necessary only to facilitate layering of fruit in baskets during packing.
Maturity stage. Overmatured fruits are more likely to become tainted by S0,

Packaging. Fruit to be fumigated should be in a non-absorbent container.
Check condition of packages on arrival. In-package liner which may obstruct

gas penetration should be removed.

The dosage factors. This is a cntical control point since sulfur dosage relates to

eventual 3O, residues of the fruit. The optimum level is defined as a level to achieve

satisfactory degree of fungal control on the fruit surface to protect the fruit during the

desirable marketing peried without causing SO, injury symptoms to the rind nor

tainting to the aril of the fumigated fruit. The following calculations are for the high

concentration-short duration fumigation systern for longan only.

3-2-1.

3-2-2.

3-2-3.

3-2-4.

Basic dosage calculation. They are the commodity dosage (M): the amount of
SO, absorbed by the fruit to result in an effective residue level of about 350
ppm whole fruit basis, and the space dosage (S): calculation based on the S0,
concentration in the air to be maintained at the end of fumigation. Sulfur
dioxide required = M+S. Amount of sulfur to be bumt = (SO, required)/2.
Room size and fruit weight ratio. The fumigation room should be adequately
sized. For smaller scale operation, a cabinet is preferable to a room.
Commonly, ratio between chamber size (volume in cubic meter) and fruit
weight (in ton), for the cabinet is about 5:1 to 81 and 10:1 to 15:1 for the
room.

Allowances. Allowances should be made for absorption by the stalks, the
packaging materials, the room, and leakage through room seal, door seal etc.
Approximately 10 to 20% of the basic dosage in 3-2-1.

Unit of dosage. Each fumigator, with experience should work out a unit of
dosage: the amount of sulfur to be burnt per unit weight increase at a set

condition. This can then be conveniently applied under a commercial
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situation to reduce the cumbersome calculations. For example, for longan, the
unit of dosage, to be added to space dosage (S}, is about 325 to 350 g of

sulfur for every ton increase n fruit weight.

3-2-5. Fumigation time. A minimum fumigation period of 20 min after sulfur has
been completely burnt or indicative to stop by when cloudiness in the
fumigation room beginning to clear, Fumigation concentration, duration, and

the resulting residues of the fruit are related.

3-3. Fumigation failure. Re-fumigation as a remedial measure for fumigation failure can
only be considered when the total amount of sulfur to be bumt would still result in a
residue not exceeding the acceptable level. When in doubt, the fruit should be used

for dry longan. Fumigated fruit should be advised so when used for canning.

3-4. Residue levels. The following is a random sampling plan for each fumigation iot, in

the event of a decision of non-conformity.

Codex Code of practice for the Control and Inspection of Tropical Fresh Fruits and

Vegetables in the event of a decision of non-conformity.

#of baskets in a lot #of sub-unit #unacceptable
Up to 100 5 1
101-300 7 2
301-500 9 3
501-1000 10 3
over 1000 15 4
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For record keeping of residues analysis, the following is suggested:

#of baskets in a lot #of sub-unit
Up to 100 2
101-300
301-500 4
501-1000 5

Each sub-unit consists of 12 to 15 fruits ramdomly selected from the basket. Sulfur
dioxide residues should be analyzed for the rind, the aril, and the whole fruit by a modified

Monier-Wiiliams method, AOAC.

4, Tolerance action level
A temporary maximum residue level (MRL) of 30 ppm for the aril or 350 ppm for

the whole fruit is suggested as tolerarice action level.

5. Record keeping
Record keeping should contain the following information for monitoring,
verification and auditing.
1. Fumigation facilities including location, schematic layout, number of room, and
room size of each.

2. Sulfur usage log.

w

Fumigation room audit record
Pre-seasonal fumigation test tun.
Record of fumigation procedures, flow chart forms, and check sheets.

Post fumnigation operation

e A A

Residue report
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